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particularly to information handling systens and nethods for facilitating
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BACKGROUND OF TEE INVENTICN
1. Field of the Invention.

The present invention relates to information handling systems,
methods and articles of manufacture, and more particularly to
information handling systems and methods for facilitating code
reuse in an object oriented systen.

2. Prior Art.

In the prior art there are many techniques for improving
object oriented programming systems (OOPS).

The following are examples of the prior art.

U.S. Patent 5,093,914 generally teaches a method used by a
digital computer in controlling execution of an object oriented
progran to effect a defined action, for example, stopping the
program when a specified virtual function is invoked on a specified
object during execution of the program.

Although the patent generally deals with methods for
controlling execution of object oriented programs, the patent does
not teach nor suggest automatically inserting objecf services into
-binary classes in an object oriented system as is taught and
claimed herein with reference with the present invention.

U.S. Patent 5,343,554 teaches a computing system in which
problems are solved by a process which includes creating objects of
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bi nary classes in an object oriented systemas is taught and cl ai med herein
wth reference with the present invention. U S. Patent 5,343,554 teaches a
conputing systemin which problens are solved by a process which includes
creating objects of first and second cl asses wherein the second cl ass
objects are externally invocable and where the externally invocable

sub-cl ass objects include an indication of an internally invocable

sub-cl ass object and executing the class of objects wherein one externally
I nvocabl e sub-object invokes the internally invocabl e sub-object and a new
object of the first class is generatedsin response to the results. Although
the patent deals generally with the use of object oriented systens

i ncl udi ng cl asses and sub-cl asses for sol ving probl ens, the patent does not

t each nor £svggeshaaeyvrid caldssds Ssedrdig ohieacaeé&{dn@ﬁsss ng
cl asses '2x@€58$%§§t1§UJé%Bf%daﬁ&saﬁg}g'the e ughgl leédég

reference W I nvent

i

t¥l ¥re
uLEIP mnth

objects 1nclude an indication of an 1nternally invocable sub-class
object and executing the class of objects wherein one externally
invocable sub-object invokes the internally invocable sub-object
and a new object of the first class is generated in response to the
results.

Although the patent deals generally with the use of object
oriented systems including classes and sub-classes for solving
problems, the patent does not teach nor suggest automatically
inserting object services intoc binary classes in an object oriented
system as is taught and claimed herein with reference with the
present invention.

There is a need to automatically add object services features,
for example, persistence, recoverability, concurrency and security
to a binary class. Sometimes the souice code of a class is not
available for modification. Even when the source code is
available, a considerable reprogramming effort is required to add
the object services features.

A user should be able to add object services features in a way
that does not increase the size of the users class diagram with
many variations on the original class. The user should be able to
specify these object services features as constraints along with
constraints that describe the function of the class when searching

for the class.

An overall goal in object oriented programming systems is the
development of program objects which can be reused easily.
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There is a need to automatically add object services features, for exanple,
persi stence, recoverability, concurrency and security to a binary cl ass.
Sonetinmes the source code of a class is not available for nodification.
Even when the source code is available, a considerable reprogramm ng
effort is required to add the object services features. A user should be
able to add object services features in a way that does not increase the
size of the users class diagramw th many variations on the original class.
The user should be able to specify these object services features as
constraints along with constraints that describe the function of the class
when searching for the class. An overall goal in object oriented
programm ng systens is the devel opnment of program objects which can be
reused easily. The Emporhpore Afc dipkryi rodey aisdesovare eAdec dncodasenctiddses

With the dag eRglke’ 8ESLeude rramnmauﬁmﬁepay‘e ok GE?]e@tE I&&bﬁ%&%&@%&gﬁw S

code reuse.s Fo eoz.b 1?scet. or nt ebjececchnal H¥dt

orie 5§ l@' achleve large
scale success, binary code reuse is essential. As the state of the
art moves towards appli:ations built from object formats which can

be tailored and plugged into each other, binary code is critical.

The Object Management Group is currently defining a set of
interfaces for cbject system services named Common Object Services.



scal e success, binary code reuse is essential. As the state of the art

noves towards applications built fromobject formats which can be tail ored
and plugged into each other, binary code is critical. The Object Managenent
Goup is currently defining a set of interfaces for object system services

named Common Cbj ect Servi ces. SUMVARY COF THE I NVENTION It is an object
of the present invention to automatically insert object services such
as persistence, concurrency, recoverability, security and distribution

into binary object classes. Accordingly, a nethod for automatically
inserting object services such as persigstence, concurrency, recoverability,
security and distribution into binary classes in an information handling
system enpl oyi ng obj ect oriented technol ogy, includes the steps of

regi stering a description of BuRMAESS oF TRENZNCEREION Ce context, searching
t he nanme service context for a class object referred to as a factory with

desired constraints on properties, whether the
It is an object of the present invention to automatically

insert object services such as persistence, concurrency,
recoverability, security and distribution into binary object

classes.

Accordingly, a method for automatically inserting object
services such as persistence, concurrency, recoverability, security
and distribution into binary classes in an information handling
system employing object oriented technology, includes the steps of
registering a description of a class in a name service context,
searching the name service context for a class object referred to
as a factory with desired constraints on properties, whether the
object is operable in a predetermined operational environment,
where the search excludes object services constraints, for classes
which are found by the search, first select those classes which
already support the object services constraints, create in the
operational environment a class object with the desired object
services features, and adding a particular object services feature
if the original class provide the desired feature, and returning
the class object to the caller which can then use the class.object
to create multiple instances thereof.

It is an advantage of the present invention that no
reprogramming effort is required for insertion of object services,
source code is not required and, in .fact, is not desired, and the
user’s class diagram and library do not increase in complexity or

size.



-
b !

object is operable in a predeterm ned operational environnent, where the
search excludes object services constraints, for classes which are found by
the search, first select those classes which already support the object
ser.wvices constraints, create in the operational environnment a class object
with the desired object services features, and adding a particul ar object
services feature if the original class provide the desired feature, and
returning the class object to the caller which can then use the class
object to create multiple instances thereof. It is an advantage of the
present invention that no reprogrammsg effort is required for insertion of
obj ect services, source code is not required and, in fact, is not desired,
and the user's class diagramand library do not increase in conplexity or
si ze. 5 BRI EF DESCRI PERIEFOBESEETPIYON NESTEEQDRERWINGS a bl ock di agram of
a system for executing the

Figure 1 is a block diagram of a system for executing the
method according to the present invention.

Figure 2 is a block diagram showing the operating system
platform and system object model program supporting the present

invention.

Figure 3 is a flow chart of the method in accordance with the
present invention.

Figure 4 is a block diagram of an object name service in
accordance with the present invention.

Figure 5 is a block diagram of a factory finder naming context
example in accordance with the present invention.

Figure 6 is an object diagram showing the use of a BeforeAfter
metaclass for providing cobject services features in accordance with
the present invention.
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met hod according to the present invention. Figure 2 is a block diagram

showi ng the operating system platformand system object node
supporting the present invention. Figure 3 is a flow chart of

program
the nmethod in

accordance with the present invention. Figure 4 is a block diagramof an

obj ect name service in accordance with the present invention.

Figure 5is a

bl ock di agram of a factory finder nam ng context exanple in accordance with
the present invention. Figure 6 is an object diagram show ng the use of a

BeforeAfter netaclass for providing objggt services features

i n accordance

with the present invention. 6 DETAI LED DESCRI PTI ON OF A PREFEERED

EVMBODI MENT OF THE | NVENTI ON Referring now to- Figures 1 and 2,

on

i nf or mat | onp handl 4G SYSHeRY IR S PReRERSh! BdscHSIRT B8V TR Bk t he

pr esent

Referring now to Figures 1 and 2, on information handling
system 10 and an operating system environment for the present
invention will be described.

Information handling syétem 10 may be a graphics work station
or the like with a very powerful processor 12, a storage systém 14,
a system bus 16, display sub-system 18 controlling a display device
20, a cursor control device 22, and an I/0 controller 24, all
connected by system bus 16. The information handling system 10,
shown in Figure 1 may be operated by a commercially available well
known multitasking operating system such as 0S/2° (0S/2 is a
registered trademark  of . International Business Machines
Corporation). Among many tasks which the 0S/2 operating system
controls an operating information handling system 10, is execution
of a program SOMObjects, which is a commercially available product
of Internaticnal Business Machines Corporation.

The method and article of manufacture of the present invention
may be incorporated in the SOMObjects progran.

The object services supported by the object platform include
the following:

Externalization, which is a technique for moving data into and
out of an object for purposes such.- as copying an object across
address bases, moving an object across address bases, caching an
object in a client address base, passing an object by value across
address bases or storing and restoring objects persistent state;

Persistence allows an object’s state to be stored into a

datastore mechanism such as a database or file system.
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i nvention wll be described. Information handling system 10 may be a
graphics work station or the like wwth a very powerful processor 12, a
storage system 14, a system bus 16, display sub-system 18 controlling a

di spl ay device 20, a cursor control device 22, and an I/O controller 24,
all ‘connected by system bus 16. The information handling system 10, shown
in Figure 1 may be operated by a comercially available well known

mul titasking operating systemsuch as OS/2 (OS/2 is a registered

trademar k of I nt er nati onal Busi ness Machi nes Cor poration). Anong
many tasks which the OS/ 2 operating systemcontrols an operating

I nforrmati on handling system 10, is execution of a program SOMMj ects, which
is a comrercially avail abl e product of International Business Machines

Cor por ati on. TBS get hog, é%ﬂanP'%e9§18@“LBfHUfaé§ 05 t BgoNEERRNt chiyeption

may be incorgora ed int ] ects program bj ect services
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addr ess bases, cachin
recoverable resources, and coordinating two-phase commitment;

Concurrency service provides a lock manager which controls
locks on behalf of either transactions or threads, where in deélinq
with transaction locks the concurrency handles locks inheritance
for nested transactions and supports explicit locking and unlocking
for applications where lock contention is a bottleneck;

Object name service (See Figure 4) allows an object to be
bound to a directory (a naming context) with a human friendly name;

A special case of the object name service is a factory finder
(See Figure 5), wherein a class description can be bound to a
directory along with properties describing class, including
functional features, class 1library, cost, instruction set type,

etc.

To support binary class reuse, the contract between the
following two human roles must be addressed:

. The object provider designs the class external interface,
implements its methods and packages it as a product
including its IDL (interface definition language)
description of the external interface and its DLL
(dynamic link library) containing its binary code.

. The object consumer buys the above binary object and

adapts it for use in his application. This includes,
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object in a client address base, passing an object by value across address
bases or storing and restoring objects persistent state; Persistence allows
an object[err]s state to be stored into a datastore nechani smsuch as a
dat abase or file system 7 bject transaction service provides a

t wo- phase commt coordi nati on anong recoverabl e objects, where the
transaction service is responsible for passing the transaction context
between a caller and a callee, reliably accepting registration of
recoverabl e resources, and coordi nating two-phase commitnment; Concurrency
service provides a | ock manager which gontrols | ocks on behalf of either
transactions or threads, where in dealing with transaction | ocks the
concurrency handl es | ocks inheritance for nested transactions and supports

explicit |ocking andmbAho@dtned ferimfl | §8dieNswhlkieefet Ok ie0R!t Ur@ResS 2
bottl eneck; object nane service (See Figure 4) allows an object to be bound
to a directory (a n3fffigStthtext) with a human friendly nane;

Object services are supported by the object platform (e.g.,
SOM). However, the binary class must cooperate with the object
platform to enable these object services to be applied to the
binary class. This requires some work by both the object provider
and consumer. This invention minimizes the work required bj both
of these human roles.

In accordance with the present invention, the object provider
adds the following in the binary class IDL and DLL:

. An external data schema for the object that includes the
external view of all data needed for the object’s methods
to work correctly.

, The externalize_to_stream() and internalize_from_stream()
methods that move data out of and into the object.

This is used in conjunction with the Externalization Service
to move or copy an object, caching an object in a client address
space, pass an object by value, store/restore an ocbject’s
persistent state from/to a datastore, object query, recoverability,
initialization, export/import, and other object services.

The object provider may also provide a method to check the
consistency of the object, which is called during the transaction
commit process. The object provider usually does nothing else to
provide object 'services.

In accordance with the présent invention,- the object consumer

requests the object platform to add various object services to the



A speci al case of the object nane service is a factory finder (See Figure
5), wherein a class description can be bound to a directory along with
properties describing class, including functional features, class library,
cost, instruction set type, etc. To support binary class reuse, the
contract between the follow ng two human rol es nust be addressed: The

obj ect provider designs the class external interface, inplenents its

nmet hods and packages it as a product including its IDL (interface
definition | anguage) description of the external interface and its DLL
(dynamic link library) containing its ‘binary code. The object consumer buys
t he above binary object and adapts it for use in his application. This

i ncl udes, anong ot her things, adding whatever object services necessary.
obj ect serhiimry elassyppoedsinay at hewobleed thaat FakB fh6rg.precisely into

the object consumer’s application. The enhancements to the binary
class to facilitate object services include the following:

. Making the object recoverable, so it can participate in
a transaction involving multiple recoverable objects
coordinated the two-phase commit process of the
Transaction Service. This includes registeriné the
object with the transaction manager of the Transaction
Service in a before method.

. Making the object concurrent, so that multiple users of
the object can be serialized correctly. This involves
getting a lock on the object using the Concurrency
Service in a before method.

. Making the object persistent; so that its state can be
saved in a datastore at commit and later restored to
where it was earlier in a before method. If a database
schema exists where the object’s data is to be stored,
the object consumer provides a schema mapping between the
object’s external data schema and the database schema.

. Making the object secure, so that object/method
gfanularity access control can be enforced. This
involves checking access control in a before method.

In general, it is expected that the class provider, the entity
which provides the abstracted data type referred to herein as a
class, will construct the class without concern for object
services. When a user wants an instance of a class, the
combination of desired services are specified.. A new binary class
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SOM . However, the binary class nust cooperate with the object platformto
enabl e these object services to be applied to the binary class. This .
requires sone work by both the object provider and consuner. This invention
m niumi zes the work required by both of these human roles. In accordance
with the present invention, the object provider adds the following in the
binary class IDL and DLL: An external data schema for the object t hat

i ncludes the external view of all data needed for the object's nmethods to
work correctly. The externalize tostrean() and internalize from strean()
met hods that move data out of and intol®he object. This is used in
conjunction with the Externalization Service to nove or copy an object,
caching an object in a client address space, pass an object by val ue,

store/rest 9se cdnsePLBEEAS FPBRSItRLEREiSIALE &ﬁ?&ﬂ t Qads d@h&asSkQ freé)béﬁﬁct

query, recoverablllty, initialization, export/inport, and ot er
services. TheY b%?%tt provi der may also provide a nethod to check the
consi stency of the object, which is called during the transaction comit

process. The ObhﬂﬁtmaéﬁﬁﬁfgﬂsLEEE“A&@ﬂ&%@ﬁ NAt RicR8r8hife {Qith the present

invention to accomplish the automatic insertion of object services.

First, a new class (sub-class) is created by mixing in the
original class and a special class that provides the additional
function.

Next, a BeforeAfter metaclaés (See Figure 6) inserts a method
before and a method after the methods of the original class.
Further description of the BeforeAfter metaclass may be found in a
paper entitled "Composition of Before/After metaclasses SOM" by
Forman, Danforth, and Madduri, published at OOPSLA 94. The
identified paper is incorporated by reference herein.

"~ As an example, if a user desires a concurrent, persistent and
recoverable version of class A, to each of class A’s original
methods, the following needs to be added:

1. The before method ensures the object is locked;

2. The before method ensures the object is registered as a

recoverable resource with the transaction manager;

3. The before method ensures that the object’s state is
loaded from its datastore if its state is out of date

If information is available which indicates whether the method
is read only, the above identified before methods can be optimized.
The following methods also must be added:
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provi de object services. In accordance with the present invention,, the
obj ect consuner requests the object platformto add vari ous object services
to the 9 binary class, producing a new class that fits nore precisely
into the object consuner's application. The enhancenents to the binary
class to facilitate object services include the follow ng: Mking the

obj ect recoverable, so it can participate in a transaction involving

mul tipl e recoverabl e obj ects coordi nated the two-phase commt process of

t he Transacti on Servi ce. This includes registering the object with the
transacti on manager of the Transaction rvice in a before nethod. Mking
the object concurrent, so that nmultiple users of the object can be
serialized correctly. This involves getting a | ock on the object using the

Concurrency Ser%tce 59&§p93£§¥§%'ﬂgkggg'the object’s state in its datastore.

5. Prepare: Call the object’s method for checking integrity

constraints.

6. Commit: Mark that the object’s state as out of date and
release locks.

7. Abort: Mark that the object’s state as out of date and
release locks.

The object services constraints that are specified as part of
the predicate when a factory is found in a Name Service (NS)
ExtendedNamingContext (ENC) for factories are:

name: persistent

value: A boolean indicating whether the object should be
persistent, which means that the object’s state can
be saved and later brought back to where it was
even if the object’s server goes away.

name: PO
value: If persistent==TRUE, a boolean indicating whether

the PersistentObject (PO) interface is wanted.

name: recoverable
value: A boolean indicating whether the object is
recoverable, which means that it can participate in

transactional two-phase commit.

name: concurrent
value: A boolean indicating whether the object is locked.
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Maki ng the object persistent, so that its state can be saved in a datastore
at commt and |ater restored to where it was earlier in a before nethod. If
a dat abase schema exists where the-object's data is to be stored, the

obj ect consuner provides a schenma mappi ng between the object's external
data schema and the database schema. Making the object secure, so that
obj ect/ method granularity access control .can be enforced. ~Thi's

i nvol ves checking access control in a before method. In general, it is
expected that the class provider, the @atity which provides the abstracted
data type referred to herein as a class, will construct the class without
concern for object services. When a user wants an instance of a

class, the conpination Qf ired services are specified. A new binary
cl ass 10 isn%%nsiructgﬁc ?%nlthe original which adds the desired object
servi ces. value: A Dboolean indicating whether the object is

protected by access control checking.

name: caching
value: A boolean indicating whether the object’s state can
be cached within its ORB proxies.

The location constraint that is specified as part of the
predicate when a factory is found in a NS ENC for single-class
factories is:

name: InstanceManager

value:  The caretaker of the object, which provides the
object’s identity, its activation, caching in
memory, etc.

Information about whether an IDL operation on an object might
update its persistent state can allow a significant optimization
for some implementatioﬁs of persistence, concurrency control and
recoverability. For persistence, this can be used to determine
whether the method is going to make the object’s persistent state
out of sync with that in its datastore. For concurrency, this can
be used to determine whether to get a read or write lock before
allowing the operation to be executed. For recovery, this can be
used to determine whether to make a copy of the object’s state
before allowing the operation to be executed. This information
should be stored in the IR. The per IDL operation option is:

name: CONST
value: ‘A boolean indicating whether the operation may
update the object’s state. The default is FALSE
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Two nechani sns are enployed in accordance with the present invention to
acconplish the automatic insertion of object services. First, a new class
(sub-class) is created by mxing in the original class and a special class
that provides the additional function. Next, a BeforeAfter netaclass (See
Figure 6) inserts a nethod before and a nethod after the nmethods of the
original class. Further description of the BeforeAfter netaclass may be
found in a paper entitled "Conposition of Before/ After netacl asses SOM' by
Forman, Danforth, and Madduri, published at OOPSLA 94. The identified
paper is incorporated by reference herein. As an exanple, if a user desires
a concurrent, persistent and recoverable version of class A to each of

class A's original nethods, th ol ow.ng needs ta be ad . 1. The_before
net hod ensures the objec %Ysupgﬁ{i%ij‘, gd.h@hén %‘f“@r%%e?ﬁ%‘gﬁgﬁ%eu?@@r?ﬂem
object is registered as the d&®verabl e resource with the transaction
manager; 3. The before nethod ensures that the object's state is | oaded.

fromits datastore [odtaustatele ot gl date fdalgu i onls el an! e
invention will be described.

A class description is registered in a name service (NS)
context. This description typically includes a description of the
class’ function, for example a speaker driver, its characteristics,
for example output frequency is 10 CPS, its cost, what object
services features are already supported, what processor type it is
compiled for, for example Intel X86, and the file name for its load
module. '

Next, a search is made of the name service context for a
factory with the desired constraints on properties, for example a
speaker driver that can provide an output to a frequency less than
20 CPS and a cost of less than $5.00. The search would also
include a determination of whether the object can run in the
machine where the object’s InstanceManager 1lives, for example,
Intel X86 binary. Object services constraints such as persistent
and recoverable would be excluded from the search.

For classes that are found in the above search, a first
selection is made of those classes which already support the object
services constraints. Next, a class object is created in a desired
sexver with the desired object services features such as persistent
and recoverable. If a particular object services feature is
provided in the original class, no action is taken. However, if
the feature is not provided, it is added to the new class object.

Lastly, the new class object is returned to the caller who
then can use it to create multiple instances of the class.
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Is read only, the above identified before nethods can be optim zed. The

foll ow ng net hods al so nust be added: 11 4. Pre-prepare: Store the
object's state in its datastore. 5. Prepare: Call the object's method
for.checking integrity constraints. 6. Conmit: Mark that the object's
state as out of date and rel ease | ocks. 7. Abort: Mark that the object's

state as out of date and rel ease | ocks. The object services constraints
that are specified as part of the predicate when a factory is found in a
Nane Service (NS) ExtendedNaninngntexi (ENC) for factories are: nane:
persi stent val ue: A bool ean indicatzhg whet her the object should be
persistent, which neans that the object's state can be saved and | ater

brought back to where it was
Many of the object services features can be provided by mixing

the original class with the newly created class. Using run time
inheritance, the original class’ implementation may be overridden
by the newly created class. The creation of the new class object
with the desired properties can be accomplished in a manner that is
transparent to the user.

Many of the OS features can be provided by using the
BeforeAfter metaclass as illustrated in Figure 6. A metaclass can
be created as a subclass of BeforeAfter with the before and after
methods overridden. A class with this new metaclass has the before
method and after method executed before and after each method of
the class. A single pair of before/after methods is driven by a
usage object that describes what object services to add.

For object systems that do not support inheritance and
before/éfter metaclasses, a delegate class can be automatically
constructed instead. The delegate class instance object references
the original class instance object. The delegate class has the
same additional methods added that were described above (e.g.,
preprepare, prepare, commit, abort). The delegate class also
supports all of the operations of the original class but impiements
each method as follows: .

DelegateClass :: methodA (...) {
before method work;
OriginalClass_instance_object->methodA (...);
after method work;

}

It will be appreciated that although a specific embodiment of
the present invention has been described herein for the purposes of
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even if the object's server goes away. nane: PO val ue: | f
persi stent ==TRUE, a bool ean i ndi cating whet her the Persistentobject (PO

interface is wanted. nane: recover abl e val ue: A bool ean indicating
whet her the object is recoverable, which neans that it can participate
in transactional two-phase commt. nane: concurrent val ue: A bool ean
i ndi cati ng whether the object is |ocked. 12 nane: secure val ue: A
bool ean indicating whether the object is protected by access control
checki ng. "name: cachi ng val ue: A bool ean indicating whether the

object's state can be cached within i12% ORB proxies.

illustration, various modifications may be made without departing
from the spirit or scope of the invention.

Accordingly, the scope of this invention is limited only by
the following claims and their equivalents. )
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The |l ocation constraint that is specified as part of the predicate when a
fact ory—ts—foundTnma NS ENC for single-class factories is: nane:

I nst an r : The caretaker of the object, which provides the
obj éct’ !mﬂ] ﬂﬂtct i vation, caching in nenory, etc. Information
about Lamyl ration on an object m ght update its persistent

state can allow a significant optim zation for sone inplenentations of
persi stence, concurrency control and recoverability. For persi stence,
this can be used to determ ne mhetherlépe met hod i s going to nmake the
object's persistent state out of sync™wth that in its datastore. For
concurrency, this can be used to determ ne whether to get a read or wite
| ock before_al |l owin the operation to be executed. For recovery, this can
be used t FEREt FnFﬁg to make a copy of the object's state before
al  owi ng the operation to be executed. This information should be stored

in the IR Thejper A'Eet@:%r + QRutBRELPBai By iM3EBting o e Is¥ft ies intéd
bool ean |nd|cat|n whet her the gperat]on Iy
binary classes in an information handling system employing object

oriented technology, comprising the steps of:

registering a description of a first class in a name service
context;

searching the name service context for a class object reférred
to as a factory;

creating a second class object with one or more object
services features;

adding one or more object services features to the second
class object if the first class did not provide the desired
features; and

returning the second class object to the caller.

2. A method according to claim 1, wherein said searching
step further comprises the steps of:

identifying constraints on object properties;

determining whether the object is operable in a predetermined
operational environment;

excluding object services constraints, for classes which are
found by the search; and

selecting those classes which support the identified object

properties constraints.

3. A method according to claim 1, further comprising the
steps of: '

creating a class comprising a before method;

executing said before method on said second class object.

4. A method according to claim 1, further comprising the

steps of:
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updat e t he-obj-ect'.s state. The default is FALSE 13 (rmay update). This

i nformation should be stored in the IR Referring now to Figure 3, the

met hod acco Hﬂ H",Hmﬂ ent invention will be described. A class
description "ﬁ a nane serviceée (NS) context. This description
typically i ncl ude a"description of the class' function, for exanple a
speaker driver, its characteristics, for exanple output frequency is 10
CPS, 'its cost, what object services features are already supported, what
processor type it is conpiled for, for exanple Intel X86, and the file nane
for its |oad nodule. Next, a search is de of the nanme service context for

a factory with the desired constraints oh properties, for exanple a speaker
driver that can provide an output to a frequency | ess than 20 CPS and a

cost of less thapeHoi Q0.2 <1108 8 géch moul d al so

rising a before and an after method;

executing said before and after methods on said second class
object.
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i ncl ude a.determ nation-of whether the object can run in the machi ne where
t he, object's Instancewhnanﬁr lives, for exanple, Intel X86 binary. Object

fserV| Cﬁs CQMII]E““M“M"BQ E persi stent and recoverabl e woul d be excl uded
romthe s

that are found in the above search, a first
selection is mdde of "t hose cl asses which al ready support the object
services constraints. Next, a class object is created in a desired server
with the desired object services features such as persi stent and
recoverabl e. If a particular object]§ervices feature is provided in the
original class, no action is taken. However, if the feature is not

provi ded, it is, addqgl tébxﬁﬂlﬁ:éiewr‘élaaﬁélém ﬁ&hurd—a%ro rlgtﬁtf n%éﬂsassfcﬁbJ ect
i's returned éo‘éhe er m@o hen q? it tp cr %&? i nst ances
of the clagEomati r’q‘?s&F £RE 9% %% S?F&Fﬁﬁsl?fe%siﬁ‘égc% Sridviaded by
m Xi ng thenfnr@ptmﬂn(ﬁaaﬁilmgtHystnmrﬁnnhpyaneabblhaﬂanraentbdngechnomdgme
i nherit ang@mpt 165,44 gi nal class’ inplenmentation may be overridden
means for registering a description of a first class in a name
service context;
means for searching the name service context for a class
cbject referred to as a factory;
means for creating a second class object with one or more
object services features;
means for adding an object services feature to the second
class object if the first class did not provide the desired
feature; and
means for returning the second class object to the caller.

6. A computer readable medium, according to claim 5, wherein
sald searching means further comprises:

means for identifying constraints on object properties;

means for determining whether the object is operable in a
predetermined operational environment;

means for excluding object services constraints, for classes
which are found by the search; and

means for selecting those classes which support the identified
object properties constraints.

7. A computer readable medium, according to claim 5, further
comprising:

means for creating a class comprising a before method;

means for executing said before method on said second class

object.
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by the newly created class. The creation of the new class object with the
desired pr-operti-es—can be acconplished in a manner that is transparent to
user. of the OS features can be provided by using the BeforeAfter
rret acl ass ﬁ“l!i !m wlﬂgﬂu Figure 6. A netaclass can be created as a
subcl ass h the before and after nethods overridden. A
class with this nem/netaclass has the before nethod and after nethod
execut ed before and after each nmethod of the class. A single pair of
before/after methods is driven by a usage object that describes what object
services to add. For object systens t do not support inheritance and
before/after netacl asses, a del egate cl'ass can be automatically constructed
i nstead. The del egate cl ass i nstance object references the original class
i nstance obj ec h t e (R t ded
that were descél beg\ gggé’é\e‘?’a reeafaa%ﬁ.ﬁ Qeﬁi)lal%'{e aéggg%g’?%,tt" gg?r#ﬁntrg% ggg???{j
The del eg§PBPELS4ABIaAl so supports all of the operations of the original .
cl ass but inpl peensstencdreatiingd aaslass | ewssr isdhggehe @nSsore begbbkadéng. . . )

{ before qetlpd,Yerkas;
means for executing said one or more before and after methods
on said second class object.
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Origi nal C ass instanceobj-ect->nethodA (...); after nethod work; } It wll
be appreciated that although a specific enbodi nent of the present invention
has been described herein for the purposes of 15 illustration, various
nodi fications may be nmade wi thout departing fromthe spirit or scope of the
i nvention. Accordingly, the scope of this inventionis limted only by the
follow ng clains and their equival ents. 16 WHAT IS CLAIMED | S: 1. A
nmet hod for automatically inserting obje%Q services into binary classes in
an information handling system enpl oyi ng obj ect

SYSTEM, METHOD, AND ARTICLE OF MANUFACTURE FOR ADDING
OBIJECT SERVICES TO A BINARY CLASS IN AN OBJECT ORIENTED
SYSTEM

ABSTRACT

A system, method and article of manufacture for aﬁtomatically inserting
object services such as persistence, concurrency, recoverability, security and
distribution into binary classes in an information handling system (10) employing
object oriented technology, includes the steps of registering a description of a class
in a name service context, searching the name service context for a class object
referred to as a factory with desired constraints on properties, whether the object is
operable in a predetermined operational environment, where the search excludes
object services constraints, for classes which are found by the search, first select
those classes which already support the object services constraints, create in the
operational environment a class object with the desired object services features,
and adding a particular object services feature if the original class provide the
desired feature, and returning the class object to the caller which can then use the

class object to create multiple instances.

FIG. 3



oriented technol ogy, conprising the steps of: registering a description of
a first class in a name service context; searching the nane service context
for a class object referred to as a factory; creating a second cl ass obj ect
with one or nore object services features; adding one or nore object
services features to the second class object if the first class did not
provide the desired features; and returning the second class object to the
caller. 2. A met'hod according to clai , Wherein said searching step
further conprises the steps of: identifiy g constrarnts on object
properties; determ ning whether the object is operable in a predeterm ned

operational environnent; excluding objec vi ces constraints, for classes
whi ch are found by the search; and sel ect+ thdse cl asses whi ch support
the identified object properties constralnts. :
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3. A nethod according to claim1, further conprising the steps of:
treating a class conprising a before nethod; executing said before nethod
on said second class object. 4. A nmet hod according to claim1l, further
conprising the steps of: 17 creating a class conprising a before and an
after nethod; executing said before and after nethods on said second cl ass
obj ect. 18 5. A conputer readabhf medi um conprising neans for
automatically inserting object services 44() bi nary classes in an

i nformati on handling system enploying object oriented technol ogy,

REGISTER CLASS DESCRIPTION
IN NS CONTEXT

SEARCH NS CONTEXT FOR
FACTORY WITH DESIRED
CONSTRAINTS (EXCLUDING OBJECTS
SERVICES CONSTRAINTS)

FOR CLASSES FOUND IN SEARCH,
CHOOSE THOSE THAT SUPPORT
DESIRED CONSTRAINTS

CREATE A CLASS OBJECT WITH
- WITH DESIRED OBJECT
SERVICES FEATURES

ADD OBJECT SERVICES
FEATURES NOT [N ORIGINAL
CLASS OBJECT

RETURN NEW CLASS
OBJECT TO CALLER




~conprising: nmeans for registering a description of a first class in a nane
wService context; nmeans for searching the nane service context for a class
object referred to as a factory; means for creating a second class object
wi th one or nore object services features; nmeans for addi ng an obj ect
services feature to the second class object if the first class did not
provide the desired feature; and neans for returning the second cl ass
object to the caller. 6. A conputer rea&gﬁie medi um according to claimb5,
wherein said searching neans further co -ses: neans for identifying
constraints on object properties; neans for determ ni ng whet her the object
is operable in a predeterm ned operational environnent; neans for excluding

obj ect services con#Engggf for classes which are found by ifi6§earch; and
t b

means for selecting cl’asses whi ch. salnaﬁﬁ,ﬁgcbﬁtg’xﬂenti fi edObject

properties constraints.
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7. A conputer readable nmedium according to claim5, further conpri sing:
smeans for creating a class conprising a before nethod; neans for executing
sai d before nethod on said second cl ass object. 19 8. A conputer
readabl e nedium according to claimb5, further conprising: neans for
creating a class conprising one or nore before and after nethods; neans for
“executing said one or nore before and after methods on said second cl ass

obj ect. 4/4

FIG. 6
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