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(57) ABSTRACT 

An apparatus for enabling an object-oriented application to 
access in an object-oriented manner a procedural operating 
system having a native procedural interface is disclosed. The 
apparatus includes a computer and a memory component in 
the computer. A code library is stored in the memory compo 
nent. The code library includes computer program logic 
implementing an object-oriented class library. The object 
oriented class library comprises related object-oriented 
classes for enabling the application to access in an object 
oriented manner services provided by the operating system. 
The obj ect-oriented classes include methods for accessing the 
operating system services using procedural function calls 
compatible With the native procedural interface of the oper 
ating system. The computer processes object-oriented state 
ments contained in the application and de?ned by the class 
library by executing methods from the class library corre 
sponding to the obj ect-oriented statements. 
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[0001] This application is a continuation of, and hereby 
claims priority under 35 U.S.C. §120 to, co-pending U.S. 
patent application Ser. No. 10/648,471, ?led on 27Aug. 2003, 
entitled “Object-Oriented Operating System,” by inventors 
Debra Lyn Orton et al. 

[0002] This application also claims priority under 35 
U.S.C. § 120 to Us. patent application Ser. No. 08/521,085, 
?led 29 Aug. 1995 (noW U.S. Pat. No. 6,684,261), ofWhich 
application Ser. No. 10/648,471 is a continuation. 

[0003] This application further claims priority under 35 
U.S.C. §120 to Us. patent application Ser. No. 08/315,212, 
?led 28 Sep. 1994 (noW U.S. Pat. No. 5,475,845), of Which 
application Ser. No. 08/521,085 is a continuation. 

[0004] This application further claims priority under 35 
U.S.C. §120 to Us. patent application Ser. No. 08/094,675, 
?led 19 Jul. 1993 (noW U.S. Pat. No. 5,379,432), of Which 
application Ser. No. 08/315,212 is a continuation. 

[0005] This application is related to application Ser. No. 
09/377,752, ?led 20 Aug. 1999 (noW U.S. Pat. NO. 6,606, 
742). 
[0006] The present application hereby incorporates by ref 
erence the above-referenced patent applications. 

[0007] A portion of the disclosure of this patent application 
contains material Which is subject to copyright protection. 
The copyright oWner has no objection to the facsimile repro 
duction by anyone of the patent disclosure, as it appears in the 
Patent and Trademark O?ice patent ?les or records, but oth 
erWise reserves all copyright rights Whatsoever. 

FIELD OF THE INVENTION 

[0008] The present invention relates generally to object 
oriented computing environments, and more particularly to a 
system and method for providing an object-oriented interface 
for a procedural operating system. 

BACKGROUND OF THE INVENTION 

[0009] Object-oriented technology (OOT), Which gener 
ally includes obj ect-oriented analysis (OOA), obj ect-oriented 
design (OOD), and object-oriented programming (OOP), is 
earning its place as one of the most important neW technolo 
gies in software development. OOT has already begun to 
prove its ability to create signi?cant increases in programmer 
productivity and in program maintainability. By engendering 
an environment in Which data and the procedures that operate 
on the data are combined into packages called objects, and by 
adopting a rule that demands that objects communicate With 
one another only through Well-de?ned messaging paths, OOT 
removes much of the complexity of traditional, procedure 
oriented programming. 

[0010] The folloWing paragraphs present a brief overvieW 
of some of the more important aspects of OOT. More detailed 
discussions of OOT are available in many publicly available 
documents, including Object Oriented Design With Applica 
tions by Grady Booch (Benj amin/Cummings Publishing 
Company, 1991) and Object-OrientedRequirementsAna/ysis 
and Logical Design by Donald G. Firesmith (John Wiley & 
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Sons, Inc., 1993). The basic component ofOOT is the object. 
An object includes, and is characterized by, a set of data (also 
called attributes) and a set of operations (called methods) that 
can operate on the data. Generally, an obj ect’s data may 
change only through the operation of the object’s methods. 

[0011] A method in an object is invoked by passing a mes 
sage to the object (this process is called message passing). 
The message speci?es a method name and an argument list. 
When the object receives the message, code associated With 
the named method is executed With the formal parameters of 
the method bound to the corresponding values in the argu 
ment list. Methods and message passing in OOT are analo 
gous to procedures and procedure calls in procedure-oriented 
softWare environments. HoWever, While procedures operate 
to modify and return passed parameters, methods operate to 
modify the internal state of the associated objects (by modi 
fying the data contained therein). The combination of data 
and methods in objects is called encapsulation. Perhaps the 
greatest single bene?t of encapsulation is the fact that the state 
of any object can only be changed by Well-de?ned methods 
associated With that object. When the behavior of an object is 
con?ned to such Well-de?ned locations and interfaces, 
changes (that is, code modi?cations) in the object Will have 
minimal impact on the other objects and elements in the 
system. A second “fringe bene?t” of good encapsulation in 
obj ect-oriented design and programming is that the resulting 
code is more modular and maintainable than code Written 
using more traditional techniques. 

[0012] The fact that objects are encapsulated produces 
another important fringe bene?t that is sometimes referred to 
as data abstraction. Abstraction is the process by Which com 
plex ideas and structures are made more understandable by 
the removal of detail and the generaliZation of their behavior. 
From a software perspective, abstraction is in many Ways the 
antithesis of hard-coding. Consider a softWare WindoWing 
example: if every detail of every WindoW that appears on a 
user’s screen in a graphical user interface (GUI)-based pro 
gram had to have all of its state and behavior hard-coded into 
a program, then both the program and the WindoWs it contains 
Would lose almost all of their ?exibility. By abstracting the 
concept of a WindoW into a WindoW object, object-oriented 
systems permit the programmer to think only about the spe 
ci?c aspects that make a particular WindoW unique. Behavior 
shared by all WindoWs, such as the ability to be dragged and 
moved, can be shared by all WindoW objects. 

[0013] This leads to another basic component of OOT, 
Which is the class.A class includes a set of data attributes plus 
a set of alloWable operations (that is, methods) on the data 
attributes. Each object is an instance of some class. As a 
natural outgroWth of encapsulation and abstraction, OOT 
supports inheritance. A class (called a subclass) may be 
derived from another class (called a base class, a parent class, 
etc.) Wherein the subclass inherits the data attributes and 
methods of the base class. The subclass may specialiZe the 
base class by adding code Which overrides the data and/or 
methods of the base class, or Which adds neW data attributes 
and methods. Thus, inheritance represents a mechanism by 
Which abstractions are made increasingly concrete as sub 
classes are created for greater levels of specialization. Inher 
itance is a primary contributor to the increased programmer 
ef?ciency provided by OOP. Inheritance makes it possible for 
developers to minimiZe the amount of neW code they have to 
Write to create applications. By providing a signi?cant por 
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tion of the functionality needed for a particular task, classes in 
the inheritance hierarchy give the programmer a head start to 
program design and creation. One potential drawback to an 
object-oriented environment lies in the proliferation of 
objects that must exhibit behavior Which is similar and Which 
one Would like to use as a single message name to describe. 

Consider, for example, an obj ect-oriented graphical environ 
ment: if a DraW message is sent to a Rectangle object, the 
Rectangle object responds by draWing a shape With four 
sides. A Triangle object, on the other hand, responds by 
draWing a shape With three sides. Ideally, the object that sends 
the DraW message remains unaWare of either the type of 
object to Which the message is addressed or of hoW that object 
that receives the message Will draW itself in response. If this 
ideal can be achieved, then it Will be relatively simple to add 
a neW kind of shape later (for example, a hexagon) and leave 
the code sending the DraW message completely unchanged. 

[0014] In conventional, procedure-oriented languages, 
such a linguistic approach Would Wreak havoc. In OOT envi 
ronments, the concept of polymorphism enables this to be 
done With impunity. As one consequence, methods can be 
Written that generically tell other objects to do something 
Without requiring the sending object to have any knoWledge at 
all about the Way the receiving object Will understand the 
message. Software programs, be they object-oriented, proce 
dure-oriented, rule based, etc., almost alWays interact With the 
operating system to access the services provided by the oper 
ating system. For example, a softWare program may interact 
With the operating system in order to access data in memory, 
to receive information relating to processor faults, to commu 
nicate With other processes, or to schedule the execution of a 
process. 

[0015] Most conventional operating systems are proce 
dure-oriented and include native procedural interfaces. Con 
sequently, the services provided by these operating systems 
can only be accessed by using the procedures de?ned by their 
respective procedural interfaces. If a program needs to access 
a service provided by one of these procedural operating sys 
tems, then the program must include a statement to make the 
appropriate operating system procedure call. This is the case, 
Whether the softWare program is object-oriented, procedure 
oriented, rule based, etc. Thus, conventional operating sys 
tems provide procedure-oriented environments in Which to 
develop and execute softWare. Some of the advantages of 
OOT are lost When an object-oriented program is developed 
and executed in a procedure-oriented environment. This is 
true, since all accesses to the procedural operating system 
must be implemented using procedure calls de?ned by the 
operating system’s native procedural interface. Conse 
quently, some of the modularity, maintainability, and reus 
ability advantages associated With object-oriented programs 
are lost since it is not possible to utiliZe classes, objects, and 
other OOT features to their fullest extent possible. 

[0016] One solution to this problem is to develop object 
oriented operating systems having native object-oriented 
interfaces. While this ultimately may be the best solution, it 
currently is not a practical solution since the resources 
required to modify all of the major, procedural operating 
systems Would be enormous. Also, such a modi?cation of 
these procedural operating systems Would render useless 
thousands of procedure-oriented softWare programs. There 
fore, What is needed is a mechanism for enabling an object 
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oriented application to interact in an object-oriented manner 
With a procedural operating system having a native proce 
dural interface. 

SUMMARY OF THE INVENTION 

[0017] The present invention is directed to a system and 
method of enabling an object-oriented application to access 
in an object-oriented manner a procedural operating system 
having a native procedural interface. The system includes a 
computer and a memory component in the computer. A code 
library is stored in the memory component. The code library 
includes computer program logic implementing an object 
oriented class library. The object-oriented class library com 
prises related object-oriented classes for enabling the appli 
cation to access in an object-oriented manner services 
provided by the operating system. The obj ect-oriented classes 
include methods for accessing the operating system services 
using procedural function calls compatible With the native 
procedural interface of the operating system. The system also 
includes means for processing obj ect-oriented statements 
contained in the application and de?ned by the class library 
by executing methods from the class library corresponding to 
the obj ect-oriented statements. 

Preferably, the class library includes: 

[0018] (1) thread classes for enabling an application to 
access in an object-oriented manner operating system ser 
vices to spaWn, control, and obtain information relating to 
threads; 

[0019] (2) task classes for enabling an application to access 
in an obj ect-oriented manner operating system services to 
reference and control tasks, Wherein the tasks each represents 
an execution environment for threads respectively associated 
With the tasks; 

[0020] (3) virtual memory classes for enabling an applica 
tion to access in an object-oriented manner operating system 
services to access and manipulate virtual memory in a com 
puter; 

[0021] (4) interprocess communication (IPC) classes for 
enabling an application to access in an object-oriented man 
ner operating system services to communicate With other 
threads during run-time execution of the application in a 
computer; 

[0022] (5) synchronization classes for enabling an applica 
tion to access in an object-oriented manner operating system 
services to synchronize execution of threads; 

[0023] (6) scheduling classes for enabling an application to 
access in an object-oriented manner operating system ser 
vices to schedule execution of threads; 

[0024] (7) fault classes for enabling an application to access 
in an obj ect-oriented manner operating system services to 
process system and user-de?ned processor faults; and 

[0025] (8) machine classes for enabling an application to 
access in an object-oriented manner operating system ser 
vices to de?ne and modify a host and processor sets. 

[0026] Further features and advantages of the present 
invention, as Well as the structure and operation of various 
embodiments of the present invention, are described in detail 
beloW With reference to the accompanying draWings, and in 
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the claims. In the drawings, identical reference numbers indi 
cate identical or functionally similar elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] The present invention will be described with refer 
ence to the accompanying drawings, wherein: 

[0028] FIG. 1 illustrates a block diagram of a computer 
platform in which a wrapper of the present invention oper 
ates; 

[0029] FIG. 2 is a high-level ?ow chart illustrating the 
operation of the present invention; 

[0030] FIG. 3 is a more detailed ?owchart illustrating the 
operation of the present invention; 

[0031] FIG. 4 is a block diagram ofa code library contain 
ing an obj ect-oriented class library of the present invention; 

[0032] FIG. 5 is a class diagram of thread and task classes 
of the present invention; 

[0033] FIG. 6 is a class diagram of virtual memory classes 
of the present invention; 

[0034] FIGS. 7-9 are class diagrams of interprocess com 
munication classes of the present invention; 

[0035] FIG. 10 is a class diagram of synchronization 
classes of the present invention; 

[0036] FIG. 11 is a class diagram of scheduling classes of 
the present invention; 

[0037] FIGS. 12-15 are class diagrams of fault classes of 
the present invention; 

[0038] FIG. 16 is a class diagram ofhost and processor set 
(machine) classes of the present invention; and 

[0039] FIG. 17 illustrates well-known icons for represent 
ing class relationships and cardinality in class diagrams. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Computing Environment 

[0040] The present invention is directed to a system and 
method for providing an object-oriented interface to a proce 
dural operating system having a native procedural interface. 
The present invention emulates an object-oriented software 
environment on a computer platform having a procedural 
operating system. More particularly, the present invention is 
directed to a system and method of enabling an object-ori 
ented application to access in an object-oriented manner a 
procedural operating system having a native procedural inter 
face during run-time execution of the application in a com 
puter. The present invention is preferably a part of the run 
time environment of the computer in which the application 
executes. In this patent application, the present invention is 
sometimes called an obj ect-oriented wrapper since it operates 
to wrap a procedural operating system with an object-ori 
ented software layer such that an obj ect-oriented application 
can access the operating system in an object-oriented manner. 

[0041] FIG. 1 illustrates a block diagram of a computer 
platform 102 in which a wrapper 128, 129 of the present 
invention operates. It should be noted that the present inven 
tion alternatively encompasses the wrapper 128, 129 in com 
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bination with the computer platform 102. The computer plat 
form 102 includes hardware components 103, such as a 
random access memory (RAM) 108 and a central processing 
unit (CPU) 106. It should be noted that the CPU 106 may 
represent a single processor, but preferably represents mul 
tiple processors operating in parallel. The computer platform 
102 also includes peripheral devices which are connected to 
the hardware components 103. These peripheral devices 
include an input device or devices (such as a keyboard, a 
mouse, a light pen, etc.), a data storage device 120 (such as a 
hard disk or ?oppy disk), a display 124, and a printer 126. The 
data storage device 120 may interact with a removable data 
storage medium 122 (such as a removable hard disk, a mag 
netic tape cartridge, or a ?oppy disk), depending on the type 
of data storage device used. The computer platform 102 also 
includes a procedural operating system 114 having a native 
procedural interface (not shown). The procedural interface 
includes procedural functions which are called to access ser 
vices provided by the operating system 102. 

[0042] The computer platform 102 further includes device 
drivers 116, and may include microinstruction code 210 (also 
called ?rmware). As indicated in FIG. 1, in performing their 
required functions the device drivers 116 may interact with 
the operating system 114. Application programs 130, 132, 
134 (described further below) preferably interact with the 
device drivers 116 via the operating system 114, but may 
alternatively interact directly with the device drivers 116. It 
should be noted that the operating system 114 may represent 
a substantially full-function operating system, such as the 
Disk Operating System (DOS) and the UNIX operating sys 
tem. However, the operating system 114 may represent other 
types of operating systems. For purposes of the present inven 
tion, the only requirement is that the operating system 114 be 
a procedural operating system having a native procedural 
interface. Preferably, the operating system 114 represents a 
limited functionality procedural operating system, such as the 
Mach micro-kemel developed by CMU, which is well-known 
to those skilled in the relevant art. For illustrative purposes 
only, the present invention shall be described herein with 
reference to the Mach micro-kernel. In a preferred embodi 
ment of the present invention, the computer platform 102 is an 
International Business Machines (IBM) computer or an IBM 
compatible computer. In an alternate embodiment of the 
present invention, the computer platform 102 is an Apple 
computer. 

Overview of a Wrapper 

[0043] Various application programs 130, 132, 134 prefer 
ably operate in parallel on the computer platform 102. Pref 
erably, the application programs 130, 132, 134 are adapted to 
execute in different operating environments. For example, the 
application programs 130A and 130B may be adapted to 
operate in an object-oriented environment. The application 
program 132 may be adapted to operate in a Microsoft Win 
dows environment, an IBM PS/2 environment, or a Unix 
environment. As will be appreciated by those skilled in the 
relevant art, the application programs 130A, 130B, and 132 
cannot interact directly with the operating system 114 unless 
the operating system 114 implements an environment in 
which the application programs 130A, 130B, and 132 are 
adapted to operate. For example, if the application 132 is 
adapted to operate in the IBM PS/2 environment, then the 
application 132 cannot directly interact with the operating 
system 114 unless the operating system 114 is the IBM PS/2 






































