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OBJECT ORIENTED PRINTING SYSTEM 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

COPYRIGHT NOTIFICATION 

Portions of this patent application contain materials that 
are subject to copyright protection. The copyright oWner has 
no objection to the facsimile reproduction by anyone of the 
patent document or the patent disclosure, as it appears in the 
Patent and Trademark Of?ce. 

FIELD OF THE INVENTION 

The invention generally relates to improvements in com 
puter systems and, more particularly, to operating system 
software for printing documents. 

BACKGROUND OF THE INVENTION 

One of the most important aspects of a modern computer 
system is the ability to generate a “hard” copy of textual 
information or graphics Which can be manipulated by the 
computer, visually displayed and stored. In order to accom 
plish this task, a computer system generally includes a 
printing device Which is electrically connected to the com 
puter system and controlled by it in order to generate a 
permanent image on a selected medium. Examples of print 
ing devices in common use are dot matrix, ink jet and laser 
printers Which ?x permanent images on paper under control 
of the computer. Although paper is the most common 
medium, other media are often used, such as photographic 
?lm. 

In order to print a document Which is displayed on the 
monitor or stored, Within the memory, several actions must 
take place. First, since the print medium generally has a 
?xed siZe, the printable information must be divided into 
pieces Which are small enough to ?t on the selected medium, 
a process Which is called pagination. In addition, the infor 
mation may need to be reformatted from the format in Which 
it is either displayed or stored into a format Which is suitable 
for controlling the printing device to actually perform the 
printing on the medium. The reformatting in this latter step 
may include the insertion of control commands into the 
printable information in order to control the printing device. 
These added commands may, for example, include such 
commands as carriage returns, line feeds, form feeds, spaces 
and font information, all of Which format the printable 
information. The reformatting may also include a conver 
sion step in Which a graphical display is converted into the 
form used by the printing device. 

The pagination and reformatting necessary to convert the 
printable information into a form Which can be printed on a 
given printing device is generally performed by softWare 
programs running Within the computer system. SoftWare 
programs operating on a computing system generally can be 
categorized into tWo broad classes: operating systems Which 
are usually speci?c to a type of computer system and consist 
of a collection of utility programs that enable the computer 
system to perform basic operations, such as storing and 
retrieving information on a peripheral disk memory, display 
ing information on an associated video display, performing 
rudimentary ?le operations including the creation, naming 
and renaming of ?les and, in some cases, performing diag 
nostic operations in order to discover or recover from 
malfunctions. 
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2 
By itself, the operating system generally provides only 

very basic functions and must be accompanied by an “appli 
cation” program. The application program interacts With the 
operating system to provide much higher level functionality 
and a direct interface With the user. During the interaction 
betWeen the application program and the operating system, 
the application program typically makes use of operating 
system functions by sending a series of task commands to 
the operating system Which then performs the requested 
tasks. For example, the application program may request 
that the operating system store particular information on the 
computer disk memory or display information on the video 
display. 

FIG. 1 is a schematic illustration of a typical computer 
system utilizing both an application program and an oper 
ating system. The computer system is schematically repre 
sented by dotted box 100, the application program is rep 
resented by box 102 and the operating system by box 106. 
The interaction betWeen the application program 102 and the 
operating system 106 is illustrated schematically by arroW 
104. This dual program system is used on many types of 
computers systems ranging from mainframes to personal 
computers. 
The method for handling printing, hoWever, varies from 

computer to computer, and, in this regard, FIG. 1 represents 
a prior art personal computer system. In order to provide 
printing functions, the application program 102 interacts (as 
shoWn schematically by arroW 108) With printer driver 
softWare 110. Printer driver softWare 110 is generally asso 
ciated With an application program and reformats and con 
verts the printable information as necessary. Since each 
printer has its oWn particular format and control command 
set, Which must be embedded in the text properly to control 
the printer, the printer driver softWare 110 must be speci? 
cally designed to operate With one printer or one type of 
printer. 

The printer driver softWare 110 produces a reformatted 
information stream containing the embedded commands as 
shoWn schematically as arroW 114. The converted informa 
tion stream is, in turn, applied to a printer port 112 Which 
contains circuitry that converts the incoming information 
stream into electrical signals. The signals are, in turn, sent 
over a cable 116 to the printer 118. Printer 118 usually 
contains an “imaging engine” Which is a hardWare device or 
a ROM-programmed computer Which takes the incoming 
information stream and converts it into the electrical signals 
necessary to drive the actual printing elements. The result is 
a “hard copy” output on the selected medium. 
While the con?guration shoWn in FIG. 1 generally Works 

in a satisfactory manner, it has several drawbacks. Since the 
printer driver softWare 110 is speci?c to each type of printer, 
a separate driver had to be provided for each printer type 
With Which the application program is to operate. In the 
personal computer market, there are a large number of 
different printer types that are compatible With each type of 
computer and, therefore, as the number of printer types 
proliferated, so did the number of printer drivers Which Were 
required for each application program so that the program 
Was compatible With most available printers. Therefore, 
application program developers had to provide larger and 
larger numbers of printer drivers With each application 
program, resulting in Wasted time and effort and Wasted disk 
space to hold the drivers, only one or tWo of Which Were of 
interest to any particular user. Unfortunately, if a user 
purchased an application program and it did not include a 
printer driver Which could control the printer Which the user 
oWned, unpredictable operation occurred, resulting in pro 
gram returns and user dissatisfaction. 
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In addition, it Was also necessary for each application 
program to provide high level printing functions such as 
pagination and page composition (including addition of 
margins, footnotes, ?gure numbers, etc.) if such functions 
Were desired. Consequently, each application program 
developer had to spend time developing programs to imple 
ment common printing functions Which programs Were 
speci?c to each application program, thereby resulting in 
duplicated effort and Wasted time. 

In order to overcome the aforementioned difficulties, the 
prior art arrangement Was modi?ed as shoWn in FIG. 2. In 
this neW arrangement, computer system 200 is still con 
trolled by application program 202 Which cooperates, as 
shoWn schematically by arroW 204, With operating system 
206. HoWever, in the system shoWn in FIG. 2 operating 
system 206 includes printer drivers 214. A separate printer 
driver must still be provided for each different type of 
printer, but the printer drivers are sold With, and part of, the 
operating system. Consequently, it is not necessary for each 
application program to have its oWn set of printer drivers. An 
application program, such as application program 202, com 
municates With the printer driver 214 by means of a stan 
dardiZed interface 210. TWo common interfaces are called 
“grafports” or “device contexts”. Illustratively, application 
program 202 provides information (shoWn schematically 
shoWn by arroW 208) in a standardiZed form to the grafport 
210. The grafport 210, in turn, forWards information, as 
shoWn by arroW 212, to printer driver 214 Which reformats 
and converts the information as previously described into 
the format required by the printer. The output of printer 
driver 214 is provided (illustratively shoWn as arroW 216) to 
printer port 218 Where it is converted to electrical signals 
that are transmitted, via cable 220, to the printer 222. 

The con?guration shoWn in FIG. 2 has the advantage that 
the application program developer need not Worry about the 
speci?c computer and printer combination on Which the 
program Will ultimately run in order to provide printing 
capabilities to the application program. HoWever, it still 
suffers from the draWback that, if desired, high level printing 
capabilities such as pagination and page composition must 
still be designed into each application program, thereby 
duplicating program code and Wasting programming 
resources. 

SUMMARY OF THE INVENTION 

The foregoing problems are overcome and the foregoing 
object is achieved in an illustrative embodiment of the 
invention in Which an object-oriented printing interface 
includes document grouping or folio objects Which, once 
instantiated provide complete and ?exible printing capabil 
ity that is transparent to the application program. The 
printing interface objects include objects that provide query, 
data transfer, and control methods. 

The inventive object-oriented printing interface commu 
nicates With the remainder of the operating system by means 
of a standard interface such as a grafport and printer drivers 
are provided for each printer type Within the operating 
system. Thus, an application not only need not Worry about 
the particular printer/computer combination With Which it is 
to operate, but also need not have a built in document 
formatting capability. The printing system includes objects 
that provide queries for device identi?cation, optimiZed 
imaging, and printer status. Other objects are also provided 
for data transfer to bracket connections prior to sending and 
receiving information. Still other objects are provided for 
canceling a print job, pausing a job, and clearing out a job. 
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4 
Finally, an object is also provided for supporting multiple 
streams of communication to an imaging task. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and further advantages of the invention may be 
better understood by referring to the folloWing description in 
conjunction With the accompanying draWings, in Which: 

FIG. 1 is a schematic block diagram of a prior art 
computer system shoWing the relationship of the application 
program to the operating system and the printer driver in the 
prior art; 

FIG. 2 is a schematic block diagram of a modi?cation of 
the prior art system shoWn in FIG. 1 to alloW the application 
program to interface to a standard printing interface in the 
prior art; 

FIG. 3 is a block schematic diagram of a computer 
system, for eXample, a personal computer system on Which 
the inventive object-oriented printing interface operates in 
accordance With a preferred embodiment; 

FIG. 4 is a schematic block diagram of modi?ed computer 
system in Which the operating system includes an inventive 
object-oriented printing interface in accordance With a pre 
ferred embodiment; 

FIG. 5 is a block schematic diagram of the information 
paths and hardWare by Which printable information is chan 
neled through intermediate storage to a print device in 
accordance With a preferred embodiment; 

FIG. 6 shoWs hoW the personality document is used by 
different parts of the printing system in accordance With a 
preferred embodiment; 

FIG. 7 details the printer handler components and their 
interactions in accordance With a preferred embodiment; 

FIG. 8 illustrates the relationship betWeen various printer 
handler classes in accordance With a preferred embodiment; 

FIG. 9 is a block diagram of local printing in accordance 
With a preferred embodiment; 

FIG. 10 is a block diagram of remote imaging in accor 
dance With a preferred embodiment; 

FIG. 11 is a block diagram of local imaging in accordance 
With a preferred embodiment; and 

FIG. 12 is a block diagram of local imaging to a net 
Worked printer. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATIVE EMBODIMENTS 

The invention is preferably practiced in the conteXt of an 
operating system resident on a personal computer such as 
the IBM, PS/2, or Apple, Macintosh, computer. A represen 
tative hardWare environment is depicted in FIG. 3, Which 
illustrates a typical hardWare con?guration of a computer 
300 in accordance With the subject invention. The computer 
300 is controlled by a central processing unit 302, Which 
may be a conventional microprocessor; a number of other 
units, all interconnected via a system bus 308, are provided 
to accomplish speci?c tasks. Although a particular computer 
may only have some of the units illustrated in FIG. 3 or may 
have additional components not shoWn, most computers Will 
include at least the units shoWn. 

Speci?cally, computer 300 shoWn in FIG. 3 includes a 
random access memory (RAM) 306 for temporary storage of 
information, a read only memory (ROM) 304 for permanent 
storage of the computer’s con?guration and basic operating 
commands and an input/output (I/O) adapter 310 for con 
necting peripheral devices such as a disk unit 313 and printer 
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314 to the bus 308, via cables 315 and 312, respectively. A 
user interface adapter 316 is also provided for connecting 
input devices, such as a keyboard 320, and other knoWn 
interface devices including mice, speakers and microphones 
to the bus 308. Visual output is provided by a display adapter 
318 Which connects the bus 308 to a display device 322 such 
as a video monitor. The Workstation has resident thereon and 
is controlled and coordinated by operating system softWare 
such as the Apple System/7, operating system. 

In a preferred embodiment, the invention is implemented 
in the C++ programming language using object-oriented 
programming techniques. C++ is a compiled language, that 
is, programs are Written in a human-readable script and this 
script is then provided to another program called a compiler 
Which generates a machine-readable numeric code that can 
be loaded into, and directly eXecuted by, a computer. As 
described beloW, the C++ language has certain characteris 
tics Which alloW a softWare developer to easily use programs 
Written by others While still providing a great deal of control 
over the reuse of programs to prevent their destruction or 
improper use. The C++ language is Well-knoWn and many 
articles and teXts are available Which describe the language 
in detail. In addition, C++ compilers are commercially 
available from several vendors including Borland 
International, Inc. and Microsoft Corporation. Accordingly, 
for reasons of clarity, the details of the C++ language and the 
operation of the C++ compiler Will not be discussed further 
in detail herein. 
As Will be understood by those skilled in the art, Object 

Oriented Programming (OOP) techniques involve the 
de?nition, creation, use and destruction of “objects”. These 
objects are softWare entities comprising data elements and 
routines, or functions, Which manipulate the data elements. 
The data and related functions are treated by the softWare as 
an entity and can be created, used and deleted as if they Were 
a single item. Together, the data and functions enable objects 
to model virtually any real-World entity in terms of its 
characteristics, Which can be represented by the data 
elements, and its behavior, Which can be represented by its 
data manipulation functions. In this Way, objects can model 
concrete things like people and computers, and they can also 
model abstract concepts like numbers or geometrical 
designs. 

Objects are de?ned by creating “classes” Which are not 
objects themselves, but Which act as templates that instruct 
the compiler hoW to construct the actual obj ect. A class may, 
for eXample, specify the number and type of data variables 
and the steps involved in the functions Which manipulate the 
data. An object is actually created in the program by means 
of a special function called a constructor Which uses the 
corresponding class de?nition and additional information, 
such as arguments provided during object creation, to con 
struct the object. LikeWise objects are destroyed by a special 
function called a destructor. Objects may be used by using 
their data and invoking their functions. 

The principle bene?ts of object-oriented programming 
techniques arise out of three basic principles; encapsulation, 
polymorphism and inheritance. More speci?cally, objects 
can be designed to hide, or encapsulate, all, or a portion of, 
the internal data structure and the internal functions. More 
particularly, during program design, a program developer 
can de?ne objects in Which all or some of the data variables 
and all or some of the related functions are considered 
“private” or for use only by the object itself. Other data or 
functions can be declared “public” or available for use by 
other programs. Access to the private variables by other 
programs can be controlled by de?ning public functions for 
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6 
an object Which access the object’s private data. The public 
functions form a controlled and consistent interface betWeen 
the private data and the “outside” World. Any attempt to 
Write program code Which directly accesses the private 
variables cause the compiler to generate an error during 
program compilation Which error stops the compilation 
process and prevents the program from being run. 

Polymorphism is a concept Which alloWs objects and 
functions Which have the same overall format, but Which 
Work With different data, to function differently in order to 
produce consistent results. For eXample, an addition func 
tion may be de?ned as variable Aplus variable B (A+B) and 
this same format can be used Whether the A and B are 
numbers, characters or dollars and cents. HoWever, the 
actual program code Which performs the addition may differ 
Widely depending on the type of variables that comprise A 
and B. Polymorphism alloWs three separate function de? 
nitions to be Written, one for each type of variable (numbers, 
characters and dollars). After the functions have been 
de?ned, a program can later refer to the addition function by 
its common format (A+B) and, during compilation, the C++ 
compiler Will determine Which of the three functions is 
actually being used by examining the variable types. The 
compiler Will then substitute the proper function code. 
Polymorphism alloWs similar functions Which produce 
analogous results to be “grouped” in the program source 
code to produce a more logical and clear program ?oW. 
The third principle Which underlies object-oriented pro 

gramming is inheritance, Which alloWs program developers 
to easily reuse pre-eXisting programs and to avoid creating 
softWare from scratch. The principle of inheritance alloWs a 
softWare developer to declare classes (and the objects Which 
are later created from them) as related. Speci?cally, classes 
may be designated as subclasses of other base classes. A 
subclass “inherits” and has access to all of the public 
functions of its base classes just as if these function appeared 
in the subclass. Alternatively, a subclass can override some 
or all of its inherited functions or may modify some or all of 
its inherited functions merely by de?ning a neW function 
With the same form (overriding or modi?cation does not 
alter the function in the base class, but merely modi?es the 
use of the function in the subclass). The creation of a neW 
subclass Which has some of the functionality (With selective 
modi?cation) of another class alloWs softWare developers to 
easily customiZe eXisting code to meet their particular needs. 

Although object-oriented programming offers signi?cant 
improvements over other programming concepts, program 
development still requires signi?cant outlays of time and 
effort, especially if no pre-eXisting softWare programs are 
available for modi?cation. Consequently, a prior art 
approach has been to provide a program developer With a set 
of pre-de?ned, interconnected classes Which create a set of 
objects and additional miscellaneous routines that are all 
directed to performing commonly-encountered tasks in a 
particular environment. Such pre-de?ned classes and librar 
ies are typically called “application frameWorks” and essen 
tially provide a pre-fabricated structure for a Working appli 
cation. 

For eXample, an application frameWork for a user inter 
face might provide a set of prede?ned graphic interface 
objects Which create WindoWs, scroll bars, menus, etc. and 
provide the support and “default” behavior for these graphic 
interface objects. Since application frameWorks are based on 
object-oriented techniques, the pre-de?ned classes can be 
used as base classes and the built-in default behavior can be 
inherited by developer-de?ned subclasses and either modi 
?ed or overridden to alloW developers to eXtend the frame 
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Work and create customized solution in a particular area of 
expertise. This object-oriented approach provides a major 
advantage over traditional programming since the program 
mer is not changing the original program, but rather eXtend 
ing the capabilities of the original program. In addition, 
developers are not blindly Working through layers of code 
because the framework provides architectural guidance and 
modeling and, at the same time, frees the developers to 
supply speci?c actions unique to the problem domain. 

There are many kinds of application frameworks 
available, depending on the level of the system involved and 
the kind of problem to be solved. The types of frameWorks 
range from high-level application frameWorks that assist in 
developing a user interface, to loWer-level frameWorks that 
provide basic system softWare services such as 
communications, printing, ?le systems support, graphics, 
etc. Commercial eXamples of application frameWorks 
include MacApp (Apple), Bedrock (Symantec), OWL 
(Borland), NeXT Step App Kit (NEXT), and Smalltalk-80 
MVC (ParcPlace). 

While the application frameWork approach utiliZes all the 
principles of encapsulation, polymorphism, and inheritance 
in the object layer, and is a substantial improvement over 
other programming techniques, there are difficulties Which 
arise. These dif?culties are caused by the fact that it is easy 
for developers to reuse their oWn objects, but it is difficult for 
the developers to use objects generated by other programs. 
Further, application frameWorks generally consist of one or 
more object “layers” on top of a monolithic operating 
system and even With the ?exibility of the object layer, it is 
still often necessary to directly interact With the underlying 
operating system by means of aWkWard procedural calls. 

In the same Way that an application frameWork provides 
the developer With prefab functionality for an application 
program, a system frameWork, such as that included in a 
preferred embodiment, can provide a prefab functionality 
for system level services Which developers can modify or 
override to create customiZed solutions, thereby avoiding 
the aWkWard procedural calls necessary With the prior art 
application frameWorks programs. For eXample, consider a 
printing frameWork Which could provide the foundation for 
automated pagination, pre-print processing and page com 
position of printable information generated by an application 
program. An application softWare developer Who needed 
these capabilities Would ordinarily have to Write speci?c 
routines to provide them. To do this With a frameWork, the 
developer only needs to supply the characteristics and 
behavior of the ?nished output, While the frameWork pro 
vides the actual routines Which perform the tasks. 

Apreferred embodiment takes the concept of frameWorks 
and applies it throughout the entire system, including the 
application and the operating system. For the commercial or 
corporate developer, systems integrator, or OEM, this means 
all of the advantages that have been illustrated for a frame 
Work such as MacApp can be leveraged not only at the 
application level for such things as teXt and user interfaces, 
but also at the system level, for services such as printing, 
graphics, multi-media, ?le systems, I/O, testing, etc. 

FIG. 4 shoWs a schematic overvieW of an computer 
system utiliZing the object-oriented printing interface of the 
present invention. The computer system is shoWn generally 
as a dotted boX 400, and an application program 402 and an 
operating system 406 are provided to control and coordinate 
the operations of the computer. Application program 402 
communicates With operating system 406 as indicated by 
arroW 404. HoWever, in accordance With an embodiment of 
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the invention, rather than communicating directly With a 
standard interface, such as grafport 410, application program 
402 can noW communicate With operating system 406 at a 
higher level When it Wishes to print information. This latter 
interaction is accomplished by providing an object-oriented 
printing interface shoWn schematically as boX 424. As Will 
hereinafter be described in detail, printing interface 424 
responds to a series of simple commands generated by 
application program 402 in order to perform various for 
matting and pagination functions. The formatted, printable 
information is then transmitted to a grafport 410 as indicated 
schematically by arroW 426. It is possible for application 
program 402 to communicate directly With grafport 410 as 
in the prior art arrangement, hoWever, it is not contemplated 
that most applications Will do this unless special procedures 
are needed. 

In any case, the information ?oWs through grafport 410, 
and as indicated by arroW 412, is provided to a printer 
handler 414. Printer handler 414 is similar to printer drivers 
previously described. HoWever, it is “intelligent” and offers 
some additionally capabilities Which Will be described 
herein. Essentially, printer handler 414 processes the incom 
ing data stream indicated by arroW 412 and adds the nec 
essary printer commands to control the associated printer 
schematically illustrated as printer 422. The reformatted 
data is provided, as indicated by arroW 416, to a printer port 
418 Which converts the data into electrical signals that are 
sent over cable 420 to printer 422. 
The actual mechanism by Which a document generated by 

the printing interface 424 is transmitted to printer 422 is 
shoWn in more detail in FIG. 5. In particular, printing 
interface 424 (as Will hereafter be described in detail) 
generates an entity called a document folio shoWn schemati 
cally as document folio 500 in FIG. 5. The document folio 
may consist of teXt, graphics or a combination of the tWo, all 
formatted and arranged in a manner speci?ed by the appli 
cation program. The document folio information is 
provided, as indicated by arroW 512, to a print channel 502. 
Print channel 502 is an object Which is created to transport 
the information to an appropriate printer. Print channel uses 
a print job description and a printer identi?cation provided 
by the application program to transmit the printable infor 
mation to the appropriate printer. 
More speci?cally, after the print channel 502 receives a 

printing job, it transmits the printable information to a 
spooler program 518 as indicated by arroW 514. Spooler 518 
receives the incoming information stream and stores it, in 
incoming order, in an intermediate storage location 522 as 
indicated by arroW 520. Print channel 502 then sends a 
noti?cation to a print server program 506 via a link 504, 
Which noti?cation informs print server program 506 that a 
neW print job eXists. The print server program 506 is 
standard program Which monitors all print jobs that have 
been created and also checks the available printers to 
determine their status. 

Once a print job has been completely spooled or stored in 
intermediate storage 522, the print server 506 noti?es a 
printer handler 510 by means of a link 508. The printer 
handler 510 is type of printer driver Which controls and 
drives a speci?c printer; its purpose is to convert teXt and 
graphic information into printer readable form for any 
particular printer type. Typically, a printer handler can only 
process one print job and any other jobs that are created and 
directed toWards the associated printer are queued for later 
processing. The printer handler contains a despooler pro 
gram (indicated as boX 516) Which retrieves the spooler data 
from intermediate storage 522 (as indicated by arroW 524) 
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and provides the information, as indicated by arrow 526, to 
an imaging engine schematically illustrated as box 532. The 
imaging engine 532 converts the incoming data stream into 
the command signals Which are necessary to drive the 
printing elements to produce the ?nal printed document. The 
commands, indicated schematically by arroW 430, are pro 
vided to the actual print device indicated by box 528 for 
printing. 

Once a print job is completely printed, the printer handler 
510 checks its queue for another print job and, if a job is 
present, begins processing it. Alternatively, if there are no 
neW print jobs to process, the printer handler becomes 
inactive. After a particular print job is completed, the 
information stored in intermediate storage in 522 is deleted 
and the storage is reclaimed. As an option, the storage can 
retained until a user explicitly deletes the storage. 

The printer handler framework facilitates creation of 
frameworks for different types of printers like PostScript, 
raster, vector, and PCL. Apreferred embodiment provides a 
frameWork that is extensible so that neW printers can be 
added to the system very easily. This includes printers With 
neW imaging models, communication protocols, etc. The 
preferred embodiment also provides a frameWork that does 
most of the Work to support a printer and at the same time 
provides enough ?exibility for developer customiZation. The 
preferred embodiment also alloWs developer customiZation 
at various times during the printing process. Customization 
occurs at the desktop printer level for presenting device 
speci?c user interface, at print time for setting print time 
features (like duplex printing, multi-bin paper feeding, etc.), 
at imaging time, by providing a Way to access the device at 
the beginning/end of document and page, and by providing 
a Way to customiZe rendering of graphics model primitives. 
Finally, at the device level to support different communica 
tion protocol(s). 

Clients 

All printer manufacturers are clients of the printer handler 
frameWork. A client that uses a frameWork to design 
PostScript, raster, vector, and PCL printer handler frame 
Works. Developers start from one of these special types of 
frameWorks and customiZe it for their printers. For example, 
a PostScript printer developer (like QMS or Linotype) 
Would use the PostScript printer frameWork, a plotter devel 
oper (like CalComp) Would customiZe the vector printer 
handler frameWork. 

Architecture 

The desktop printer is the only user visible part of the 
printer. All user actions (commands) related to the printer are 
handled by this object. When a document is to be printed, it 
is dragged to the printer icon (or the Print item is selected 
from the system Wide menu). This starts the printing process 
by ?rst spooling the document by packaging it as a print job. 
Spooling is a process of streaming the graphic description of 
a document to the disk so it can be imaged later (possibly in 
a different task) to the actual printing device represented by 
the desktop printer. The spooled print job is stored in the 
printer’s persistent data Which consists mainly of the print 
job queue and the printer’s dynamic con?guration. After the 
print job is spooled, the printer handler is sent a message that 
there is a print job for it to process. The printer handler picks 
up the print job, despools it, converts it to the printer’s native 
imaging model and sends it to the printer. 

User’s Model of Printing 

A reference to a printer in a preferred embodiment really 
mean a printer model and its associated ?les, Which includes 
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the printer handler. Amodel is a class that is subclassed from 
an existing class. Since all user visible entities on a system 
are models, or the interface presented by them, it makes 
sense to talk about a printer this Way. Each printer model 
keeps its persistent data (job queue, con?guration, etc.) in its 
model store. The model store provides a Way for a model to 
create separate ?les that it alone manages. It has protocol for 
interfacing to a ?le system. The printer “component” has 
certain dependencies that must be satis?ed When it is moved 
betWeen machines or enclosed in a business card. Aprinter 
is typically dependent on its personality document, the 
shared library and archive for the system classes that imple 
ment the printer, and the shared library and archive for the 
developer supplied customiZations. 
When a user “installs” a printer handler in the system, it 

is immediately available for direct connect devices or in the 
netWork broWser for netWork devices. This processing is 
facilitated by creating a physical model for a direct connect 
device and a service adapter is “registered” for a netWork 
device. Aphysical device object represents a real device that 
can be connected directly to the computer (as opposed to 
available on the netWork). It is capable of creating a subclass 
that represents the device. A service adapter indicates the 
directory protocols (AppleTalk Name Binding Protocol 
(NBP), Domain Naming System(DNS) etc.) and service 
identi?ers (“LaserWriter”) it can handle and is called on by 
a directory service to create a model for a service available 
on a physical directory. To print to a direct connect device, 
a user connects the printer to the computer (for serial 
devices) and then drags a document to it. To print to a 
netWork device, either the document is dragged to the printer 
in the netWork broWser or the printer is dragged to the 
desktop and then the document is dragged to it. 

Printer Personality Document 

A personality document is supplied by the device manu 
facturer. The printer personality “document” contains 
instances of objects, just the data, that implement a particu 
lar printer. In other Words, it is a shared library Without 
code—just the archive. Examples of objects in the person 
ality document are the printer con?guration, print job 
description Which speci?es the print time options available 
on the printer, and the print device object that converts the 
graphic data into the printer’s imaging model. FIG. 6 shoWs 
hoW the personality document is used by different parts of 
the printing system. The personality document supplied by 
the developer is used in read-only mode by the printing 
system. The desktop printer and the printer handler “read” 
this document to access its personality objects polymorphi 
cally. 
The analogy of a printer model and its personality to an 

application and its document implies that a printer model 
can “read” many personality documents. HoWever, in most 
cases there is only one personality document per printer 
because a printer model represents one physical printer. In 
the case Where the user has more than one printer of the same 
type (for example, tWo LaserWriter IIg printers), one per 
sonality document may be “shared” by multiple printers. 
The desktop printer obtains user interface objects from the 
personality (the objects that present the user With printer 
con?guration, features and settings that can be manipulated). 
The printer handler gets imaging objects from the person 
ality and calls on them to reproduce the document on the 
printer. Once the printer’s dynamic state is added to its 
persistent store, both the desktop printer and the printer 
handler refer to it for the printer’s con?guration. A person 
ality document is created for each type of printer that a 



US RE37,258 E 
11 

printer handler is created for. The document is created and 
given to the developer of that type of printer. The developer 
can “edit” the instance data of objects or replace them With 
the printer speci?c implementations. 

Printer Handler 

FIG. 7 details the printer handler components and their 
interactions in accordance With a preferred embodiment and 
FIG. 8 illustrates the logical relationship betWeen various 
printer handler classes in accordance With a preferred 
embodiment. The printer handler server team is started by 
the desktop printer When a print command is initiated by 
either dragging the document to it or selecting the Print 
command from one of the menus. The printer handler 
program creates a dispatch giving it a dispatcher and a 
message stream to be used as a transport betWeen the client 
and the server. The dispatch task combines the transport and 
the dispatcher to create the printer handler server. 

There is one printer handler task per physical printer. The 
printer handler consists of a dispatcher and an imaging task. 
The dispatcher is a task that handles requests to print jobs 
and sends them to the imaging task so that the server task is 
free to handle other requests (more print jobs, status queries, 
noti?cation, etc.). The printer handler architecture alloWs for 
more than one task Working on print jobs. Instead of having 
only one imaging task, the printer handler dispatcher can 
have a pool of tasks that access the job queue and pick up 
a job to process. This Way, the printer handler can be 
processing multiple jobs at the same time. If the target 
printer can accept only one job at a time, only one imaging 
task Will be talking to it at a given time. The multiple 
imaging tasks model Works Well When the destination is a 
spooler that can accept more than one job at a time. Each job 
in the queue Will knoW the task that is processing it so things 
like abort, pause, etc. can function properly. 

Printer Handler Server 

The printer handler task is started by the desktop printer 
When a print command is initiated by either dragging the 
document to the printer icon or selecting the Print command 
from one of the menus. The desktop printer has a client class 
that starts up the server. The client class provides the 
protocol for calling “remote” procedures that are imple 
mented in other objects, tasks, or servers. The printer 
handler program creates a transport and a dispatcher to 
create the printer handler server. 

There is one printer handler task per physical printer. The 
printer handler consists of a dispatcher and an imaging task. 
The dispatcher handles requests to print jobs and sends them 
to the imaging task so that the server task is free to handle 
other requests (more print jobs, status queries, noti?cation, 
etc.). The printer handler architecture alloWs for more than 
one task Working on print jobs. Instead of having one 
imaging task, the printer handler dispatcher has a pool of 
tasks that access the job queue and pick a job to process. 
This Way, the printer handler can be processing multiple jobs 
at the same time. If the target printer can accept only one job 
at a time, only one imaging task communicates to it at a 
given time. The multiple imaging tasks function ef?ciently 
When the destination is a spooler that can accept more than 
one job at a time. Each job in the queue understands the task 
that is processing it so things like abort, pause, etc. are 
managed properly. 

Printer Handler Imaging Task 

The printer handler imaging task receives one job at a 
time. It uses the developer customiZable imaging objects to 
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convert the source description of the document into a stream 
of data targeted for a particular printer. The imaging task 
obtains a spool stream from the print job and passes it to the 
a printer device object. The printer device object eXtracts 
individual pages out of the print run and converts the 
individual pages into the printer’s imaging model. The 
imaging objects also perform the task of mapping the 
attributes requested by the print job (page siZe, media, color, 
fonts, etc.) to features actually available on the printer. This 
processing is achieved by consulting the printer’s dynamic 
state maintained by the printer handler. 
The imaging objects produce an output stream that is sent 

to the output device. The frameWork for a speci?c type of 
printer de?nes an appropriate class. For eXample, the Post 
Script printer handler frameWork de?nes a class Whose 
subclass talks With a printer using the AppleTalk Printer 
Access Protocol ATCP/IP based printer can be easily 
supported by subclassing the same class. 

Printer’s Persistent Data 

The printer handler is responsible for keeping track of the 
printer’s persistent data, in particular, its job queue and 
dynamic state. The dynamic state contains things like the 
current media/tray setting, current color mode (2, 3 or 4 
colors), etc. Since each printer Would Want to save different 
things in its dynamic state, there is a class that developers 
can subclass to add printer speci?c features. For the most 
part, it is this class that Will be streamed out to the printer’s 
persistent data store. The default implementation of the 
persistent data store Will be a dictionary, although the 
developer is free to use some other storage scheme. Since 
the printer’s state is persistent, the printer handler can be 
easily restarted in case of a crash or system shutdoWn. 

The printer state, Which is part of the printer model’s 
store, is updated When the printer handler images a job to it 
and ?nds that the state has changed. This scheme Works 
When the printer handler has tWo-Way communication avail 
able With the printer. In cases When tWo-Way communication 
is not available, the printer handler Will rely on the printer’s 
static con?guration. 

Status Reporting 
One of the goals of the printer handler frameWork is to 

provide a convenient Way for developers to report status and 
noti?cation from the printer to the user. The printer handler 
frameWork employs the same facilities provided by standard 
frameWorks. It is standard procedure to report normal 
progress information to the user as a print job progresses. 
There are tWo types of statuses that a printer handler might 
Want to report. The ?rst is the global status of the job, for 
eXample, “Processing page 3 of 50”, or “Printing 4th out of 
10 copies”, etc. This type of global job status is common for 
all printers and can be provided easily by the frameWork. 
The second kind of status is one that comes directly from the 
printer, for example, “user: Jay Patel; job: Printer Handler 
ERS; status: busy; source: AppleTalk”. Some printers may 
not report this type of status at all. 

User noti?cation is given in cases Where there is a 
problem With printing. This may be a result of a printer out 
of paper, a paper jam, communication error, PostScript error, 
a plotter needs neW/different set of pens, printer is out of 
ribbon, etc. For some of these situations, the user must be 
noti?ed and the printing process can continue once the 
problem is recti?ed. There are cases, hoWever, Where the 
printer may not be able to say that the problem is ?Xed. In 
such cases, a noti?cation must be given to the user and the 
printing process must Wait until the user says it’s OK to 
continue. 
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Printer Handler Classes 

handler framework is provided below. 

TPrinterHandler 

class TPrinterHandler : public MRemoteDispatcher { 
public: 

T'PrinterHandlero( ); 
virtual-TPrinterHandler( ); 

private: 
// Server Requests 
// Every XXXRequest method unflattens arguments, if any, and then 
// calls the corresponding HandleXXX method. It then calls 
// ReturnSuccess and ?attens results to the result stream. 

// Job Queue Management 
// Requests that apply to all jobs in the queue 

void GetAllJobsRequest( ); 
void AbortAllJobsRequest( ): 
void DeferAllJobsRequest( ); 
void UndeferAllJobsRequest( ); 
void DeferAllJobsUntilRequest( ); 

// Requests that apply to one job in the queue 
void AddJobRequest( ); 

// RemoveJobRequest will abort the job if it is currently 
being processed. 

methods. 

// Otherwise, the job will be removed from the queue. 
void Remove] obRequest( ); 
void PauseJobRequest( ); 
void Defer] obRequest( ); 
void UndeferJobRequest( ); 

// Update printer’s state 
void UpdateDynamicPrinterDataRequest( ); 

// return status of a job 
void GetStatusOfJobRequest( ); 

// 
// Subclasses can override the following HandleXXX methods. 
// HandleXXX are called from the corresponding request 

// 
// Job Queue Management 
// Requests that apply to all jobs in the queue 
virtual void HandleGetAllJobs( ); 
virtual void HandleAbortAllJobs( ); 
virtual void HandleDeferAllJobs( ); 
virtual void HandleUndeferAlljobs( ); 
virtual void HandleDeferAllJobsUntil( ); 
// Requests that apply to one job in the queue 
virtual void HandleAddJob( ); 
// RemoveJobRequest will abort the job if it is currently 

being processed. 
// Otherwise, the job will be removed from the queue. 
virtual void HandleRemoveJob( ); 
virtual void HandlePauseJob( ); 
virtual void HandleDeferJob( ); 
virtual void HandleUndeferJob( ); 
// Update printer’s state 
virtual void 

HandleUpdateDynamicPrinterData( ); 
// return status of a job 

virtual void HandleGetStatusOfJob( ); 
// for TPrinterHandlerCaller only 
typedef enum { 

kGetAllJobsRequest, kAbortAllJobsRequest, 
kDeferAllJobsRequest, 

kUndeferAllJobsRequest, kDeferAllJObsUntilRequest, 
kAddJobRequest, kRemoveJobRequest, kPauseJobRequest, 
kDeferJobRequest, kUndeferJobRequest, 
kUpdateDynamicPrinterDataRequest, 
kGetStatueRequest 

}; 
friend class TPrinterHandlerCaller; // so it can use enums 

above. 
protected: 

// Get the imaging task to send jobs to 
virtual T'PrinterImagingTask" GetImagingTask( ); 
// Get the job queue for this printer 
virtual T'Deque" GetPrintJobQueue( ); 
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-continued 

TPrinterHandler 

// . . . . . . . Methods to communicate with the imaging task 

// . . . . . . . 

TPrinterHiandler is a base class that provides protocol for 
dispatching server requests. The corresponding client class 
TPrinterHandlerCaller is described later. TPrinterHandler 
maintains a job queue for the printer. This queue is sema 
phore protected to allow concurrent access by the printer 
handler and an imaging task. GetImagingTask creates a 
TPrinterImagingTask giving it an exchange to communicate 
with (an exchange provides a place to send messages to and 
receive messages from). TPrinterImagingTask is given one 
job at a time to process (by AddJobRequest). When the job 
is ?nished, it noti?es the printer handler so it can decide 
what to do with the job. 

GetStatusOfJobRequest returns status of a job in the job 
queue. For the job being processed currently, the status 
reported is the “global” job status described earlier. There 
are two ways this could be implemented. One way is for the 
TPrintDevice subclass to post the status (perhaps a TTeXt) 
periodically at a global location which the printer handler 
returns to the client in GetStatusRequest method. Another 
way is to implement a helper task to get status from the 
TPrintDevice subclass. For any other job (not currently 
being processed), the status that is returned might be the 
number of pages in the job (if that’s appropriate), how far 
down the queue this job is, etc. 

TPrinterHandlerCaller 

class TPrinterHandlerCaller : protected MRemoteCaller { 
public: 

TPrinterHandlerCaller(TSenderTransport*); 
virtual-TPrinterHandlerCaller( ); 
// Remote requests 
// These are called by T'PrinterModel’s command handlers 
virtual T'PrintJobQueue" CreateJobIterator( ); 
virtual void AbortAllJobs( ); 
virtual void DeferAllJobs( ); 
virtual void UndeferAllJobs( ); 
virtual void DeferAllJobsUntil( ); 
virtual void AddJob(TPrintJobSurrogate&); 
virtual void RemoveJob(const 

TPrintJobSurrogate&); 
virtual void 

TPrintJobSurrogate&); 
virtual void 

TPrintJobSurrogate&); 
virtual void 

TPrintJobSurrogate&); 
virtual void 
// . . . . . 

MRemoteCallerDeclarationsMacro (TPrinterHandlerCaller); 

Pause] ob (const 

Defer] obRequest(const 

UndeferJobRequest(const 

GetStatus (ITeXt&); 

A TPrinterHandlerCaller is instantiated in the printing 
task (the task that initiates printing, probably a compound 
document) by the TPrinterModel. It uses a transport to send 
a request to the printer handler task. The transport can be 
local or remotely located. Thus, the printer handler to be on 
a remote machine. A reference to an already-registered 
service (like a network printer) required by the transport is 
known to the printer that the document is being printed on. 
When the printer handler is remote, TServiceReference is 
obtained from the network. 














