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SYSTEMS AND METHODS FOR SUPPORT OF VARIOUS PROCESSING CAPABILITIES



convert responses to the input/output instructions from the



respective target entity into a form that is compatible with the computing device. Because of the wide range of computing



RELATED APPLICATIONS



devices and target entities that are available to users, however, manufacturers of computing devices and target entities are faced with the challenge of deriving device drivers for each



This application incorporates by reference the entire dis closure of each of the following US. Provisional Patent



particular environment that may be encountered by their



Applications, and claims priority under 35 U.S.C. §1 19(e) to the following US. Provisional Patent Applications, each of



products. For example, a manufacturer of a printer may be required to develop a device driver for each particular con



which was ?led on May 3, 2004:



?guration of computing device that may utiliZe the printer. Further, each device driver that is developed for a particular computing device may be in?exible in that the device driver is not able to support changing capabilities that may be provided through further development of the computing device and/or
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the printer. Therefore, a new device driver was traditionally required when additional functionality was added to the com
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puting device and/or the printer. Accordingly, there is a continuing need for systems and methods that support various computing device and target 20



SUMMARY



Systems and methods are described that support various 25
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for being rendered. In an embodiment, a plurality of ?lters is 30



provided, each corresponding to a respective processing capability for processing data for being rendered. The ?lters may be arranged to form a ?lterpipeline such that one or more



of the ?lters provides an output, which is then provided as an input to another one of the ?lters. In this way, the ?lter



pipeline may be formed by arranging the ?lters, thereby pro 35



viding a ?exible infrastructure to address a variety of func tionality that may be provided on a computing device and/or



target entity. The plurality of ?lters, for instance, may be arranged to 40



TECHNICAL FIELD



The present invention generally relates to computing devices and rendering devices, and more particularly relates to support of various processing capabilities of computing devices and/or rendering devices.



computing device and/or target entity processing capabilities. For example, computing devices and/or target entities may each support various processing capabilities to process data



USING STRUCTURED JOB INFORMATION PLANAR RENDERING SHARING OF DOWNLOADED RESOURCES



entity capabilities.



form a device driver which is executable to convert input/ output instructions from a computing device into a form that is compatible with a target entity, and vice versa. In an imple mentation, the ?lters are selected based on the processing



capabilities of the computing device to process data for being rendered by the printer. In another implementation, the ?lters 45



are selected based on the processing capabilities of the ren



dering device to process data for being rendered by the ren dering device. For instance, the rendering device (e.g., a



printer) may support particular processing capabilities, such BACKGROUND 50



as to convert a color image to black-and-white. Therefore, a device driver may be formed by selecting one or more of a



The range of functionality available to users of computing



plurality of ?lters for execution on the computing device that



devices is ever increasing. From traditional desktop personal computers (PCs) and laptops to tablet PCs and personal digi tal assistants (PDAs), computing devices may be con?gured to provide functionality in different environments. Addition



are compatible with the particular processing capabilities of the rendering device. Thus, the plurality of ?lters may be arranged to take advantage of the particular processing capa bilities of the rendering device such that the device driver that



55



ally, the range of target entities, and particularly rendering devices, which may be utiliZed by these computing devices also continues to increase. For example, a computing device con?gured as a desktop PC may include a display device that provides an output for viewing by a user and a color printer for



is executed on the computing device does not provide redun dant functionality. Likewise, one or more ?lters may be



60



printing color images to a printable medium. The computing device may communicate with each of the target entities through use of a respective device driver. A device driver, when executed, is utiliZed to convert input/ output instructions received from the computing device into a



implemented on the rendering device to take advantage of the processing capabilities of a computing device. By providing the processing capabilities through use of a plurality of ?lters, the processing workload may be divided between the computing device and the target entity. Continu ing with the previous example, the functionality of ?lters



form that is compatible with the respective target entity. Like



utiliZed to process data for being rendered by a rendering device may be provided for execution on either the computing device or the rendering device. Therefore, both the computing



wise, the device driver, when executed, may be utiliZed to



device and the rendering device may contribute one or more
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3 processing capabilities such that the data is processed by both the computing device and rendering device.



FIG. 13 is a How diagram depicting a procedure in an



exemplary implementation in Which the printer processes and



The plurality of ?lters may also be grouped to form various collections that address the different processing capabilities



renders the package of FIG. 12.



of different respective computing devices and/or target enti



plary implementation in Which a processing capabilities



ties. For instance, a computing device may be communica



model is derived for a target entity and utiliZed to create a



tively coupled to a plurality of printers, each having different processing capabilities, one to another. The computing device



device driver for that rendering device.



may utiliZe different collections of the plurality of ?lters



?gures to reference like components and features.



FIG. 14 is a How chart depicting a procedure in an exem



The same numbers are used throughout the disclosure and



based on the processing capabilities of the respective printers. DETAILED DESCRIPTION



In this Way, the different collections of the plurality of ?lters may each act as a device driver for the respective printers. In another instance, a rendering device may likeWise include a



OvervieW



plurality of ?lters to access different processing capabilities of a plurality of computing devices, one to another. The plurality of ?lters may also be utiliZed to support legacy devices. For instance, a device driver may be formed from a plurality of ?lters. A neW rendering device, hoWever, may be encountered Which supports functionality that is not supported by the plurality of ?lters. Therefore, one or more ?lters may be generated for addition to the plurality of ?lters



FIG. 1 is an illustration of an environment 100 in an exem



plary implementation in Which a ?lter pipeline 102 may be con?gured and ordered to achieve a variety of desired func tionality. The ?lter pipeline 102 includes a plurality of ?lters 104(1),104(2), . . . , 104(n), . . . , 104(N). Each ofthe plurality



20



particular processing functions to generate an output. For example, one of the ?lters 104(1)-104(N) may provide a



such that a neW device driver is formed having the one or more



Watermark, another one of the ?lters may provide a color conversion, a further one of the ?lters 104(1)-104(N) may



additional ?lters and the plurality of ?lters. Thus, the neW device driver that includes the one or more ?lters may provide



an output that is compatible With the functionality of the neW rendering device. Likewise, the functionality of one or more ?lters may be added to a target entity to address changing



25



FIG. 1 is an illustration of an exemplary computing envi ronment in Which a ?lter pipeline may be con?gured and ordered to achieve a variety of desired functionality. FIG. 2 shoWs an exemplary system for producing and



another, yet another one of the ?lters 104(1)-104(N) may



30



shoWing a processing module of FIG. 1 in greater detail. FIGS. 6, 7, and 8 are illustrations of systems in exemplary



104(1)-104(N) of the ?lter pipeline 102 provide a ?exible infrastructure that can be arranged to provide a variety of 35



40



are typically implemented as softWare that is targeted to a



particular type of target entity, such as printers, display devices, storage devices, removable media devices, and so 45



106 as illustrated.



In another instance, by forming the processing module 106 50



device, illustrated as a printer 114, may include ?lters 104(n), 55



use of respective ?lter collections. 60



implementation in Which the printer includes processing capabilities that are provided through execution of a plurality of ?lters. FIG. 12 is a How diagram illustrating a procedure in an



exemplary implementation in Which a printer driver provided by a collection of ?lters preprocesses a package for output to a printer.



as a plurality of ?lters 104(1)-104(N), a processing Workload may be divided betWeen a computing device and a rendering device. For example, a computing device 112 may include an



application 108 and ?lters 104(1), 104(2). A rendering



rendering device.



FIG. 11 is an illustration of a system in an exemplary



forth. The device driver “processes” general input/ output instructions into a form that the particular device can under stand, and thus may also be referred to as a processing module



mentation in Which processing capabilities are ?exibly pro vided by a plurality of computing devices and a plurality of



implementation in Which a hierarchy of processing capabili ties of computing devices is shoWn, each of Which having differing processing capabilities that are addressed through



entity rendering mechanism 110, such as a printing mecha nism. The plurality of ?lters 104(1)-104(N), When taken



together, provides device driver functionality. Device drivers



ties depicted as printers, each of the devices have differing processing capabilities that are con?gured to interact, one to



FIG. 10 is an illustration of a system in an exemplary



functionality. The ?lter pipeline 102, for instance, may be provided as a processing module 106 that is utiliZed to process an output of an application 108 such that it may be rendered by a target



implementations shoWing computing devices and target enti another. FIG. 9 is an illustration of a system in an exemplary imple



Additional examples of ?lter functionality may be found in the folloWing discussion starting in relation to FIG. 5. Addi tionally, the plurality of ?lters 104(1)-104(N) may be arranged such that an output from one of the ?lters is provided as an input to another one of the ?lters. In this Way, the ?lters



consuming job information that may employ the ?lter pipe line of FIG. 1. FIG. 3 shoWs an exemplary schema that can be used to form job information having a structure shoWn in FIG. 2. FIG. 4 shoWs an exemplary instantiation of the schema of FIG. 3. FIG. 5 is an illustration in an exemplary implementation



perform a conversion of content from one resolution to process content from one format to another format, and so on.



functionality of the computing device. BRIEF DESCRIPTION OF THE DRAWINGS



of ?lters 104(1)-104(N) is con?gured to provide one or more
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104(N) that process the output of ?lters 104(1), 104(2) such that the target entity rendering mechanism 110 can render the result. Further discussion of arrangement of ?lters for Work load sharing may be found in relation to FIG. 9. In a further instance, the ?lter pipeline 102 may also be “tapped” at various points such that a data stream processed by particular ?lters 104(1)-104(N) is routed to a correspond ing device. For example, computing device 116 may include the application 108 and the ?lter pipeline 102. In other Words, computing device 116 includes a version of each of the ?lters 104(1)-104(N) in the ?lter pipeline 102. Therefore, the com puting device 116 may provide an output to a printer 118 that does not include any of the ?lters 104(1)-104(N). The com
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puting device 116 may also provide an output from ?lters



104(1), 104(2) that may be further processed by printer 114



that is, the folders may store individual ?les that contain content that maps to actual parts of the document, but the



that includes ?lters 104(n), 104(N). In this Way, the process ing module 106 may route the data processed by the ?lters



With actual parts of the document.



104(1)-104(N) according to the processing capabilities of the target entities (e.g., printers 114, 118). A further discussion of



processing of job information 202 Will be addressed sepa



?lters that are individually executable by a rendering device



rately beloW. First, by Way of overvieW, the system 200



to address differing computing device processing capabilities



includes an application module 210 and conversion logic 212 that has access to a spool storage 214 via application pro



folders themselves may not have a one-to-one relationship



The production and consumption aspects (204, 206) of the



may be found in relation to FIG. 11.



In yet another instance, the ?lter pipeline 102 may be



gramming interfaces (APIs) 216. The spool storage 214



utiliZed to implement a versioning strategy as neW processing functionality becomes available. For example, ?lters that are



implements the production aspects (204) of the processing of



used to process a neW version of a document may be added to



the job information 202.



stores the job information 202. This chain of components



the ?lter pipeline 102 that is con?gured to process an earlier



(e. g., older) version of a document. Therefore, the ?lter pipe line 102, through addition of the neW ?lter, may process both versions of the document. Further discussion of arrangement of ?lters for support of a legacy rendering device may be



5



one case, a device may implement the spool storage using RAM memory. In another case, the device may implement the



spool storage using disk storage, and so on. The spool storage



found in relation to FIG. 10.



Exemplary Environment



Spool storage 214 represents storage for storing job infor mation implemented using any physical storage medium. In



20



may de?ne a single ?le, a collection of associated ?les, or some other storage strategy. A unit of spool storage (such as a



single ?le) that stores an entire package de?ning a job is also



FIG. 2 shoWs an exemplary system 200 for producing and



referred to as a “container.” Alternatively, the spool storage



consuming job information 202 that may employ the ?lter pipeline 102 and the processing module 106 of FIG. 1. The



can refer to transitory information transmitted via a commu



nication channel and inherently stored on that channel during



term “job” as used herein refers to a task in Which one or more 25



actions are performed to process job information. For



transport The system 200 also includes a spooling module 218 that is



instance, a print job may entail printing job information that



con?gured to retrieve the job information 202 from the spool



de?nes one or more documents. More generally, reference to



storage 214 and process the job information 202 to provide an output result. This chain of components implements the con



“processing” job information can refer to any kind of conver sion of such job information for rendering, such as printing or



displaying such job information. Alternatively, processing



30



can refer to distributing the job information to a target desti



nation (With or Without modifying it), archiving the job infor mation, or some other form of processing. The term “job information” refers to any kind of information used to specify the nature of the job, such as the actual information to be rendered, and/or information that de?nes hoW the job is to be rendered, and so on. The production of such job information



performed on the job information 202, Which may or may not modify the content of the job information 202. The process 35



includes a de?ned structure 208. The structure 208 generally includes a plurality of nodes that are connected together according to a set of established rules. The same general rules



target location (With or Without modifying it), archiving the job information 202, and so on. In any case, the recipient of



the output result generated by the spooling module 218 can 40 include one or more of the target entities (220, 222, . . . , 224)



associated With different usage cases 226. A variety of the usage cases 226 Will be discussed beloW.



The modules, logic and storage units shoWn in the system 200 can be implemented by any variety and grouping of 45



apply to the construction of the structure 208 regardless of the



physical mechanisms and devices. In one exemplary case, a



computing device executes the application module 210, the conversion logic 212, the APIs 216, the spool storage 214 and the spooling module 218. More speci?cally, the various logic and modules (210, 212, 216, 218) can be implemented by



application and application platform used to generate the job information 202. In the exemplary case of FIG. 2, the structure 208 uses a hierarchical scheme to connect the nodes together. A hierar



ing may include printing the job information 202, displaying the job information 202, routing the job information 202 to a



202 in the exemplary system 200 is generally represented by arroW 204, and the consumption of such job information 202 is generally represented by arroW 206. As broadly indicated in FIG. 2, the job information 202



sumption (206) aspects of the processing of the job informa tion 202, and thus may correspond to the processing module 106 of FIG. 1. Processing can refer to any kind of action



50



machine readable code that is storable in the memory of the



chical scheme couples the nodes together using parent-child



computing device and executed by a processing unit(s) of a



relationships. That is, a “top-most” node de?nes a so-called root node. Thus, the use of the terms “top” and “bottom” refer to placement in the hierarchical scheme relative to the root



computing device. As previously described, the spool storage



node. The root node includes one or more child nodes, and the child nodes, in turn, can include one or more of their oWn



55



respective child nodes, and so on. If so con?gured, child



214 can be implemented by a storage medium (e. g., hard disk) provided by the computing device. The computing device can operate using any kind of platform (e.g., as de?ned by the operating system and/or other softWare con?guration of the computing device). In other Words, in one implementation,



nodes can generally inherit properties associated With their



the functionality and associated formats to be described



respective parent/ ancestor nodes.



beloW are speci?cally con?gured to operate on different com



Generally, the structure 208 is a logical concept that may or may not map to actual parts of a document to be rendered.



That is, each node may be considered an object. Certain objects may represent actual parts of a document to be ren dered (such as various image resources and font resources). Other objects may not have a one-to-one relationship With parts of the documents to be rendered. These latter types of nodes are therefore analogous to folders in a ?le hierarchy;
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puting platforms, thus de?ning a standard approach that has Wide applicability to different technical environments and Which thus serves to facilitate interaction among different technical environments and associated users. In one case, the target entities (220, 222, . . . , 224) can be
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implemented as devices Which are separate from the comput



ing device Which implements the other components (210 218) of the system 200. The computing device can be com
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