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1. Introduction

This PWG white paper summarizes the "IPP Device Object and MIB access" specification [mib-access].  This summary is intended to help understanding by providing a short summary of the longer specification.  That specification is an extension to the Internet Printing Protocol/1.0: Model and Semantics [ipp-mod] specification.  

The extension defines a Device object.  An IPP Printer object may contain one or more Device objects which each represent a physical device that the IPP Printer object controls.  The attributes of the Device object are taken directly from the Printer MIB [prtmib and draft-prtmib].

The extension also enhances the Get-Printer-Attributes operation which is used to query ANY and/or ALL Device objects contained in the IPP Printer object.  Device object attribute names and attribute group names are defined for use as values of the "requested-attributes" Operation attribute permitting a client to query:

1. A specific cell (MIB object) in the Printer MIB (e.g., media name for tray n)

2. A specific column in the Printer MIB (e.g., media names for all input trays

3. A specific row in the Printer MIB (e.g., all attributes of input tray n)

4. A specific Printer MIB table, (e.g., all attribute for all input trays)

5. All tables in the Printer MIB

6. A specific MIB object in any MIB, including the Printer MIB

7. A specific sub-tree of MIB objects in any MIB, including the Printer MIB.

The Device object allows for Printer MIB information to be queried, but not modified, using the IPP protocol rather than SNMP.  This is not to say that the use of SNMP is invalid or improper, in fact just the opposite is true.  The implementation of SNMP based Printer MIBs is almost universal for modern, network-attached printers.  Therefore, since the information model as already been established and implemented, this extension is simply an "IPP window" onto the Printer MIB.  This mapping gives yet another way to access the same information that has already been validated and deployed using SNMP and Printer MIB technologies.  It is expected that printer vendors that already support the Printer MIB and IPP/1.0 will find the implementation of the mapping defined in this extension to be trivial with almost no additional overhead (i.e., no additional memory or processing resources).

The following Printer MIB [prtmib] Tables are mapped to IPP Device object attributes:

Printer MIB Table
IPP table number (t)

prtGeneralTable
5

prtCoverTable
6

prtLocalizationTable
7

prtInputTable
8

prtOutputTable
9

prtMarkerTable
10

prtMarkerSuppliesTable
11

prtMarkerColorantTable
12

prtMediaPathTable
13

prtChannelTable
14

prtInterpreterTable
15

prtConsoleDisplayBufferTable
16

prtConsoleLightTable
17

prtAlertTable
18

While the Host Resources MIB and the Interfaces MIB can be accessed in some implementations, the new "which-devices" Operation attribute can be used to specialize the Printer object's "printer-state" and "printer-state-reasons" attributes to a specific device, providing a simpler device state representation than the Host Resources MIB.

2. The Printer object and the Device object

This document adds the semantics of the Device object to the IPP model, including a query interface.  The Device object is represented in the IPP/1.0 Model and Semantics document, but without any defined interface.  From the Internet Printing Protocol/1.0 Model and Semantics document we have the following illustrations of the IPP Printer object and its relationship to devices:

Since a Printer object is an abstraction of a generic document output device and print service provider, a Printer object could be used to represent any real or virtual device with semantics consistent with the Printer object, such as a fax device, an imager, or even a CD writer.

Some examples of configurations supporting a Printer object include:

1) An output device, with no spooling capabilities

2) An output device, with a built-in spooler

3) A print server supporting IPP with one or more associated output devices

3a) The associated output devices might or might not be capable of spooling jobs

3b) The associated output devices might or might not support IPP

The following figures show some examples of how Printer objects can be realized on top of various distributed printing configurations.  The embedded case below represents configurations 1 and 2. The hosted and fan-out figures below represent configuration 3.

Legend:

##### indicates a Printer object which is 

      either embedded in an output device or is 

      hosted in a server.  The Printer object 

      might or might not be capable of queuing/spooling.

any   indicates any network protocol or direct 

      connect, including IPP

embedded printer:

                                              device

                                        +---------------+

 O   +--------+                         |  ###########  |

/|\  | client |------------IPP------------># Printer #  |

/ \  +--------+                         |  # Object  #  |

                                        |  ###########  |

                                        +---------------+

hosted printer:

                                        +---------------+

 O   +--------+        ###########      |               |

/|\  | client |--IPP--># Printer #-any->|     device    |

/ \  +--------+        # Object  #      |               |

                       ###########      +---------------+

                                         +---------------+

fan out:                                 |               |

                                     +-->|     device    |

                                 any/    |               |

 O   +--------+      ###########   /     +---------------+

/|\  | client |-IPP-># Printer #--*

/ \  +--------+      # Object  #   \     +---------------+

                     ########### any\    |               |

                                     +-->|     device    |

                                         |               |

                                         +---------------+

3. Object Relationships

This document introduces the Device object and Printer MIB tables.  Printer MIB tables represent sub-units in the Device.  Their object relationship to the IPP Printer object is shown below:

  +-------------------+

  |  Printer object   |

  +--+----------------+

     | 

     |  +-------------------+

     +--| Device object     |

        +--------+----------+

                 |

                 |  +------------------------------------+

                 +--| Printer MIB Table (subunit) object |

                    +------------------------------------+

Figure 1 - Object Relationships
Figure 1 illustrates the containment relationships.  The Printer object contains zero or more Device objects.  Each Device object contains zero or more Printer MIB Table (subunit) objects.  All Device objects are contained by an IPP Printer object.  All Printer MIB tables are contained by an IPP Device object.

In the future, other objects may be introduced into the IPP object model.

3.1 Terminology

IPP Object Type (or just Object Type):  The IPP Model document uses this term to describe the attributes and operations associated with a modeled entity.  In other OO contexts, the term "class" is used.  

IPP Object: The instantiation of an IPP Object Type - maps to a row in the Printer MIB.  Most IPP Object instances have a distinct name using the IPP 'name' attribute syntax. 

MIB Object:  A cell in a MIB table - maps to an attribute in the IPP model.

MIB Table:  A set of rows and columns in a MIB table.

Printer MIB Sub-unit:  A component of the device, such as an input tray, output bin, marker, interpreter, etc.  Each sub-unit instance is represented by a row in the Printer MIB in a table that represents sub-units of that type.

4. Device object attribute names and attribute group names

This section defines new attribute names and attribute group names that identify Device attribute names that correspond to individual MIB objects and attribute group names that correspond to MIB rows, column, tables, and entire MIBs.

All IPP attribute names and attribute group names are special keywords (all lowercase letters and digits, starting with a letter with words and abbreviations being separated by a '-').  The special characters "_" and "." can also be included.  For example: "document-format-supported".  This extension uses the "prt-" prefix for the Printer MIB attribute names and attribute group names.  This extensions uses the "mib-" prefix for any MIB attribute names and attribute group names.

4.1 Attribute names and attribute groups names for Printer MIB objects

The following Device object attribute names are defined for accessing individual Device object attributes:

"prt-att-t-c-r"
prt
Printer MIB prefix


att
a single attribute


t
table number (5 to 19)


c
column number


r
row number

"prt-att-8-12-3"

prtInputMediaName MIB object for the third input tray

4.2 Attribute group names for Printer MIB objects (prt-xxx-m-n)

The following Device object attribute group names are defined for accessing a number of Printer MIB objects at once:

"prt-col-t-c"
prt
Printer MIB prefix


col
a Printer MIB column


t
table number (5 to 19)


c
column number

"prt-col-8-12"

prtInputMediaName MIB object for all input trays

"prt-row-t-r"
prt
Printer MIB prefix


row
a Printer MIB row


t
table number (5 to 19)


r
row number (1 ...)

"prt-row-8-3"

all MIB objects (all attributes) for input tray 3

"prt-tab-t"
prt
Printer MIB prefix


tab
an entire Printer MIB table


t
table number (5 to 19)

"prt-tab-8"

all MIB objects (all attributes) for all input trays

"prt-all"
prt
Printer MIB prefix


all
the entire Printer MIB

"prt-all"

the entire Printer MIB

The Get-Printer-Attributes response returns each attribute in each of the above attribute groups separately in increasing attribute name order.  Since each attribute returned is identified by its (prt-att-t-r-c) attribute name, the client can determine which values have been returned.  For example, "prt-col-8-12" returns:

        "prt-att-8-12-1" = 'letter-white'  [input tray 1 media name] 
        "prt-att-8-12-2" = 'letter-transparency'  [input tray 2 media name]
        "prt-att-8-12-3" = 'iso-a4-white'  [input tray 3 media name]

4.3 The attribute name for any MIB object ("mib-m.n. ...")

The following attribute name represents a single MIB object in any MIB, including the Printer MIB:

"mib-m.n. ..."
mib
MIB prefix


m.n. ...
the full decimalized OBJECT IDENTIFIER (OID)

"mib-1.3.6.1.2.1.43.8.2.1.12.4.3"
prtInputMediaName MIB object for input tray 3 in 



device 4

The Get-Printer-Attributes response for each requested attribute (that is supported) consists of the attribute name and the value.  For example "mib-1.3.6.1.2.1.43.8.2.1.12.4.3" returns:

"mib-1.3.6.1.2.1.43.8.2.1.12.4.3" = 'iso-a4-white'

4.4 Attribute group name for MIB objects (mib-arc-m.n. ...)

The following attribute group name represents the sub-tree of MIB objects in any MIB, starting with the specified partial OID:

"mib-arc-m.n. ..."
mib
MIB prefix


arc
partial OID


m.n. ...
partial decimalized OBJECT IDENTIFIER (OID)

"mib-arc-1.3.6.1.2.1.43.8.2.1.12.4"
prtInputMediaName MIB object for all input trays 



(all rows) in device 4
NOTE:  The "mib-..." names are intended primarily for accessing MIBs other than the Printer MIB.  However, the examples in this specification use the Printer MIB, since that MIB is familiar MIB to the readers (and these examples should work on an implementation the supports the "mib-" names).

The Get-Printer-Attributes response returns each attribute in the above attribute group separately in increasing attribute name order.  Since each attribute returned is identified by its (mib-m.n. ...) attribute name, the client can determine which values have been returned.  For example, "mib-arc-1.3.6.1.2.1.43.8.2.1.12.4" returns:

      "mib-arc-1.3.6.1.2.1.43.8.2.1.12.4.1" = 'letter-white'  [input tray 1 media name] 
      "mib-arc-1.3.6.1.2.1.43.8.2.1.12.4.2" = 'letter-transparency'  [input tray 2 media name]
      "mib-arc-1.3.6.1.2.1.43.8.2.1.12.4.3" = 'iso-a4-white'  [input tray 3 media name]

If the "mib-arc-m.n. ..." specifies a full OID to the leaf, then just that single object value is returned, rather than being ignored, since a full OID is just a special case of a partial OID. 

5. New "which-device" attribute in Get-Printer-Attributes operation

The following "which-device" Operation attribute is introduced for use with the Get-Printer-Attributes operation specified in IPP/1.0 [ipp-mod]:

"which-device" (name) :

The client OPTIONALLY supplies this attribute.  This attribute is useful to select which device for an IPP Printer object that supports more than one Device object instance.

If the client supplies "which-device", the IPP Printer object SHALL return values of the Printer object as if only that device were present and supported.  For example, if the client supplies "which-device" and requests the "printer-state" or "printer-state-reasons", the IPP Printer object SHALL return the equivalent state and reasons for the specified device only.  Thus a client can determine the state of a particular device when an IPP Printer object supports multiple devices.  Similarly, if the client supplies "which-device", the IPP Printer object SHALL return a subset of the values of any requested "xxx-supported" Printer object attributes that are supported by that device. 

6. The "devices-supported" Printer object attribute

A new "devices-supported" (1setOf name) Printer attribute is defined that identifies the device(s) that this IPP Printer supports.

7. Appendix defines all the Device object attribute names

An Appendix of the [mib-access] lists all of the Printer MIB [prtmib] and [draft-prtmib] objects and their data types, and their equivalent IPP attribute name and attribute syntax with range limits.  In the list, each Printer MIB object name and MIB data type are specified on a line followed by the corresponding IPP attribute name and IPP attribute syntax.  The "-r" suffix indicates the row index number represented as decimal ASCII digits.  The value of "-r" depends on the row number being accessed.

The following rules apply in mapping [SMIv2] MIB object data types to IPP attribute syntaxes:

1. 'Integer32' and 'Counter32'  just map to 'integer'

2. 'OCTET STRING' generally maps to 'text', however some may map to 'keyword' | 'name' and some may map to 'octetString'

3. 'Prt<whatever>TC' maps to 'enum'

4. 'PresentOnOff' is just a special TC and it maps to 'enum' as well

5. 'Charset' is a special TC and it maps to 'keyword'.

Example of the prtInputTable which consists of a MANDATORY group and several OPTIONAL groups:

7.1 Input (8) (MANDATORY)

   prtInputType                      PrtInputTypeTC,

      prt-att-8-2-r (type2 enum)             

   prtInputDimUnit                   PrtMediaUnitTC,

      prt-att-8-3-r (type1 enum)             

   prtInputMediaDimFeedDirDeclared   Integer32,

      prt-att-8-4-r (integer(-2:MAX))

ISSUE 2:  Should we change the lower limit to 0 and use out-of-bound values: 'unknown' for -2 and a new 'other' out-of-band keyword for -1?
   prtInputMediaDimXFeedDirDeclared  Integer32,

      prt-att-8-5-r (integer(-2:MAX))

ISSUE 2a:  Same as ISSUE 2?
   prtInputMediaDimFeedDirChosen     Integer32,

      prt-att-8-6-r (integer(-2:MAX))

ISSUE 2b:  Same as ISSUE 2?
   prtInputMediaDimXFeedDirChosen    Integer32,

      prt-att-8-7-r (integer(-2:MAX))

ISSUE 2c:  Same as ISSUE 2?
   prtInputCapacityUnit              PrtCapacityUnitTC,

      prt-att-8-8-r (type1 enum)             

   prtInputMaxCapacity               Integer32,

      prt-att-8-9-r (integer(-2:MAX))

ISSUE 2d:  Same as ISSUE 2?
   prtInputCurrentLevel              Integer32,

      prt-att-8-10-r (integer(-2:MAX))

ISSUE 2e:  Same as ISSUE 2?
   prtInputStatus                    PrtSubUnitStatusTC,

      prt-att-8-11-r (type1 enum)

   prtInputMediaName                 OCTET STRING (SIZE(0..63)),

      prt-att-8-12-r (keyword | name(63))

NOTE: The above values SHALL be a subset of the values for the IPP "media" Job Template attributes.

The Extended Input Group (OPTIONAL):

   prtInputName                      OCTET STRING (SIZE(0..63)),

      prt-att-8-13-r (keyword | name(63))

NOTE: The above values SHALL be a subset of the values for the IPP "media" Job Template attributes.

   prtInputVendorName                OCTET STRING (SIZE(0..63)),

      prt-att-8-14-r (name(63))

   prtInputModel                     OCTET STRING (SIZE(0..63)),

      prt-att-8-15-r (name(63))

   prtInputVersion                   OCTET STRING (SIZE(0..63)),

      prt-att-8-16-r (text(63))

   prtInputSerialNumber              OCTET STRING (SIZE(0..63)),

      prt-att-8-17-r (text(63))

   prtInputDescription               OCTET STRING (SIZE(0..255)),

      prt-att-8-18-r (text(255))

   prtInputSecurity                  PresentOnOff,

      prt-att-8-19-r (type1 enum)
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