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Abst r act

Thi s docunent specifies an OPTIONAL attribute syntax called
"collection” for use with the Internet Printing Protocol (IPP/1.0 and
IPP/1.1). A ’'collection’ is a container holding one or nore naned
val ues, which are called "nenber" attributes. A collection allows
data to be grouped |like a PostScript dictionary or a Java Map. This
docunment al so specifies the conformance requirenents for a definition
docunment that defines a collection attribute. Finally, this docunent
gives sone illustrative exanple collection attribute definitions that
are not intended as actual attribute specifications.
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1 Introduction

This docunment is an OPTIONAL extension to I PP/ 1.0 [ RFC2565, RFC2566]
and I PP/ 1.1 [ RFC2911, RFC2910]. For a description of the base | PP
docunents see Appendix D

1.1 Probl em St at enent

The 1 PP Mbdel and Semantics [ RFC2911] supports nost of the common
data structures that are available in progranm ng | anguages. It

| acks a mechani sm for grouping several attributes of different types.
The Java | anguage uses the Map to solve this problemand PostScri pt
has a dictionary. The new mechani smfor grouping attributes together
(called "collection mechanism rnust allow for optional nenbers and

t he subsequent addition of new nenbers.

The ’collection’ nechani sm nust be encoded in a manner consistent
with existing 1.0 and 1.1 parsing rules (see [ RFC2910]). Current 1.0
and 1.1 parsers that don’t support the ’'collection mechani sm nust
not confuse collections or parts of a collection they receive with
other attri butes.

1.2 Sol ution

The new nechanismis a new | PP attribute syntax called a

"collection'. As such, each collection value is a value of an
attribute whose attribute syntax type is defined to be a
"collection”. Such an attribute is called a collection attribute.

The nane of the collection attribute serves to identify the
collection value in an operation request or response, as with any
attribute val ue.

The ’collection attribute syntax is a container hol ding one or nore
naned values (i.e., attributes), which are called nenber attributes
Each collection attribute definition docunent lists the mandatory and
optional nenber attributes of each collection value. A collection
value is sinmlar to an IPP attribute group in a request or a
response, such as the operation attributes group. They both consi st
of a set of attributes.

As with any attribute syntax, the docunment that defines a collection
attribute specifies whether the attribute is single-val ued
(collection) or multi-valued (1setO collection). |If the attribute
is multi-valued (1setOf collection), each collection value MIST be a
separate instance of a single definition of a collection, i.e., it
MUST have the same nmenber attributes except for OPTI ONAL nenber
attributes. |If we view each collection definition as a separate
syntax type, this rule continues the IPP/1.1 notion that each
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attribute has a single type or pattern (e.g., "keyword | nanme" is a
pattern). Wthout this rule, the supported val ues would be nore
difficult to describe and the nechanismdefined in item4 of section
3.1 woul d not be sufficient.

The nane of each menber attribute MJST be unique for a collection
attribute, but MAY be the same as the nane of a nenber attribute in
anot her collection attribute and/or MAY be the same as the nanme of an
attribute that is not a nmenber of a collection. The rules for nam ng
menber attributes are given in section 3.1

Each menmber attribute can have any attribute syntax type, including
"collection’, and can be either single-valued or nulti-valued. The
Il ength of a collection value is not limted. However, the |ength of
each menber attribute MJIST NOT exceed the limt of its attribute
synt ax.

The menber attributes in a collection MAY be in any order in a
request or response. \When a client sends a collection attribute to
the Printer, the order that the Printer stores the menber attributes
of the collection value and the order returned in a response MAY be
different fromthe order sent by the client.

A col l ection value MIUST NOT contain two or nore nmenber attributes
with the same attribute name. Such a collection is mal-forned.
Clients MJUST NOT submt such malformed requests and Printers MJST NOT
return such mal formed responses. |f such a malformed request is
submitted to a Printer, the Printer MJUST (depending on

i mpl ementation) either (1) reject the request with the "client-
error-bad-request’ status code (see [RFC2911] section 13.1.4.1), or
(2) accept the request and use only one of each duplicate nenber
attributes.

2 Term nol ogy
This section defines term nol ogy used throughout this docunent.
2.1 Conformance Ter m nol ogy

Capitalized terns, such as MUST, MJST NOT, REQUI RED, SHOULD, SHOULD
NOT, MAY, NEED NOT, and OPTI ONAL, have special neaning relating to
conformance as defined in BCP 14, RFC 2119 [RFC2119] and [ RFC2911],
section 12.1. If an inplenentation supports the extension defined in
this docunment, then these terns apply; otherw se, they do not. These
terns define conformance to this docunent only; they do not affect
conformance to other docunents, unless explicitly stated ot herw se
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2.2 Ot her term nol ogy

Thi s docunment uses ternms such as Job object (or Job), IPP Printer
object (or Printer), "operation", "request", response", "attributes"
"keywords", and "support". These ternms have special neaning and are
defined in the nodel termi nology [ RFC2911] section 12.2. The
followi ng additional terms are introduced in this document:

collection: an attribute syntax in which each attribute value is a
set of attributes, called nenber attributes.

nmenber attribute: an attribute that is defined to be used as one
of the attributes in a collection

collection attribute: an attribute whose definition specifies the
"collection attribute syntax and each of the nenber attributes
that MAY occur in a collection attribute val ue.

3 Definition of a Collection Attribute

This section describes the requirenents for any collection attribute
definition.

3.1 Information to | nclude

When a specification docunment defines an "xxx" collection attribute,
i.e., an attribute whose attribute syntax type is 'collection or
"1set X collection’; the definition docunment MJST include the

foll owi ng aspects of the attribute semantics. Suppose the "xxx"
collection attribute contains N nenber attributes named "aaal",
"aaa2", ..., "aaaN' ("aaal" represents any one of these N nenber
attributes).

1. The nane of the collection attribute MJST be specified (e.g.
"xxx"). The selection of the name "xxx" MJST foll ow the sane
rul es for uniqueness as for attributes of any other syntax type,
(as defined by IPP/1.1) unless "xxx" is a menber attribute of
anot her collection. Then the selection of the name "xxx" MJST
follow the rules for uniqueness defined in itemb5a) of this list.

2. The collection attribute syntax MJST be of type 'collection’ or
"1setOf coll ection’

3. The context of the collection attribute MJIST be specified, i.e.

whether the attribute is an operation attribute, a Job Tenpl ate

attribute, a Job Description attribute, a Printer Description

attribute, a nenber attribute of a particular collection

attribute, etc.
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4. An "xxx-supported" attribute MJST be specified and it has one of
the following two forns:

deBry,

a)

b)

"xxx-supported" is a "lsetOf collection", which enunerates al
of the supported collection values of "xxx". |If a collection
of this formcontains a nested collection, it MJST be of the
same form

For exanpl e, "medi a-size-supported” m ght have the val ues {{x-
di mensi on: 210, y-di nensi on: 297}, {x-di nensi on: 297, vy-

di mensi on: 420}} to show that it supports two val ues of "nedia
size": A4 (210x297) and A3 (297x420). It does not support

ot her conbi nati ons of "x-dinmension” and "y-di mensi on" nenber
attributes, such as 210x420 or 297x297, and it does not support
non-enuner at ed val ues, such as 420x595.

"xxx-supported" is a "lsetOf type2 keyword", which enunerates
the nanes of all of the nenber attributes of "xxx": "aaal",
"aaa2", ..., "aaaN'. |If a collection of this formcontains a
nested collection, it MAY be of either form See item 5f)
bel ow for details on supported val ues of nenber attri butes.

For exanpl e, "nedia-col-supported" m ght have the keyword
val ues: "nedi a-si ze" and "nedi a-col or".

The nmenber attri butes MJST be defined. For each nenber attribute,
the definition docunent MJST provide the follow ng information

a)

et.

The menber attribute’'s nane (e.g., "aaa") MJST be unique within
the collection being defined and MJST either

i) reuse the attribute nane of another attribute (that is
uni que across the entire IPP attribute nane space) and
have the sane syntax and semantics as the reused attribute
(if the condition of item 4b) above is net). For exanple,
a nenber attribute definition could reuse the IPP/1.1
"medi a" attribute.

ii) potentially occur elsewhere in the entire IPP attribute
nane space. (if the condition of item 4a) above is net).
For exanple, a nenber attribute could be "x-di nension"
whi ch could potentially occur in another collection or as
an attribute outside of a collection.

iii) be unique across the entire IPP attribute nane space (if
the condition of item4b) above is nmet). For exanple, a
menber attribute could be "nedia-col or" which nust be
uni que across the entire | PP attribute name space.
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Whet her the menber attribute is REQUI RED or OPTIONAL for the
Printer to support.

Whet her the nenber attribute is REQUI RED or OPTIONAL for the
client to supply in a request.

The menber attribute’'s syntax type, which can be any attribute
syntax, including '1lsetOd X, ’'collection’, and ' 1lsetOf
collection’. If this attribute name reuses the nane of another
attribute (case of itemal above), it MJIST have the sane
attribute syntax, including cardinality (whether or not

lset OF).

The semantics of the "aaa" nenber attribute. The semantic
definition MIST include a description of any constraint or
boundary conditions the nenber attribute places on the
associated attribute, especially if the attribute reuses the
name of another attribute (case of itemal above).

The supported values for each "aaal" nenber attribute (of the
menber attributes "aaal", "aaa2", ..., "aaaN') is specified by
one of two mechani sms.

i) If "xxx-supported" is a "lsetOf collection" (see item 4a)
above), the value for each "aaal" is specified in each
col l ection value of "xxx-supported", in the context of
other nenber attributes. That is, "xxx-supported"
enunerates all supported val ues of "xxx".

ii) If the value of "xxx-supported" is a "lsetOF type2
keyword" (see item 4b) above), the supported val ues of
"aaal" are the values specified by either i) the "aaal -
supported” attribute or ii) the definition of the nenber
attribute "aaal" within the docunent defining the "xxx"
attribute. The values of each menber attribute "aaal" are
speci fied i ndependently of other nenber attributes, though
a Printer is not required to support all conbinations of
supported val ues.

For exanple, "nedia-col-supported" m ght have the keyword
val ues: "nmedi a-size" and "nedia-color". Using the first
met hod for defining supported values (an "aaal - supported”
attribute), the collection values of "nedia-col" are
combi nati ons of val ues of "nedia-size-supported" and
"medi a- col or-supported”. |f "nedia-size-supported” has
the val ues of '210x297' and ’'297x420° and "nedi a-col or -
supported" has the values of "white' and ’'pink’', the
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Printer m ght support only the conbinations 'white-
210x297', ' pink-210x297' and ’'white-297x420’, and not
' pi nk-297x420’

If a collection contains a nmenber "aaal", whose syntax
type is "text", the supported val ues woul d probably be
defined by the definition of "xxx" rather than by the
attribute "aaal - supported".

g) the default value of each "aaal" nenber attribute if it is
OPTIONAL for a client to supply the "aaa" nenber attribute in a
request. The default value is specified by the attribute’'s
definition within a docunment and MJUST be one of the follow ng:

i) a fixed default
ii) a nmechanismby which the Printer determni nes default
iii) an indefinite default that is left to the inplementation

iv) an attribute that the Printer uses to determ ne the
def aul t

The default value of "xxx", if a client does not supply it. The
default value is specified by the attribute’'s definition within a
docunent and MJST be one of the follow ng:

a) a fixed default
b) a mechani sm by which the Printer determ nes default
c) an indefinite default that is left to the inplenentation

d) a Printer attribute "xxx-default" which is a collection with
the sane nenber attributes as "xxx". |f optional nenber
attributes are absent, the Printer uses the defaulting rules of
item 5g) above.

The "xxx-ready (lsetOf collection)" attribute, if human
intervention is required to nake many of the supported val ues
avail able. For exanple, "nedia-col" is an attribute which has a
"ready" attribute. Most attributes do not have a "ready"
attribute.
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3.2 Nested Col |l ections

A nmenber attribute may have a syntax type of ’'collection” or ’1lsetO™
collection’, in which case it is called a nested collection
attribute. The rules for a nested collection attribute are the sanme
as for a collection attribute as specified in section 3.1

4 Collection Attributes as Attributes in Operations
4.1 General Rules

A collection value is like any other IPP/1.1 value, except that it is
structured. The rules for attributes with collection values are the
same as for attributes of any other syntax type (see IPP/1.1), be
they in any group of a request of a response.

4.2 Unsupported Val ues

The rules for returning an unsupported collection attribute are an
extension to the current rules:

1. If the entire collection attribute is unsupported, then the
Printer returns just the collection attribute nane with the
"unsupported’ out-of-band val ue (see the begi nning of [RFC2911]
section 4.1) in the Unsupported Attributes G oup

2. If a collection contains unrecogni zed, unsupported nenber
attributes and/or conflicting values, the attribute returned in
the Unsupported Goup is a collection containing the unrecogni zed,
unsupported nenber attributes, and/or conflicting values. The
unr ecogni zed nmenber attributes have an out-of -band val ue of
"unsupported’ (see the beginning of [RFC2911] section 4.1). The
unsupported nenber attributes and conflicting val ues have their
unsupported or conflicting val ues.

5 Exanpl e definition of a collection attribute

In sone printing environnents, it is desirable to allowthe client to
select the nedia by its properties, e.g., weight, color, size, etc.
instead of by nane. In IPP/1.1 (see [RFC2911]), the "nedia (type3
keyword | nane) Job Tenplate attribute allows selection by nanme. It
is tenpting to extend the "nedia" attribute syntax to include
"collection", but then existing clients could not understand default
or supported nedi a val ues that use the collection value. To preserve
interoperability, a new attribute MJST BE added, e.g., "nedia-co
(collection)". The followi ng subsections contain a sanple definition
of a sinplified "nedia-col" attribute. The definition follows the
rules in section 3.
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Al'l of the exanple attribute definitions in this docunent are
illustrative exanples, rather than actual definitions. These
exanples are intended to illustrate how to define collection
attributes. Oher documents MJUST define collection attributes for
use in actual interchange. Such definitions may be very sinilar to
the exanples in this docunent, since we attenpted to pick usefu
exanpl es.

Not e: we picked the nanme "nedia-col"” because the nane "nedia" is
already in use. Odinarily the collection attribute would have a
nane |ike any other attribute and would not end in "col"

The menber attributes of "media-col" attribute ("nmedia-color (type 3
keyword)" and "nedi a-size (collection)") both follow the nam ng rules
of item4a3 of section 3, i.e., the names are uni que across the
entire IPP attribute nane space. The nenber attributes of the

"medi a-size (collection)" nenber attribute ("x-dinension

(integer(0: MAX))" and "y-di mension (integer(0: MAX))") both follow the
nam ng rules of item4a2 of section 3, i.e., they potentially occur

el sewhere in the IPP attribute nane space

5.1 nedia-col (collection)

The "nmedia-col" (collection) attribute augnents the PP/ 1.1 [ RFC2911]
"media" attribute. This collection attribute enables a client end
user to subnit a list of media characteristics to the Printer. \Wen
the client specifies nedia using the "media-col” collection
attribute, the Printer object MUST match the requested nedi a exactly.
The 'collection’ consists of the follow ng nenber attributes:

Table 1 - "nedia-col" menber attributes
Attribute name attribute syntax request Printer
Suppor t
medi a- col or type3 keyword | nanme (MAX) MAY MUST
medi a- si ze col l ection MUST MUST

The definitions for the nenber attributes is given in the follow ng
sub-secti ons:

5.1.1 nedia-color (type3 keyword | name( MAX)

This nmenber attribute identifies the color of the nedia. Valid
values are 'red’, "white' and ’blue’
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The "nmedi a-col or-supported” (lsetOf (type3 keyword | nane( MAX)))
Printer attribute identifies the values of this "nedia-color" nenber
attribute that the Printer supports, i.e., the colors supported.

If the client onmts this nmenber attribute, the Printer determnines the
val ue in an inplenentati on dependent nanner.

5.1.2 nedi a-size (collection)

This nmenber attribute identifies the size of the nmedia. The
"collection’ consists of the menber attributes shown in Table 2

Table 2 - "nedi a-size" collection menber attributes
Attribute name attribute syntax request Printer
Suppor t

x-di nensi on i nteger (0: MAX) MUST MUST

y-di mensi on i nteger (0: MAX) MUST MUST

The definitions for the nenber attributes are given in the foll ow ng
sub-secti ons:

5.1.2.1 x-dinmension (integer(0: MAX))

This attribute identifies the width of the nmedia in inch units al ong
the X axis.

5.1.2.2 vy-dinmension (integer(0: MAX))

This attribute identifies the height of the media in inch units al ong
the Y axis.

The "nedi a-si ze-supported” (1setO collection) Printer attribute
identifies the values of this "nmedi a-size" nenber attribute that the
Printer supports, i.e., the size conbinations supported. The nanes
of the menber attributes are the sane as the nenber attributes of the
"medi a-size" collection attribute, nanmely "x-dinmension", and "y-

di mensi on", since they have the sane attribute syntax and the sane
semanti cs.

5.2 nedi a-col -default (collection)
The "nmedi a-col -default™ Printer attribute specifies the nedia that
the Printer uses, if any, if the client onmts the "nedia-col" and

"media". Job Tenplate attributes in the Job Creation operation and
the PDL do not include a nedia specification. The nmenber attributes
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are defined in Table 1. A Printer MJST support the same nenber
attributes for this default collection attribute as it supports for
the correspondi ng "nedia-col” Job Tenplate attri bute.

5.3 nedi a-col -ready (1setOf coll ection)

The "nedi a-col -ready” Printer attribute identifies the nedia that are
avail abl e for use w thout human intervention, i.e., the nedia that
are ready to be used without human intervention. The collection

val ue MUST have all of the nenber attributes that are supported in
Tabl e 1.

5.4 nedi a-col -supported (1lsetOf type2 keyword)

The "nmedi a-col -supported” Printer attribute identifies the keyword
nanes of the menber attributes supported in the "nedia-col"
collection Job Tenplate attribute, i.e., the keyword nanes of the
menber attributes in Table 1 that the Printer supports.

6 A Second Exanple Definition O A Collection Attribute

Al'l of the exanple attribute definitions in this docunent are
illustrative exanples, rather than actual definitions. These
exanples are intended to illustrate how to define collection
attributes. Oher docunments MJST define collection attributes for
use in actual interchange. Such definitions may be very sinmilar to
the exanples in this document, since we attenpted to pick usefu
exanpl es.

In some printing environnents, it is desirable to allowthe client to
select the media for the job start sheet. The reason for not adding
the "collection” attribute syntax to the existing "job-sheets" Job
Tenpl ate attribute is the sanme as for "nedia". Instead, a new Job
Tenpl ate attribute is introduced, e.g., "job-sheet-col (collection)".

The menber attributes of "job-sheet-col" attribute ("job-sheets (type
3 keyword)" and "nedia (type3 keyword | nanme)") both follow the

nam ng rules of item4al of section 3, i.e., they reuse existing |IPP
attributes. According to the rules, their supported val ues come from
the existing IPP attributes: "job-sheets-supported" and "nedi a-
supported". However, their default values do not cone from"job-
sheets-default" and "nmedi a-default", respectively. Rather, the
definition of "job-sheet-col" says that "job-sheets (type 3 keyword)"
is required and if "nedia (type3 keyword | nane)" is absent, the
Printer uses the same nmedia as the rest of the job uses.
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If "job-sheet-col" attribute was defined to contain the nenber
attribute "job-sheet-nmedia (type3 keyword | nanme)" instead of "nmedia
(type3 keyword | nane)", then the definition would al so have to
specify a "job-sheet-nedi a-supported (1lsetOf (type3 keyword | nane))"
whose val ues woul d be i ndependent of "nmedi a-supported (1lsetOf (type3
keyword | nane))" and woul d be set separately by a System

Adni ni strator.

The actual text for the definition of the attribute is |left as an
exerci se for the reader

7 Encodi ng
This section defines the additional encoding tags used according to
[ RFC2910] and gives an exanple of their use. The encoding tags
defined in this docunent MJST be used by all collection attributes
defined in other docunents. However, the exanple of their use is
illustrative only.

7.1 Additional tags defined for representing a collection attribute
val ue

The '"collection’ attribute syntax uses the tags defined in Table 3.

Table 3 - Tags defined for encoding the 'collection” attribute syntax

Tag nanme Tag

val ue Meani ng
begCol | ecti on 0x34 Begin the collection attribute val ue.
endCol | ecti on 0x37 End the collection attribute val ue.
nmenber Attr Name  Ox4A The value is the nane of the

col l ection nenber attribute

When encoding a collection attribute "xxx" that contains an attribute
"aaa" and is not inside another collection, the encoding follows
t hese rul es:

1. The beginning of the collection is indicated with a value tag that
MUST be syntax type 'begCollection’ (0x34) with a nane | ength and
Name field that represent the nane of the collection attribute
("xxx") as with any attribute, followed by a value. The Printer
MAY ignore the value and its length MAY be 0. In the future,
however, this field MAY contain useful information, such as the
collection nane (cf. the nane of a C struct).
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2. Each menber attribute is encoded as a sequence of two or nore
val ues that appear to be part of a single nulti-valued attribute,
i.e., 1setO. The first value after the ’"begCollection value has
the attribute syntax, 'nenberAttrNanme’ (0x4A), and its val ue hol ds
the nane of the first nmenber attribute (e.g., "aaa"). The second
val ue holds the first nmenber’s attribute val ue, which can be of
any attribute syntax, except 'nenberAttrNane’ or 'endCollection’
If the first nenber’s attribute value is multi-valued, the third
val ue hol ds the second value of the first nenber’s val ue.
O herwi se, the third val ue holds the name of second nenber
attribute (e.g., "bbb"), and its attribute syntax is
"menber AttrName’. |In this case, the fourth nenber’'s value is the
val ue of "bbb".

Note that the techni que of encoding a 'collection” as a ’'1lset™
makes it easy for a Printer that doesn’t support a particul ar
collection attribute (or the collection attribute syntax at all)
to sinply skip over the entire collection val ue.

3. The end of the collection is indicated with a value tag that MJST
be syntax type 'endCollection” (e.g., 0x37) and MAY have a zero
nane |l ength and a zero value length. In the future, this field
MAY contain useful information, such as the collection nane that
mat ches the one in the ’'begColl ection

4. It is valid to have a menber attribute that is itself, a
collection attribute, i.e., collections can be nested within
collections. This is represented by the occurrence of a nenber
attribute that is of attribute syntax type 'begCollection’. Such
a collection is ternminated by a matching 'endCol |l ection’. The
name of such a nenber attribute is in the inmediately preceding
val ue, whose syntax type is ’'nenberAttrNane’

5. It is valid for a collection attribute to be nmulti-valued, i.e.
have nore than one collection value. |If the next attribute
i medi ately following the 'endCollection’ has a zero name | ength
and a tag of ’'begCollection’, then the collection attribute is a
mul ti-valued collection, as with any attribute. This statenent
applies to collections within collections and collections that are
not in collections.

7.2 Exanpl e encoding: "nedia-col" (collection)

The collection specified in section 5 is used for the encoding
exanpl e shown in Table 5. The exanple al so shows nested coll ections,
since the "medi a-size" nmenber attribute is a 'collection. The
encodi ng exanpl e represents a blue 4x6-index card and takes 216
octets. The Appendices contain nore conpl ex exanpl es.
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Addi ti onal exanpl es have been included in the appendices.

The overall structure of the two collection values can be pictorially
represented as:

"media-col " =
{ "media-color" = 'blue’
"medi a- si ze" =
{ " x-di mensi on" = 6;
"y-di nension" = 4
}
H

The full encoding is in table 5. A sinmplified view of the encoding
| ooks like this:

Table 4 - Overview Encoding of "nedia-col" collection

Tag Val ue Nare Val ue
begCol | ecti on medi a- col "

nmenber At t r Name " nmedi a- col or
keywor d " bl ue

member At t r Name " nmedi a- si ze

begCol | ecti on

nmenber At t r Namre " x-di mensi on
i nt eger " 6
menber At t r Nane " y-di mensi on
i nteger " 4

endCol | ecti on

endCol | ecti on

deBry, et. al. St andards Track [ Page 15]



RFC 3382

| PP. The 'collection’ attribute syntax Sept enber 2002
Table 5 - Exanpl e Encodi ng of "media-col" collection
Cctets Synbol i ¢ Value Protocol comrent s
field
0x34 begCol | ecti on val ue-tag begi nning of the "nedia-
col" collection attribute
0x0009 nane- I ength of (collection)
| ength attribute nane
nmedi a- col nmedi a- col nane name of (collection)
attribute
0x0000 val ue- defined to be O for this
| ength type
no val ue (since val ue-
| ength was 0)
0x4A menber AttrNane value-tag starts a new nenber
attribute: "nmedia-color"
0x0000 nane- defined to be 0 for this
| engt h type, so part of 1lsetCf
no nanme (since nane-length
was 0)
0x000B val ue- | engt h of "nedia-color”
| engt h keywor d
medi a- col or nedi a-col or val ue val ue i s nane of 1st
menber attribute
0x44 keyword type val ue-tag keyword type
0x0000 nane- 0 indicates lsetOf
| ength
no name (since name-length
was 0)
et. al. St andards Track [ Page 16]
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Cctets Synbol i ¢ Val ue
0x0004
bl ue bl ue
Ox4A menber At t r Nanme
0x0000
Ox000A

nmedi a- si ze nmedi a- si ze

0x34 begCol | ecti on
0x0000

0x0000

Ox4A member At t r Name

et. al.

Pr ot ocol
field

val ue-
| ength

val ue
val ue-tag
nane-

I ength

val ue-
I ength
val ue

val ue-tag

name-
| engt h

val ue-
| engt h

val ue-tag

St andards Track

attribute syntax

Sept enber 2002

comment s

val ue of 1st nenber
attribute

starts a new nenber
attribute: "nedi a-size"

defined to be O for this
type, so part of l1lsetOf

no nanme (since nane-length
was 0)

I ength of "nmedi a-size"

keywor d

Narme of 2nd nenber
attribute

Begi nni ng of the "nedi a-
size" collection attribute
which is a sub-collection
0 indicates 1setO™F

no nanme (since nane-length

was 0)

col lection attribute nanes
have no val ue

no val ue (since val ue-
| ength was 0)

starts a new nenber
attri bute: "x-di nension"
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Cctets Synbol i ¢ Val ue
0x0000
0x000B

x-di mensi on x-di nensi on

0x21 i nteger type

0x0000

0x0004

0x0006

Ox4A menber At t r Nane

0x0000

0x000B

et. al.

Pr ot ocol
field

nane-
| ength

val ue-
| ength

val ue

val ue-tag

name-
I ength

val ue-
I ength

val ue
val ue-tag
namne-

| engt h

val ue-
| engt h

St andards Track

attribute syntax

Sept enber 2002
coment s
defined to be 0 for this

type, so part of 1lsetOf

no name (since name-length
was 0)

| ength of "x-dinension”

keywor d

nane of 1st sub-
col | ecti on nenber
attribute

attribute type

O indicates lset

no nanme (since nane-length

was 0)

length of an integer = 4

val ue of 1st sub-
col | ecti on nenber
attribute

starts a new nmenber
attribute: "y-di nension"

defined to be 0 for this
type, so part of 1setOf

no nanme (since nane-length
was 0)

I ength of the "y-
di mensi on" keyword
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Cctets

y-di mensi on

0x21

0x0000

0x0004

0x0004

0x37

0x0000

0x0000

0x37

0x0000

deBry, et. al

I PP: The ’collection

Synbol i ¢ Val ue

y-di mensi on

i nteger type

endCol | ecti on

endCol | ecti on

Pr ot ocol
field

val ue

val ue-tag

nane-
| ength

val ue-
| ength

val ue

val ue-tag

name-
I ength

val ue-

I ength

val ue-tag

nane-
| ength

St andards Track

attribute syntax

Sept enber 2002

comment s

nane of 2nd sub-

col | ecti on nenber
attribute

attribute type

0 indicates 1setO™f

no name (since name-length

was 0)

length of an integer = 4

val ue of 2nd sub-
col | ecti on nenber
attribute

end of the sub-collection

defined to be O for this
type, so part of 1setOf

no nanme (since nane-length
was 0)

defined to be 0 for this
type

no val ue (since val ue-
| ength was 0)

end of the 1st collection
value in 1lsetOr

defined to be 0 for this
type, so part of 1lsetOf
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Cctets Synbol i c Value Protocol comrent s
field
no nanme (since nane-length
was 0)
0x0000 val ue- defined to be 0 for this
I ength type

no val ue (since val ue-
| ength was 0)

8 Legacy issues

IPP 1.x Printers and Clients will gracefully ignore collections and
its menber attributes if it does not understand the collection. The
begCol | ecti on and endCol | ection el enents each | ook |ike an attribute
with an attribute syntax that the recipient doesn't support and so
shoul d ignore the entire attribute. The individual nmenber attributes
and their values will look like a 1setO values of the collection
attribute, so that the Printer sinply ignores the entire attribute
and all of its values. Returning unsupported attributes is also
simple, since only the name of the collection attribute is returned
with the '"unsupported’ out-of-band value (see section 4.2).

9 | ANA Consi der ati ons

10

The followi ng table provides registration for the 'collection
attribute syntax defined in this docunent. This is to be registered
according to the procedures in RFC 2911 [RFC2911] section 6. 3.

Tag val ue: Attribute Syntaxes: Ref . Section

col I ection RFC 3382 3
0x34 begCol | ecti on RFC 3382 7.1
0x37 endCol | ecti on RFC 3382 7.1
Ox4A member At t r Name RFC 3382 7.1

The resulting attribute syntax registration will be published in the

http://ww. i ana. org/ assi gnments/ipp-registrations registry.
Internationalization Considerations

This attribute syntax by itself has no inpact on
internationalization. However, the nenber attributes that are
subsequently defined for use in a collection may have

i nternationalization considerations, as may any attribute, according
to [ RFC2911].
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11

12

12.

12.

Security Considerations

This attribute syntax causes no nore security concerns than any ot her
attribute syntax. It is only the attributes that are subsequently
defined, to use this or any other attribute syntax, that nmay have
security concerns, depending on the senmantics of the attribute,
according to [ RFC2911].
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Appendi x A: Encodi ng Exanple of a Sinple Collection (Informative)

The overall structure of the collection value can be pictorially
represented as:

"medi a-si ze" =

{ "x-dinmension"
"y-di mensi on"
}

A sinplified view of the encoding would | ook Iike this:

Table 6 - Overview Encoding of sinple collection

Tag Val ue Narme Val ue
begCol | ecti on medi a- si ze "

nmenber At t r Namre " x-di mensi on
i nt eger " 6

menber At t r Nane " y-di mensi on
i nteger " 4

endCol | ecti on
Note: "" represents a nanme or val ue whose length is 0.

Table 7 - Exanpl e Encodi ng of sinple collection

Cctets Synbol i ¢ Value Protocol coment s
field
0x34 begCol | ecti on val ue-tag begi nning of the "nedia-
size" collection attribute
0x000A nane- I ength of (collection)
| ength attribute nane
nmedi a- si ze nmedi a- si ze nane name of (collection)
attribute
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Cctets

0x0000

Ox4A

0x0000

0x000B

x-di mensi on

0x21

0x0000

0x0004

0x0006

Ox4A

0x0000

deBry, et. al

I PP: The ’collection

Synbol i ¢ Val ue

menber At t r Name

x-di mensi on

i nteger type

menber At t r Name

Pr ot ocol
field

val ue-
| ength

val ue-tag

name-
I ength

val ue-
I ength

val ue

val ue-tag

nane-
| ength

val ue-
| ength

val ue

val ue-tag

name-
I ength

St andards Track

attribute syntax

Sept enber 2002

comment s

defined to be 0 for this
type

no val ue (since val ue-
| ength was 0)

starts nenber attribute:
"x-di nensi on"

defined to be O for this
type, so part of 1setOf

no nanme (since nane-length
was 0)

| engt h of "x-dinension”
keywor d
name of 1st collection

menber attribute

attribute type

0 indicates 1lset™

no name (since name-length
was 0)

I ength of an integer = 4
val ue of 1st collection
menber attribute

starts a new nenber
attribute: "y-di nension"

defined to be O for this
type, so part of 1setOf

no nanme (since nane-length
was 0)
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Cctets Synbol i ¢ Val ue
0x000B
y-di mensi on y-di nension

0x21 i nteger type

0x0000

0x0004

0x0004

0x37 endCol | ecti on

0x0000

0x0000

et. al.

I PP: The ’collection

Pr ot ocol
field

val ue-
| ength

val ue

val ue-tag

name-
| engt h

val ue-
| engt h

val ue

val ue-tag

namne-
I ength

val ue-
I ength

St andards Track

attribute syntax

Sept enber 2002
coment s
| ength of the "y-

di mensi on" keyword

nanme of 2nd collection
menber attribute

attribute type

0 indicates 1setO™f for
nedi a- si ze

no name (since nane-length
was 0)

length of an integer = 4
value of 2nd collection
menber attribute

end of the collection

defined to be O for this
type, so part of l1lsetOf

no nanme (since nane-length
was 0)

defined to be 0 for this
type

no val ue (since val ue-
| ength was 0)
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Appendi x B: Encodi ng Exanple of 1lsetOf Collection (Informative)

The overall structure of the collection value can be pictorially
represented as:

"medi a- si ze- supported" =
{ "x-dinmension" = 6;

"y-di mensi on" 4
}l
{ "x-dinension" = 3;
"y-di nension" =5
b

A simplified view of the encoding would I ook Iike this:

Table 8 - Overview Encodi ng of 1setOf coll ection

Tag Val ue Narme Val ue

begCol | ecti on medi a- si ze- "
support ed

nmenber At t r Name " x- di nensi on

i nt eger " 6

menber At t r Nane " y-di mensi on

i nt eger " 4

endCol | ecti on

begCol | ecti on

nmenber At t r Name " x- di nensi on
i nt eger " 3
menber At t r Nane " y-di mensi on
i nt eger " 5

endCol | ecti on
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Tab

Cctets

0x34

0x00014
nmedi a- si ze-
supported

0x0000

Ox4A

0x0000

0x000B

x-di mensi on

0x21

0x0000

et. al.

I PP: The ’collection

le 9 -

Synbol i ¢ Val ue

begCol | ecti on

nmedi a- si ze-
supported

menber At t r Name

x-di mensi on

i nteger type

Pr ot ocol
field

val ue-tag

nane-
| ength

nane

val ue-
| ength

val ue-tag

name-
I ength

val ue-
I ength

val ue

val ue-tag

nane-
| ength

St andards Track

attribute syntax

Sept enber 2002

Exanpl e Encodi ng of 1setOf collection

conment s

begi nning of the "nedi a-
si ze-supported (1lset
collection" attribute

| ength of (collection)
attribute nane

name of (collection)
attribute

defined to be 0 for this
type

no val ue (since val ue-
| ength was 0)

starts nenber attribute:
"x-di nensi on"

defined to be O for this
type, so part of 1setOf

no nanme (since nane-length
was 0)

| engt h of "x-dinension”
keywor d
name of 1st collection

nmenber attribute
attribute type

0 indicates 1lsetCr

no name (since name-length
was 0)
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Cctets

0x0004

0x0006

Ox4A

0x0000

0x000B

y-di mensi on

0x21

0x0000

0x0004

0x0004

0x37

0x0000

deBry, et. al

I PP: The ’collection

Synbol i ¢ Val ue

menber At t r Name

y-di mensi on

i nteger type

endCol | ecti on

Pr ot ocol
field

val ue-
| ength

val ue

val ue-tag

name-
I ength

val ue-
I ength

val ue

val ue-tag

nane-
| ength

val ue-
| ength

val ue

val ue-tag

name-
| engt h

St andards Track

attribute syntax

Sept enber 2002
conment s

I ength of an integer = 4
val ue of 1st collection

menber attribute

starts nenber attribute:
"y-di nensi on"

defined to be O for this
type, so part of 1setOf

no nanme (since nane-length
was 0)

I ength of the "y-
di mensi on" keyword

nanme of 2nd coll ection
menber attribute

attribute type

0 indicates 1lsetCr

no name (since name-length
was 0)

I ength of an integer = 4
value of 2nd collection
nmenber attribute

end of the collection

defined to be 0 for this
type, so part of 1lsetOf

no nanme (since nane-length
was 0)
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Cctets

Synbol i ¢ Val ue

0x0000

0x34 begCol | ecti on

0x0000

0x0000

Ox4A

menber At t r Name

0x0000

0x000B
x-di mensi on

x-di mensi on

0x21 i nteger type

deBry, et. al

I PP: The ’collection

Pr ot ocol
field

val ue-
| ength

val ue-tag

namne-

| ength

nane

val ue-

| ength

val ue-tag

nane-

I ength

val ue-
I ength

val ue

val ue-tag

St andards Track

attribute syntax

Sept enber 2002

comment s

defined to be 0 for this
type

no val ue (since val ue-
| ength was 0)

begi nning of the 2nd
menber of the lset O
"sizes-avail " collection
attribute

Zero length nane indicates
this is nenber of previous
attribute

no name (since name-length
was 0)

defined to be 0 for this
type

no val ue (since val ue-
| ength was 0)

starts nenber attribute:
"x-di nensi on"

defined to be O for this
type, so part of 1lsetOf

no nanme (since nane-length
was 0)

| engt h of "x-dinension”
keywor d
name of 1st collection

menber attribute

attribute type
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Cctets

0x0000

0x0004

0x0003

Ox4A

0x0000

0x000B

y-di mensi on

0x21

0x0000

0x0004

0x0005

deBry, et. al

I PP: The ’collection

Synbol i ¢ Val ue

menber At t r Name

y-di mensi on

i nteger type

Pr ot ocol
field

nane-
| ength

val ue-
| ength

val ue

val ue-tag

name-
I ength

val ue-
I ength

val ue

val ue-tag

nane-
| ength

val ue-
| ength

val ue

St andards Track

attribute syntax

Sept enber 2002
coment s

0 indicates 1lset

no name (since name-length
was 0)

I ength of an integer = 4
val ue of 1st collection

menber attribute

starts nenber attribute:
"y-di nensi on"

defined to be O for this
type, so part of 1setOf

no nanme (since nane-length
was 0)

I ength of the "y-
di mensi on" keyword

nanme of 2nd coll ection
menber attribute

attribute type

0 indicates 1lsetOX

no name (since name-length
was 0)

length of an integer = 4

val ue of 2nd collection
nmenber attribute
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Cctets

0x37

0x0000

0x0000

deBry, et. al

I PP: The ’collection

Synbolic Value Protoco

field

endCol | ecti on val ue-tag

name-
I ength

val ue-
I ength

St andards Track

attribute syntax

Sept enber 2002
coment s
end of the lsetOf

col | ection val ue

defined to be O for this
type, so part of 1setOf

no nanme (since nane-length
was 0)

defined to be 0 for this
type

no val ue (since val ue-
| ength was 0)
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Appendi x C. Encodi ng Exanpl e of Collection containing 1lsetOf XXX
attribute (Informative)

The overall structure of the collection value can be pictorially
represented as:

"wagons" =
{ "colors" = red, blue;
"sizes" = 4, 6, 8
}

A sinmplified view of the encoding would | ook |ike this:

Tabl e 10 - Overvi ew Encodi ng of collection with 1setOf val ue

Tag Val ue Nane Val ue
begCol | ecti on wagons "
menber At t r Name " col ors
keywor d " red
keywor d " bl ue
menber At t r Name " si zes
i nteger " 4

i nt eger " 6

i nt eger " 8

endCol | ecti on
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deBry,

Table 11 -

Cctets

0x34

0x0005

wagons

0x0000

0x4A

0x0000

0x0006

colors

0x44

0x0000

0x0004

et. al.

I PP: The ’collection

Synbol i ¢ Val ue

begCol | ecti on

wagons

menber At t r Nane

colors

keyword type

Pr ot ocol
field

val ue-tag
nane-

| ength
name

val ue-
| ength

val ue-tag

name-
| engt h

val ue-
| engt h

val ue

val ue-tag

name-
I ength

val ue-
I ength

St andards Track

attribute syntax

Sept enber 2002

Exanpl e Encodi ng of collection with 1setOf val ue

coment s
begi nni ng of the "wagons"
collection attribute

I ength of (collection)
attri bute name

name of (collection)
attribute

defined to be 0 for this
type

no val ue (since val ue-
I ength was 0)

starts a new menber
attribute: "col ors”

defined to be 0 for this
type, so part of 1setOf

no nanme (since nane-length
was 0)

| ength of "colors" keyword

val ue i s nane of 1st
menber attribute

keyword type

0 indicates lsetOf wagons

no nanme (since nane-length
was 0)
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Cctets

bl ue

0x44

0x0000

0x0003

red

0x4A

0x0000

0x0005

si zes

0x21

0x0000

0x0004

et. al.

I PP: The ’collection

Synbol i ¢ Val ue

bl ue

keyword type

red

menber At t r Nane

si zes

i nteger type

Pr ot ocol
field

val ue

val ue-tag

nane-
| ength

val ue-
| ength

val ue

val ue-tag

name-
| engt h

val ue-
| engt h

val ue

val ue-tag

name-
I ength

val ue-
I ength

St andards Track

attribute syntax

Sept enber 2002

conment s

val ue of 1st nenber
attribute

keyword type

0 indicates lsetOf wagons

no name (since name-length
was 0)

val ue of 1st nenber
attribute

starts a new menber
attribute: "sizes"

defined to be 0 for this
type, so part of 1setOf

no nanme (since nane-length
was 0)

| engt h of
keywor d

"l engt h-avai | "
Nanme of 2nd nenber
attribute

attribute type

0 indicates lsetOf wagons
no nanme (since nane-length
was 0)

length of an integer = 4
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0x0004

0x21

0x0000

0x0004

0x0006

0x21

0x0000

0x0004

0x0008

0x37

0x0000

0x0000

et. al.

I PP: The ’collection

Synbol i ¢ Val ue

i nteger type

i nteger type

endCol | ecti on

Pr ot ocol
field

val ue

val ue-tag

nane-
| ength

val ue-
| ength

val ue

val ue-tag

name-
| engt h

val ue-
| engt h

val ue

val ue-tag

name-
I ength

val ue-
I ength

St andards Track

attribute syntax

Sept enber 2002
coment s

1st value for 1set™

i nteger attribute
attribute type

0 indicates lsetOf

no name (since name-length
was 0)

length of an integer = 4

2nd val ue for 1setOf
i nteger attribute

attribute type

0 indicates 1lsetf

no nanme (since nane-length
was 0)

I ength of an integer = 4
3rd value for 1lsetOf
integer attribute

end of the collection

defined to be O for this
type, so part of 1lsetOf

no nanme (since nane-length
was 0)

defined to be 0 for this
type
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Cctets Synbol i c Value Protocol comrent s
field

no val ue (since val ue-
| ength was 0)

Appendi x D: Description of the Base | PP Docunments (I nformative)
The base set of | PP docunents incl udes:

Design Goals for an Internet Printing Protocol [RFC2567]
Rationale for the Structure and Mbdel and Protocol for the
Internet Printing Protocol [RFC2568]

Internet Printing Protocol/1.1: Mdel and Semantics [ RFC2911]
Internet Printing Protocol/1.1: Encoding and Transport [RFC2910]
Internet Printing Protocol/1.1: Inplenmenter’s Quide [ RFC3196]
Mappi ng between LPD and | PP Protocols [ RFC2569]

The "Design Coals for an Internet Printing Protocol"” docunent takes a
broad | ook at distributed printing functionality, and it enunerates
real-life scenarios that help to clarify the features that need to be
included in a printing protocol for the Internet. It identifies
requirenents for three types of users: end users, operators, and

adm nistrators. It calls out a subset of end user requirenents that
are satisfied in IPP/1.0 [ RFC2566, RFC2565]. A few OPTI ONAL oper at or
operations have been added to IPP/1.1 [ RFC2911, RFC2910].

The "Rationale for the Structure and Mbdel and Protocol for the
Internet Printing Protocol" docunment describes IPP froma high | eve
view, defines a roadmap for the various docunents that formthe suite
of I PP specification docunents, and gi ves background and rational e
for the | ETF | PP working group’s maj or deci sions.

The "Internet Printing Protocol/1.1: Mdel and Senantics" docunent
describes a sinplified nodel with abstract objects, their attributes,
and their operations. The nodel introduces a Printer and a Job. The
Job supports nultiple docunents per Job. The nodel document al so
addresses how security, internationalization, and directory issues
are addressed.

The "Internet Printing Protocol/1.1: Encoding and Transport" docunent
is a formal mapping of the abstract operations and attributes defined
in the nodel docunent onto HTTP/1.1 [RFC2616]. It also defines the
encoding rules for a new Internet MM nedia type called
"application/ipp". This docunent al so defines the rules for
transporting over HTTP a nessage body whose Content-Type is
"application/ipp". This docunent defines the 'ipp schene for
identifying I PP printers and jobs.
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The "Internet Printing Protocol/1.1: Inplenenter’s Guide" docunent
gives insight and advice to inplementers of IPP clients and | PP
objects. It is intended to help themunderstand I1PP/1.1 and sone of
the considerations that nay assist themin the design of their client
and/ or | PP object inplenentations. For exanple, a typical order of
processing requests is given, including error checking. Motivation
for some of the specification decisions is also included.

The "Mappi ng between LPD and | PP Protocol s" docunent gives sone
advice to inplenmenters of gateways between | PP and LPD (Line Printer
Daenon) i npl enent ati ons.

Aut hors’ Addr esses

Roger deBry
Utah Valley State Coll ege
Orem UT 84058

Phone: (801) 222-8000
EMai | : debryro@ivsc. edu

Tom Hasti ngs

Xer ox Corporation

737 Hawaii St. ESAE 231
El Segundo, CA 90245

Phone: 310-333-6413
Fax: 310-333-5514
EMai | : hasti ngs@pl0. es. xer ox. com

Robert Herri ot
Consul t ant

706 Col orado Ave
Pal o Alto, CA 94303

Phone: 650-327-4466

Fax: 650-327-4466
EMui | : bob@erri ot.com
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Kirk Ocke

Xer ox Corp.

800 Phillips Rd
M S 128- 30E
Webster, NY 14580

Phone: (585) 442-4832
EMai | : KCcke@rt. xerox. com

Pet er Zehl er

Xer ox Cor p.

800 Phillips Rd
M S 128-30E
Webster, NY 14580

Phone: (585) 265-8755
EMai | : PZehl er @rt. xerox. com

| PP Wb Page: http://ww. pwg.org/ipp/
I PP Mailing List: ipp@wg.org

To subscribe to the ipp mailing list, send the follow ng enuail:

1) send it to nmaj ordono@wg. or g

2) leave the subject Iine blank

3) put the following two lines in the nessage body:
subscri be ipp
end

I mpl ementers of this specification docunent are encouraged to join
the PP Mailing List in order to participate in any discussions of
clarification issues and review of registration proposals for
additional attributes and values. In order to reduce spamthe
mailing list rejects mail from non-subscribers, so you nust subscribe
tothe nmailing list in order to send a question or comment to the
mailing list.
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Ful I Copyright Statenent
Copyright (C) The Internet Society (2002). All R ghts Reserved.

This docunent and translations of it nay be copied and furnished to
others, and derivative works that comment on or otherw se explain it
or assist in its inplenentation my be prepared, copied, published
and distributed, in whole or in part, without restriction of any

ki nd, provided that the above copyright notice and this paragraph are
i ncluded on all such copies and derivative works. However, this
docunent itself may not be nodified in any way, such as by renoving
the copyright notice or references to the Internet Society or other
I nternet organi zati ons, except as needed for the purpose of
devel opi ng I nternet standards in which case the procedures for
copyrights defined in the Internet Standards process nust be
followed, or as required to translate it into | anguages other than
Engl i sh.

The linited perm ssions granted above are perpetual and will not be
revoked by the Internet Society or its successors or assigns.

This docunent and the infornmation contained herein is provided on an
"AS | S" basis and THE | NTERNET SOCI ETY AND THE | NTERNET ENG NEERI NG
TASK FORCE DI SCLAI M5 ALL WARRANTI ES, EXPRESS OR | MPLI ED, | NCLUDI NG
BUT NOT LIM TED TO ANY WARRANTY THAT THE USE OF THE | NFORMATI ON
HEREI N W LL NOT | NFRI NGE ANY RI GHTS OR ANY | MPLI ED WARRANTI ES OF
MERCHANTABI LI TY OR FI TNESS FOR A PARTI CULAR PURPCSE
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