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I nternet Printing Protocol/1.0:

‘collection’ attribute syntax
Status of this Memo:

This document isa PWG Working Draft. It specifiesan OPTIONAL extension to the
IPP/1.0 Model and Semantics document [ipp-mod]. This attribute syntax will be
registered with IANA after approval by the WG and after IPP/1.0 has been published as
RFCs. We may want to publish it as an RFC aswell. [ipp-pro] has reserved the tag
value code 0x34 for 'collection’. Some future extensions, both registered and private, can
make use of this new attribute syntax.

Abstract

This document specifies an OPTIONAL attribute syntax called 'collection’. A
‘collection’ value isitself aset of attributes, called "member” attributes, that are
grouped together as the value of an attribute. Each member attribute may be
SINGLE-VALUED or MULTI-VALUED (1setOf).

Table of Contents

1 Problem SEAEMENT ......ccoiie et 2
2  Proposal for a’collection’ attribute SyntaX ..........ccocoevirerieiieieieeeee s 2
2.1 Additional information provided in a collection specification.............ccccccceeeeennen. 3
2.2 EXtensionsto COECIONS........cooiiiiiieiece e e 3
2.3 Default, supported, and ready collection attributes.............cccceevvevveceveecescieseeene 4
2.4 Validation of collection atrihULES..........ccceeviiiinieie e 4

3 UNSUPPOITEA VAIUES ......cciiceeceeee ettt sneene e ene 6
4 Tolo o [ oo TR T U PSR R PP 6
5 TANA CONSIAEIHONS. .....ccueiuieiieiieieiesie sttt st e et b sbe s ens 7
6 Internationalization CONSIAEraLIONS........ccceiieiereerierieseeie e e eneens 8
7 SeCUrity CONSIAEIELIONS........ccueeieiieesieeie e st este st e sre et e e teeeesaeesreeseeseesreesesneesreesens 8
8 REFEIENCES ... oo ettt ns 8
9 APPENDIX A: Examples of collection USage.........ccccveveviveieviesece e 8
9.1 Examplea "printer-resolution” Job Template attribute.............ccccoeeevvriiienienenne 8
9.1.1 "printer-resolution-default” example...........ccceveveereeiecce s 9
9.1.2 "printer-resolution-supported” example and validation of collections............ 9

9.2 Example b: "job-notify" Operation attribute............ccceeeeveeieieere e, 10
9.3 Examplec: Start page fields supplied by the end-user..........cccceoeeeiiiinciinennns 11
9.4 Example d: Postal mailing address..........c.ooveeieevieeie e 11
10 APPENDIX B: Rejected aternatives for a collection mechanism..............cccceneeee. 12

deBry, Hastings, Herriot [page 1]



46
47
48
49
50
51
52
53

55
56
57
58
59
60
61
62

63

65
66
67

68
69
70
71

72
73
74
75

76
77

78
79

PWG Draft IPP "collection’ attribute syntax December 6, 1998

1 Problem Statement

IPP currently lacks a mechanism for supporting attributes that contain several fields. It
would be desirable to have a smple, genera mechanism for representing multi-field
attributes so that it is no longer necessary to create a new ad hoc attribute syntax for each
new multi-field attribute, such as the 'resolution’ attribute syntax for the "printer-
resolution” attribute. Such a mechanism should alow some fields to be optional and
othersto berequired. It would be useful for both private extensions and new registered
attributes.

2 Proposal for a’collection’ attribute syntax

A value whose attribute syntax iscollection’ is a set of unordered attributes, each of
which is called a member attribute. Each attribute in a collection has an attribute name
that MUST be unique within the collection, but MAY be the same as the name of an
attribute in another collection or in one of the attribute groups of an operation. Each
member attribute is either single-valued or multi-valued. The length of a collection value
Is not limited by the model and semantics specification for the 'collection’ attribute
syntax, but may be limited by the encoding rules (see Section 4) However, the length of
each member attribute MUST NOT exceed the limit of its attribute syntax.

Note: if acollection contains two or more member attributes with the same attribute
name, the behavior of the receiver is undefined. The receiver could:

1. treat the entire collection as a bad value.
2. ignoreall but the first occurrence of the member attribute.
3. ignore all but the last occurrence of the member attribute.

Note: The syntactic and semantic rules for a collection value are similar to the Job
Template attribute group in an PP request or aresponse. Both consist of an aggregation
of attributes. However, a collection value, like any other value has a maximum length. A
Job Template group is not a value and does not have a maximum length.

The general mechanism for collection values allows a collection value to consist of any
set of member attributes. But when a collection value is associated with a particul ar
attribute, the specification for that attribute MUST define the allowed member attributes
of acollection for that attribute and related attributes.

According to existing rules, when anew attribute "xxx" is specified (for any attribute
syntax), the specification must define the following:

1. attribute syntax of the attribute "xxx"

2. whether "xxx" is single-valued or multi-valued.
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For anew Job-Template attribute "xxx", the specification must also define

3. whether there are associated Printer attributes: "xxx-supported” and "xxx-
ready" and the attribute syntax and supported values for each. NOTE: for most
attribute syntaxes, the attribute syntax of these two attributesis " 1setOf" the
attribute syntax of "xxx".

4. whether there are associated Printer attributes: "xxx-default". Note: the attribute
syntax is the same as "xxx" and its value is one of the values of "xxx-supported".
2.1 Additional information provided in a collection specification

A specification of a new attribute "xxx" whose syntax type is 'collection’ or "1setOf
collection’, MUST follow the four rules above. In addition, the specification must define
the following information about each member attribute "yyy" of collection attribute
Xxx":

1. the member attribute’s keyword name ("yyy"),

2. the member attribute’s ("yyy") attribute syntax, including 1setOf, if it is multi-valued.
NOTE: the attribute syntax of "yyy" could be 'collection’ or "1setOf collection’.

3. the complete semantic specification of the member attribute "yyy" Note: that its
attribute name and semantics may be the same as an attribute in another collection or
in an attribute group of an operation, and the description of "yyy" may reference the
definition of its other use.

4. whether an implementation that supports attribute "xxx" MUST support the member
attribute "yyy" (REQUIRED) or MAY support the member attribute (OPTIONAL).

5. whether the sender MUST supply or MAY omit the member attribute "yyy" in
a) arequest containing attribute "xxx",

b) aresponse containing attribute "xxx",

6. what the default value of the member attribute "yyy" isif the create request includes
"xxx" but does not include that member attribute "yyy".

7. what the supported values of a member attribute "yyy" arein a create request
containing attribute "xxx".

2.2 Extensions to collections

After an attribute is registered that uses the 'collection’ attribute syntax, additional
member attributes may be registered subsequently for use in that collection attribute.

Furthermore, implementers MAY support additional private member attributesin such a
collection attribute.
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2.3 Default, supported, and ready collection attributes

If an attribute "xxx" has a collection value, and the Printer supports "xxx-default”, "xxx-
supported” or "xxx-ready" attributes:

1) "xxx-default" MUST be a"collection”
2) "xxx-supported" MUST be a"collection" or "1setOf collection”.
3) "xxx-ready" MUST be a"collection” or "1setOf collection”.

If an attribute "xxx" has a collection value, and the Printer contains an "xxx-default", then
for every member attribute "yyy" of "xxx", "xxx-default” MUST either have a member

attribute "yyy-default” or have an implementation default for "yyy".

If an attribute "xxx" has a collection value, and the Printer contains an "xxx-supported”,
then for every allowed member attribute "yyy" of "xxx", "xxx-supported” MUST have a
member attribute "yyy-supported”.

If an attribute "xxx" has a collection value, and the Printer contains an "xxx-ready", then
for every alowed member attribute "yyy" of "xxx", "xxx-ready” MUST have a member

attribute "yyy-ready".

If an attribute "xxx" has a collection value, and the Printer contains an "xxx-supported”,
then for every allowed member attribute "yyy" of "xxx", "xxx-supported” MAY have a
member attribute "yyy-default” which specifies the value of "yyy" if it isomitted from

XXX

If acollection contains the member attribute "attributes-required” and the collectionisa
value of an "xxx-supported" Printer attribute, then the value of the member attribute
"attributes-required" isthe set of member attributes names (1setOf keyword) required
when aclient sends an attributes "xxx".

2.4 Validation of collection attributes

The process of validating a Job-Template attribute "xxx" against a Printer attribute "xxx-
supported” remains unchanged except for the addition of rules for determining "equality”
of acollection value of "xxx" with one of the collection values of "xxx-supported”.

The table below specifies the existing validation rules and adds a rule for collections. The
following is the genera validation algorithm (see section 3.2.1.2 in [ipp-mod]).

To validate the value U of Job-Template attribute "xxx" against the value V of Printer
"xxx-supported”, perform the following a gorithm:
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1. If Uismulti-valued, validate each value X of U by performing the algorithm
in Table 1Fable-2 with each value X. Each validation is separate from the
standpoint of returning unsupported values.

Example: If U is"finishings' that the client supplies with 'stapl€’, 'bind’
values, then X takes on the successive values:. 'staple’, then ‘bind’

2. If V ismulti-valued, validate X against each Z of V by performing the
algorithm in Table 1Fable-1 with each value Z. If avalue Z validates, the
validation for the attribute value X succeeds. If it fails, the algorithm is
applied to the next value Z of V. If there are no more values Z of V, validation

fails.

Example" If V is"sides-supported” with values: 'one-sided’, ‘two-sided-long’,
and 'two-sided-short’, then Z takes on the successive values: 'one-sided’, ‘two-
sided-long’, and 'two-sided-short’. If the client supplies"sides" with two-
sided-long, the first comparison fails (‘'one-sided’ is not equal to 'two-sided-
long’), the second comparison succeeds (‘two-sided-long’ is equal to ‘two-
sided-long"), and the third comparison (‘two-sided-short’ with 'two-sided-
long’) is not even performed.

3. If bothU andV are single-valued, let X be U and Z be V and use the

validation rulesin Table 1Fable1.

Table1 - Rulesfor validating single values X against Z

attribute syntax | attribute syntax of Z validated if:

of X

Integer rangeOfInteger X iswithin therange of Z

uri uriScheme the uri schemein X isequa to Z

collection collection the collection value Z supports X

any boolean the value of Z isTRUE

any any X and Z are of the same type and
are equal.

A collection value Z MUST support a collection value X if the following is true:

1) for each member attribute "yyy" of X, Z contains a member attribute "yyy-
supported” and the value of "yyy" validates against "yyy-supported".

deBry, Hastings, Herriot
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2) If Z contains a member attribute "attributes-required", then for each value "y"
of attribute "attributes-required” in Z, there is amember attribute"y" in X.

As an additional step in the validation of collections, a Printer MUST add a member
attribute "yyy-default” to avalue X if the value Z contains "yyy-default" and X does not
contain "yyy".

NOTE: By having an "xxx-supported" attribute with more than one collection value, an
implementation or administrator can indicate support for various combination of
attributes, when not all combinations are supported. In addition, the defaults can differ
for each supported value. See the example in section 9.1.

3 Unsupported Values

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

1. If acollection isan unrecognized attribute syntax, its value is returned in the
normal manner, except an implementation MAY return only first 1023 octets
of the 'collection’ value. If the value is truncated, the length returned MUST be
the truncated length so that the response follows the syntax rules. Thisrule
allows an Object which does not support a collection skip over the entire
collection.

2. If acollection contains unrecognized and/or unsupported member attributes,
the attribute returned in the Unsupported Group is a collection containing the
unrecognized and/or unsupported member attributes. The unrecognized
member attributes have an out-of-band value of unsupported. The unsupported
member attributes have their unsupported values.

4 Encoding

This section shows the encoding for the alternative of representing a collection as a new
attribute syntax. The new ’collection’ attribute syntax uses the 0x34 tag value that has
been reserved in the IPP/1.0: Protocol Specification [ipp-pro] for this purpose.

Because the length field of a data type is encoded in two octets, the maximum length of a
collection value MUST NOT exceed 32767 octets.

The following example iswritten in the style of the IPP/1.0 "Encoding and Transport"
(nee "Protocol™) document [ipp-pro]. In order to show a member attribute with multiple
values, the member attributes are specified as 1setOf, unlike the "job-notify" example b
above (see section 9.2).

Octets Symbolic Value  Protocol comments
field
0x34 collection type value-tag "job-notify" attribute
0x000a name-length

deBry, Hastings, Herriot [page 6]



203

204
205
206

PWG Draft

Octets

Job-notify
0x0064

0x45

0x0011

notify-recipients

0x0019

ipp-tepip-

socket:port=700
Ox44

0x0013

notify-event-

groups

0x0b

job-errors
0x44

0x0000
0x000e
job-completion
0x34

0x0000

Oxnnnn

0x45
0x0015
notify-recipients

0x000c
mailto:smith

IPP "collection’ attribute syntax

Symbolic Value

job-notify

uri type

notify-recipients
ipp-tepip-
socket:port=700
keyword type

notify-event-
groups

job-errors group
keyword type

job-completion
collection-type

Oxnnnn

uri type

notify-recipients

mailto:smith

5 |ANA Considerations

Protocol
field

Name
value-length

value-tag
name-length
Name
value-length
Vaue
value-tag

name-length
Name

value-length
Vaue
value-tag
name-length
value-length
Vaue
value-tag
name-length
value-length
value-tag
name-length
Name

value-length
Vaue

December 6, 1998

comments

100 octetsin 1st
collection value
"notify-recipients’
attribute

"notify-event-groups"
attribute

start of 2nd job-notify-
event-groups value

0 length means next
multiple value

start of 2nd collection
value

0 length mean next
multiple value

nnnn octets in 2nd dict
value
"notify-recipients’
attribute

nnnn octets of the next
dict value

This attribute syntax will be registered with IANA after the WG approvesiits
specification according to the procedures for extension of the IPP/1.0 Model and
Semantics [ipp-mod] and after IPP becomes a proposed |IETF standard.
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6 Internationalization Considerations

This attribute syntax by itself has no impact on internationalization. However, the
member attributes that are subsequently defined for use in a collection may have
internationalization considerations, as may any attribute.

7  Security Considerations

This attribute syntax causes no more security concerns than any attribute syntax. Itis
only the attributes that are subsequently defined to use this or any other attribute syntax
that may have security concerns, depending on the semantics of the attribute.

8 References
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Isaacson, S., deBry, R., Hastings, T., Herriot, R., Powell, P., "Internet Printing
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ISO/IEC 10175 Document Printing Application (DPA), June 1996.

9 APPENDIX A: Examples of collection usage

This section describes four collection Job Template examples. "printer-resolution”, "job-
notify", "job-start-page-contents’, and "postal-mail-disposition” attributes. The "printer-
resolution” and "job-notify" attributes only contain single-valued member attributes,
while the "job-start-page-contents” and "postal-mail-disposition” attributes contain

multi-valued member attributes.

119.1 Example a: "printer-resolution” Job Template attribute

For example, the new "printer-resolution™ attribute was defined using a very ad hoc
resolution’ attribute syntax. Had we had the collection attribute syntax, we might have
chosen to use it to define resolution. If we did use the 'collection’ attribute syntax for the
"resolution”, the attribute value would contain the following member attributes:
"resolution”, "cross-feed-resolution™, and "resolution-units'. We could have aso
specified that the "cross-feed-resolution™ attribute is OPTIONAL and when omitted, the

cross-feed resolution is the same as the "resolution” attribute, since most resolutions are
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the same in both directions. We could have also specified that the "resolution-units”
attribute is OPTIONAL and when omitted, the resolution units are dots per inch.

For the resolution, the "resolution™ member attribute may be supplied by the client by
itself without being in a collection when the value is the same for feed and cross-feed and
the units are dots per inch.  Thiswould allow simple clients to provide most of the
resolution capability in asimple way.

The specification for the "printer-resolution™ collection attribute is that its collection
value is made up of the following member attributes:

Attribute name syntax member attribute
"resolution” integer MUST be present
"cross-feed-resolution” integer MAY be omitted
"resol ution-units’ enum MAY be omitted

For asimplified collection attribute notation, lets use:
"collection attribute” = { set of attributes and values }
where aset of {} isused to group a single collection value.

For example, a client supplying aresolution of 600 x 300 would be indicated in examples
using the following notation:

"printer-resolution” = { "resolution” = '600’, "cross-feed-resolution™ = '300’ }

9.1.1 "printer-resolution-default” example

The Printer object could represent the "printer-resolution-default” default values as a
single collection value. For example, a system administrator (or the printer vendor) could
specify the default as:

"printer-resolution-default” = { "resolution-default” = '300’ }

9.1.2 "printer-resolution-supported" example and validation of
collections

The Printer object could indicate the combinations of resolutions that are supported by
three sets of collection values which represent 300x300, 600x300, and 600x600 dpi,
respectively (300x600, say, is not supported). Such a configured situation could be
represented in examples as:

"printer-resol ution-supported” = {
{ "resolution-supported” = 300", "attributes-required” = 'resolution’ },
{ "resolution-supported” = 600", "attributes-required" = 'resolution’,
"cross-feed-resol ution-supported” =300’ },
{ "resolution-supported” = '600", "attributes-required" = 'resolution’ } }
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Note: because there is no default indicated for "cross-feed-resolution”, the default value
is not fixed, but can be whatever the implementation wants, such as being the same as the
value of the "resolution” supplied by the client.

If an implementation supported all combinations of 300 and 600 DPI, then it could more
simply represent " printer-resol ution-supported” as a single valued collection with
multiple-values for each member attribute. It could also indicate that the "resolution”
member attribute MUST be present and that the default value for the "resolution-units”
attribute is’'dpi’: what is default of cross-feed below?

"printer-resol ution-supported” = {
"resol ution-supported” = '300’, '600’,
"cross-feed-resol ution-supported” = 300", '600’,
"attributes-required” = resolution’
"resol ution-units-default” = 'dpi’ }

9.2 Example b: "job-notify” Operation attribute

NOTE: The current proposal for notification does not use the collection mechanism [ipp-
not]. Thisexample just shows how we could use the collection attribute syntax, if itis
necessary to be able to group events and methods, rather than saying that the mail method
ignores most of the events, so that other methods can be specified in the same job
subscription. Because the 'collection’ attribute syntax is itself multi-valued, the member
attributes do not need to be, thus simplifying the syntax However, the same recipient can
be in more than one collection value, and the same event group can be in more than one
collection value.

In order to allow aclient to supply different event groups for different
recipientsYmethods, the requester must be able to supply one or more notification
collection values, where each collection value consists of one "notify-event” attribute and
one "notify-recipient” attribute. Additional registered or private attributes may be
included in the future. There might be asimilar multi-valued "printer-notify" Printer
object collection attribute that is supplied by a new Subscribe operation, but is
independent of jobs. Both the "job-notify" and the "printer-notify” collection attributes
are MULTI-VALUED but contain attributes that themselves are only SINGLE-
VALUED.

The "job-notify" Operation collection attribute would have collection values with the
following syntax:

Attribute name syntax member attribute
"notify-event-group” type2 keyword MAY be omitted
"notify-recipient" uri MUST be present

A Print-Job request could supply the collection attribute values in order to send
immediate ’job-error’ events to Smith (himself) and e-mail ’job-completion’ to Jones and
White.

"job-notify" = { "notify-event-group™” = ’job-errors

deBry, Hastings, Herriot [page 10]
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318 "notify-recipient” =

319 "ipp-tcpi p-socket: 13.240.120.138/port=6000' },
320 { "notify-event-group" = ’job-completion’

321 "notify-recipient” = ’mailto:Jones' }

322 { "notify-event-group" = ’job-completion’

323 "notify-recipient” = ’mailto:White' }

324  The corresponding "job-notify-supported” might be:

325 "job-notify-supported” = {

326 "notify-event-group-supported” = ’job-errors, ’job-compl etion’
327 "notify-recipient-supported” = 'mailto’, ipp-tcpip-socket’

328 "notify-recipient-required” = 'true’ }

329

330 9.3 Example c: Start page fields supplied by the end-user

331 Asathird example of acollection, an attribute could represent the fields that the

332  submitter wishes to be printed on the job-start page. The name of the attribute might be:
333 "job-start-page-contents. The collection value might include: "job-name”, "user-name”,
334  "job-comment”, "account-name”, "job-disposition”, "job-delivery”, etc. where the values
335 of the attributesin the collection are printed after each attribute name on the job-start-

336 page.

337 Attribute name syntax In request
338 - e
339 "job-name” name required
340 "user-name" name required
341 "job-comment” text optional
342 "account-name” name optiona
343 "job-disposition” keyword optional
344 "job-delivery" 1setOf keyword ~ optional

345 9.4 Example d: Postal mailing address

346 Asafina example of acollection, an attribute could represent a postal mailing address
347  for the output. The name of the attribute might be " postal-mail-disposition™ and it would
348  bemulti-valued, i.e., 1setOf collection. The collection attribute might have the following
349  gpecification and support requirements if the "postal-mail-disposition” collection attribute
350 issupported at all:

351 Attribute name Syntax in request | PP object support
352 s e s
353 "addressee-name” text required REQUIRED
354 "company-name" text optional OPTIONAL
355 "internal-mail-stop" text optional OPTIONAL
356 "apartment-number text optiona REQUIRED
357 "street-address” text required REQUIRED
358 "city-or-town text required REQUIRED
359 "state" text required REQUIRED
360 "postal-zone text required REQUIRED
361 "country" text optional OPTIONAL
362 "phone-numbers 1setOf text optional OPTIONAL
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10 APPENDIX B: Rejected alternativesfor a collection mechanism

This section lists the alternatives we considered for adding a new attribute syntax to
represent a collection value.

1. Havealimit of 1023 octets for a collection value

Reason for rejection: For some uses of collection, it may be desirable to be able to
supply more than 1023 octets worth of value. Thereis no need to limit the size of a
collection. For those implementations that do support the 'collection’ attribute syntax,
they will parse each member attribute separately anyway, so that there is no need of a
size limit on the collection value as awhole.

For those implementations that do not support the 'collection’ attribute syntax, it is
straightforward for an implementation to skip over arbitrary-sized (greater than 1023
octets) values. When returning unsupported attributes, only the out-of-band 'unsupported’
valueisreturned in the Unsupported Attributes group, not the supplied value. Rejection
of large (greater than 1023 octets) unsupported data types with unsupported attributes
should be tested for in the next interoperability test session.

For those implementations that support an attribute, but do not support the 'collection’
attribute syntax on that attribute need only return the first 1023 octets. Rejection of
‘collection’ attribute syntax on a supported attribute needs to be tested for in the next
Interoperability test session, including one with avalue greater than 1023 octets.

2. Havealimit somewhat greater than 1023 octets, say, 2047 octets.
Reason for rejection: See above.

3. Have a 1023 octet max length, continueCollection as a second attribute syntax and
endCollection so that dictionaries can nest.

Reason for rgjection: More complexity.

4. Have a 1023 octet max length but allow repeated instances of an attribute to append
additional collection values.

Reason for rejection: Not the current procedure for duplicate attributes; the IPP Object is
to return an error. See [ipp-mod] section 14.1.4.1.

5. Add anew group tag to represent a collection value somehow. Groupsdo NOT have
lengths and existing parsers are supposed to ignore group tags they don’t understand.

Reason for rejection: Not completely compatible with existing parsers.
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395 6. Addan out-of-band value that indicates that this attribute was the beginning of a
396 collection and add an attribute that marked the end of the collection value.

397 Reason for reglection: Not completely compatible with existing parsers. Existing parser
398 would try to interpret the contents of the collection as regular attributes.

399 7. Extend the attribute naming mechanism to include a collection name and a collection

400 index for use with multi-valued dictionaries. Usethe colon (":") to separate

401 component names. Thus if foo is a set of dictionaries, then "foo:1:x" is the name that
402 accesses field x of the 2™ collection of attribute foo (indexing is O based). Leaving
403 off the syntax after either colon, isinterpreted as awild card meaning all values with
404 the prefix up to the colon.

405 Reason for rejection: Changing the naming is more of achange than is necessary with
406  the current proposal, which simply adds an attribute syntax.

407 8. Usethe semanticsof paralel multi-valued attributes that we have in IPP/1.0, such as

408 we already have for the "printer-uri-supported" and "uri-security-supported” Printer
409 attributes, in order to achieve the effect of multi-valued dictionaries containing single
410 values attributes. In order to represent the effect of a collection which contains

411 attributes that are multi-valued, we only need to introduce the model semantics of:
412 1setOf 1setOf X as an attribute syntax.

413 Reason for regjection: Implementation experience with DPA [ISO-10175] parallel

414  attributes has shown that it istoo difficult for clients and servers to deal with parallel
415 values. Itismuch better if the valuesin acollection value are all bound together. Also
416  what if the number of valuesisn't the samein the parallel attributes?

417 9. Addanumeric instance number to the end of parallel attributes, i.e., "notify-method-
418 supported-1".

419 Reason for rejection: Paralel attributes have proven as problematic in DPA
420 implementations (see previous reason). Also we don't need the capability to be able to
421  address a particular instance of a particular collection value.

422  10. Define the collection as a subtype and set of values each containing a syntax type, a
423 length and a value.

424  The subtype is an integer whose value is aregistered subtype. The subtype specifies the

425  order of values and the semantics and syntax type of each value. A valueis omitted with

426 a special out-of-band value called “omitted-value”. Values that are sets of values are
427 represented by a collection value whose subtype is “setOf".

428 Disadvantages: attributes with more than one value must be nested in a “setOf” collection
429 and the sender must compute the length. Omitted attributes take up space, even when
430 omitted.

431 Advantages: this solution is more compact. Collections intended for different uses are
432 easily identified by their subtype. Otherwise, the “signature” of a collection is its member
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433  names and possibly its member syntax types. With omission allowed for some members,
434  the signature gets more complicated.

deBry, Hastings, Herriot [page 14]



