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Abstract

A nunber of Internet application protocols have a need to provide
content negotiation for the resources with which they interact [1].

A framework for such negotiation is described in [2], part of which
is a way to describe the range of nedia features which can be handl ed
by the sender, recipient or docunent transnission format of a
message. A format for a vocabul ary of individual nedia features and
procedures for feature registration are presented in [3].

Thi s docunent introduces and describes a syntax that can be used to
define feature sets which are forned from conbi nati ons and rel ations
i nvol ving individual nmedia features. Such feature sets are used to
describe the nedia feature handling capabilities of nessage senders,
recipients and file formats.

An algorithmfor feature set matching is also described here.
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1. Introduction

A nunber of Internet application protocols have a need to provide
content negotiation for the resources with which they interact [1].

A franmework for such negotiation is described in [2]. A part of this
framework is a way to describe the range of nedia features which can
be handl ed by the sender, recipient or docunent transm ssion format
of a nessage.

Descriptions of nmedia feature capabilities need to be based upon sone
underlying vocabul ary of individual nedia features. A format for
such a vocabul ary and procedures for registering nmedia features
within this vocabulary are presented in [3].

Thi s docunent defines a syntax that can be used to describe feature
sets which are fornmed from conbi nati ons and rel ati ons invol ving

i ndi vidual nedia features. Such feature sets are used to describe

the nmedia handling capabilities of nmessage senders, recipients and

file formats.

An algorithmfor feature set matching is also described here.

The feature set syntax is built upon the principle of using feature
set predicates as "mathematical relations" which define constraints
on feature handling capabilities. This allows that the sanme form of
feature set expression can be used to describe sender, receiver and
file format capabilities. This has been | oosely nodelled on the way
that rel ati onal databases use Bool ean expresions to describe a set of
result values, and a syntax that is based upon LDAP search filters.

1.1 Structure of this docunent
The main part of this nmeno addresses the follow ng main areas:

Section 2 introduces and references sone terns which are used with
speci al neani ng.

Section 3 introduces the concept of describing nedia handling
capabilities as conbinations of possible nedia features, and the idea
of using Bool ean expressions to express such conbi nations.

Section 4 contains a description of a syntax for describing feature
sets based on the previously-introduced i dea of Bool ean expressions
used to describe nedia feature conbinations.

Section 5 describes an algorithmfor feature set matching.
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Section 6 discusses sone additional nmedia feature description and
processing i ssues that nay be viewed as extensions to the core
f ramewor k.

Section 7 contains a worked exanple of feature set matching, and some
addi ti onal explanatory comments spurred by issues arising from
applying this framework to fascimile transmn ssions.

1.2 Docunent term nology and conventions

The key words "MJST", "MJST NOT", "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunment are to be interpreted as described in RFC 2119.

NOTE: Conments like this provide additional nonessenti al

i nformati on about the rationale behind this docunent. Such
information is not needed for building a confornmant

i mpl ement ati on, but may help those who wi sh to understand the
design in greater depth.

1.3 Discussion of this docunent
Di scussi on of this docunent should take place on the content
negotiation and nedia feature registration mailing Iist hosted by the
Internet Mail Consortium (IM):
Pl ease send coments regarding this docunent to:

ietf-medfree@nt. org

To subscribe to this list, send a nmessage with the body ’subscribe’
to "ietf-nmedfree-request@nct.org”.

To see what has gone on before you subscribed, please see the nmailing
list archive at:

http://ww.inc.org/ietf-medfree/
2. Content feature term nology and definitions
Feature Col |l ection
is a collection of different nedia features and associ at ed val ues.
This nmight be viewed as describing a specific rendering of a
specific instance of a docunment or resource by a specific
recipient.

Feat ure Set
is a set of zero, one or nore feature coll ections.

Kl yne St andar ds Track [ Page 4]



RFC 2533 A Syntax for Describing Media Feature Sets March 1999

NOTE: this termis used slightly differently by earlier work on
Transparent Content Negotiation in HITP [4].

Feature set predicate
A function of an arbitrary feature collection value which returns
a Boolean result. A TRUE result is taken to nean that the
correspondi ng feature collection belongs to some set of nedia
feature handling capabilities defined by this predicate.

O her ternms used in this neno are defined in [2].
3. Media feature conbi nations and capabilities
3.1 Media features

This nenp assunes that individual nmedia feature values are sinple
atom ¢ val ues:

o Bool ean val ues.
0 Enunerated val ues.

0 Text string values (treated as atomic entities, |ike enunerated
val ue tokens).

0 Nuneric values (Integer or rational).

These val ues all have the property that they can be conpared for
equality ('="), and that numeric and ordered enuneration val ues can
be conpared for less-than and greater-than relationship (<=, ’'>=).
These basi c conpari son operations are used as the primtive building
bl ocks for nore conprehensive capability expressions.

3.2 Media feature coll ections and sets

Any single nedia feature val ue can be thought of as just one
conponent of a feature collection that describes sone instance of a
resource (e.g. a printed docunent, a displayed image, etc.). Such a
feature collection consists of a nunber of nedia feature tags (each
per [3]) and associ ated feature val ues.

A feature set is a set containing a nunber of feature collections.
Thus, a feature set can describe a nunber of different data resource
i nstances. These can correspond to different treatnments of a single
data resource (e.g. different resolutions used for printing a given
docunent), a nunber of different data resources subjected to a conmon
treatnent (e.g. the range of different inmges that can be rendered on
a given display), or some conbination of these (see exanples bel ow).
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Thus, a description of a feature set can describe the capabilities of
a data resource or some entity that processes or renders a data
resource.

3.3 Media feature set descriptions

A feature set may be unbounded. For exanple, in principle, there is
no limt on the nunber of different docunents that nay be out put
using a given printer. But to be practically useful, a feature set
description nust be finite.

The general approach to describing feature sets is to start fromthe
assunption that anything is possible; i.e. the feature set contains
al | possible docunent instances (feature collections). Then
constraints are applied that progressively renmove docunent instances
fromthis set; e.g. for a nonochrone printer, all docunent instances
that use colour are renoved, or for a docunment that nust be rendered
at sone mininmumresolution, all docunment instances with | esser
resolutions are renoved fromthe set. The mechani smused to renove
docunent instances fromthe set is the mathenmatical idea of a
"relation"; i.e. a Boolean function (a "predicate") that takes a
feature collection parameter and returns a Bool ean value that is TRUE
if the feature collection describes an acceptabl e docunent instance,
or FALSE if it describes one that is excluded.

P(C)
P(C) = TRUE <- : -> P(C) = FALSE

R B + This box represents sone

| : | set of feature collections (C)
| I'ncluded : Excluded | that is constrained by the

| ; | predicate P.

The result of applying a series of such constraints is a snaller set
of feature collections that represent sone medi a handling capability.
Where the individual constraints are represented by predicates that
each describe sone nedia handling capability, the conbined effect of
these constraints is sonme subset of the individual constraint
capabilities that can be represented by a predicate that is the

| ogi cal - AND of the individual constraint predicates.

3.4 Media feature conbi nati on scenario

This section devel ops sone exanpl e scenarios, introducing the
notation that is defined formally in section 4.
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3.4.1 Data resource options

The foll owi ng expression describes a data resource that can be
di spl ayed either

(a) as a 750x500 pixel inage using 15 colours, or

(b) at 150dpi on an A4 page.

(] (& (pix-x=750) (pix-y=500) (color=15) )
(& (dpi >=150) (papersize=iso-Ad) ) )

3.4.2 Recipient capabilities

The foll owi ng expression describes a receiving systemthat has:

(a) a screen capable of displaying 640*480 pixels and 16 million
colours (24 bits per pixel), 800*600 pixels and 64 thousand
colours (16 bits per pixel) or 1024*768 pi xels and 256 col ours
(8 bits per pixel), or

(b) a printer capable of rendering 300dpi on A4 paper

(] (& (] (& (pix-x<=640) (pix-y<=480) (col or<=16777216) )
(& (pi x-x<=800) (pix-y<=600) (color<=65535) )
(& (pix-x<=1024) (pix-y<=768) (color<=256) ) )
(ua- medi a=screen) )
(& (dpi =300)
(ua- nedi a=st ati onery) (papersize=iso-A4) ) )

Note that this expression says nothing about the colour or grey-scale
capabilities of the printer. |In the schene presented here, it is
presuned to be unconstrained in this respect (or, nore realistically,
any such constraints are handl ed out-of-band by anyone sending to
this recipient).

3. 4.3 Conbi ned options

The foll owi ng exanpl e describes the range of docunment representations
avai |l abl e when the resource described in the first exanple above is
sent to the recipient described in the second example. This is the
result of conbining their capability feature sets:

(] (& (pix-x=750) (pix-y=500) (color=15) )
(& (dpi =300) (ua-nedia=stationery) (papersize=iso-A4) ) )

The feature set described by this expression is the intersection of
the sets described by the previous two capability expressions.
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3.5 Feature set predicates

There are many ways of representing a predicate. The ideas in this
meno were inspired by the progranmm ng | anguage Prolog [5], and its
use of predicates to describe sets of objects.

For the purpose of nedia feature descriptions in networked
application protocols, the format used for LDAP search filters [7, 8]
has been adopted, because it is a good match for the requirenments of
capability identification, and has a very sinple structure that is
easy to parse and process.

3.5.1 Conparison with directory search filters

Qobserve that a feature collection is simlar to a directory entry, in
that it consists of a collection of naned values. Further, the
semantics of the mechanismfor selecting feature collections froma
feature set is in many respects simlar to selection of directory
entries froma directory.

A feature set predicate used to describe nedia handling capabilities
isinmplicitly applied to some feature collection. Wthin the

predi cate, nenbers of the feature collection are identified by their
feature tags, and are conpared with known feature values. (Conpare
with the way an LDAP search filter is applied to a directory entry,
whose nenbers are identified by attribute type nanes, and conpared
with known attribute val ues.)

For example, in:

(& (dpi >=150) (papersize=iso-Ad) )
the tokens 'dpi’ and ’'papersize' are feature tags, and ' 150" and
iso-A4’ are feature values. (In a corresponding LDAP search filter,
they would be directory entry attribute types and attribute val ues.)

Di fferences between directory selection (per [7]) and feature set
sel ection are:

o Directory selection provides substring-, approxinmte- and
extensi ble- matching for attribute values. Such matching is
not provided for feature set selection.

o Directory selection may be based on the presence of an
attribute without regard to its value. Wthin the semantic
framewor k described by this docunent, Bool ean-val ued feature
tests can be used to provide a sinilar effect.
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o Directory selection provides for matching rules that test for
the presence or absence of a named attribute type.

o Directory selection provides for matching rules which are
dependent upon the declared data type of an attribute val ue.

o Feature selection provides for the association of a quality
value with a feature predicate as a way of ranking the sel ected
val ue col |l ecti ons.

Wthin the semantic framework described by this docunent, Bool ean-
val ued feature tests can be used where presence tests would be used
in a directory search filter

The idea of extensible matching and matching rul es dependent upon
data types are facets of a problem not addressed by this nmenp, but
whi ch do not necessarily affect the feature selection syntax. An
aspect that night bear on the syntax woul d be specification of an
explicit matching rule as part of a selection expression.

3.6 Describing preferences

A convenient way to describe preferences is by nuneric "quality
val ues".

It has been suggested that numeric quality values are potentially
msleading if used as nore than just a way of ranking options. For
the purposes of this nmeno, ranking of options is sufficient.

Nurmeric quality values in the range O to 1, with up to 3 fractiona
digits, are used to rank feature sets according to preference.

H gher values are preferred over |ower values, and equal values are
presunmed to be equally preferred. Beyond this, the actual nunber
used has no significance defined here. Arithnmetic operations on
quality values are likely to produce unpredictable results unless
appropriate senantics have been defined for the context where such
operations are used.

In the absence of any explicitly applied quality value, a value of
"1" is assuned

Using the notation defined later, a quality value may be attached to
any feature set predicate sub-expression

(] (& (pix-x=750) (pix-y= 500) (col or=15) ),
(& (dpi >=150) (papersize=iso-Ad) ) ;
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Section 3.7 below explains that quality values attached to
sub- expressions are not al ways useful .

NOTE: the syntax for quality val ues used here taken from
that defined for HTTP ' Accept:’ headers in RFC 2068 [ 9],
section 3.9. However, the use of quality values defined
here does not go as far as that defined in RFC 2068.

3.7 Combi ni ng preferences

The general probl em of describing and conbi ni ng preferences anong
feature sets is very nuch nore conplex than sinply describing
all onabl e feature sets. For exanple, given two feature sets:

(& (al1);q9=0.8 (bl);qg=0.7)
(& (a2);9=0.5 (b2);9=0.9 )

wher e:
feature al is preferred over a2
feature b2 is preferred over bl

Whi ch of these feature sets is preferred? In the absence of
addi tional information or assunptions, there is no generally
satisfactory answer to this.

The proposed resolution of this issue is sinply to say that no rules
are provided for conbining preference information. Applied to the
above exanple, any preference information about (al) in relation to
(a2), or (bl) inrelation to (b2) is not presuned to convey

i nformati on about preference of (& (al) (bl) ) inrelation to (& (a2)

(b2) ).

In practical terms, this restricts the application of preference
information to top-level predicate clauses. A top-Ilevel clause
conpl etely defines an all owabl e feature set; clauses conbi ned by
| ogi cal - AND operators cannot be top-level clauses (see canonica
format for feature set predicates, described |ater).

NOTE: This neno does not apply specific nmeaning to quality val ues
or rules for conbining them Application of such neani ngs and
rules is not prohibited, but is seen as an area for continuing
research and experinentation

An exanpl e of a design that uses extended quality val ue semantics
and conbi ning operations is "Transparent Content Negotiation in
HTTP" [4]. Oher work that al so extends quality values is the
content negotiation algorithmin the Apache HTTP server [14].
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4. Feature set representation

The foregoi ng sections have described a franmework for defining
feature sets with predicates applied to feature collections. This
section presents a concrete representation for feature set

pr edi cat es.

4.1 Textual representation of predicates

The text representation of a feature set is based on RFC 2254 "The
String Representation of LDAP Search Filters" [8], excluding those

el enents not relevant to feature set selection (discussed above), and
addi ng el ements specific to feature set selection (e.g. options to
associate quality values with predicates).

The fornmat of a feature predicate is defined by the production for
"filter" in the follow ng, using the syntax notation and core rules
of RFC 2234 [10]:

filter = "(" filtercomp ")" *( ";" paraneter )
paraneter = "q" "=" gval ue
/ ext-param"=" ext-val ue
gval ue = ("0" [ "." 0*3DAT] )
[ "1t """ 0*3("0") 1)
ext-param = ALPHA *( ALPHA/ DIAT / "-" )
ext-value = <paraneter value, according to the nanmed paraneter>
filterconp = and / or / not / item
and = "&" filterlist
or = "|" filterlist
not = "1" filter
filterlist = 1*filter
item = sinple / set / ext-pred
set = attr "=" "[" setentry *( "," setentry ) "]"
setentry = wvalue "/" range
range = wvalue ".." value
sinmpl e = attr filtertype val ue
filtertype = equal / greater / |less
equal = "=
greater = ">=
| ess = "<=
attr = ftag
val ue = fval ue
ftag = <Feature tag, as defined in RFC 2506 [3]>
fval ue = Boolean / nunber / token / string
Bool ean = "TRUE" / "FALSE"
nunber = integer / rationa
i nt eger = [ "+ / "-" ] 1*DIGT
rational = [ "+ / "-"]1 *DGET*"/" 1*DAT
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t oken = ALPHA *( ALPHA/ DT/ "-")
string = DQUOTE *(%20-21 / %23-7E) DQUOTE
; quoted string of SP and VCHAR wi t hout DQUOTE
ext - pred = <Extension constraint predicate, not defined here>

(Subject to constraints inposed by the protocol that carries a
feature predicate, whitespace characters nay appear between any pair
of syntax elenents or literals that appear on the right hand side of
t hese productions.)

As described, the syntax pernmits paraneters (including quality

val ues) to be attached to any "filter" value in the predicate (not
just top-level values). Only top-level quality values are

recogni zed. If no explicit quality value is given, a value of 1.0
is applied.

NOTE: The flexible approach to quality values and other paraneter
values in this syntax has been adopted for two reasons: (a) to
nmake it easy to conbine separately constructed feature predicates,
and (b) to provide an extensible taggi ng mechani smfor possible
future use (for exanple, to incorporate a conceivabl e requirenent
to explicitly specify a matching rule).

4.2 Interpretation of feature predicate syntax

A feature set predicate is described by the syntax production for
filter’.

4.2.1 Filter syntax

A 'filter’ is defined as either a sinple feature conparison ('item,
see below) or a conposite filter ("and’, "or’, 'not’'), decorated with
opti onal paraneter values (including "g=qval ue").

A conposite filter is a logical conbination of one or nore '"filter

val ues:

(&f1f2 ... fn) is the logical-AND of the filter values 'f1’
"f2° up to 'fn’'. That is, it is satisfied by
any feature collection that satisfies all of
the predicates represented by those filters.

(] f1f2 ... fn) is the logical-OR of the filter values 'f1’

"f2° up to 'fn’'. That is, it is satisfied by
any feature collection that satisfies at |east
one of the predicates represented by those
filters.
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(v f1) is the logical negation of the filter value
"f1'. That is, it is satusfied by any feature
collection that does NOT satisfy the predicate
represented by 'f1'.

4.2.2 Feature conparison

A feature conparison is defined by the 'sinple’ option of the syntax
production for 'itenmi. There are three basic forns:

(ftag=val ue) conpares the feature named 'ftag’ (in some
feature collection that is being tested) with
the supplied "value', and natches if they are
equal . This can be used with any type of
feaure val ue (nuneric, Bool ean, token or
string).

(ftag<=val ue) conmpares the nuneric feature naned 'ftag’ with
the supplied "value', and natches if the
feature is less than or equal to ’val ue’

(ftag>=val ue) conmpares the nuneric feature naned 'ftag’ with
the supplied "value', and natches if the
feature is greater than or equal to 'value’

Less-than and greater-than tests may be performed with feature val ues
that are not nuneric but, in general, they anmount to equality tests
as there is no ordering relation on non-nuneric val ues defined by
this specification. Specific applications may define such ordering
relations on specific feature tags, but such definitions are beyond
the scope of (and not required for confornmance to) this

speci ficati on.

4.2.3 Feature tags

Feature tags conformto the syntax given in "Media Feature Tag

Regi stration Procedure" [3]. Feature tags used to describe
capabilities should be registered using the procedures described in
that nenpb. Unregistered feature tags should be allocated in the "UR
tree", as discussed in the nedia feature regi strati on procedures nmenp

[3].

I f an unrecogni zed feature tag is encountered in the course of
feature set predicate processing, it should be still be processed as
a legitimate feature tag. The feature set matching rules are
designed to allow new feature tags to be introduced wi thout affecting
the validity of existing capability assertions.

Kl yne St andar ds Track [ Page 13]



RFC 2533 A Syntax for Describing Media Feature Sets March 1999

4.2.4 Feature val ues
A feature may have a nunber, Bool ean, token or string val ue.
4.2.4.1 Bool ean val ues

A Boolean is sinply a token with two predefined values: "TRUE' and
"FALSE". (Upper- or lower- case letters may be used in any
conbi nati on.)

4.2.4.2 Nuneric val ues

A nuneric value is either a decimal integer, optionally preceded by a
"+" or "-" sign, or rational nunber.

A rational nunber is expressed as "n/nf', optionally preceded by a "+"
or "-" sign. The "n" and "ni are unsigned decinmal integers, and the
val ue represented by "n/nf is "n" divided by "m'. Thus, the
followng are all valid representati ons of the nunber 1.5:

3/2
+15/ 10
600/ 400

Thus, several rational nunber fornms may express the sane value. A

canonical formof rational nunber is obtained by finding the highest
common factor of "n" and "nm', and dividing both "n" and "n' by that

val ue.

A sinmple integer value may be used anywhere in place of a rational
nunber. Thus, we have:

+5 is equivalent to +5/1 or +50/10, etc.
-2 is equivalent to -2/1 or -4/2, etc

Any sign in a rational nunmber nust precede the entire nunber, so the
follow ng are not valid rational nunbers:

3/+2, 15/-10 (**NOT VALI D**)
4.2.4.3 Token val ues
A token value is any sequence of letters, digits and '-' characters

that confornms to the syntax for 'token’ given above. It is a nane
that stands for sone (unspecified) val ue.
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4.2.4.4 String val ues

A string value is any sequence of characters enclosed in double
guotes that conformto the syntax for 'string given above.

The semantics of string defined by this nmeno are the sanme as those
for a token value. But a string allows a far greater variety of
internal formats, and specific applications nay choose to interpret
the content in ways that go beyond those given here. Were such
interpretation is possible, the allowed string formats and the
corresponding interpretations should be indicated in the nedia
feature registration (per RFC 2506 [3]).

4.2.5 Notational conveni ences

The "set’ option of the syntax production for "itemi is sinply a
shorthand notation for some comon situations that can be expressed
using ’'sinmple’ constructs. Cccurrences of 'set’ itenms can elimnated
by applying the followi ng identities:

T=1]E, E, ... En] --> (] (T=[E1]) (T=[E2]) ... (T=[ENn]) )
(T=[RL.. R2]) --> (& (T>=Rl1) (T<=R2) )
(T=[E]) > (T=§)

Exanpl es:

The expression:

( paper-size=[ A4, B4] )
can be used to express a capability to print docunments on either A4
or B4 sized paper.

The expression:

( width=[4..17/2] )
m ght be used to express a capability to print docunments that are
anywhere between 4 and 8.5 inches wi de.

The set construct is designed so that enunerated val ues and ranges
can be conbined in a single expression, e.qg.:
( wdth=[3,4,6..17/2] )

4.3 Feature set definition exanple
The following is an exanple of a feature predicate that describes a
nunber of inmage size and resol uti on conbi nations, presuning the
regi stration and use of "Pix-x", "Pix-y', "Res-x’ and 'Res-y’ feature
t ags:

(| (& (Pix-x=1024)
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X-y=768)
(& (Res-x=150)
(& (Res-x=150)
(& (Res-x=300)
(& (Res-x=300)
(& (Res-x=600)
(& (Pi x-x=800)
(Pi x- y=600)
(] (& (Res-x=150)
(& (Res-x=150)
(& (Res-x=300)
(& (Res-x=300)
(& (Res-x=600)
(& (Pix-x=640)
(Pi x-y=480)
(] (& (Res-x=150)
(& (Res-x=150)
(& (Res-x=300)
(& (Res-x=300)
(& (Res-x=600)

(Pi
(1

(Res-y=150)
(Res-y=300)
(Res-y=300)
(Res-y=600)
(Res-y=600)

(Res-y=150)
(Res-y=300)
(Res-y=300)
(Res-y=600)
(Res-y=600)

(Res-y=150)
(Res-y=300)
(Res-y=300)
(Res-y=600)
(Res-y=600)

Descri bi ng Media Feature Sets

N N N N N N N N N N

N N N N N

March 1999

) )

) )

;0=0.9

) ) ;0=0.8)

Mat ching feature sets

This section presents a procedure for conbining feature sets to
determ ne the conmon feature collections to which they refer, if
there are any. Making a selection fromthe possible feature

col l ections (based on g-val ues or otherwi se) is not covered here.

Mat ching a feature set to sone given feature collection is
essentially very straightforward: the feature set predicate is
sinply evaluated for the given feature collection, and the result
(TRUE or FALSE) indicates whether the feature collection matches the
capabilities, and the associated quality value can be used for

sel ecting anong alternative feature coll ections.

Mat ching a feature set to sonme other feature set is |ess
straightforward. Here, the problemis to determ ne whether or not
there is at |east one feature collection that matches both feature
sets (e.g. is there an overlap between the feature capabilities of a
given file fornmat and the feature capabilities of a given recipient?)

This feature set matching is acconplished by |ogical manipulation of
t he predi cate expressions as described in the follow ng sub-sections.

For this procedure to work reliably,
to a canonical form The canoni cal
normal form'. A syntax for disjunctive nornma

the predicates nust be reduced
formused here is "disjunctive
formis:
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filter = orlist
orlist = "(" "|" andlist ")" / term
andl i st = "(" "& termist ")" / term
termi st = 1*term
term = "(" "!" sinmple ")" |/ sinple

where "sinple" is as described previously in section 4.1. Thus, the
canoni calized formhas at nost three levels: an outernost "(]...)"
di sjunction of "(& ..)" conjunctions of possibly negated feature

val ue tests.

Kl yne

NOTE: The usual canonical formfor predicate expressions is
"clausal fornmf. Procedures for converting general predicate
expressions are given in [5] (section 10.2), [11] (section 2.13)
and [12] (section 5.3.2).

"Clausal fornm for a predicate is simlar to "conjunctive nornma
form' for a proposition, being a conjunction (logical AND) of

di sjunctions (logical ORs). The related formused here, better
suited to feature set matching, is "disjunctive normal forni,
which is a logical disjunction (OR) of conjunctions (ANDs). In
this form the aimof feature set matching is to show that at

| east one of the disjunctions can be satisfied by sonme feature
col l ection

I's this consideration of canonical forns really required? After

all, the feature predicates are just Bool ean expressions, aren't
they? Well, no: a feature predicate is a Bool ean expression
containing primtive feature value tests (conparisons),
represented by 'itemi in the feature predicate syntax. |f these

tests could all be assuned to be independently TRUE or FALSE, then
each could be regarded as an atonic proposition, and the whole
predi cate could be dealt with according to the (relatively sinple)
rul es of Propositional Calcul us.

But, in general, the sanme feature tag may appear in nore than one
predicate 'item, so the tests cannot be regarded as independent.
I ndeed, interdependence is needed in any neani ngful application of
feature set matching, and it is inportant to capture these
dependencies (e.g. does the set of resolutions that a sender can
supply overlap the set of resolutions that a recipient can

handl e?). Thus, we have to deal with elenments of the Predicate
Cal culus, with sonme additional rules for al gebraic manipul ation

A description of both the Propositional and Predicate calculi can
be found in [12].
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W aimto show that these additional rules are nore unfanmliar
than conplicated. The construction and use of feature predicates
actual ly avoi ds some of the conplexity of dealing with fully-
generalized Predicate Cal cul us.

5.1 Feature set matching strategy
The overall strategy for matching feature sets, expanded bel ow, is:

1. Fornmulate the feature set match hypot hesis.

2. Replace "set" expressions with equival ent conpari sons.
3. Move |l ogical negations "inwards", so that they are all applied

directly to feature conparisons.

4. Elimnate |ogical negations, and express all feature conparisons
in terns of just four conparison operators

5. Reduce the hypothesis to canonical disjunctive normal form (a
di sjunction of conjunctions).

6. For each of the conjunctions, attenpt to show that it can be
satisfied by some feature coll ection

6.1 Separate the feature value tests into independent feature
groups, such that each group contains tests involving just one
feature tag. Thus, no predicate in a feature group contains a
feature tag that al so appears in sonme other group

6.2 For each feature group, nerge the various constraints to a
mninmumform This process either yields a reduced expression
for the allowabl e range of feature values, or an expression
contai ning the value FALSE, which is an indication that no
conbi nati on of feature values can satisfy the constraints (in
whi ch case the correspondi ng conjuncti on can never be
satisfied).

7. If the remaining disjunction contains at |east one satisfiable
conjunction, then the constraints are shown to be satisfiable.

The final expression obtained by this procedure, if it is non-enpty,
can be used as a statenent of the resulting feature set for possible
further matching operations. That is, it can be used as a starting
point for combining with additional feature set constraint predicate
to determine a feature set that is constrained by the capabilities of
several entities in a nessage transfer path.
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NOTE: as presented, the feature natchi ng process eval uates (and
stores) all conjunctions of the disjunctive normal form before
combi ning feature tag conpari sons and elimnating unsatisfiable
conjunctions. For | ownenory systens an alternative approach is
possi bl e, in which each normal form conjunction is enunerated and
evaluated in turn, with only those that are satisfiable being
retained for further use.

5.2 Formul ating the goal predicate

A formal statement of the problemwe need to solve can be given as:
given two feature set predicates, '(P x)’ and '(Q Xx)', where "X’ is
sone feature collection, we wish to establish the truth or otherw se
of the proposition:

EXI STS(x) : (P x) AND (Q x)

i.e. does there exist a feature collection 'x' that satisfies both

predicates, 'P and 'Q ?
Then, if feature sets to be natched are described by predicates 'P
and 'Q, the problemis to determine if there is any feature set
sati sfying the goal predicate:

(& P Q
i.e. to deternine whether the set thus described is non-enpty.

5.3 Repl ace set expressions

Repl ace all "set" instances in the goal predicate wth equival ent
"sinmple" forns:

T=1]E, E, ... En] --> (] (T=[E1]) (T=[E2]) ... (T=[ENn]) )
(T=[RL..R2]) --> (& (T>=R1) (T<=R2) )
(T=[E]) --> (T=B)
5.4 Move | ogical negations inwards
The goal of this step is to nove all logical negations so that they

are applied directly to feature conpari sons. During the follow ng
step, these logical negations are replaced by alternative conparison
operators.

This is achieved by repeated application of the follow ng
transformation rul es:
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(' (&AL A2 ... Am) ) --> (| (" AL) (! A2) ... (! Am) )
(' (] AL A2 ... Am) ) =--> (& (! AL ) (! A2) ... (! Am) )
(r (! A)) > A

The first two rules are extended forms of De Morgan's |aw, and the
third is elimnation of double negatives.

5.5 Repl ace conparisons and | ogi cal negations

The predicates are derived fromthe syntax described previously, and
contain primtive value testing functions "=, '<=", '>=" . The
primtive tests have a nunber of well known properties that are

exploited to reach a useful conclusion; e.g.

(A=B) &(B=0C =>(A=0C
(A<=B) & (B <=0 => (A<= 0

These rules forma core body of |ogic statenents agai nst which the
goal predicate can be evaluated. The formin which these statenents
are expressed is inportant to realizing an effective predicate

mat ching algorithm (i.e. one that doesn’'t loop or fail to find a
valid result). The first step in fornmulating these rules is to
sinmplify the franmework of primtive predicates.

The prinmitive predicates fromwhich feature set definitions are
constructed are "=, '<=" and '>=". (Observe that, given any pair of
feature values, the relationship between them nust be exactly one of

the foll ow ng:

(LT ab): "a is less than 'b’.

(EQa b): "a is equal to 'b’

(G a b): "a is greater than 'b’.

(NE a b): "a is not equal to 'b’, and is not |ess than
or greater than 'b’.

(The final case arises when two values are conpared for which no
ordering relationship is defined, and the values are not equal; e.g.
two unequal string val ues.)

These four cases can be captured by a pair of primtive predicates:

(LE a b): "a is less than or equal to 'b'.
(CEab): "a is greater than or equal to 'b’

The four cases described above are prepresented by the foll ow ng
conbi nations of primtive predicate val ues:
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(LE a b) (GE ab) | relationship

TRUE FALSE | (LT a b)
TRUE TRUE | (EQ a b)
FALSE TRUE | (GT a b)
FALSE FALSE | (NE a b)

Thus, the original 3 primtive tests can be translated to
conbi nati ons of just LE and GE, reducing the nunber of additional
rel ationshi ps that must be subsequently captured:

(a<=Db) --> (LE ab)
(a>=Db) --> (CGE ahb)
(a = b) --> (& (LEab) (GEab))

Further, logical negations of the original 3 primtive tests can be
elimnated by the introduction of "not-greater’ and 'not-Iess
primtives

(NGab) == (

(CGE ab) )
(NL a b) == (! (LE a b)

)

using the following transformati on rul es:
(! (a=0Db)) --> (] (NL ab) (NGab))
(! (a<=b)) --> (NL ab)
(' (a>=Db) ) --> (NGab)

Thus, we have rules to transformall conparisons and | ogica
negations into combinations of just 4 relational operators.

5.6 Conversion to canonical form
NOTE: Logi cal negations have been elimnated in the previous step.

Expand bracketed disjunctions, and flatten bracketed conjunctions and
di sj uncti ons:

(& (| AL A2 ... Am) BL B2 ... Bn)
--> (| (& AL BL B2 ... Bn)
(& A2 BL B2 ... Bn)
(& AMBL B2 ... Bn ) )
(& (& AL A2 ... Am) B1 B2 ... Bn )
--> (& AL A2 ... AmB1 B2 ... Bn)
(] (] ALA2 ... Am) BL B2 ... Bn)
--> (| AL A2 ... AmB1 B2 ... Bn)
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The result is in "disjunctive normal fornf, a disjunction of
conj uncti ons:

(] (& S11 S12 ... )
(& S21 S22 ... )
(& Snl Sn2 ... Sm ) )

where the "Sij" elenents are sinple feature conpari son forns
constructed during the step at section 5.5. Each termwithin the

top-level "(]...)" construct represents a single possible feature set
that satisfies the goal. Note that the order of entries within the
top-level "(]...)’, and within each (& ..)", is immuteri al

From here on, each conjunction (& ..)" is processed separately.
Only one of these needs to be satisfiable for the original goal to be
sati sfi abl e.

(A textbook conversion to clausal form[5,11] uses slightly different
rules to yield a "conjunctive normal forni.)

5.7 Grouping of feature predicates

NOTE: Renenber that from here on, each conjunction is treated
separately.

Each sinple feature predicate contains a "left-hand" feature tag and
a "right-hand" feature value with which it is conpared.

To arrange these into independent groups, sinple predicates are
grouped according to their left hand feature tag ('f’).

5.8 Merge single-feature constraints

Wthin each group, apply the predicate sinplification rules given
bel ow to elimnate redundant single-feature constraints. Al
single-feature predicates are reduced to an equality or range
constraint on that feature, possibly conbined with a nunber of non-
equality statenents

If the constraints on any feature are found to be contradictory (i.e.
resol ved to FALSE according to the applied rules), the containing
conjunction is not satisfiable and may be di scarded. O herw se, the
resulting descriptionis a mniml formof that particular
conjunction of the feature set definition
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5.8.1 Rules for sinplifying ordered val ues

These rules are applicable where there is an ordering relationship
between the given values 'a' and 'b’:

(LEf a) (LEf b) --> (LEf a), a<=b
(LEf b), ot herw se
(LEf a) (CGETf b) --> FALSE, a<b
(LEf a) (NL f Db) --> FALSE, a<=b
(LEf a) (NGf b) --> (LEf a), a<b
(NG f b), ot herwi se
(CEf a) (GEf b) --> (GEf a), a>=b
(GEf b), ot herwi se
(GEf a) (NLf b) --> (CEf a) a>b
(NL f b), ot herw se
(GEf a) (NGTf b) --> FALSE, a>=b
(NL f a) (N f b) --> (NL f a), a>=b
(NL f b), ot herw se
(NL f a) (NGf b) --> FALSE, a>=b
(NGf a) (NGf b) --> (NG f a), a<=b

(NG f b), ot herwi se
5.8.2 Rules for sinplifying unordered val ues

These rules are applicable where there is no ordering relationship
applicable to the given values 'a' and 'b’:

(LEf a) (LEf b) --> (LEf a), a=b
FALSE, ot herw se
(LEf a) (GEf b) --> FALSE, al =b
(LEf a) (NL f b) --> (LE f a) al =b
FALSE, ot herw se
(LEf a) (NGf b) --> (LEf a), al =b
FALSE, ot herw se
(GEf a) (GETf b) --> (GEf a), a=b
FALSE, ot herw se
(GEf a) (NL f b) --> (GEf a) al =b
FALSE, ot herw se
(GEf a) (NGTf b) --> (GEf a) al =b
FALSE, ot herw se
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(NL f a) (N f b > (NL f a), a=b
(NL f a) (NGf b) --> (NL f a), a=b
(NGf a) (NGf b) --> (NGf a), a=b

6. Other features and issues
6.1 Nanmed and auxiliary predicates
Naned and auxiliary predi cates can serve two purposes:
(a) rmaking conplex predicates easier to wite and understand, and

(b) providing a possible basis for naning and regi stering feature
sets.

6.1.1 Defining a naned predicate

A naned predicate definition has the follow ng form

named-pred = "(" fname *pnanme ")" ":-" filter
f nane = ftag ; Feature predicate nane
pnanme = token ; Formal parameter nanme

"fnane’ is the name of the predicate.

"pnane’ is the name of a formal paranmeter which nay appear in the
predi cate body, and which is replaced by some supplied val ue when the
predi cate is invoked.

"filter’ is the predicate body. It may contain references to the
formal paraneters, and may al so contain references to feature tags
and ot her values defined in the environnent in which the predicate is
i nvoked. References to fornal paraneters nay appear anywhere where a
reference to a feature tag ('ftag’) is pernitted by the syntax for ’
filter’.

The only specific nmechani smdefined by this neno for introducing a
naned predicate into a feature set definition is the "auxiliary
predi cate" described later. Specific negotiating protocols or other
speci fications may define other mechani sns.

NOTE: There has been sone suggestion of creating a registry for
feature sets as well as individual feature values. Such a
registry might be used to introduce naned predi cates correspondi ng
to these feature sets into the environnent of a capability
assertion. Further discussion of this idea is beyond the scope of
this meno.
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6. 1.2 I nvoking named predicates

Assum ng a naned predicate has been introduced into the environnent
of sone other predicate, it can be invoked by a filter 'ext-pred of

the form
ext - pred = fname *param
par am = expr

The nunber of paraneters must match the definition of the named
predi cate that is invoked.

6.1.3 Auxiliary predicates in a filter

A auxiliary predicate is attached to a filter definition by the
follow ng extension to the "filter" syntax:

filter =/ "(" filterconp *( ";" parameter ) )"
"where" 1*( naned-pred ) "end"

The named predi cates introduced by "named-pred” are visible fromthe
body of the "filterconp"” of the filter to which they are attached,

but are not visible fromeach other. They all have access to the
sane environment as "filter", plus their own formal paraneters.
(Normal scoping rules apply: a formal paraneter with the sanme nane as
a value in the environnent of "filter" effectively hides the

envi ronnent value fromthe body of the predicate to which it

applies.)

NOTE: Recursive predicates are not permtted. The scoping rules
shoul d ensure this.

6.1.4 Feature nmatching with named predicates

The precedi ng procedures can be extended to deal with naned

predi cates sinply by instantiating (i.e. substituting) the predicates
wherever they are invoked, before perform ng the conversion to

di sjunctive normal form In the absence of recursive predicates,
this procedure is guaranteed to term nate.

When substituting the body of a precdicate at its point of

i nvocation, instances of formal paraneters within the predicate body
nmust be replaced by the correspondi ng actual parameter fromthe point
of invocati on.
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6.1.5 Exanpl e

This exanple restates that given in section 4.3 using an auxiliary
predi cate naned ' Res’

(] (& (Pix-x=1024) (Pix-y=768) (Res Res-x Res-y) )

(& (Pix-x=800) (Pix-y=600) (Res Res-x Res-y) );q=0.9
(& (Pix-x=640) (Pix-y=480) (Res Res-x Res-y) );q=0.8)
wher e
(Res Res-x Res-y) -
(] (& (Res-x=150) (Res-y=150) )
(& (Res-x=150) (Res-y=300) )
(& (Res-x=300) (Res-y=300) )
(& (Res-x=300) (Res-y=600) )
(& (Res-x=600) (Res-y=600) ) )
end
Note that the fornal paraneters of "Res", "Res-x" and "Res-y",

prevent the body of the named predicate fromreferencing sinilarly-
naned feature val ues.

6.2 Unit designations

In sone exceptional cases, there may be differing conventions for the
units of measurenment of a given feature. For exanple, resolution is
comonly expressed as dots per inch (dpi) or dots per centinetre
(dpcm in different applications (e.g. printing vs faxing).

In such cases, a unit designator may be appended to a feature val ue
according to the conventions indicated below (see also [3]). These
consi derations apply only to features with nuneric val ues.

Every feature tag has a standard unit of measurement. Any expression
of a feature value that uses this unit is given wi thout a unit
designation -- this is the normal case. When the feature value is
expressed in sonme other unit, a unit designator is appended to the
nuneric feature val ue.

The registration of a feature tag indicates the standard unit of
nmeasurenent for a feature, and also any alternate units and
correspondi ng unit designators that nmay be used, according to RFC
2506 [3].

Thus, if the standard unit of neasure for resolution is "dpcmi, then
the feature predicate ' (res=200)’ would be used to indicate a
resolution of 200 dots-per-centinmetre, and ’'(res=72dpi)’ night be
used to indicate 72 dots-per-inch
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Unit designators are accommodated by the foll owi ng extension to the
feature predi cate syntax:

f val ue =/ nunber *WBP token

When performng feature set matching, feature conparisons with and
Wi thout unit designators, or feature comparisons with different unit
designhators, are treated as if they were different features. Thus,
the feature predicate ' (res=200)" would not, in general, fail to
match with the predicate ' (res=200dpi)’.

NOTE: A protocol processor with specific know edge of the feature
and units concerned m ght recognize the relationship between the
feature predicates in the above exanple, and fail to match these
pr edi cat es.

This appears to be a natural behaviour in this sinple exanple, but
can cause additional conplexity in nore general cases.
Accordingly, this is not considered to be required or normnal
behaviour. It is presuned that an application concerned will
ensure consistent feature processing by adopting a consistent unit
for any given feature.

6.3 Unknown feature val ue data types

7.

This menop has dealt with feature values that have wel | -understood
conparison properties: nunbers, with equality, |ess-than, greater-
than rel ati onshi ps, and other values with equality relationships
only.

Sone feature val ues may have conpari son operations that are not
covered by this franmework. For exanple, strings containing nulti-
part version nunbers: "x.y.z". Such feature conparisons are not
covered by this neno.

Specific applications may recogni ze and process feature tags that are
associated with such values. Future work may define ways to

i ntroduce new feature value data types in a way that allows themto
be used by applications that do not contain built-in know edge of
their properties.

Exanpl es and additional comments

7.1 Worked exanpl e

Thi s exanpl e consi ders sending a docunent to a hi gh-end bl ack-and-
white fax systemwi th the follow ng receiver capabilities:
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(& (dpi =[ 200, 300])
(grey=2) (col or=0)
(i mage-codi ng=[ MH, MR]) )

Turning to the docunent itself, assune it is available to the sender
in three possible formats, A4 high resolution, B4 | ow resolution and
A4 high resolution colour, described by:

(& (dpi =300)

(grey=2)
(i mage- codi ng=MR) )

(& (dpi =200)

(grey=2)
(i mage- codi ng=[ VH, MVR]) )

(& (dpi=300) (dpi-xyratio=1)
(col or <=256)
(i mage- codi ng=JPEGQ )

These three image formats can be conbined into a conposite capability
statenent by a logical -OR operation (to describe fornmat-1 OR format-2
OR format-3):

(I (& (dpi=300)
(grey=2)
(i mage- codi ng=MR) )
(& (dpi =200)
(grey=2)
(i mage-codi ng=[ MH, MVR]) )
(& (dpi =300)
(col or <=256)
(i mage-codi ng=JPEG ) )

The conposite docunent description can be matched with the receiver
capability description by conbining the capability descriptions with
a |l ogical AND operation:

(& (& (dpi=[200, 300])
(grey=2) (col or=0)
(i mage-codi ng=[ M\H, MR]) )
(I (& (dpi=300)
(grey=2)
(i mage- codi ng=MR) )
(& (dpi =200)
(grey=2)
(i mage- codi ng=[ MH, MMR]) )
(& (dpi =300)
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(col or <=256)
(i mage- codi ng=JPEG) ) ) )

--> Expand val ue-set notati on:

(& (& (| (dpi=200) (dpi=300) )
(grey=2) (col or=0)
(] (image-codi ng=vH) (i nage-codi ng=MR) ) )
(I (& (dpi=300)
(grey=2)
(i mage- codi ng=MR) )
(& (dpi =200)
(grey=2) | _
(| (irmage-codi ng=MH) (i nage-codi ng=MWR) ) )
(& (dpi =300)
(col or <=256)
(i mage-codi ng=JPEGQ ) ) )

--> Flatten nested ' (& ..)":

(& (| (dpi=200) (dpi=300) )
(grey=2) (col or=0)
(| (irmage-codi ng=MH) (i nage-codi ng=MR) )
(I (& (dpi=300)
(grey=2)
(i mage- codi ng=MR) )
(& (dpi =200)
(grey=2) | _
(| (irmage-codi ng=MH) (i nage-codi ng=MWR) ) )
(& (dpi =300)
(col or <=256)
(i mage-codi ng=JPEG ) ) )

--> (distribute (& ..)" over inner '(|...)"):
(& (| (dpi=200) (dpi=300) )
(grey=2) (col or=0)
(| (irmage-codi ng=MH) (i nage-codi ng=MR) )
(1

(

e

(

(& (dpi=300) (grey=2) (image-coding=MR) )

(& (dpi =200) (grey=2) (image-coding=M) )

(& (dpi =200) (grey=2) (i mage-codi ng=MWR) )

(& (dpi =300) (color<=256) (image-coding=JPEGQ ) ) )

--> continue to distribute (& ..)" over (|]...)’, and flattening
nested "(& ..) and "(]...)" ...:

(] (& (dpi=200) (grey=2) (color=0) (image-codi ng=VH)
(] (& (dpi=300) (grey=2) (inmge-codi ng=MR) )
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(& (dpi =200) (grey=2) (i mage-codi ng=VH) )
(& (dpi =200) (grey=2) (image-codi ng=MV\R) )
(& (dpi =300) (color<=256) (inmage-coding=JPEG ) ) )
(& (dpi =200) (grey=2) (color=0) (inage-codi ng=MR)
(] (& (dpi=300) (grey=2) (inmge-codi ng=MR) )
(& (dpi =200) (grey=2) (i mage-codi ng=VH) )
(& (dpi =200) (grey=2) (image-codi ng=MV\R) )
(& (dpi =300) (color<=256) (inmage-coding=JPEG ) ) )
(& (dpi =300) (grey=2) (color=0) (inage-codi ng=M)
(] (& (dpi=300) (grey=2) (inmge-codi ng=MR) )
(& (dpi =200) (grey=2) (i mage-codi ng=VH) )
(& (dpi =200) (grey=2) (i mage-codi ng=MV\R) )
(& (dpi =300) (color<=256) (inmage-coding=JPEG ) ) )
(& (dpi =300) (grey=2) (color=0) (inage-codi ng=MR)
(] (& (dpi=300) (grey=2) (inmage-codi ng=MR) )
(& (dpi =200) (grey=2) (i mage-codi ng=VH) )
(& (dpi =200) (grey=2) (image-codi ng=MV\R) )
(& (dpi =300) (col or<=256) (imge-coding=JPEG ) ) ) )

. until normal formis achieved:

(& (dpi =200)
( dpi =300)
(& (dpi =200)
( dpi =300)
(& (dpi =300)
( dpi =300)
(& (dpi =300)
( dpi =300)
(& (dpi =200)
(dpi =200)
(& (dpi =200)
(dpi =200)
(& (dpi =300)
( dpi =200)
(& (dpi =300)
( dpi =200)
(& (dpi =200)
(dpi =200)
(& (dpi =200)
(dpi =200)
(& (dpi =300)
( dpi =200)
(& (dpi =300)
( dpi =200)
(& (dpi =200)
( dpi =300)
(& (dpi =200)

(grey=2)
(grey=2)
(grey=2)
(grey=2)
(grey=2)
(grey=2)
(grey=2)
(grey=2)
(grey=2)
(grey=2)
(grey=2)
(grey=2)
(grey=2)
(grey=2)
(grey=2)
(grey=2)
(grey=2)
(grey=2)
(grey=2)
(grey=2)
(grey=2)
(grey=2)
(grey=2)
(grey=2)
(grey=2)

(col or=0) (i nmage-codi ng=MH)
(i mage- codi ng=MR) )

(col or=0) (i nmage-codi ng=MR)
(i mage- codi ng=MR) )

(col or=0) (i nmage-codi ng=MH)
(i mage- codi ng=MR) )

(col or=0) (i nmage-codi ng=MR)
(i mage- codi ng=MR) )

(col or=0) (i nmage-codi ng=MH)
(i mage- codi ng=vH) )

(col or=0) (i nmage-codi ng=MR)
(i mage- codi ng=vH) )

(col or=0) (i nmage-codi ng=MH)
(i mage- codi ng=vH) )

(col or=0) (i nmage-codi ng=MR)
(i mage- codi ng=vH) )

(col or=0) (i nmage-codi ng=MH)
(i mage- codi ng=MWR) )

(col or=0) (i nmage-codi ng=MR)
(i mage- codi ng=MWR) )

(col or=0) (i nmage-codi ng=MH)
(i mage- codi ng=MWR) )

(col or=0) (i nmage-codi ng=MR)
(i mage- codi ng=MWR) )

(col or=0) (i nmage-codi ng=MH)

(col or<=256) (i mage-codi ng=JPEG ) )

(grey=2)

(col or=0) (i nmage-codi ng=MR)
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(dpi =300) (col or<=256) (inage-codi ng=JPEG ) ) )
(& (dpi =300) (grey=2) (color=0) (inage-codi ng=M)

(dpi =300) (col or<=256) (inage-codi ng=JPEG ) ) )
(& (dpi =300) (grey=2) (color=0) (inage-codi ng=MR)

(dpi =300) (col or<=256) (inage-codi ng=JPEG ) )

--> Goup terns in each conjunction by feature tag:

(] (& (dpi =200) (dpi=300) (grey=2) (grey=2) (col or=0)
(i mage-codi ng=MH) (i mage- codi ng=MR) )

(& (dpi =200) (dpi=300) (grey=2) (grey=2) (color=0)
(i mage-codi ng=MR) (i mage- codi ng=MR) )

(éto)

(& (dpi=300) (dpi =300) (grey=2) (color=0) (color<=256)
(i mage- codi ng=MR) (i mage- codi ng=JPEGQ ) )

--> Conbine feature tag conparisons and elimnate unsatisfiable
conj uncti ons:

(] (& (dpi=300) (grey=2) (color=0) (inmage-coding=MR) )
(& (dpi =200) (grey=2) (color=0) (imge-coding=M) ) )

Thus, we see that this conmbination of sender and receiver options can
transfer a bi-level imge, either at 300dpi using MR coding, or at
200dpi using MH codi ng.

Points to note about the feature matching process:

o The col our docunent option is elimnnated because the receiver
cannot handl e either col our (indicated by ’(color=0)") or JPEG
codi ng.

o The high resolution version of the docunent with ' (dpi =300)’
must be sent using ’(imge-codi ng=MR)’ because this is the only
avai |l abl e coding of the inmage data that the receiver can use
for high resolution docunents. (The avail abl e 300dpi docunent
codi ngs here are MVR and WMH, and the receiver capabilities are
MH and MR.)

7.2 A note on feature tag scoping
This section contains sone additional commentary on the
interpretation of feture set predicates. It does not extend or

nodi fy what has been described previously. Rather, it attenpts to
clarify an area of possibl e m sunderstanding.
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The essential fact that needs to be established here is:

Wthin a given feature collection, each feature tag nmay have only
one val ue.

This idea is explained belowin the context of using the nedia
feature framework to describe the characteristics of transmtted
i mage dat a.

In this context, we have the requirenent that any feature tag val ue
must apply to the entire i mage, and cannot have different val ues for
different parts of an image. This is a consequence of the way that
the franework of feature predicates is used to describe different
possi bl e i nages, such as the different inages that can be rendered by
a given recipient.

This idea is illustrated here using an exanple of a flawed feature
set description based on the TIFF inage format defined for use by
Internet fax [13]:

(& (& (MRC-npde=1) (stripe-size=256) )
(] (& (inage-codi ng=JBlI G 2-LEVEL) (stripe-size=128) )
(i mage- codi ng=[ MH, MR, MVR] ) ) )

This exanple is revealing because the 'stripe-size attribute is
applied differently to different attributes on an MRC-fornmatted dat a:
it can be applied to the MRC format as a whole, and it can be applied
separately to a JBIGinage that may appear as part of the MRC data.

One might imagine that this exanple describes a stripe size of 256
when applied to the MRC i mage format, and a separate stripe size of
128 when applied to a JBI G 2-LEVEL coded image within the MRC
formatted data. But it doesn’'t work that way: the predicates used
obey the normal | aws of Bool ean | ogic, and would be transfornmed as
foll ows:

--> [flatten nested (& ..)]:
(& (MRC-npde=1) (stripe-size=256)
(] (& (inage-codi ng=JBlI G 2-LEVEL) (stripe-size=128) )
(i mage-codi ng=[ VH, MR, MMR] ) ) )

--> [Distribute (& ..) over (]...)]:
(] (& (MRC-node=1) (stripe-size=256)
(& (i mage-codi ng=JBI G 2-LEVEL) (stripe-size=128) ) )
(& (MRC-npde=1) (stripe-size=[0..256])
(i mage-codi ng=[ MH, MR MVMR]) ) )
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--> [Flatten nested (& ..) and group feature tags]:
(] (& (MRC-npde=1)
(stripe-size=256)
(stripe-size=128)
(i mage-codi ng=JBI G 2- LEVEL) )
(& (MRC- npbde=1)
(stripe-size=256)
(i mage-codi ng=[ M\H, MR MVMR]) ) )
Exam nation of this final expression shows that it requires both ’
stripe-size=128" and ’'stripe-size=256" within the sane conjunction
This is manifestly false, so the entire conjunction nust be false,
reducing the entire predicate expression to:

(& (MRC- npbde=1)
(stripe-size=256)
(i mage- codi ng=[ MH, MR, MMVR] ) ) )

This indicates that no MRC formatted data containing a JBI G 2- LEVEL
coded image is pernitted within the feature set, which is not what
was intended in this case.

The only way to avoid this in situations when a given characteristic
has different constraints in different parts of a resource is to use
separate feature tags. In this exanple, 'MRC-stripe-size and'’

JBI G stripe-size could be used to capture the intent:

(& (& (MRC-node=1) (MRC-stripe-size=256) )
(] (& (inage-codi ng=JBI G 2-LEVEL) (JBIG stripe-size=128) )
(i mage-codi ng=[ VH, MR, MMR] ) ) )

whi ch woul d reduce to:

(] (& (MRC-npde=1)
(MRC-stri pe-si ze=256)
(JBI G stripe-size=128)
(i mage-codi ng=JBI G 2- LEVEL) )
(& (MRC- npbde=1)
(MRC-stri pe-si ze=256)
(i mage-codi ng=[ M\H, MR, MVR]) ) )

The property of the capability description framework explicated above
is captured by the idea of a "feature collection"” which (in this
context) describes the feature values that apply to a single
resource. Wthin a feature collection, each feature tag may have no
nore than one val ue.
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The characteristics of an i mage sender or receiver are described by a
"Feature set", which is formally a set of feature collections. Here,
the feature set predicate is applied to sonme inmage feature collection
to determine whether or not it belongs to the set that can be handl ed
by an image receiver

8. Security Considerations

Sonme security considerations for content negotiation are raised in
[1,2,3].

The following are primary security concerns for capability
identification mechani sns:

o Unintentional disclosure of private information through the
announcenent of capabilities or user preferences.

o Disruption to system operation caused by accidental or
mal i ci ous provision of incorrect capability information.

0 Use of a capability identification nmechani sm m ght be used to
probe a network (e.g. by identifying specific hosts used, and
exploiting their known weaknesses).

The nost contentious security concerns are raised by nechani snms which
automatically send capability identification data in response to a
query from sonme unknown system Use of directory services (based on
LDAP [7], etc.) seemto be | ess problematic because proper

aut henti cati on nmechani snms are avail abl e.

Mechani sns that provide capability informati on when sendi ng a nessage
are |l ess contentious, presunably because sone intention can be
inferred that person whose details are disclosed wishes to

comuni cate with the recipient of those details. This does not,
however, solve problens of spoofed supply of incorrect capability

i nformati on.

The use of format converting gateways may prove probl ematic because
such systens would tend to defeat any nmessage integrity and
aut henticity checki ng nechani snms that are enpl oyed.
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Many of the ideas presented derive fromthe "Transparent Content
Negotiation in HITP' work of Koen Holtman and Andy Miutz [4].
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Ful I Copyright Statenent
Copyright (C) The Internet Society (1999). Al Rights Reserved.

Thi s docunent and translations of it nmay be copied and furnished to
ot hers, and derivative works that comment on or otherw se explain it
or assist inits inplenentation may 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 |Ianguages other than
Engli sh.

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

Thi s docunent and the information 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 LI M 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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