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1. Introduction

The Semantic Definition Format (SDF) is concerned with Things, nanely
physi cal objects that are available for interaction over a network.
SDF is a format for domain experts to use in the creation and

mai nt enance of data and interaction nodels that describe Things. An
SDF specification describes definitions of SDF bjects/SDF Things and
their associated interactions (Events, Actions, and Properties), as
well as the Data types for the informati on exchanged in those
interactions. Tools convert this format to database formats and
other serializations as needed.

SDF is designed to be an extensible format. The present docunent
constitutes the base specification for SDF, "base SDF" for short. In
addi ti on, SDF extensions can be defined, sone of which may nake use
of extension points specifically defined for this in base SDF. One
area for such extensions would be refinenents of SDF s abstract
interaction nodels into protocol bindings for specific ecosystens
(e.g., [SDF-MAPPING ). For the use of certain other extensions, it
may be necessary to indicate in the SDF docunent using themthat a
specific extension is in effect; see Section 3.1 for details of the
features quality that can be used for such indications. Wth

ext ensi on points and feature indications avail abl e, base SDF does not
define a "version" concept for the SDF format itself (as opposed to
version indications within SDF docunents indicating their own

evol ution; see Section 3.1).

1.1. Structure of This Docunent

After introductory material and an overview (Section 2) over the

el ements of the nodel and the different kinds of names used,

Section 3 introduces the main conponents of an SDF nodel. Section 4
revisits names and structures theminto nanmespaces. Section 5

di scusses the inner structure of the Objects defined by SDF, the
sdf Cbj ects, in further detail. Section 6 discusses how SDF supports
conposition. Conventional Sections (IANA Considerations, Security
Consi derations, Normative References, and Informative References)
follow The normative Appendix A defines the syntax of SDF in terns
of its JSON structures, enploying the Concise Data Definition
Language (CDDL) [RFC8610]. This is followed by the informative
Appendix B, a rendition of the SDF syntax in a "JSON Schema" format
as they are defined by json-schema.org (collectively called JSO.
The normative Appendi x C defines certain terns ("data qualities")
used at the SDF data nodel level that were inspired by JSO The

i nformative Appendi x D provides a few exanples for the use of
composition in SDF. Finally, Appendix E provides some historica
informati on that can be useful in upgrading earlier, pre-standard SDF
nodel s and inplenentations to base SDF

1.2. Terminol ogy and Conventions
Terms introduced in this section are capitalized when used in this
section. To maintain readability, capitalization is only used when
needed where they are used in the body of this docunent.

1.2.1. Progranming Platform Terns

The followi ng definitions mention terns that are used with specific



meani ngs in various programmng platforms, but often have an
i ndependent definition for this docunment, which can be found further
below in this section.

El ement: A generic termused here in its English sense.
Exceptionally, in Appendix C, the termis used explicitly in
accordance with its nmeaning in the JSON ecosystem i.e., the
el ements of JSON arrays.

Entry: A key-value pair in a map. (In JSON maps, sonetinmes also
call ed "menber".)

Map: A collection of entries (key-value pairs) where there are no
two entries with equivalent keys. (A so known as associative
array, dictionary, or synbol table.)

ohject: An otherwi se very generic termthat JavaScript (and thus
JSON) uses for the kind of maps that were part of the original
| anguages fromthe outset. 1In this docunent, Object is used
exclusively in its general English neaning or as the coll oqui al
short hand for sdf Gbject, even if the type name "object" is
imported with JSON-rel ated semantics froma data definition
| anguage.

Property: Certain environnents use the term"property" for a JSON
concept that JSON calls "menber" and is called "entry" here, or
sonetines just for the map key of these. In this docunent, the
term Property is specifically reserved for a certain kind of
Af fordance, even if the nmap key "properties" is inported with
JSON-rel ated semantics froma data definition | anguage.

Byte: This document uses the term"byte" in its now customary sense
as a synonymfor "octet".

.2. Conceptual Terns

Thing: A physical itemthat is also available for interaction over a
net wor K.

Element: A part or an aspect of sonething abstract; i.e., the term
is used here in its usual English definition.

Affordance: An elenent of an interface offered for interaction.
Such an el enent becones an Affordance when information is
available (directly or indirectly) that indicates how it can or

shoul d be used. In the present docunment, the termis used for the
digital (network-directed) interfaces of a Thing only; as it is a
physi cal object as well, the Thing m ght al so have physi cal

af f ordances such as buttons, dials, and displays. The
specification | anguage offers certain ways to create sets of
rel ated Affordances and conbine theminto "G oupings" (see bel ow).

Property: An Affordance that can potentially be used to read, wite,
and/ or observe state (current/stored information) on a G ouping.

Action: An Affordance that can potentially be used to performa
naned operation on a G ouping.

Event: An Affordance that can potentially be used to obtain
i nformati on about what happened to a G ouping.

.3. Specification Language Terns
SDF Docunent: Container for SDF Definitions, together with data

about the SDF Docunent itself (information block). Represented as
a JSON text representing a single JSON map, which is built from



nest ed maps.

SDF Mbdel: Definitions and declarations that nodel the digita
interaction opportunities offered by one or nmore kinds of Things,
represented by G oupings (sdf Qhjects and sdf Things). An SDF Mbdel
can be fully contained in a single SDF Docunent, or it can be
built froman SDF Docunment that references definitions and
decl arations from additi onal SDF docunents. The term SDF
Speci fication can be used when the distinction between the
distribution into individual SDF Docunents and the abstract nature
of the SDF Mbydel is not of interest.

Bl ock: One or nore entries in a JSON map that is part of an SDF
specification. These entries can be described as a Block to
enphasi ze that they serve a specific function together

Goup: An entry in the top-level JSON map that represents the SDF
docunent. G oups also can be used in certain nested definitions.
A group has a C ass Name Keyword as its key and a map of naned
definition entries (Definition Goup) as a val ue

Class Nanme Keyword: One of sdf Thing, sdf Object, sdfProperty,
sdf Action, sdf Event, or sdfData. The C asses for these type
keywords are capitalized and prefixed with sdf.

Class: Abstract termfor the information that is contained in groups
identified by a dass Nane Keyword.

Quality: A netadata itemin a definition or declaration that says
somet hi ng about that definition or declaration. A quality is
represented in SDF as an entry in a JSON map (JSON object) that
serves as a definition or declaration. (The term"Quality" is
used because another popular term "Property", already has a
di fferent neaning.)

Definition: An entry in a Definition Goup. The entry creates a new
semantic termfor use in SDF nodels and associates it with a set
of qualities. Unless the Cass Nane Keyword of the Group al so
makes it a Declaration (see Section 3.3), a definition just
defines a termand it does not create a conmponent itemwthin the
encl osi ng definition.

Declaration: A definition within an enclosing definition that is
intended to create a conponent itemw thin that enclosing
definition. Every declaration can also be used as a definition
for reference el sewhere

G ouping: An sdf Thing or sdf hject, i.e., (directly or indirectly) a
description for a conbination of Affordances.

oj ect, sdfbject: A Gouping where the declarations that it
contains are for Affordances only (Property, Action, and Event
declarations). It serves as the main "atom' of reusable semantics
for model construction, representing the interaction nodel for a
Thing that is sinple enough to not require a nested structure.
Therefore, sdf bjects are simlar to sdf Things, but do not allow
nesting, i.e., they cannot contain other G oupings (sdf Qbjects or
sdf Thi ngs) .

sdf Thing: A Gouping that can contain nested G oupi ngs (sdfThings
and sdf Obj ects). Like sdfbject, it can also contain Affordance
decl arations (Property, Action, and Event declarations). (Note
that "Thing" has a different neaning fromsdf Thing and is
therefore not avail able as a colloquial shorthand of sdf Thing.)

Augnent ati on Mechani sm A conpani on docurment to a base SDF Mde
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that provides additional information ("augnents" the base
specification). The information may be for use in a specific
ecosystemor with a specific protocol ("Protocol Binding"). No
speci fic Augnentation Mechani sns are defined in base SDF. A

si npl e mechani sm for such augnmentati ons has been di scussed as a
"mapping file" [SDF MAPPI NG .

Prot ocol Binding: A conpanion docunent to an SDF Moddel that defines
how to map the abstract concepts in the nodel into the protocols
that are in use in a specific ecosystem The Protocol Binding
m ght supply URL conponents, nuneric IDs, and similar details.
Prot ocol Bindings are one case of an Augnentati on Mechani sm

4. Conventions

Regul ar expressions that are used in the text as a "pattern" for sone
string are interpreted as per [RFC9485]. (Note that a form of
regul ar expressions is also used as values of the quality pattern;
see Appendix C.2.)

The term"URI" in this docunent always refers to "full" URIs ("URI"
in Section 3 of RFC 3986 [ STD66]), never to relative URI references
("relative-ref" in Section 4.1 of RFC 3986 [STD66]), so the term
"URI" does _NOT_ serve as the colloquial abbreviation of "URI-
Reference"” it is often used for. Therefore, the "reference

resol ution" process defined in Section 5 of RFC 3986 [STD66] is _NOT_
used in this specification. Were necessary, full URI's are assenbl ed
out of substrings by sinple concatenation, e.g., when CURIEs are
expanded (Section 4.3) or when a global nane is formed out of a
nanespace absol ute-URl (Section 5 of RFC 3986 [ STD66]) and a fragnent
identifier part (Section 4.1). Also note that URIs are not only used
to construct the SDF nodels, they are also the _subject_of SDF
nodel s where they are used as data in actual interactions (and could
even be represented as relative references there); these two usages
are entirely separate.

The singular formis chosen as the preferred one for the keywords
defined in this specification

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMVENDED', "NOT RECOMMVENDED', "MAY", and
"OPTIONAL" in this document are to be interpreted as described in

BCP 14 [ RFC2119] [RFC8174] when, and only when, they appear in all
capitals, as shown here

Overvi ew
Exanpl e Definition

The overview starts with an exanple for the SDF definition of a
sinmple sdf Ghject called "Switch" (Figure 1).

{

nfo": {

"title": "Exanpl e docunent for SDF (Semantic Definition Format)",
"version": "2019-04-24",

"copyright": "Copyright 2019 Exanple Corp. Al rights reserved.",
"license": "https://exanple.comlicense"

}

1anespaC€H {
"cap": "https://exanpl e.com capability/cap”
}

ef aul t Namespace": "cap",
"sdf Gbj ect": {
"Switch": {

"sdf Property": {
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"val ue": {
"description":
"The state of the switch; false for off and true for on.",

"type": "bool ean”
I8 _
"sdf Action": {
llonll . {

"description":
"Turn the switch on; equivalent to setting value to true."
} i)
"of " {
"description":
"Turn the switch off; equivalent to setting value to false."

} i)
"toggle": {
"description":

"Toggl e the switch; equivalent to setting value to its conpl enent.

}
}
}
}

Figure 1: A Sinple Exanple of an SDF Docunent

This is a nodel of a switch. The state value declared in the
sdf Property group, represented by a Boolean, will be true for "on"

and will be false for "off". The Actions on or off declared in the
sdf Action group are redundant with setting the value and are in the
exanple to illustrate that there are often different ways of

achieving the sanme effect. The action toggle will invert the value

of the sdf Property value so that 2-way swi tches can be created;
havi ng such action will avoid the need for retrieving the current
value first and then applying/setting the inverted val ue.

The sdf Object group lists the affordances of Things nodeled by this
sdf Cbj ect. The sdfProperty group lists the Property affordances
descri bed by the nodel; these represent various perspectives on the
state of the sdf Cbject. Properties can have additional qualities to
describe the state nore precisely. Properties can be annotated to be
read, wite, or read/wite; howthis is actually done by the
underlying transfer protocols is not described in the SDF nodel but

|l eft to conpani on protocol bindings. Properties are often used with
RESTf ul paradi gns [ REST-10T] describing state. The sdf Action group
is the nechanismto describe other interactions in terms of their
nanes, input, and output data (no data are used in the exanple), as
in a POST nethod in REST or in a renote procedure call. The exanple
toggle is an Action that changes the state based on the current state
of the Property naned value. (The third type of affordance is
Events, which are not described in this exanple.)

In the JSON representation, the info group is an exception in that
this group’s map has keys taken fromthe SDF vocabulary. Al other
groups (such as nanespace and sdf Object) have maps with keys that are
freely defined by the nodel witer (Switch, value, on, etc.). These
map keys are therefore called _Gven Nanmes_. The groups nade up of
entries with G ven Nanmes as keys usually use the named<> production
in the formal syntax of SDF (Appendix A). Were the values of these
entries are maps, these again use SDF vocabul ary keys, and so on,
generally alternating in further nesting. The SDF-defined vocabul ary
itens used in the hierarchy of such groups are often, but not always,
called Quality Nanmes_ or _qualities . See Section 2.3 for nore

i nformati on about naming in SDF

El enents of an SDF Nbdel



The SDF | anguage uses six predefined O ass Nane Keywords for npdeling

connected Things, which are illustrated in Figure 2 (linmted
rendition in the plaintext formof this document, please use
typographic fornms for full infornmation).
| sdf Thing|------ .

R T |-------- | | hasThing

I [-------- | <----- ’

| b e e e e oo L]

I | |

| hasQbj ect | |\

I v

| g mmmmm - . \

| | sdf Obj ect| | \

I |--------- I \

R EERREEEEE EERREEEEE .

| e o |

has| Property | hasAction | hasEvent
% % % %

| hasl nput | | hasCut put |
| Dat a| | Dat a |
I vV I
| poeeee . |
| islnst | sdf Data|] hasQutp |
e i oo >l ------- | <----mmmm-- ’
ancedf |------- | utData

Figure 2: Main O asses Used in SDF Model s
The six main O ass Name Keywords are discussed bel ow.
2.2.1. sdf nject

sdf Cbjects, the itens listed in an sdf Object definition group, are
the main "atont of reusable semantics for nodel construction. The
concept aligns in scope with common definition itenms frommany |oT
nodel i ng systenms, e.g., ZigBee Clusters [ZCL], QOVA SpecWorks LwvM
oj ects [OMA], OCF Resource Types [OCF], and WBC Wb of Things Thing
Descri ptions [WT].

An sdf Obj ect definition contains a set of sdfProperty, sdfAction, and
sdf Event definitions that describe the interaction affordances
associated with sone scope of functionality.

For the granularity of definition, sdfCbject definitions are nmeant to
be kept narrow enough in scope to enable broad reuse and
interoperability. For example, defining a |light bulb using separate
sdf Cbj ect definitions for on/off control, dinmng, and col or contro
af fordances will enable interoperable functionality to be configured
for diverse product types. An sdf Gbject definition for a comon on/
of f control may be used to control nmany different kinds of Things
that require on/off control

The presence of one or both of the optional qualities "mnltens" and
"maxltens" defines the sdf Cbject as an array, i.e., all the

af f ordances defined for the sdf Object exist a nunber of tines,

i ndexed by a nunber constrained to be between minltenms and naxltens,
inclusive, if given. (Note: Setting "mnltens" to zero and | eaving
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out "maxltens" puts the mnimumconstraints on that array.)
2. sdfProperty

sdf Property is used to nodel elenents of state w thin Things nodel ed
by the encl osi ng groupi ng.

A naned definition entry in an sdf Property may be associated with
sonme protocol affordance to enable the application to obtain the
state variable and, optionally, nodify the state variable.
Additionally, sone protocols provide for in-time reporting of state
changes. (These three aspects are described by the qualities
readabl e, witable, and observable defined for an sdfProperty.)

Definitions in sdf Property groups |look |ike the definitions in

sdf Data groups. However, they actually declare that a Property with
the given qualities potentially is present in the containing

sdf Cbj ect .

For definitions in sdfProperty and sdfData, SDF provides qualities
that can constrain the structure and values of data allowed in the
interactions nodeled by them It also provides qualities that
associ ate semantics to this data, such as engineering units and unit
scaling information.

For the data definition within sdf Property or sdfData, SDF borrows
sonme vocabul ary proposed for drafts 4 [JSO4] [JSO4V] and 7 [JSO7]
[JSO7V] of the json-schema.org "JSON Schema" format (collectively
called JSO here), enhanced by qualities that are specific to SDF
Detail s about the JSO-inspired vocabulary are in Appendix C.  For
base SDF, data are constrained to be of sinple types (nunber, string,
bool ean), JSON naps conposed of named data, and arrays of these
types. Syntax extension points are provided that can be used to
provide richer types in a future extension of this specification
(possibly nore of which can be borrowed fromjson-schena. org).

Note that sdfProperty definitions (and sdfData definitions in
general) are not intended to constrain the formats of data used for
communi cation over network interfaces. Were needed, data
definitions for payl oads of protocol nessages are expected to be part
of the protocol binding.

3. sdf Action

The sdf Acti on group contains declarations of Actions, which nodel

af fordances that, when triggered, have an effect that can go beyond
just reading, updating, or observing Thing state. Actions often
result in sone outward physical effect (which, itself, cannot be
model ed in SDF). From a programmer’s perspective, they m ght be
considered to be roughly anal ogous to nethod calls.

Actions may have data paraneters; these are each nodeled as a single
itemof input data and output data. Were nultiple paraneters need
to be nodel ed, an "object"” type can be used to conbi ne these
paraneters into one; for an exanple, see Figure 6 in Appendix C. 5.

Actions may be long-running, that is to say that the effects may not
take place i mediately as woul d be expected for an update to an

sdf Property; the effects may play out over tine and emt action
results. Actions may al so not always conplete and may result in
application errors, such as an item bl ocking the closing of an

aut omati ¢ door.

One idiomfor giving an action initiator status and control about the
ongoing action is to provide a URI for an epheneral "action resource"
in the sdf Action output data, allowing the action to deliver



i medi at e feedback (including errors that prevent the action from
starting) and the action initiator to use the action resource for
further observation or nodification of the ongoing action (including
canceling it). Base SDF does not provide any tail ored support for
descri bi ng such action resources; an extension for nmodeling links in
more detail (for instance, [SDFTYPE-LINK]) may be all that is needed
to fully enabl e nodeling them

Actions may have (or lack) the characteristics of idenpotence and
side-effect safety (see Section 9.2 of RFC 9110 [STD97] for nore on
these terns).

Base SDF only provides data constraint nodeling and semantics for the
i nput and output data of definitions in sdf Action groups. Again,
data definitions for payl oads of protocol nessages, and detail ed
protocol settings for invoking the action, are expected to be part of
t he protocol binding.

2.2.4. sdf Event

The sdf Event group contai ns decl arati ons of Events, which nodel

af f ordances that inform about "happeni ngs" associated with a Thing
nmodel ed by the enclosing sdf Gbject; these may result in a signa
being stored or emtted as a result.

Note that there is a trivial overlap with sdf Property state changes,
whi ch may al so be defined as Events but are not generally required to
be defined as such. However, Events may exhibit certain ordering,
consi stency, and reliability requirements that are expected to be
supported in various inplenmentations of sdf Event that do distinguish
sdf Event from sdf Property. For instance, while a state change may
sinmply be superseded by another state change, sone Events are
"precious" and need to be preserved even if further Events foll ow

Base SDF only provides data constraint nodeling and semantics for the
out put data of Event affordances. Again, data definitions for

payl oads of protocol messages, and detailed protocol settings for
soliciting the event, are expected to be part of the protoco

bi ndi ng.

2.2.5. sdfData

Definitions in sdf Data groups do not thensel ves specify affordances.
These definitions are provided separately fromthose in sdf Property
groups to enabl e comon nodeling patterns, data constraints, and
semanti ¢ anchor concepts to be factored out for data itens that nake
up sdf Property itens and serve as input and output data for sdfAction
and sdf Event items. The data types defined in sdfData definitions
only spring to life by being referenced in one of these contexts
(directly or indirectly via sone other sdfData definitions).

It is a conmon use case for such a data definition to be shared

bet ween an sdf Property item and input or output paraneters of an

sdf Acti on or output data provided by an sdf Event. sdfData definitions
al so enabl e factoring out extended application data types, such as
nmode and machi ne state enunerations to be reused across nmultiple
definitions that have simlar basic characteristics and requirenents.

2.2.6. sdf Thing

Back at the top level, the sdf Thing group enables definition of
nodel s for conplex devices that will use one or nore sdf Object
definitions. Like sdf Object, sdf Thing groups allow for the inclusion
of interaction affordances, sdfData, as well as "minltens" and
"maxltens" qualities. Therefore, they can be seen as a superset of
sdf Cbj ect groups, additionally allow ng for composition
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As a result, an sdf Thing directly or indirectly contains a set of
sdf Property, sdfAction, and sdf Event definitions that describe the
interaction affordances associated with sonme scope of functionality.

A definition in an sdf Thing group can refine the metadata of the
definitions it is conmposed of: other definitions in sdf Thing groups
or definitions in sdfCbject groups.

3. Menber Nanes: G ven Nanmes and Quality Nanes

SDF documents are JSON maps that nostly enpl oy JSON maps as nenber
val ues, which in turn nostly enploy JSON maps as their nenber val ues,
and so on. This nested structure of JSON maps creates a tree, where
the edges are the nenber nanes (nap keys) used in these JSON naps.
(I'n certain cases, where nenber names are not needed, JSON arrays may
be interspersed in this tree.)

3.1. Gven Nanes and Quality Nanes

For any particular JSON map in an SDF docunent, the set of nenber
nanes that are used is either:

* A set of " _Quality Nanes_", where the entries in the map are
Qualities. Quality Nanes are defined by the present specification
and its extensions, together with specific semantics to be
associated with the nmenber value given with a certain Quality
Name.

* A set of "_Gven Nanmes_", where the entries in the map are
separate entities (definitions, declarations, etc.) that each have
nanes that are chosen by the SDF docunent author in order that
these nanes can be enpl oyed by a user of that nodel.

In a path fromthe root of the tree to any leaf, Quality Names and
G ven Names roughly alternate (with the information bl ock,
Section 3.1, as a prom nent exception).

The neaning of the JSON map that is the nenber val ue associated with
a Gven Nane is derived fromthe Quality Nane that was used as the
menber nanme associated to the parent. In the CDDL grammar given in
Appendi x A, JSON maps with nmenber names that are G ven Nanes are
defined using the CDDL generic rul e reference naned<nenberval ues>
where menbervalues is in turn the structure of the nmenber val ues of
the JSON map, i.e., the value of the nenber nanmed by the G ven Nane.
As qual ity-naned maps and gi ven-naned maps roughly alternate in a
path down the tree, nenbervalues is usually a map built from Quality
Nanes as keys.

3.2. Hierarchical Nanes

Fromthe outside of a specification, Gven Nanmes are usually used as
part of a hierarchical name that |ooks Iike a JSON Pointer [RFC6901].
These hi erarchical names are generally rooted in (used as the
fragment identifier in) an outer nanmespace that |ooks |like an
https:// URL (see Section 4).

As Quality Nanes and G ven Nanes roughly alternate in a path into the
nmodel , the JSON Pointer part of the hierarchical nane also alternates
between Quality Nanmes and G ven Nanes.

Note that the actual G ven Nanmes may need to be encoded when
specified via the JSON Pointer fragnent identifier syntax. There are
two | ayers of such encoding: tilde encoding of ~ and / as per

Section 3 of [RFC6901], as well as percent encoding of the tilde-
encoded name into a valid URI fragment as per Section 6 of [RFC6901].
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For exanple, when a nodel is using the G ven Nane
war ni ng/ danger al arm

(with an enbedded sl ash and a space) for an sdf Qbject, that sdf hject
may need to be referenced as

#/ sdf Cbj ect/ war ni ng~1danger %20al ar m

To sidestep potential interoperability problenms, it is probably w se
to avoid characters in G ven Names that need such encoding (Quality
Nanes are already defined in such a way that they never do).

3.3. Extensibility of Gven Nanes and Quality Nanes

In SDF, both Quality Nanes and G ven Nanes are _extension points_.
This is nmore obvious for Quality Nanes. Extending SDF is nostly done
by defining additional qualities. To enable non-conflicting third
party extensions to SDF, qualified names (nanes with an enbedded
colon) can be used as Quality Nanes.

A nonqual ified Quality Nanme is conposed of ASCII letters, digits, and
$ signs, starting with a lowercase letter or a $ sign (i.e., using a
pattern of "[a-z$][A-Za-z$0-9]*"). Nanes with $ signs are intended
to be used for functions separate from nost other nanes; for

i nstance, $comment is used for the coment quality in this
specification (the presence or absence of a $comment quality does not
change the meani ng of the SDF npdel). Nanes that are conposed of

mul tiple English words can use the "I ower Canel Case" convention

[ Canel Case] for indicating the word boundaries; no other use is

i ntended for upper case letters in Quality Nanes.

A qualified Quality Name is conposed of a Quality Nanme Prefix, a :
(colon) character, and a nonqualified Quality Name. Quality Name
Prefixes are registered in the "Quality Nanme Prefixes" registry in
the "Semantic Definition Format (SDF)" registry group

(Section 7.5.2). They are conposed of | owercase ASCI| letters and
digits, starting with a lowercase ASCI| letter (i.e., using a pattern
of "[a-z][a-20-9]*").

G ven Names are not restricted by the formal SDF syntax. To enable
non-surprising nane translations in tools, conbinations of ASCII

al phanumeric characters and - (ASCI|I hyphen/ m nus) are preferred,
typically enpl oyi ng kebab-case for nanes constructed out of nmultiple
wor ds [ KebabCase]. ASClII hyphen/ m nus can then unanbi guously be
translated to an ASCI| _ underscore character and back dependi ng on
the programm ng environment. Sone styles also allow a dot (".") in
G ven Names. G ven Names are often sufficiently self-explanatory
that they can be used in place of the |abel quality if that is not
given. In turn, if a Gven Nane turns out too conplicated, a nore
el aborate | abel can be given and the G ven Nane kept sinple. As

G ven Nanmes are "progranmers’ nanes", base SDF does not address
internationalization of Gven Names. (More likely qualities to
recei ve |l ocalizabl e equival ents by exercising the Quality Name

ext ensi on point are | abel and description).

Further, to enable G ven Nanes to have a nore powerful role in
bui I di ng gl obal hierarchical nanes, an extension is foreseen that
makes use of qualified nanes for G ven Nanes. So, until that
extension is defined, Gven Nanmes with one or nore enbedded col ons
are reserved and MJUST NOT be used in an SDF docunent.

Al nanes in SDF are case-sensitive

SDF Structure



SDF definitions are contained in SDF docunents together with data
about the SDF docunent itself (information block). Definitions and
decl arations from additi onal SDF documents can be referenced;

together with the definitions and declarations in the referencing SDF
docunent, they build the SDF nodel expressed by that SDF docunent.

Each SDF docunent is represented as a single JSON map. This map can
be thought of as having three bl ocks: the information bl ock, the
nanespaces bl ock, and the definitions block. These blocks contain
zero or nore JSON nane/val ue pairs, the nanmes of which are Quality
Nanmes and the values of which nostly are (nested) maps (the exception
defined in base SDF is the defaul t Namespace quality, the value of
which is a text string). An enpty nested map of this kind is

equi valent to not having the quality included at all

3. 1. I nformati on Bl ock

The information bl ock contains generic nmetadata for the SDF docunent

itself and all included definitions. To enable tool integration, the
information block is optional in the grammar of SDF;, npst processes
for working with SDF docunents will have policies that only SDF
docunents with an info block can be processed. It is therefore

RECOMVENDED t hat SDF val i dator tools emit a warni ng when no
informati on bl ock is found.

The keyword (rmap key) that defines an information block is "info".
The keyword’'s value is a nested JSON map with a set of entries that
represent qualities that apply to the included definitions.

Qualities of this map are shown in Table 1. None of these qualities
are required or have default values that are assunmed if the quality

i s absent.

| Quality | Type | Description |
| title | string | A short summary to be displ ayed

| | | in search results, etc. |
Fom e o - S o mm e e e e e e eee oo s +
| description | string | Long-formtext description (no |
| | constraints) |
o m e e e oo - Fomm oo - St +
| version | string | The incremental version of the |
| | | definition |
Fom e o - S o mm e e e e e e eee oo s +
| nodified | string | Time of the latest nodification

R S o m e e e e e e e eee— oo +
| copyright | string | Link to text or emnmbedded text |
| | containing a copyright notice |
S TS oo m e e e e e e e e e e ao - +
| license | string | Link to text or enbedded text |
| | | containing |icense terns |
R S o m e e e e e e e eee— oo +
| features | array of | List of extension features used

| | strings | |
S TS oo m e e e e e e e e e e ao - +
| $comrent | string | Source code comments only, no |
| | | semantics |
R S o m e e e e e e e eee— oo +

Table 1. Qualities of the Information Bl ock

The version quality is used to indicate version infornmation about the
set of definitions in the SDF docunent. The version is RECOMVENDED
to be I exicographically increasing over the life of a nodel; a newer
model al ways has a version string that string-conpares higher than



all previous versions. This is easily achieved by follow ng the
convention to start the version with a date-tine as defined in

[ RFC3339] or, if new versions are generated | ess frequently than once
a day, just the full-date (i.e., YYYY-MMDD); in many cases, that

will be all that is needed (see Figure 1 for an exanple). This

speci fication does not give a strict definition for the format of the
version string, but each system or organization using the version
string should define internal structure and semantics to the | eve
needed for their use. |If no further details are provided, a date-
time or full-date in this field can be assunmed to indicate the |atest
update tinme of the definitions in the SDF docunent.

The nodified quality can be used with a value using date-tine as
defined in [RFC3339] (with Z for tine-zone) or full-date format to
express tinme of the latest revision of the definitions.

The license string is preferably either a URl that points to a web
page with an unanbi guous definition of the |license or an [ SPDX]
license identifier. (As an exanmple, for nodels to be handl ed by the
One Data Mddel liaison group, this license identifier will typically
be "BSD- 3-Cl ause".)

The features quality can be used to list nanes of critical (i.e.
cannot be safely ignored) SDF extension features that need to be
understood for the definitions to be properly processed. Extension
feature names will be specified in extension docunents. They can
either be registered (see Section 7.5.4 for specifics, which nake
sure that a registered feature nanme does not contain a colon) or be a
URI (which always contain a colon). Note that SDF processors are not
expected to, and normally SHOULD NOT, dereference URI s used as
feature nanmes; any representation retrievable under such a URI could
be useful to humans, though. (See [DEREF-1D-PATTERN] for a nore

ext ensi ve di scussion of dereferenceable identifiers).

3.2. Nanespaces Bl ock

The nanespaces bl ock contains the namespace map and the
def aul t Nanespace setting; none of these qualities are required or
have default values that are assunmed if the quality is absent.

The nanespace map is a map fromshort nanmes for URIs to the nanespace
URI s thensel ves.

The def aul t Nanmespace setting selects one of the entries in the
nanespace nmap by giving its short nane. The associated URI (val ue of
this entry) becones the default namespace for the SDF document.

| Quality | Type | Description |
[§ sty - e s e U
| nanespace | map | Defines short nanes nmapped to |
| | | nanmespace URIs, to be used as |
| | | identifier prefixes |
Fom e e e oo Fomm e - o - o e e e e e e e e e e mmmemao - +
| defaul t Namespace | string | ldentifies one of the prefixes in

| | | the nanespace nap to be used as a

| | | default in resolving identifiers
o e e oo T S +

Tabl e 2: Nanmespaces Bl ock

The foll owi ng exanpl e declares a set of nanmespaces and defines cap as
the default namespace. By convention, the values in the nanespace
map contain full URIs without a fragnent identifier and the fragnent
identifier is then added, if needed, where the nanespace entry is
used.



"nanmespace": {
"cap": "https://exanple.com capability/cap",
"zcl": "https://zcl.exanple.conl sdf"

"def aul t Namespace": "cap
Mul tipl e SDF docunents can contribute to the sane nanespace by using
the sane nanespace URI for the default nanmespace across the
document s.

If no defaul t Nanespace setting is given, the SDF document does not
contribute to a gl obal namespace (all definitions remain local to the
nodel and are not accessible for re-use by other nobdels). As the

def aul t Nanespace is set by supplying a namespace short name, its
presence requires a nanespace nap that contains a mapping for that
nanmespace short nane.

If no nanespace map is given, no short nanes for namespace URIs are
set up and no def aul t Nanespace can be given

3. 3. Definitions Bl ock

The Definitions block contains one or nore groups, each identified by
a C ass Name Keyword such as sdf Cbject or sdfProperty. There can
only be one group per keyword at this level; putting all the

i ndi vidual definitions in the group under that keyword is just a
shortcut for identifying the class nane keyword that applies to each
of themwi thout repeating it for each definition

The val ue of each group is a JSON map, the keys of which serve for
nam ng the individual definitions in this group, and the
correspondi ng val ues provide a set of qualities (nane-value pairs)
for the individual definition. (In short, these map entries are al so
termed "named sets of qualities".)

Each group may contain zero or nore definitions. Each identifier
defined creates a new type and termin the target namespace.

Decl arati ons have a scope of the definition block they are directly
cont ai ned i n.

In turn, a definition may contain other definitions. Each definition
is a naned set of qualities, i.e., it consists of the newy defined
identifier and a set of key-value pairs that represent the defined
qualities and contained definitions.

An example for an sdf Gbject definition is given in Figure 3:

"sdf Qbj ect”: {

"foo": {
"sdf Property": {
"bar": {
"type": "bool ean”
}
}
}

}
Fi gure 3: Exanpl e sdf Obj ect Definition

Thi s exanpl e defines an sdf Gbject "foo" that is defined in the
default nanmespace (full address: #/ sdf Object/foo), containing a
Property that can be addressed as #/ sdf Obj ect/f oo/ sdf Property/bar,
with data of type bool ean.

Oten, definitions are also declarations. The definition of the



entry "bar" in the Property "foo" nmeans that data corresponding to
the "foo" Property in a Property interaction offered by Thing can
have zero or one conponents nodel ed by "bar". Entries within

sdf Property, sdfAction, and sdf Event that are in turn within
sdf Cbj ect or sdf Thing entries, are also declarations; entries within
sdf Data are not. Simlarly, sdf Gbject or sdf Thing entries within an
sdf Thing definition specify that the interactions offered by a Thing
nodel ed by this sdf Thing include the interactions nodel ed by the
nest ed sdf Obj ect or sdf Thing.

3.4. Top-Level Affordances and sdf Data

Besi des their placement within an sdf Object or sdf Thing, affordances
(i.e., sdfProperty, sdfAction, and sdf Event) as well as sdfData can
al so be placed at the top |level of an SDF docunent. Since they are
not associated with an sdf Cbject or sdf Thing, these kinds of
definitions are intended to be reused via the sdf Ref nechanism (see
Section 4.4).

4. Nanes and Nanespaces

SDF docunents may contribute to a gl obal nanespace and nay reference
el ements fromthat gl obal namespace. (An SDF docunent that does not
set a defaul t Namespace does not contribute to a gl obal namespace.)

4. 1. Structure

A obal nanes | ook exactly like https:// URIs with attached fragnent
i dentifiers.

There is no intention to require that these URIs can be dereferenced.
(However, as future extensions of SDF mght find a use for

der ef erenci ng gl obal nanmes, the URI should be chosen in such a way
that this may become possible in the future. See also

[ DEREF- | D- PATTERN] for a discussion of dereferenceable identifiers.)

The absol ute-URI of a gl obal name should be a URI as per Section 3 of
RFC 3986 [STD66] with a schene of "https" and a path (hier-part in

[ STD66]). For base SDF, the query part should not be used (it night
be used in extensions).

The fragment identifier is constructed as per Section 6 of [RFC6901].
4.2. Contributing dobal Nanes

The fragnment identifier part of a global nane defined in an SDF

docunent is constructed froma JSON Pointer that selects the el ement

defined for this nane in the SDF docunent. The absolute-URl part is

a copy of the default nanmespace.

As a result, the default nanespace is always the target nanespace for

a nane for which a definition is contributed. |n order to enphasize

that name definitions are contributed to the default nanespace, this

nanespace is also termed the "target namespace" of the SDF docunent.

For instance, in Figure 1, definitions for the foll owi ng gl obal nanes
are contri but ed:

* https://exanpl e.com capability/ cap#/ sdf Cbj ect/ Switch

* https://exanpl e. com capability/ cap#/ sdf Cbj ect/ Swi tch/sdf Property/
val ue

* https://exanpl e. com capability/ cap#/ sdf Cbj ect/ Swi tch/sdf Acti on/on

* https://exanpl e. conl capability/ cap#/ sdf Gbj ect/ Swi tch/sdf Acti on/ of f



* https://exanpl e. com capability/ cap#/ sdf Cbj ect/ Swi tch/sdf Acti on/
toggl e

Note the #, which separates the absolute-URl part (Section 4.3 of RFC
3986 [STD66]) fromthe fragnent identifier part (including the #, a
JSON Pointer as in Section 6 of [RFC6901]).

4.3. Referencing d obal Nanes

A name reference takes the formof the production curie in Section 3
of [WBC. NOTE-curi e-20101216], but limting the IRI's involved in that
grammar to URIs as per [STD66] and the prefixes to ASCII characters
[STD8O]. (Note that this definition does not make use of the
production safe-curie in [ WBC. NOTE- curi e-20101216].)

A name that is contributed by the current SDF docunent can be

ref erenced by a Same-Docunent Reference as per Section 4.4 of RFC
3986 [STD66]. As there is little point in referencing the entire SDF
docunent, this will be a # followed by a JSON Pointer. This is the
only kind of name reference to itself that is possible in an SDF
docunent that does not set a default nanespace.

Nane references that point outside the current SDF docunent need to
contain CURIE prefixes. These then reference nanespace decl arations
i n the nanespaces bl ock

For exanple, if a nanespace prefix is defined:

"namespace": {
"foo": "https://exanple.com™
}

then this reference to that namespace:
"sdf Ref": "foo: #/ sdf Dat a/ t enper at ur eDat a"
ref erences the gl obal nane:
"https://exanpl e. com #/ sdf Dat a/ t enper at ur ebat a"
Note that there is no way to provide a URI schene nane in a CURIE, so
all references to outside of the docunent need to go through the
nanmespace nap.
Nane references occur only in specific el enents of the syntax of SDF
* copying elenents via sdf Ref val ues
* pointing to elenents via sdf Required val ue el enents

4. 4. sdf Ref
In a JSON map establishing a definition, the keyword sdf Ref is used
to copy the qualities and encl osed definitions of the referenced
definition, indicated by the included nane reference, into the newy
formed definition. (This can be conpared to the processing of the
$ref keyword in [JSO7].) The referenced definition should be such
that, after copying and applying the additional qualities in the
referencing definition, the newy built definition is also valid SDF
(e.g., the copied qualities and definitions are valid in the context
of the new definition).
For exanple, this reference:

"tenperatureProperty": {



"sdf Ref ": "#/ sdf Dat a/ t enper at ur eDat a"
}

creates a new definition "tenperatureProperty" that contains all of
the qualities defined in the definition at /sdfDataltenperaturebDat a.

The sdf Ref nenber need not be the only nmenmber of a map. Additional
menbers may be present with the intention of overriding parts of the
referenced map or addi ng new qualities or definitions.

When processing sdf Ref, if the target definition contains also sdf Ref
(i.e., is based on yet another definition), that MJST be processed as
wel | .

More formally, for a JSON nap that contai ns an sdf Ref nenber, the
semantics are defined to be as if the follow ng steps were perforned:

1. The JSON nmap that contains the sdf Ref nenber is copied into a
vari abl e naned "patch".

2. The sdf Ref nenber of the copy in "patch" is renoved.

3. The JSON Pointer that is the value of the sdf Ref menber is
dereferenced and the result is copied into a variabl e naned
"original".

4. The JSON Merge Patch algorithm[RFC7396] is applied to patch the
contents of "original" with the contents of "patch".

5. The result of the Merge Patch is used in place of the value of
the original JSON map.

Note that the formal syntaxes given in Appendices A and B generally
describe the result_ of applying a nmerge-patch. The notations are
not powerful enough to describe, for instance, how the nerge-patch

al gorithm causes null values within the sdf Ref to renove nmenbers of
JSON maps fromthe referenced target. Nonethel ess, the syntaxes al so
give the syntax of the sdfRef itself, which vani shes during the

resol ution; therefore, in many cases, even nerge-patch inputs wll
validate with these formal syntaxes.

G ven the example (Figure 1) and the follow ng definition:

{

"info": {

"title": "Exanple light switch using sdf Ref"
}1
"namespace": {

"cap": "https://exanpl e.com capability/cap”
}

ef aul t Namespace": "cap",
"sdf Gbj ect": {
"BasicSwitch": {
"sdf Ref": "cap: #/ sdf Obj ect/Switch",
"sdf Action": {
"toggle": null

}
}
}

The resulting definition of the "BasicSwitch" sdf Chject would be
identical to the definition of the "Switch" sdf Object, except it
woul d not contain the "toggle" Action.

{



4. 4.

"info": {

"title": "Exanple light switch using sdf Ref"
}1
"namespace": {

"cap": "https://exanple.com capability/cap"”
}

ef aul t Namespace": "cap",
"sdf Ghj ect": {
"BasicSwitch": {
"sdf Property": {
"val ue": {
"description":
"The state of the switch; false for off and true for on.",

"type": "bool ean”
}
},
"sdf Action": {
"on": {

"description":
"Turn the switch on; equivalent to setting value to true."
}
"of f": {
"description":
"Turn the switch off; equivalent to setting value to false."

}
}
}

}
}

1. Resol ved Mbdel s

A nodel where all sdf Ref references are processed as described i

Section 4.4 is called a resol ved nodel .

For exanple, given the follow ng sdf Data definitions:

"sdf Data": {
"Coordinate" : {
"type": "nunmber", "unit": "ni

"X-Coordi nate" : {
"sdf Ref " : "#/ sdf Dat a/ Coor di nate",
"description":
"Di stance fromthe base of the Thing along the X axis."
1
"Non- neg- X- Coor di nate" :
"sdf Ref ": "#/ sdf Dat a/ X- Coor di nat e",
"mnimn: 0

}
}
the definitions would | ook as follows after being resolved:
"sdf Data": {
"Coordinate" : {
"type": "nunmber", "unit": "ni
}

"X-Coordi nate" : {

"description":
"Di stance fromthe base of the Thing along the X axis.",
“"type": "number", "unit": "n

" i\lon- neg- X- Coordi nate" : {
"description":
"Di stance fromthe base of the Thing along the X axis.",



"mnimunm: 0, "type": "number", "unit": "nf
}
}

4.5. sdf Required

The keyword sdf Required is provided to apply a constraint that
defines for which declarations the corresponding data are nandatory
in a grouping (sdf Thing or sdf Object) nodel ed by the current
definition.

The value of sdfRequired is an array of references, each indicating
one or nore declarations that are mandatory to be represented.

Ref erences in this array can be SDF nanes (JSON Poi nters) or one of
two abbreviated reference formats:

* Atext string with a "referenceabl e-nane”, nanmely an affordance
name or a grouping name:

- Al affordance declarations that are directly in the sane
grouping (i.e., not nested further in another grouping) and
that carry this name are declared to be nandatory to be
represented. Note that there can be multiple such affordance
decl arations, one per affordance type.

- The sane applies to groupi ngs nade nandatory wi thin groupi ngs
contai ni ng them

* The Bool ean value true. The affordance or grouping itself that
carries the sdf Required keyword is declared to be mandatory to be
r epr esent ed.

Not e that referenceabl e-nanes are not subject to the encodi ng JSON
Pointers require as discussed in Section 2.3.2. To ensure that

ref erenceabl e-names are reliably distinguished from JSON Pointers,
they are defined such that they cannot contain ":" or "#" characters
(see rul e referenceabl e-name in Appendix A). (If these characters
are indeed contained in a Gven Nanme, a JSON Pointer needs to be
formed instead in order to reference it in "sdf Required", potentially
requiring further path elenments as well as JSON Poi nter encodi ng.

The need for this is best avoided by choosing G ven Nanes without
these characters.)

The exanple in Figure 4 shows two required elenments in the sdf hject
definition for "tenperatureWthAl arni', the sdf Property

"current Tenperature", and the sdf Event "over TenperatureEvent". The
exanpl e al so shows the use of JSON Pointers with "sdf Ref" to use a
pre-existing definition for the sdf Property "current Tenperature" and
for the sdf Qut put Data produced by the sdf Event

"over Tenper at ur eEvent ".

"sdf Gbject": {
"tenperatureWthAl arm': {
"sdf Required": [
"#/ sdf Obj ect/t enper at ureW t hAl ar m sdf Property/ current Tenper at ure",
"#/ sdf Obj ect/t enper at ureW t hAl ar ml sdf Event/ over Tenper at ur eEvent "

] i)
"sdf Data": {
"tenperaturebData": {
"type": "nunber"”

}

: df Property": {
"current Tenperature": {
"sdf Ref": "#/ sdf Cbj ect/tenperatureWthAl arm sdf Dat a/ t enper at ur eDat a",
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"witable": fal se
}
}
"sdf Event": {
"over Tenper at ureEvent": {
"sdf Qut put Dat a": {
"sdf Ref ": "#/ sdf Cbj ect/tenperatureWthAl ar m sdf Dat a/ t enper at ur eDat a"
}
}
}

}
}

Figure 4: Using sdf Required

In Figure 4, the sanme sdf Required can also be represented in short
form

"sdf Required": ["current Tenperature”, "over TenperatureEvent"]
O, for instance, "overTenperatureEvent" could carry:

"over TenmperatureEvent": {
"sdf Required": [true],

}
Common Qualities

Definitions in SDF share a nunber of qualities that provide netadata
for them These are listed in Table 3. None of these qualities are
required or have default values that are assunmed if the quality is
absent. |If a short textual description is required for an
application and no label is given in the SDF nodel, applications
could use the last part (the last reference-token, Section 3 of

[ RFC6901]) of the JSON Pointer to the definition in its place.

[ s e el s s s s s s sy o}
| Quality | Type | Description |
| description | string | long text (no constraints) |
o m e e e oo - S o e e e e e e e ememao - +
| 1 abel | string | short text (no constraints)

S R oo e e e e e e e e oo - - +
| $comrent | string | source code comrents only, |
| | | no semantics |
R o e e o - Fom e e e e i +
| sdf Ref | sdf-pointer | (see Section 4.4) |
S o e e - o e e e e e e e e m o +
| sdf Required | pointer-list | (see Section 4.5, used in |
| | | affordances or groupings) |
S oo s o mm e e e e e e e i +

Tabl e 3: Common Qualities
Data Qualities

Data qualities are used in sdfData and sdf Property definitions, which
are naned sets of data qualities (abbreviated as named-sdq).

These qualities include the conmon qualities, JSOinspired qualities
(see below), and data qualities defined specifically for the present
specification; the latter are shown in Table 4.

Appendix C lists data qualities inspired by the various proposals at
json-schema.org; the intention is that these (information nodel -
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level) qualities are conpatible with the (data nodel) semantics from
the versions of the json-schema.org proposal they were inported from

[ oo s e e e e
Quality | Type | Description | Default |
[ el sl el ool
(comon) | | Section 4.6 | |
--------------- T L g
uni t | string | unit nanme (note 1) | NA |
--------------- e T ..
nul | abl e | bool ean | indicates a null | true |
| | value is available | |
| | for this type | |
--------------- T L g
content Format | string | content type (IANA | NA |
| | nedia type string | |
| | plus paraneters), | |
| | encoding (note 2) | |
--------------- T T T
sdf Type | string | sdf Type | NA |
| (Section | enuneration | |
| 4.7.1) | (extensible) | |
--------------- e I S
sdf Choi ce | named set of | narmed alternatives | N A |
| data qualities | | |
| (Section | | |
| 4.7.2) I I I
--------------- e T L NN
enum | array of | abbreviation for | NA |
| strings | string-val ued |
| | named alternatives | |
--------------- T L g

1.

Table 4. SDF-Defined Qualities of sdfData and sdf Property

The unit nanme SHOULD be as per the "SenM. Units" registry or the
"Secondary Units" registry in [IANA. senm ] as specified by
Sections 4.5.2 and 12.1 of [RFCB428] and Section 3 of [RFC8798],
respectively.

Exceptionally, if a registration in these registries cannot be
obt ai ned or woul d be inappropriate, the unit name can al so be a
URI that is pointing to a definition of the unit. Note that SDF
processors are not expected to, and normally SHOULD NOT,
dereference these URIs; the definition pointed to may be usefu
to humans, though. (See [DEREF-I1D-PATTERN] for a nore extensive
di scussi on of dereferenceable identifiers).

A URl unit nane is distinguished froma registered unit nanme by
the presence of a colon; therefore, any registered unit nanes
that contain a colon (at the time of witing, none) cannot be
directly used in SDF

For use by translators into ecosystens that require URIs for unit
nanes, the URN sub-namespace "urn:ietf:paranms:unit” is provided
(Section 7.3). URNs fromthis sub-nanespace MJUST NOT be used in
a unit quality in favor of sinply notating the unit nane (such as
kg instead of urn:ietf:paranms:unit:kg) except where the unit name
contains a colon and can therefore not be directly used in SDF

The content Format quality follows the Content-Format-Spec as
defined in Section 6 of [RFC9193], allow ng for expressing both
nuneric and string based Content- Fornats.

sdf Type



SDF defines a nunber of basic types beyond those provided by JSON or
JSO These types are identified by the sdf Type quality, which is a
text string froma set of type nanes defined by the "sdf Type val ues"
registry in the "Semantic Definition Format (SDF)" registry group
(Section 7.5.3). The sdf Type nanme is conposed of | owercase ASC |
letters, digits, and - (ASCI|I hyphen/ m nus) characters, starting with
a |l owercase ASCII| letter (i.e., using a pattern of "[a-z][-a-z0-9]*")
and typically enpl oyi ng kebab-case for names constructed out of
mul ti pl e words [ KebabCase].

To aid interworking with JSO inplenentations, it is RECOWENDED t hat
sdf Type is always used in conjunction with the type quality inherited
from[JSO/V] in such a way as to yield a common representation of the
type's values in JSON

Val ues for sdf Type that are defined in this specification are shown
in Table 5. This table also gives a description of the semantics of
the sdf Type, the conventional value for type to be used with the

sdf Type val ue, and a conventional JSON representation for val ues of
the type. The type and the JSON representation are chosen to be
consistent with each other; this MJST be true for additionally

regi stered sdf Type values as well.

[ e e el el sl s oo °)
| Narme | Description | type | JSON | Reference

| | | | Representation | |
== —————————————+t—-————————+d————————————————{————————————+
| byte-string | A sequence | string | base64url | Section |
| | of zero or | | w thout | 3.4.5.2 of |
| | nore bytes | | paddi ng | RFC 8949 |
I I I I | [ STD94] I
i i i i +-------- I I I i +
| unix-tine | Apoint in | nunber | PCSIX tine | Section |
| | civil time | | | 3.4.2 of |
| | (note 1) | | | RFC 8949 |
I I I I | [ STD94] I
F-- - - - - - F-- - - - - - +---- - - - i T R I +

Table 5: Values Defined in Base SDF for the sdf Type Quality

(1) Note that the definition of unix-tine does not inply the
capability to represent points in time that fall on | eap seconds.
More date/time-rel ated sdf Types are likely to be added in the sdf Type
val ue registry.

.7.2. sdf Choi ce

Data can be a choice of naned alternatives called sdf Choice. Each
alternative is identified by a name (string, key in the outer JSON
map used to represent the overall choice) and a set of dataqualities
(each in an inner JSON nap, the value used to represent the

i ndividual alternative in the outer JSON nap). Dataqualities that
are specified at the same |level as the sdf Choice apply to all choices
in the sdf Choi ce except those specific choices where the dataquality
is overridden at the choice |evel

sdf Choi ce nerges the functions of two constructs found in [JSO7V]:
*  enum

VWhat coul d be expressed as:

“enunt: ["foo", "bar", "baz"]

in JSO is often best represented as:



"sdf Choi ce": {
"foo": { "description": "This is a foonly"},
"bar": { "description":
"As defined in the second world congress"},
"baz": { "description": "From bi gzee foobaz"}

}

This allows the placenent of other dataqualities such as
description in the exanpl e.

If an enum needs to use a data type different fromthe text
string, what would, for instance, have been:

"type": "nunber",
"enunt': [1, 2, 3]

in JSO is represented as:

"type": "nunber",

"sdf Choi ce": {
"a-better-name-for-alternative-1": { "const": 1 },
"alternative-2": { "const": 2},
"the-third-alternative": { "const": 3}

}

where the string nanes obviously would be chosen in a way that is
descriptive for what these nunbers actually stand for; sdf Choice
al so nmekes it easy to add nunber ranges into the m x.

(Note that const can al so be used for strings as in the previous
exanple, for instance, if the actual string value is indeed a
crucial elenent for the data nodel.)

* anyOf

JSO provides a type union called anyOf, which provides a choice
bet ween anonynous al ternati ves.

What coul d have been in JSO

"anyOFt:o |
{"type": "array", "mnltems": 3, "maxltens": "3",
"items": {"$ref": "#/sdfData/rgbVval"}},
{"type": "array", "mnltens": 4, "maxltens": "4",

"items": {"$ref": "#/sdfDatalcnykVal"}}
]

can be nore descriptively notated in SDF as:

"sdf Choi ce": {

"rgb": {"type": "array", "mnltens": 3, "maxltenms": "3",
"items": {"sdfRRef": "#/sdfDatal/rgbVval"}},
"cryk": {"type": "array", "mnltens": 4, "maxltens": "4",

"items": {"sdf Ref": "#/sdfDatal/cnykVval"}}
}

Note that there is no need in SDF for the type intersection construct
all O or the peculiar type-xor construct oned found in [JSO7V].

As a sinplification for users of SDF nodels who are accustomed to the
JSO enum keyword, this is retained, but limted to a choice of text
string val ues, such that:

"enuni': ["foo", "bar", "baz"]

is syntactic sugar for:



"sdf Choi ce": {

"foo": { "const": "foo"},
"bar": { "const": "bar"},
"baz": { "const": "baz"}

}

In a single definition, the keyword enum cannot be used at the sane
time as the keyword sdf Choice, as the fornmer is just syntactic sugar
for the latter.

5. Keywords for Definition G oups

The foll owi ng SDF keywords are used to create definition groups in
the target nanespace. All these definitions share sonme conmon
qualities as discussed in Section 4.6.

5.1. sdf Obj ect

The sdf Obj ect keyword denotes a group of zero or nore sdf Qbject
definitions. sdf Cbject definitions nmay contain or include definitions
of named Properties, Actions, and Events declared for the sdf Object,
as well as nanmed data types (sdfData group) to be used in this or

ot her sdf bj ects.

The qualities of an sdf bject include the common qualities;
additional qualities are shown in Table 6. None of these qualities
are required or have default values that are assuned if the quality

i s absent.
[ et ———— e ——_—————— s p—p—_—r L
| Quality | Type | Description |
[ et el ey ety
| (conmon) | | Section 4.6 |
I S IR e +
| sdf Property | property | zero or nore named property |
| | | definitions for this sdf Gbject |
S S T +
| sdf Action | action | zero or nore naned action |
| | | definitions for this sdf Gbject |
I S IR e +
| sdf Bvent | event | zero or nore named event
| | | definitions for this sdf Gbject |
S S T +
| sdf Data | nanmed-sdq | zero or nore naned data type
| | | definitions that might be used
| | | in the above |
o m e e e oo - N o m e e e e e e e e e +
| mnltens | numnber | (array) m ni mum nunber of |
| | | multiplied affordances in |
I I | array I
. - ' +
| maxltens | numnber | (array) maxi mum nunmber of |
| | | multiplied affordances in |
| | | array |
S S T +

Table 6: Qualities of sdf Object
5.2. sdfProperty

The sdf Property keyword denotes a group of zero or nore Property
definitions.

Properties are used to nodel elements of state.



The qualities of a Property definition include the data qualities
(and thus the commopn qualities); see Section 4.7. Additiona
qualities are shown in Table 7

F oo e s s oo e s et L o}
| Quality | Type | Description | Default |
[ oo oo oo sl s oo oot b o}
| (data) | | Section 4.7 | |
. S I oo me e eeieiieacaiacaeeaaaaaas S I +
| readabl e | boolean | Reads are all owed | true |
T S IR ' S IR +
| witable | boolean | Wites are all owed | true
R S R o e e e e e e e e e e aa o - S R +
| observable | boolean | Flag to indicate asynchronous | true |
| | | notification is available | |
S Iy S I S S I +

Table 7: Qualities of sdfProperty
5.3. sdfAction

The sdf Acti on keyword denotes a group of zero or nore Action
definitions.

Actions are used to nodel commands and nethods that are invoked.
Actions may have paraneter data that is supplied upon invocation and
output data that is provided as a direct result of the invocation of
the action (note that "action objects" nmay al so be created to furnish
ongoi ng information during a long-running action; these would be
pointed to by the output data).

The qualities of an Action definition include the commopn qualities.
Additional qualities are shown in Table 8. None of these qualities
are required or have default values that are assuned if the quality

i s absent.
[5 e femmsbomsbesee e esoe s ese sy esss s ess el ess s esos s ese s ese s ess s ps s e
| Quality | Type | Description |
[§ el oo oo oo e e s s e e
| (conmon) | | Section 4.6 |
IRy S IR L -, +
| sdfinputData | nap | data qualities of the |
| | | input data for an Action |
S S oo e e e e e e i oo oo oo +
| sdf QutputData | nmap | data qualities of the |
| | | output data for an Action |
I IRy S IR L T +
| sdf Data | named-sdq | zero or nore nanmed data |

| | | type definitions that |
| | | might be used in the above

Table 8: Qualities of sdfAction

sdf I nput Dat a defines the input data of the action. sdfCutputData
defines the output data of the action. As discussed in

Section 2.2.3, a set of data qualities with type "object" can be used
to substructure either data item wth optionality indicated by the
data quality required

5.4. sdf Event
The sdf Event keyword denotes zero or nore Event definitions.

Events are used to nodel asynchronous occurrences that may be
communi cat ed proactively. Events have data elenents that are



5. 5.

communi cat ed upon the occurrence of the event.

The qualities of sdf Event include the commpn qualities. Additiona
qualities are shown in Table 9. None of these qualities are required
or have default values that are assunmed if the quality is absent.

[5 e femmsbomsbesee e esoe s ese sy esss s ess el ess s esos s ese s ese s ess s ps s e
| Quality | Type | Description |
[§ el oo oo oo e e s s e e
| (conmon) | | Section 4.6 |
oo R o m e e e e e e oo +
| sdf QutputData | nmap | data qualities of the |
| | | output data for an Event |
S S oo e e e e e e i oo oo oo +
| sdf Data | named-sdq | zero or nore nanmed data |
| | | type definitions that |
| | | might be used in the above

o m e e e oo - N o e e e e e e e +

Table 9: Qualities of sdfEvent

sdf Qut put Dat a defines the output data of the action. As discussed in
Section 2.2.4, a set of data qualities with type "object" can be used
to substructure the output data item wth optionality indicated by
the data quality required

sdf Dat a

The sdf Data keyword denotes a group of zero or nore naned data type
definitions (named-sdq).

An sdf Data definition provides a reusable semantic identifier for a
type of data item and describes the constraints on the defined type.
sdfData is not itself a declaration, so it does not cause any of
these data itens to be included in an affordance definition

The qualities of sdfData include the data qualities (and thus the
common qualities); see Section 4.7.

Hi gh-Level Conposition
The requirenments for high-1level conposition include the foll ow ng:

* The ability to represent products, standardi zed product types, and
nmodul ar products while nmaintaining the atomcity of sdf Qojects.

* The ability to conpose a reusable definition block from
sdf Cbj ects. Exanple: a single plug unit of an outlet strip with
sdf Cbj ects for on/off control, energy nonitor, and optiona
dimer, while retaining the atomcity of the individua
sdf Obj ect s.

* The ability to conpose sdf Objects and other definition blocks into
a higher level sdf Thing that represents a product, while retaining
the atomcity of sdf Qbjects.

* The ability to enrich and refine a base definition to have
product -specific qualities and quality val ues, such as unit,
range, and scal e settings.

* The ability to reference itens in one part of a conplex definition
fromanother part of the same definition. Exanple: sumari zing
the energy readings fromall plugs in an outlet strip.

Paths in the Model Nanmespaces



The nodel namespace is organi zed according to ternms that are defined
in the SDF docunents that contribute to the nanespace. For exanpl e,
definitions that originate froman organi zati on or vendor are
expected to be in a nanespace that is specific to that organization
or vendor.

The structure of a path in a namespace is defined by the JSON
Pointers to the definitions in the SDF docunents in that namespace.
For exanple, if there is an SDF docunent defining an sdf Chject
"Switch" with an action "on", then the reference to the action would
be "ns: #/ sdf Obj ect/ Swi t ch/ sdf Action/on", where ns is the nanespace
prefix (short name for the namespace).

6.2. Modul ar Conposition

Modul ar conposition of definitions enables an existing definition
(which could be in the sane or another SDF document) to become part
of a new definition by including a reference to the existing
definition within the nodel nanespace.

6.2.1. Use of the "sdf Ref" Keyword to Reuse a Definition

An existing definition may be used as a tenplate for a new
definition, that is, a new definition is created in the target
nanespace that uses the defined qualities of some existing
definition. This pattern uses the keyword sdf Ref as a quality of a
new definition with a value consisting of a reference to the existing
definition that is to be used as a tenplate.

In the definition that uses sdf Ref, new qualities may be added and
existing qualities fromthe referenced definition may be overridden
(Note that JSON nmaps do not have a defined order, so the SDF
processor nmay see these overrides before seeing the sdf Ref.)

Note that the definition referenced by sdf Ref mi ght contain qualities
or definitions that are not valid in the context where the sdfRef is
used. In this case, the resulting nodel, when resolved, may be
invalid. Exanple: an sdf Ref adds an sdf Thing definition in an

sdf Cbj ect definition.

As a convention, overrides are intended to be used only for further
restricting the allowable set of data values. Such a usage is shown
in Figure 5: any value allowable for a cable-length is also an

al | owabl e value for a length, with the additional restriction that
the length cannot be smaller than 5 cm (This is |abeled as a
convention as it cannot be checked in the general case. A quality of
i mpl ementati on consideration for a tool might be to provide at |east
some formof checking.) Note that the exanple provides a description
that overrides the description of the referenced definition; as this
quality is intended for human consunption, there is no conflict with
the i ntended goal

"sdf Dat a":
"length" @ {
"type": "nunber",
"mnimun': 0,
"unit": "nt
"description": "There can be no negative lengths."

}

"cabl e-1 ength" :
"sdf Ref": "#/sdfData/l ength”
"mni num': 5e-2,
"description": "Cables nust be at least 5 cm"”

}



Figure 5: Using an Override to Further Restrict the Set of Data
Val ues

6. 3. sdf Thing

An sdf Thing is a set of declarations and qualities that may be part

of a nore conpl ex nodel. For exanple, the sdf Object declarations
that make up the definition of a single socket of an outlet strip
coul d be encapsulated in an sdf Thing, which itself could be used in a
declaration in the sdf Thing definition for the outlet strip. (See
Figure 7 in Appendix D.1 for parts of an SDF nodel for this exanple.)

sdf Thing definitions carry semantic meani ng, such as a defined
refrigerator conpartnent and a defined freezer conpartnent, naking up
a conbination refrigerator-freezer product. An sdf Thing nmay be
conposed of sdf Qbjects and other sdf Things. It can also contain

sdf Data definitions, as well as declarations of interaction

af fordances itself, such as a status (on/off) for the refrigerator-
freezer as a whole (see Figure 8 in Appendix D.2 for an exanpl e SDF
nodel illustrating these aspects).

The qualities of sdf Thing are shown in Table 10. None of these
qualities are required or have default values that are assumed if the
quality is absent. Anal ogous to sdf Obhject, the presence of one or
both of the optional qualities "mnltens” and "maxltens" defines the
sdf Thing as an array.

| Quality | Type | Description |
| (conmon) | | Section 4.6 |
S S oo e e e e e e e e oo - - +
| sdf Thi ng | thing | |
S Fom e oo o mm e e e e e e e i +
| sdf Obj ect | object | |
o m e e e oo - N o e e e e e e e ememao - +
| sdf Property | property | zero or nore named property |
| | | definitions for this thing |
Fom e o - Fom e o m e e e e e iee i +
| sdf Action | action | zero or nore nanmed action |
| | | definitions for this thing

o m e e e oo - N o e e e e e e e ememao - +
| sdf BEvent | event | zero or nore nanmed event |
| | | definitions for this thing |
Fom e o - Fom e o m e e e e e iee i +
| sdf Data | nanmed-sdq | zero or nore nanmed data |
| | | type definitions that mght |
| | | be used in the above |
S R o e e e e e e e e m o +
| mnltens | nunber | (array) mnimum nunber of |
| | | multiplied affordances in |
I I | array I
R R Fom e e e e i +
| maxltens | number | (array) maxi mum number of |
| | | multiplied affordances in |
I I | array I
Fom e o - Fom e o m e e e e e iee i +

Tabl e 10: Qualities of sdf Thing
7. | ANA Consi derations
7.1. Media Type

| ANA has added the followi ng Medi a- Type to the "Media Types" registry
[ 1 ANA. medi a-t ypes].



[} bl el e s o
| Nare | Tenpl ate | Reference |
| sdf+json | application/sdf+json | RFC 9880, Section 7.1 |
L +

Table 11: Media Type Registration for SDF

Type name: application
Subt ype nane: sdf +j son
Required paraneters: NA
Optional paraneters: NA
Encodi ng consi derations: binary (JSON is UTF-8-encoded text)
Security considerations: Section 8 of RFC 9880
Interoperability considerations: none
Publ i shed specification: Section 7.1 of RFC 9880
Applications that use this nedia type: Tools for data and

interaction nodeling in the Internet of Things and rel ated

envi ronment s.

Fragnment identifier considerations: A JSON Pointer fragnent
identifier may be used as defined in Section 6 of [RFC6901].

Addi ti onal information:

Magi ¢ nunber(s): n/a

File extension(s): .sdf.json

W ndows O ipboard Name: "Semantic Definition Format (SDF) for
Data and Interactions of Things"

Maci ntosh file type code(s): n/a

Maci nt osh Uni versal Type ldentifier code: org.ietf.sdf-json
conforns to public.text

Person & emmil address to contact for further information: ASDF WG
mailing list (asdf @etf.org) or |ETF Applications and Real -Tine
Area (art@etf.org)

I ntended usage: COMVON

Restrictions on usage: none

Aut hor/ Change controller: |ETF

Provisional registration: no

. 2. Content - For mat

| ANA has added the follow ng Content-Fornmat to the "CoAP Content-

Formats" registry within the "Constrai ned RESTful Environnents (CoRE)
Par amet ers" registry group [l ANA. core-paraneters].
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7.

7.
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4.

5.
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Tabl e 12: SDF Cont ent-Format Regi stration
| ETF URN Sub- Nanespace for Unit Nanes (urn:ietf:parans:unit)

I ANA has registered the following value in the "I ETF URN Sub-
nanespace for Registered Protocol Paraneter ldentifiers" registry in
[1 ANA. parans], following the tenplate in [BCP73]:

Regi stry name: wunit
Speci fication: RFC 9880

Repository: Conbining the synbol values fromthe "SenM. Units"
registry and the "Secondary Units" registry in the "Sensor
Measurenent Lists (SenM.)" registry group [I ANA senm ] as
specified by Sections 4.5.2 and 12.1 of [RFC8428] and Section 3 of
[ RFC8798], respectively (which, by the registration policy, are
guaranteed to be non-overl appi ng).

I ndex val ue: Percent-encoding (Section 2.1 of RFC 3986 [STD66]) is
required of any characters in unit nanmes except for the set
"unreserved" (Section 2.3 of RFC 3986 [STD66]), the set "sub-
delins" (Section 2.2 of RFC 3986 [STD66]), and ":" or "@ (i.e.,
the result nust match the ABNF rule "pchar" in Section 3.3 of RFC
3986 [ STD66]).

SenM. Regi stry G oup

| ANA has added the following note to the "Sensor Measurenent Lists
(SenM.)" registry group [I ANA. senm |:

| I'n SDF [RFC9880], a URI unit nanme is distinguished froma

| registered unit nane by the presence of a colon; any registered

| unit nanme that contains a colon can therefore not be directly used
| in SDF.

Regi stries

| ANA has created the "Semantic Definition Format (SDF)" registry
group with the registries defined in this Section.

1. SDF Quality Nanes

| ANA has created the "SDF Quality Nanes" registry in the "Senmantic
Definition Format (SDF)" registry group with the follow ng tenpl ate:

Nanme: A Quality Name conmposed of ASCII letters, digits, and dollar
signs, starting with a | owercase ASCI| letter or a dollar sign
(i.e., using a pattern of "[a-z$][A-Za-z$0-9]*").

Brief Description: A brief description.

Reference: A pointer to a specification.

Change Controller: (See Section 2.3 of RFC 8126 [ BCP26])

Quality Nanmes in this registry are intended to be registered in
conjunction with RFCs and activities of the | ETF.

The registration policy is Specification Required as per Section 4.6
of RFC 8126 [BCP26]. Note that the policy is not "RFC Required" or

"I ETF Review' (Sections 4.7 and 4.8 of RFC 8126 [ BCP26]) so that

regi strations can be nade earlier in the process, even earlier than

foreseen in [BCP100].)

The instructions to the Experts are:



* to ascertain that the specification is available in an i nmutabl e
ref erence and has achi eved a good | evel of review in conjunction
with RFCs or activities of the | ETF, and

* to be frugal in the allocation of Quality Nanes that are
suggestive of generally applicable semantics, keeping themin
reserve for qualities that are likely to enjoy w de use and can
make good use of their conciseness.

The "SDF Quality Nanes" registry starts out as in Table 13; all
references for these initial entries are to RFC 9880 (this document)
and all change controllers are "I ETF".

[ ety ey o
| Nare | Brief Description |
| $conment | source code conments only, no semantics |
T T +
| const | constant val ue |
g o m e e e e e e e e e e e e e e mee—ooon +
| content For mat | content fornat |
o o m m e e e e e e e e e e e e e eee— oo s +
| default | default val ue |
T T +
| description | long description text |
g o m e e e e e e e e e e e e e e mee—ooon +
| enum | sdfChoice limted to text strings |
o o m m e e e e e e e e e e e e e eee— oo s +
| excl usiveMaxi mum | exclusive maxi mum for a number |
T T +
| excl usiveM ni num | exclusive mninmumfor a nunber |
g o m e e e e e e e e e e e e e e mee—ooon +
| format | specific format for a text string |
o o m m e e e e e e e e e e e e e eee— oo s +
| itens | itens of an array |
T T +
| | abel | short text (no constraints); defaults to

I | key I
g o m m e e e e e e e e e e e e e e e eee— oo on +
| maxltens | maxi mum nunber of itenms in an array |
o e e e e e e oo o m e e e e e e e e e e e e e e e e e e e e e e e e e o +
| maxLength | maxi mumlength for a text string (in |
| | characters, i.e., Unicode scal ar val ues)
g o m e e e e e e e e e e e e e e mee—ooon +
| maxi mum | maxi mum for a nunber |
o o m m e e e e e e e e e e e e e eee— oo s +
| mnltens | m ni mum nunber of itens in an array |
T T +
| mnLength | mnimumlength for a text string (in |
| | characters, i.e., Unicode scal ar val ues) |
g o m m e e e e e e e e e e e e e e e eee— oo on +
| minimum | mininmmfor a nunber |
o e e e e e e oo o m e e e e e e e e e e e e e e e e e e e e e e e e e o +
| multipled | step size of nunber |
o e e e e e oo oo T +
| nullable | boolean: can the itembe left out? |
g o m m e e e e e e e e e e e e e e e eee— oo on +
| observabl e | bool ean: can the item be observed? |
o e e e e e e oo o m e e e e e e e e e e e e e e e e e e e e e e e e e o +
| pattern | regular expression pattern for a text |
| | string |
g o m e e e e e e e e e e e e e e mee—ooon +
| properties | nanmed dataqualities for type="object" |
o o m m e e e e e e e e e e e e e eee— oo s +

I

| readabl e bool ean: can the item be read? |



| required | which data itens are required? |
g o m e e e e e e e e e e e e e e mee—ooon +
| sdf Choice | nanmed dataqualities for a choice |
o o m m e e e e e e e e e e e e e eee— oo s +
| sdf Data | named dataqualities for an independent |
| | data type definition |
o e e e e e oo oo T +
| sdf I nputData | input data to an action |
g o m m e e e e e e e e e e e e e e e eee— oo on +
| sdf Qut put Dat a | output data of an action or event |
| | (sdf Required applies here) |
T T +
| sdf Ref | sdf-pointer to definition being |
| | referenced |
g o m m e e e e e e e e e e e e e e e eee— oo on +
| sdf Required | pointer-list to declarations of required |
| | components |
T T +

| sdf RequiredlnputData | pointer-list to declarations of required |
| | input data for an action |

g o m m e e e e e e e e e e e e e e e eee— oo on +
| sdf Type | nore detailed informati on about the type |
| | of a string

T T +
| type | general category of data type |
g o m e e e e e e e e e e e e e e mee—ooon +
| uniqueltens | boolean: do the itens of the array need |
| | to be all different? |
o e e e e e e oo o m e e e e e e e e e e e e e e e e e e e e e e e e e o +
| unit | engineering unit and scal e (per SenM |
| | registry) |
g o m e e e e e e e e e e e e e e mee—ooon +
| witable | boolean: can the itembe witten to? |
o o m m e e e e e e e e e e e e e eee— oo s +

Table 13: Initial Content of the SDF Quality Nanmes Registry
7.5.2. SDF Quality Nane Prefixes

| ANA has created the "SDF Quality Nane Prefixes" registry in the
"Semantic Definition Format (SDF)" registry group with the foll ow ng
tenpl at e:

Prefix: A Quality Nane prefix conposed of |owercase ASCI| letters
and digits, starting with a |owercase ASCI| letter (i.e., using a
pattern of "[a-z][a-z0-9]*").

Contact: A contact point for the organization that assigns Qality
Nanes with this prefix.

Ref erence: A pointer to additional information, if avail able.

Quality Nanme Prefixes are intended to be registered by organi zati ons
that plan to define Quality Names constructed with an organi zati on-
specific prefix (Section 2.3.3).

The registration policy is Expert Review as per Section 4.5 of RFC
8126 [BCP26]. The instructions to the Expert are to ascertain that
the organi zation will handle Quality Nanes constructed using their
prefix in a way that roughly achieves the objectives for an | ANA
registry that supports interoperability of SDF nodel s enpl oyi ng these
Qual ity Names, including:

* Stability, "stable and pernanent”;



* Transparency, "readily available"” and "in sufficient detail"”

(Section 4.6 of RFC 8126 [BCP26]).
The "SDF Quality Nane Prefixes" registry is enpty at this tine.
7.5.3. sdf Type Val ues

| ANA has created the "sdf Type Values" registry in the "Senmantic
Definition Format (SDF)" registry group with the follow ng tenpl ate:

Nane: A name conposed of |owercase ASCI| letters, digits and -
(ASCI I hyphen/ m nus) characters, starting with a | owercase ASCI |
letter (i.e., using a pattern of "[a-z][-a-2z0-9]*")

Description: A short description of the information nodel |eve
structure and semanti cs.

type: The value of the quality "type" to be used with this sdf Type.

JSON Representation: A short description of a JSON representation
that can be used for this sdf Type. As per Section 4.7.1, this
MUST be consistent with the type.

Ref erence: A nore detailed specification of neaning and use of
sdf Type.

sdf Type values are intended to be registered to enabl e nodeling
addi tional SDF-specific types (see Section 4.7.1).

The registration policy is Specification Required as per Section 4.6
of RFC 8126 [BCP26]. The instructions to the Expert are to ascertain
that the specification provides enough detail to enable
interoperability between inplenentations of the sdf Type being

regi stered, and that nanes are chosen with enough specificity that
ecosystem specific sdf Types will not be confused with nore generally
appl i cabl e ones.

The initial set of registrations is described in Table 5
7.5.4. SDF Feature Nanes

| ANA has created the "SDF Feature Nanes" registry in the "Semantic
Definition Format (SDF)" registry group with the follow ng tenpl ate:

Nane: A feature nanme conposed of ASCII| letters, digits, and dollar
signs, starting with a |lowercase ASCI| letter or a dollar sign
(i.e., using a pattern of "[a-z$][A-Za-z$0-9]*").

Brief Description: A brief description.

Ref erence: A pointer to a specification

Change Controller: (See Section 2.3 of RFC 8126 [ BCP26])

The registration policy is Specification Required as per Section 4.6
of RFC 8126 [ BCP26] .

The instructions to the Experts are:

* to ascertain that the specification is available in an i mutable
ref erence and has achi eved a good | evel of review and

* to be frugal in the allocation of feature nanes that are
suggestive of generally applicable semantics, keeping themin
reserve for features that are likely to enjoy w de use and can
make good use of their conciseness.



The "SDF Feature Nanes" registry is enpty at this tine.
Security Considerations

Sone wi der security considerations applicable to Things are di scussed
in [ RFC8576] .

Section 5 of [RFC8610] gives an overvi ew over security considerations
that arise when fornmal description techniques are used to govern
interoperability; anal ogs of these security considerations can apply
to SDF.

The security considerations of underlying building bl ocks such as
those detailed in Section 10 of RFC 3629 [STD63] apply.

SDF uses JSON as a representation | anguage. For a nunber of cases,
[ STDO0] indicates that inplenentation behavior for certain constructs
al l oned by the JSON grammar i s unpredictable.

I npl enent ati ons need to be robust against invalid or unpredictable
cases on input, preferably by rejecting input that is invalid or that
woul d | ead to unpredictable behavior, and avoid generating these
cases on out put.

I mpl enent ati ons of nodel | anguages may al so exhi bit perfornmance-
related availability i ssues when the attacker can control the input,
see Section 4.1 of [RFC9535] for a brief discussion and Section 8 of
[ RFC9485] for considerations specific to the use of pattern

SDF may be used in two processes that are often security relevant:

(1) nodel -based validation_of data that is intended to be described
by SDF nodels, and (2) nodel -based _augnentation_ of these data with
i nformati on obtained fromthe SDF nodel s that apply.

I mpl enent ati ons need to ascertain the provenance (and thus
authenticity and integrity) and applicability of the SDF nodel s they
enpl oy operationally in such security-relevant ways. |nplenentations
that make use of the conposition nmechanisnms defined in this docunent
need to do this for each of the components they conbine into the SDF
nmodel s they enmploy. Essentially, this process needs to undergo the
same care and scrutiny as any other introduction of source code into
a build environment; the possibility of supply-chain attacks on the
nmodul es i nported needs to be considered.

Specifically, inplenentations mght rely on nodel -based i nput
validation for enforcing certain characteristics of the data
structure ingested (which, if not validated, could lead to

mal functi ons such as crashes and renote code execution). These

i npl ementations need to be particularly careful about the data nodels
they apply, including their provenance and potential changes of these
characteristics that upgrades to the referenced nodul es nmay
(inadvertently or as part of an attack) cause. Mbre generally
speaki ng, inplementations should strive to be robust against expected
and unexpected linmitations of the nodel -based input validation
mechani sns and their inplenmentations.

Simlarly, inplenmentations that rely on nodel -based augnentati on may
generate false data fromtheir inputs; this is an integrity violation
in any case, but also can possibly be exploited for further attacks.

In applications that dynamcally acquire nodels and obtain nodul es
fromnodul e references in these nodels, the security considerations
of dereferenceable identifiers apply (see [ DEREF-|1D- PATTERN] for a
nmor e extensive di scussion of dereferenceable identifiers).



9.

9.

1.

There may be confidentiality requirements on SDF nodel s, both on
their content and on the fact that a specific nodel is used in a
particular Thing or environment. The present specification does not
di scuss nodel discovery or define an access control nodel for SDF
model s, nor does it define a way to obtain selective disclosure where
that may be required. It is likely that these definitions require
addi tional context fromunderlying ecosystens and the characteristics
of the protocols enployed there; therefore, this is left as future
work (e.g., for docunments such as [ SDF- MAPPI NG ).
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Appendi x A.  Fornmal Syntax of SDF

This normative appendi x describes the syntax of SDF using CDDL
[ RFC8610] .

Thi s appendi x shows the franmework syntax only, i.e., a syntax with
|i beral extension points. Since this syntax is nearly useless in
finding typos in an SDF specification, a second syntax, the

val idation syntax, is defined that does not include the extension
points. The validation syntax can be generated fromthe framework
syntax by leaving out all lines containing the string EXTENSI ON-
PONT; as this is trivial, the result is not shown here

Thi s appendi x nakes use of CDDL "features" as defined in Section 4 of
[ RFC9165]. Features whose names end in "-ext" indicate extension
points for further evol ution.

start = sdf-syntax

sdf -syntax = {

; infowill be required in nobst process policies

? info: sdfinfo

? nanespace: named<text >

? def aul t Namespace: text

; Thing is a conposition of objects that work together in sone way
? sdf Thi ng: named<t hi ngqual i ti es>

; Object is a set of Properties, Actions, and Events that together
; performa particular function

? sdf Obj ect: nanmed<obj ectqualities>

; Includes Properties, Actions, and Events as wel| as sdfData
paedat aqual i ti es

* $$SDF- EXTENSI ON- TOP

EXTENSI ON- POl NT<"t op- ext ">

}

sdfinfo = {
? title: text
description: text
version: text
copyright: text
i cense: text
nodi fi ed: nodified-date-tine
features: |
* (any .feature "feature-nane") ; EXTENSI ON- PO NT
]
opti onal - comment
* $$SDF- EXTENSI ON- | NFO
EXTENSI ON- PO NT<"i nf 0- ext " >

}

; Shortcut for a map that gives nanes to instances of X
; (has keys of type text and val ues of type X)
named<x> = { * text => X }

RS EES RIS BV RO REN |

; EXTENSION-PO NT is only used in framework syntax
EXTENSI ON- PO NT<f> = ( * (quality-nane .feature f) => any )
quality-nanme = text .regexp "([a-z][a-z0-9]*:)?[a-z9%][ A Za-z$0-9] *"

sdf -pointer = global / sane-object / true



global = text .regexp ".*[:#].*" ; rough CURIE or JSON Pointer syntax
same- obj ect = referenceabl e- nane
ref erenceabl e-nane = text .regexp "[": #]*"

; per se no point in having an enmpty list, but used for sdfRequired
; in odnmobject-nmultiple_axis_joystick.sdf.json
pointer-list = [* sdf-pointer]

optional -coment = (

? $comment: text ; source code conmments only, no senantics
)
commonqual ities = (
? description: text ; long text (no constraints)
? | abel : text ; short text (no constraints); default to key

opti onal - coment

? sdf Ref: sdf -pointer

; applies to qualities of properties, of data:
? sdf Required: pointer-1list

)

arraydefinitionqualities = (
? "mnltenrs" => uint
? "maxltens" => uint

)

paedataqualities = (

; Property represents the state of an instance of an object

? sdf Property: naned<propertyqualities>
Action invokes an application | ayer verb associated with an object
sdf Action: naned<actionqualities>

Event represents an occurrence of event associated with an object
sdf Event: nanmed<event qualities>
; Data represents a piece of infornmation that can be the state of a
property or a parameter to an action or a signal in an event
sdf Dat a: named<dat aqual i ti es>

O

IR

O

; for building hierarchy
thingqualities = {
comonqual i ti es
? sdf Obj ect: named<obj ectqualities>
? sdf Thi ng: naned<t hi ngqual i ti es>
paedat aqual i ti es
arraydefinitionqualities
* $$SDF- EXTENSI ON- THI NG
EXTENSI ON- POl NT<"t hi ng- ext " >

; for single objects, or for arrays of objects
objectqualities = {

comonqual i ti es

paedat aqual i ti es

arraydefinitionqualities

* $$SDF- EXTENSI ON- OBJECT

EXTENSI ON- PO NT<" obj ect - ext " >

}

paraneter-list = dataqualities

actionqualities = {

commonqual i ties

? sdf I nput Data: paraneter-|ist ; sdf Requi redl nput Dat a applies here
? sdf Qut put Data: paraneter-list ; sdfRequired applies here

; zero or nore named data type definitions that m ght be used above



? sdf Data: nanmed<dat aqual ities>
* $$SDF- EXTENSI ON- ACTI ON
EXTENSI ON- PO NT<"act i on-ext ">

}

eventqualities = {

comonqual i ti es

? sdf QutputData: paraneter-list ; sdfRequired applies here

; zero or nore naned data type definitions that might be used above
? sdf Dat a: named<dat aqual iti es>

* $$SDF- EXTENSI ON- EVENT

EXTENSI ON- PO NT<" event - ext " >

}
sdftype-nane = text .regexp "[a-z][-a-z0-9]*" ;. EXTENSI ON- PO NT

dataqualities = {
comonqual i ti es
j sonschema
? "unit" => text
? nul |l abl e: boo
? "sdf Type" => "byte-string" / "unix-tinme"
| $SDF- EXTENSI ON- SDFTYPE . wi t hi n sdf t ype- nanme
[ (sdftype-nane .feature "sdftype-ext") ; EXTENSI ON- PO NT
? content Format: text
* $$SDF- EXTENSI ON- DATA
EXTENSI ON- PO NT<" dat a- ext " >

}

propertyqualities = {

? observabl e: boo

? readabl e: bool

? witable: boo

* $$SDF- EXTENSI ON- PROPERTY
~dataqualities

}

al | oned-types = nunber / text / bool / nul
[ [* nunber] / [* text] / [* bool]
[ {* text => any}
| $SDF- EXTENSI ON- ALLOVWED
[/ (any .feature "all owed-ext") ; EXTENSI ON- PO NT

conpound-type = (
n t ypell :> n Ob] ect n
? required: [+text]
? properties: named<dataqualities>

optional -choice = (
? (("sdf Choi ce" => naned<dataqual ities>)
[l ("enum!' => [+ text])) ; limted to text strings

)

j sonschema = (
? (("type" => "nunber" / "string" / "boolean" / "integer" / "array")
/1 conpound-type
/1 $$SDF- EXTENSI ON- TYPE
[l (type: text .feature "type-ext") ;. EXTENSI ON- PO NT

if present, all other qualities apply to all choices:
optional -choi ce
; the next three should validate agai nst type:
? const: all owed-types
? default: all owed-types
nunber/integer constraints



N ) ) ) )

NN ) N T

NN ) N T

)

m ni mum nunber

maxi mum nunber

excl usi veM ni num nunber

excl usi veMaxi mum nunber

mul ti pl eOF: nunber

text string constraints

m nLengt h: ui nt

maxLengt h: ui nt

pattern: text ; regexp
format: "date-tine" / "date" / "tinme"

[ "uri"™ [ "uri-reference" / "uuid"
| $SDF- EXTENSI ON- FORMAT . wit hin text
/[ (text .feature "format-ext") ; EXTENSI ON- PO NT

array constraints
mnltens: uint
max|tens: uint
uni quel tens: boo
items: jso-itens

jso-itens = {

}

? sdf Ref: sdf-pointer ; inport Iimted to subset allowed here..
? description: text ; long text (no constraints)
opti onal - coment
; | eave conmmonqual ities out for non-conpl ex data types,
; but need the above three.
; no further nesting: no "array"
? ((type: "number" / "string" / "boolean" / "integer")
/1 conpound-type
/1 $$SDF- EXTENSI ON- | TEMTYPE
[l (type: text .feature "itentype-ext") ; EXTENSI ON- PO NT

; if present, all other qualities apply to all choices
optional - choi ce

j S0 subset

m ni mum nunber

maxi mum nunber

format: text

m nLengt h: uint

maxLengt h: ui nt

$$SDF- EXTENSI ON- | TEMS

EXTENSI ON- PO NT<"i t enrs- ext " >

* ) ) ) ) D)

nmodi fied-date-tinme = text .abnf nodified-dt-abnf
nodi fi ed-dt-abnf = "nodified-dt" .det rfc3339z

; RFC 3339 sans tine-nunoffset, slightly condensed

rfc3339z ="

date-full year = 4DIGA T

dat e- nmont h =2DGAT ; 01-12

dat e- nday =2DIGAT ; 01-28, 01-29, 01-30, 01-31 based on
; nmont h/ year

ti me-hour =2DAT ; 00-23

time-mnute =2DIA T ; 00-59

ti me-second = 2DIGA@ T ; 00-58, 00-59, 00-60 based on | eap sec
; rules

ti me-secfrac Lt 1D T

DAT

"%30-39 ; 0-9

partial-tine = tinme-hour ":" time-mnute ":" time-second
[time-secfrac]

full -date = date-fullyear "-" date-nonth "-" date-nday

nmodi fi ed- dt = full-date ["T" partial-time "Z"]



Appendi x B. json-schema.org Rendition of SDF Syntax

This informative appendi x describes the syntax of SDF defined in
Appendi x A, but uses a version of the description techniques
advertised on json-schema.org [JSO7] [JSO7V].

The appendi x shows both the validation and the framework syntax.
Since nost of the lines are the sane between these two files, those
lines are shown only once, with a | eading space, in the formof a
unified diff. Lines leading with a - are part of the validation
syntax and lines leading with a + are part of the franmework syntax.

{

- "title": "sdf-validation.cddl -- Generated: 2025-10-13T08: 43: 182",
+ "title": "sdf-franmework.cddl -- Generated: 2025-10-13T08:43: 297",
"$schema": "http://json-schemn. org/draft-07/schema#",
"$ref": "#/ definitions/sdf-syntax",

"definitions": {
"sdf -syntax": {
"type": "object",
"properties": {
"info": {
"$ref": "#/definitions/sdfinfo"
}
"nanmespace": {
"type": "object",
"addi tional Properties": {
"type": "string"

}

,efaulthhnespacéH {
"type": "string"

} i)
"sdf Thing": {
"type": "object",
"addi tional Properties": {
"$ref": "#/ definitions/thingqualities"

}

}1
"sdf Gbject": {
"type": "object",
"addi tional Properties": {
"$ref": "#/ definitions/objectqualities"

}

1dfProperty": {
"$ref": "#/definitions/sdf Property-"

}

}1
"sdf Action": {
"$ref": "#/ definitions/sdfAction-"
}1
"sdf Event": {
"$ref": "#/definitions/sdf Event-"
}1
"sdf Data": {
"$ref": "#/ definitions/sdfData-sdf Choi ce-properties-"
}
b, _
+ "patternProperties": {
+ "N?:[a-z][a-z0-9]*:)?[a-z$] [ A-Za-z$0-9] *$": {}
+

"addi tional Properties": fal se

} i)
"sdfinfo": {
"type": "object",



"properties": {
"title": {
"type": "string"
}1
"description": {
"type": "string"
}1
"version": {
"type": "string"

"éopyright": {
"type": "string"

"l'icense": {
"type": "string"

b

"modi fied": {

"$ref": "#/definitions/nodified-date-tinme"

}

"features": {
"type": "array",
"maxltens": O
"type": "array"

"$comrent": {
"type": "string"
}
} i)
"patternProperties":
"N(?:[a-z][a-z0-9]*:)?[a-z$] [ A-Za-z$0-9] *$": {}

"édditionaIProperties": fal se
}1
"modi fied-date-tine": {

"type": "string"

}1
"thingqualities": {
"type": "object",
"properties": {
"description": {
"type": "string"

" abel ": {
"type": "string"

"éconnent": {
"type": "string"

} il
"sdf Ref ": {

"$ref": "#/ definitions/sdf-pointer"
}

"’deequired": {
"$ref": "#/definitions/pointer-list"
}

"sdf Gbj ect”: {
"type": "object",
"addi tional Properties": {
"$ref": "#/definitions/objectqualities"
}
},
"sdf Thing": {
"type": "object",
"addi tional Properties": {
"$ref": "#/definitions/thingqualities"”
}
3



"sdf Property": {
"$ref": "#/ definitions/sdf Property-"

}1
"sdf Action": {
"$ref": "#/definitions/sdf Action-"
}1
"sdf Bvent": {
"$ref": "#/ definitions/sdf Event-"
}1
"sdf Data": {
"$ref": "#/ definitions/sdfData-sdf Choi ce-properties-"
}1
"mnltens": ({
"$ref": "#/ definitions/uint"
}1
"maxltens": {
"$ref": "#/definitions/uint"
}
}

,atternPropertiesH
"N?:[a-z][a-20-9]*:)?[a-z$] [ A-Za-z$0-9] *$": {}

b
"addi tional Properties": fal se
},
"sdf -pointer”: {
"anyOf " [
"$ref": "#/definitions/global"
b
{
"$ref": "#/definitions/same-object"
¥
{
"$ref": "#/definitions/true"
}
]
}
"gl obal ": {
"type": "string",
"pattern": "ALMANMNr]F[cH[MNANNT] S
}

1ane-object": {
"$ref": "#/definitions/referenceabl e-nane"

}

ef erenceabl e- name": {
"type": "string",
"pattern": "A[NH]*S"

b,

"true": {
"type": "bool ean",
"const": true

}

ointer-list": {
"type": "array",
"items": {
"$ref": "#/ definitions/sdf-pointer"
}

bjectqualities": {
"type": "object",
"properties": {
"description": {
"type": "string"

}

"iabel": {
"type": "string"



}

comment ": {
"type": "string"

} ]
"sdf Ref": {

"$ref": "#/definitions/sdf-pointer"
}

"sdf Requi red": {
"$ref": "#/definitions/pointer-list"
}1
"sdf Property": {
"$ref": "#/definitions/sdf Property-"

}1
"sdf Action": {
"$ref": "#/definitions/sdfAction-"
}1
"sdf Event": {
"$ref": "#/ definitions/sdf Event-"
}1
"sdf Data": {
"$ref": "#/ definitions/sdfData-sdf Choi ce-properties-"
}1
"mnltens":
"$ref": "#/ definitions/uint"
}1
"maxltens":
"$ref": "#/definitions/uint"
}

}

1atternPropertie§H
"N?:[a-z][a-z0-9]*:)?[a-z$] [ A-Za-z$0-9] *$": {}

"addi tional Properties": false

}

1ropertyqualities": {
"anyOr "o |

"type": "object",
"patternProperties": {
"A?:[a-z][a-z0-9]*:)?[a-z$] [ A-Za-z$0-9] *$": {}

"broperties": {
e
"$ref": "#/definitions/type-"
}

"sdf Choi ce”: {

"$ref": "#/ definitions/sdfData-sdf Choi ce-properties-"
}1
"observabl e": {
"type": "bool ean”

}

’eadable": {
"type": "bool ean”

b
"writable": {
"type": "bool ean”

"aescription": {
"type": "string"
" abel ": {
"type": "string"
"éconnent": {
"type": "string"

3



"sdf Ref": {

"$ref": "#/ definitions/sdf-pointer"
}1
"sdf Required": ({

"$ref": "#/definitions/pointer-list"
}1
"const": {

"$ref": "#/definitions/allowed-types"
}

’efault": {
"$ref": "#/definitions/allowed-types

}

""ninunf: {
"type": "nunber"
}

"y xi mum': {
"type": "nunber"
}

,xclusiveM ni munt: {
"type": "nunber"

"excl usi veMaxi muni': {
"type": "nunber"

"mul tipleOf": {
"type": "nunber"

"ﬁinLength": {
"$ref": "#/definitions/uint"
}

"y xLength": {

"$ref": "#/ definitions/uint"
} 1
"pattern": {
"type": "string"

}1
"format": {
"$ref": "#/definitions/formt-"
}1
"mnltems": {
"$ref": "#/definitions/uint"
}1
"maxltenms": {
"$ref": "#/ definitions/uint"
}1
"uni queltens": ({
"type": "bool ean”
"itens": {
"$ref": "#/definitions/jso-itens”
}1
"unit": {

"type": "string"

"nul 1 abl e": {
"type": "bool ean”

"édnype": {

"$ref": "#/definitions/sdf Type-"
} i)
"content Format": ({
"type": "string"

}

b

ddi tional Properties": false



{
"type": "object",
"patternProperties": {
"N(?:[a-z][a-z0-9]*:)?[a-z$] [ A-Za-z$0-9] *$": {}

"broperties": {

"type': {

"type": "string",

"const": "object”
}1
"required": {

"type": "array",

"items": {

"type": "string"

}1

"mnlitens": 1
b, _
"properties": {

"$ref": "#/ definitions/sdfData-sdf Choi ce-properties-"
}1
"sdf Choi ce": {

"$ref": "#/ definitions/sdfData-sdf Choi ce-properties-"
}

1bservab|e": {
"type": "bool ean”

"}eadabIEH {
"type": "bool ean”
} i)
"writable": {
"type": "bool ean”
"aescription": {
"type": "string"
"iabel": {
"type": "string"
"éconnent": {
"type": "string"

}1
"sdf Ref": {

"$ref": "#/definitions/sdf-pointer"
}1
"sdf Required": {

"$ref": "#/definitions/pointer-list"
}1
"const": {

"$ref": "#/definitions/allowed-types"”
}

,efault": {
"$ref": "#/definitions/allowed-types"

} i)

"m ni mum': {
"type": "nunber"”

"ﬁaxinunf: {
"type": "nunber"

"éxclusiveM ni munt': {
"type": "nunber"”

" éxcl usi veMaxi mum': {
"type": "nunber"
}

"multipleOk": {



++++++++ 4

}
{

"type": "nunber"”

"ﬁinLength": {
"$ref": "#/definitions/uint"
}

"y xLength": {

"$ref": "#/definitions/uint"
} i)
"pattern": {
"type": "string"

}1
"format": {
"$ref": "#/definitions/format-"
}1
"mnltens": {
"$ref": "#/definitions/uint"
}1
"maxltens": {
"$ref": "#/definitions/uint"
}1
"uni queltens": {
"type": "bool ean”
"itens": {
"$ref": "#/definitions/jso-itens"
}1
"unit": {
"type": "string"
}1
"nul | abl e":
"type": "bool ean”
"édnype": {
"$ref": "#/definitions/sdf Type-"
}

ontent Format": {
"type": "string"

}

ddi tional Properties": false

"type": "object”,
"patternProperties":
"MN?:[a-z][a-20-9]*:)?[a-z$] [ A-Za-z$0-9] *$": {}

"broperties": {
"type": { _
"type": "string"

"sdf Choi ce”: {
"$ref": "#/ definitions/sdfData-sdf Choi ce-properties-"
}

1bservab|e": {
"type": "bool ean”

"}eadabIEH {
"type": "bool ean”

"writable": {
"type": "bool ean”

"aescription": {
"type": "string"
}

"1abel": {



++++++++++++++ AR+t

"type": "string"

"éconnent": {
"type": "string"

}1
"sdf Ref": {

"$ref": "#/definitions/sdf-pointer"
}1
"sdf Required": {

"$ref": "#/definitions/pointer-list"
}1
"const": {

"$ref": "#/definitions/allowed-types"”
}

,efault": {
"$ref": "#/definitions/allowed-types"

} i)
"m ni mum': {
"type": "nunber"”

"ﬁaxinunf: {
"type": "nunber"

"éxclusiveM ni munt': {
"type": "nunber"

" éxcl usi veMaxi mum': {
"type": "nunber"

}1

"mul tipled": {
"type": "nunber"”

"ﬁinLength": {
"$ref": "#/definitions/uint"
}

"y xLength": {
"$ref": "#/ definitions/uint"
}

attern": {
"type": "string"

"%ornat": {

"$ref": "#/definitions/formt-"
}1
"mnltens": {
"$ref": "#/definitions/uint"
}1
"maxltens": {
"$ref": "#/ definitions/uint"
}1
"uni queltens": {
"type": "bool ean”
"itens": {
"$ref": "#/definitions/jso-itens”
}1
"unit": {

"type": "string"

"nul lable": {
"type": "bool ean”

} ]
"sdf Type": {

"$ref": "#/definitions/sdf Type-"
}

ontent Format ": {



++++++++++

"type": "string"

)
b
{
"type": "object”,
"patternProperties":
"N?:[a-z][a-20-9]*:)?[a-z$] [ A-Za-z$0-9] *$": {}

ddi tional Properties": false

"broperties": {
"type": {
"$ref": "#/definitions/type-"

} i)
"enun': {
"type": "array",
"itens": {
"type": "string"
"mnltens": 1
}

’bservable": {
"type": "bool ean”

"}eadabléH {
"type": "bool ean”

"writable": {
"type": "bool ean”
"aescription": {
"type": "string"
}1
"l abel ": {
"type": "string"
}

comrent ": {
"type": "string"

"édeef": {

"$ref": "#/definitions/sdf-pointer"
}1
"sdf Required": {

"$ref": "#/definitions/pointer-list"
}1
"const": {

"$ref": "#/definitions/allowed-types"
}

defaul t": {
"$ref": "#/definitions/allowed-types"

}

""ninunf: {
"type": "nunber"
}

: xi mumt' : {
"type": "nunber"

"excl usi veM ni muni': {
"type": "nunber"

" éxcl usi veMaxi mum': {
"type": "nunber"

}1

"mul tipled": {
"type": "nunber"

3



"m nLength": {
"$ref": "#/ definitions/uint"
}

"y xLength": {

"$ref": "#/definitions/uint"
} i)
"pattern": {
"type": "string"

"%ornat": {
"$ref": "#/definitions/format-"
}1
"mnltens": {
"$ref": "#/definitions/uint"
}1
"maxltems": {
"$ref": "#/definitions/uint"
}1
"uni queltens": ({
"type": "bool ean”
"itens":
"$ref": "#/definitions/jso-itens”
}1
"unit": {

"type": "string"

"nullable”: {
"type": "bool ean”

} il
"sdf Type": {

"$ref": "#/ definitions/sdf Type-"
}

content Format": {
"type": "string"

}
}

",dditionaIProperties": fal se
} i)
{

"type": "object",
"patternProperties": {
"N?:[a-z][a-z0-9]*:)?[a-z$] [ A-Za-z$0-9] *$": {}

"broperties": {

"type": { _
"type": "string",
"const": "object”

}1

"required": {
"type": "array",
"itens": {

"type": "string"
}1
"mnltenms": 1
}

,roperties": {
"$ref": "#/ definitions/sdfData-sdf Choi ce-properties-"

},

"enunm': {
"type": "array",
"itens": {

"type": "string"

"mnltenms": 1

b



"observabl e": {
"type": "bool ean”

"}eadabIEH {
"type": "bool ean”

"writable": {
"type": "bool ean”

"aescription": {
"type": "string"

}1
"l abel ": {

"type": "string"
}1
"$conment": {
"type": "string"
}1
"sdf Ref": {

"$ref": "#/ definitions/sdf-pointer"
}

"’deequired": {
"$ref": "#/definitions/pointer-list"
} i)
"const": {
"$ref": "#/definitions/allowed-types"

}

’efault": {
"$ref": "#/definitions/allowed-types"

}

""ninunf: {
"type": "nunber"
}

"y xi mum': {
"type": "nunber"
}

,xclusiveM ni munt: {
"type": "nunber"

"excl usi veMaxi muni': {
"type": "nunber"

"mul tipleOf": {
"type": "nunber"

"ﬁinLength": {
"$ref": "#/definitions/uint"
}

"y xLength": {

"$ref": "#/ definitions/uint"
} 1
"pattern": {
"type": "string"
}

,ornat": {
"$ref": "#/definitions/formt-"

}

"nltens": {
"$ref": "#/definitions/uint"

}

, xltems": {
"$ref": "#/ definitions/uint"

}

’niqueltens": {
"type": "bool ean”

3



++++++++++++++ A+ o+

"items": {
"$ref": "#/definitions/jso-itens”
} ]

"unit": {
"type": "string"

"nul 1 abl e": {
"type": "bool ean”

}1
"sdf Type": {

"$ref": "#/ definitions/sdf Type-"
}1
"content Format": ({
"type": "string"
}

ddi tional Properties": false

}

b
{

"type": "object",
"patternProperties": {
"N?:[a-z][a-z0-9]*:)?[a-z$] [ A- Za- z$0- 9] * $":

"broperties": {
"type: {
"type": "string"

"énunf: {
n t ypell : n ar r ayll ,
"itenms": {

"type": "string"

"mnltens": 1

}

1bservab|e": {
"type": "bool ean”

"}eadabléH {
"type": "bool ean”

"writable": {
"type": "bool ean”
}

,escription": {
"type": "string"
"iabel": {

"type": "string"
"éconnent": {
"type": "string"

}1
"sdf Ref": {

"$ref": "#/definitions/sdf-pointer"
}1
"sdf Required": {

"$ref": "#/definitions/pointer-list"
}1
"const": {

"$ref": "#/definitions/allowed-types"
}

defaul t": {

"$ref": "#/definitions/allowed-types"”
}1

"monimun': {

"type": "nunber"



++++++++++++++++ AR+ +

}

"y xi munm': {
"type": "nunber"
}

1xc|usiveM ni mum': {
"type": "nunber"

}

: xcl usi veMaxi munt': {
"type": "nunber"

"multipledt": {
"type": "nunber"

"ﬁinLength": {
"$ref": "#/definitions/uint"
}

"y xLength": {

"$ref": "#/ definitions/uint"
} ]
"pattern": {
"type": "string"

}1
"format": {
"$ref": "#/definitions/formt-"
}1
"mnltens": {
"$ref": "#/definitions/uint"
}1
"maxl tems": {
"$ref": "#/ definitions/uint"
}1
"uni queltens": {
"type": "bool ean”
"itens": {
"$ref": "#/definitions/jso-itens"
.
"unit": {

"type": "string"

"nullable”: {

"type": "bool ean”
} il
"sdf Type": {

"$ref": "#/definitions/sdf Type-"
}

ontent Format": {
"type": "string"

} i)
"addi tional Properties": fal se
}
]
,ataqualities": {
"anyOf " [
{
"type": "object",
"patternProperties":
"N?:[a-z][a-z0-9]*:)?[a-z$] [ A-Za- z$0- 9] *$":
}

,roperties": {
"type": {

"$ref": "#/definitions/type-"
}

"sdf Choi ce": {

{}



"$ref": "#/ definitions/sdfData-sdf Choi ce-properties-"
}

,escription": {
"type": "string"

} i)
"l abel ": {
"type": "string"

"éconnent": {
"type": "string"
}

"sdf Ref": {
"$ref": "#/definitions/sdf-pointer"
}

",deequired": {
"$ref": "#/definitions/pointer-list"
} i)

"const": {
"$ref": "#/definitions/allowed-types"”
}1
"default": {
"$ref": "#/definitions/allowed-types"
}1
"m ni mum': {
"type": "nunber"”

"ﬁaxinunf: {
"type": "nunber"

} i)

"excl usi veM ni mum': {

"type": "nunber"”

"excl usi veMaxi mum': {
"type": "nunber"

"multipleOf": {
"type": "nunber"”

"ﬁinLength": {
"$ref": "#/definitions/uint"
}

"y xLength": {

"$ref": "#/ definitions/uint"
} i)
"pattern": {
"type": "string"
}

1ornat": {
"$ref": "#/definitions/formt-"

}

,'nltens": {
"$ref": "#/definitions/uint"

}

: xltems": {
"$ref": "#/ definitions/uint"

}

,niqueltens": {
"type": "bool ean”

"itens": {
"$ref": "#/definitions/jso-itens"
}

",nit": {
"type": "string"
}

"nul lable": {



"type": "bool ean”

} ]
"sdf Type": ({

"$ref": "#/definitions/sdf Type-"
}

ontent Format": {
"type": "string"

}

ddi tional Properties": false

}
{

"type": "object”,
"patternProperties": {
"N?:[a-z][a-20-9]*:)?[a-z$] [ A-Za-z$0-9] *$": {}

"broperties": {

"type": { _
"type": "string",
"const": "object”

},

"required": {
"type": "array",
"itenms": {

"type": "string"

"mnltens": 1

}

1roperties": {
"$ref": "#/ definitions/sdfData-sdf Choi ce-properties-"
}1
"sdf Choi ce": {
"$ref": "#/ definitions/sdfData-sdf Choi ce-properties-"
}1
"description": {
"type": "string"
}1
"l abel ": {
"type": "string"
}

comrent ": {
"type": "string"

}1
"sdf Ref": {

"$ref": "#/ definitions/sdf-pointer"
}1
"sdf Required": ({

"$ref": "#/definitions/pointer-list"
}1
"const": {

"$ref": "#/definitions/allowed-types"
}1
"default": {

"$ref": "#/definitions/allowed-types"
}

",'ninunT: {
"type": "nunber"
}

"y xi mum': {
"type": "nunber"
}

,xclusiveM ni mun': {
"type": "nunber"

" éxcl usi veMaxi muni': {
"type": "nunber"
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}
{

3

} ]
"multipleO": {

"type": "nunber"
}

"1'nLength": {
"$ref": "#/ definitions/uint"
}

"y xLengt h": {

"$ref": "#/definitions/uint"
} 1
"pattern": {
"type": "string"

"%ornat": {
"$ref": "#/definitions/format-"
}1
"mnltems": {
"$ref": "#/ definitions/uint"
}1
"maxltens": {
"$ref": "#/definitions/uint"
}1
"uni queltens": {
"type": "bool ean”
}1
"itens": {
"$ref": "#/definitions/jso-itens"
}1
"unit": {

"type": "string"

"nullabl e": {
"type": "bool ean”

}1
"sdf Type": {

"$ref": "#/definitions/sdf Type-"
}1
"content Format": {
"type": "string"
}

ddi tional Properties": fal se

}

"type": "object",
"patternProperties": {
"A(?:[a-z][a-z0-9]*:)?[a-z$] [ A-Za-z$0-9] *$": {}

"broperties": {
"type": {
"type": "string"

}1
"sdf Choi ce": {

"$ref": "#/ definitions/sdfData-sdf Choi ce-properties-"
}1
"description": {
"type": "string"
}1
"l abel ": {

"type": "string"
}1
"$comment": {
"type": "string"
"édeef": {

"$ref": "#/definitions/sdf-pointer"



++++++++++++++ AR+t

8
{

} ]
"sdf Required": {

"$ref": "#/definitions/pointer-list"
} b
"const": {

"$ref": "#/definitions/allowed-types"
}

defaul t": {
"$ref": "#/definitions/allowed-types"”

} 1
"monimun': {
"type": "nunber"

"ﬁaxinunT: {
"type": "nunber"

"éxclusiveM ni mum': {
"type": "nunber"

"excl usi veMaxi mum': {
"type": "nunber"

} 1

"multipleO": {
"type": "nunber"

}

",'nLength": {
"$ref": "#/definitions/uint"
}

"y xLength": {

"$ref": "#/ definitions/uint"
} ]
"pattern": {
"type": "string"

"%ornat": {
"$ref": "#/ definitions/format-"
}1
"mnltens": {
"$ref": "#/definitions/uint"
}1
"maxl tems": {
"$ref": "#/definitions/uint"
}1
"uni queltens": {
"type": "bool ean”
"itens": {
"$ref": "#/definitions/jso-itens"
}1
"unit": {

"type": "string"

"nullable”: {
"type": "bool ean”

} il
"sdf Type": {

"$ref": "#/ definitions/sdf Type-"
}

"content Format": {
"type": "string"
}

ddi tional Properties": false

}

"type": "object",



"patternProperties":
"M?:[a-z][a-z0-9]*:)?[a-z$] [ A-Za- z$0- 9] * $":

"broperties": {
Iltypell: {
"$ref": "#/definitions/type-"

} 1
"enun': {
"type": "array",
"itens": {
"type": "string"
"mnltenms": 1
}

,escription": {
"type": "string"
"iabel": {

"type": "string"
"éconnent": {
"type": "string"

}1
"sdf Ref": {

"$ref": "#/definitions/sdf-pointer"
}1
"sdf Required": {

"$ref": "#/definitions/pointer-list"
}1
"const": {

"$ref": "#/definitions/allowed-types"”
}

,efault": {
"$ref": "#/definitions/allowed-types"

}

"1'ninunf: {
"type": "nunber"”

"ﬁaxinunf: {
"type": "nunber"

"éxclusiveM ni munt': {
"type": "nunber"”

" éxcl usi veMaxi mum': {
"type": "nunber"
}

"multipleOf": {
"type": "nunber"”

"ﬁinLength": {
"$ref": "#/definitions/uint"
}

"y xLength": {

"$ref": "#/ definitions/uint"
} i)
"pattern": {
"type": "string"

"%ornat": {
"$ref": "#/definitions/formt-"
} 1
"mnltens": {
"$ref": "#/definitions/uint"

}

xltems": {



"$ref": "#/ definitions/uint"

} i)
"uni queltens": {
"type": "bool ean”

"itenms": {

"$ref": "#/definitions/jso-itens"
} ]
“unit": {

"type": "string"
}

1u||abI€H
"type": "bool ean”

"édnype": {

"$ref": "#/definitions/sdf Type-"
} i)
"content Format": ({
"type": "string"

}

"addi tional Properties": fal se
} i)

{
"type": "object”,
"patternProperties":
"N?:[a-z][a-20-9]*:)?[a-z$] [ A-Za-z$0-9] *$": {}

"properties": {
"type": { _
"type": "string",
"const": "object”
},
"required": {
"type": "array",
"itenms": {
"type": "string"

"ﬁinltens": 1
} ]
"properties": {

"$ref": "#/ definitions/sdfData-sdf Choi ce-properties-"

} £

"enun': {
"type": "array",
"itens": {

"type": "string"
"Hinltens": 1
}1
"description": {
"type": "string"
"iabel": {
"type": "string"
"éconnent": {
"type": "string"
}1
"sdf Ref": {
"$ref": "#/definitions/sdf-pointer"
}

",deequired": {
"$ref": "#/definitions/pointer-list"
}

onst": {



++++++++

"$ref": "#/definitions/allowed-types"”

}

,efault": {
"$ref": "#/definitions/allowed-types"

}

"1'ninunf: {
"type": "nunber"”

"ﬁaxinunf: {
"type": "nunber"

} i)

"excl usi veM ni mum': {

"type": "nunber"”

"excl usi veMaxi mum': {
"type": "nunber"

"multipleOk": {
"type": "nunber"”

"ﬁinLength": {
"$ref": "#/definitions/uint"
}

"y xLength": {

"$ref": "#/ definitions/uint"
} i)
"pattern": {
"type": "string"

}1
"format": {
"$ref": "#/definitions/format-"
}1
"mnltens": {
"$ref": "#/definitions/uint"
}1
"maxltens": {
"$ref": "#/definitions/uint"
}1
"uni queltens": {
"type": "bool ean”
"itens": {
"$ref": "#/definitions/jso-itens"
}1
"unit": {
"type": "string"
}1
"nul | abl e":
"type": "bool ean”
"édnype": {
"$ref": "#/definitions/sdf Type-"
}

ontent Format ": {
Iltypell: "Stri I,]gll

)
} i)
{ _
"type": "object”,
"patternProperties":

ddi tional Properties": false

"N?:[a-z][a-20-9]*:)?[a-z$] [ A-Za- z$0- 9] * $":

"broperties": {
"type": {

{}



++++++++++++++ AR+t

"type": "string"

"énunT: {
"type": "array",
"itens": {

"type": "string"
}

inltens": 1

}

’escription": {
"type": "string"

} i)
"l abel ": {

"type": "string"
}

’connent": {
"type": "string"

}1
"sdf Ref": {

"$ref": "#/ definitions/sdf-pointer"
}1
"sdf Required": ({

"$ref": "#/definitions/pointer-list"
}1
"const": {

"$ref": "#/definitions/allowed-types"
}

’efault": {
"$ref": "#/definitions/allowed-types"

}

""ninunf: {
"type": "nunber"
}

"y xi mum': {
"type": "nunber"
}

,xclusiveM ni munt: {
"type": "nunber"

"excl usi veMaxi muni': {
"type": "nunber"

"mul tipleOf": {
"type": "nunber"

"ﬁinLength": {
"$ref": "#/definitions/uint"
}

"y xLength": {

"$ref": "#/ definitions/uint"
} 1
"pattern": {
"type": "string"
}

,ornat": {
"$ref": "#/definitions/formt-"

}

"nltens": {
"$ref": "#/definitions/uint"

}

, xltems": {
"$ref": "#/ definitions/uint"

}

’niqueltens": {
"type": "bool ean”

3
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"items": {

"$ref": "#/definitions/jso-itens”
} ]
"unit": {

"type": "string"

"nul 1 abl e": {
"type": "bool ean”

}1
"sdf Type": {

"$ref": "#/ definitions/sdf Type-"
}1
"content Format": ({
"type": "string"
}

ddi tional Properties": false

!
}
]

,Ilomed—types": {
"anyOrt:o |

}

"type": "nunber"

"type": "string"

"type": "bool ean”

"type": "null"

o N—— o) o N—— o)

"type": "array",
"itenms": {
"type": "nunber"

8
{

"type": "array",
"items": {
"type": "string"

H
{
"type": "array",
"itens":
"type": "bool ean”

}
8
{

"type": "object",
"additional Properties": {}
}
},
{}
]
b,
"uint": {
"type": "integer",
"mninmum': O

}

Zso-itens": {
"anyOr "o |



{
"type": "object",
"patternProperties": {
"N(?:[a-z][a-z0-9]*:)?[a-z$] [ A-Za-z$0-9] *$": {}

"properties": {
"type': {
"type": "string",
"enum': [
"nunber",
"string",
"bool ean",
"integer”
]
},
"sdf Choi ce": {
"$ref": "#/ definitions/sdfData-sdf Choi ce-properties-"
}

"sdf Ref": {

"$ref": "#/ definitions/sdf-pointer"
}1
"description": {

"type": "string"

"éconnent": {
"type": "string"

"m ni muni':
"type": "nunber"

"ﬁaxinunf: {
"type": "nunber"
}1
"format": {
"type": "string"
}1
"m nLength": {
"$ref": "#/ definitions/uint"
}

"y xLength": {
"$ref": "#/definitions/uint"
}

dditional Properties": false

}

H
{

"type": "object",
"patternProperties”
"N?:[a-z][a-z0-9]*:)?[a-z$] [ A-Za-z$0-9] *$": {}

"broperties": {
"type": { _
"type": "string",
"const": "object”

} £
"required": {
"type": "array",
"itens": {
"type": "string"
"Hinltens": 1
}

,roperties": {
"$ref": "#/ definitions/sdfData-sdf Choi ce-properties-"

} i)
"sdf Choi ce": {



++++++++++++ A+t

"$ref": "#/ definitions/sdfData-sdf Choi ce-properties-"
}1
"sdf Ref ":

"$ref": "#/definitions/sdf-pointer"
}1
"description": {

"type": "string"

"éconnent": {
"type": "string"
}

"1'ninunf: {
"type": "nunber"”

"ﬁaxinunf: {
"type": "nunber"

"%ornat": {
"type": "string"

"ﬁinLength": {
"$ref": "#/definitions/uint"
}

"y xLength": {
"$ref": "#/ definitions/uint"
}

ddi tional Properties": false

}

"type": "object”,
"patternProperties": {
"N?:[a-z][a-20-9]*:)?[a-z$] [ A-Za-z$0-9] *$": {}

"broperties": {
"type": { _
"type": "string"

} i)
"sdf Choi ce": {

"$ref": "#/ definitions/sdfData-sdf Choi ce-properties-"
}

"sdf Ref": {

"$ref": "#/definitions/sdf-pointer"
}1
"description": {
"type": "string"
}

comrent ": {
Iltypell: "Stri I,]gll

"ﬁininunf: {
"type": "nunber"

"Haxinunf: {
"type": "nunber"”

"fornat": {
"type": "string"

"HinLength": {
"$ref": "#/ definitions/uint"
}

"y xLengt h": {
"$ref": "#/definitions/uint"
}

b
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IS
{

poN——

"additional Properties”: fal se

"type": "object",
"patternProperties":

}

"N?:[a-z][a-z0-9]*:)?[a-z$] [ A-Za- z$0- 9] *$":

roperties": {
"type": { _
"type": "string",
"enum': [
"nunmber ",
"string",
"bool ean",
"integer"
]
},
"enun': {

"type": "array",

"itens": {

"type": "string"

},

"mnltens": 1
},
"sdf Ref": {

"$ref": "#/ definitions/sdf-pointer"
},

"description": {
"type": "string"

"éconnent": {
"type": "string"

} i)

"monimun': {

"type": "nunber"

}

"y xi mumt' : {
"type": "nunber"

"%ornat": {
"type": "string"

"ﬁinLength": {
"$ref": "#/ definitions/uint"
}

"y xLength": {
"$ref": "#/definitions/uint"

}

dditional Properties": false

}

"type": "object",
"patternProperties”

"N?:[a-z][a-z0-9]*:)?[a-z$] [ A- Za- z$0- 9] *$":

"broperties": {

"type": {
"type": "string",
"const": "object”

}

"required": {
"type": "array",
"itens": {

"type": "string"

3

{}

{}
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"mnltenms": 1

}

,roperties": {
"$ref": "#/ definitions/sdfData-sdf Choi ce-properties-"
}

"1nunf: {

"type": "array",

"itens": {

"type": "string"

"ﬁinltens": 1
} i)
"sdf Ref": {

"$ref": "#/ definitions/sdf-pointer"
}

"’escription": {
"type": "string"
}

comrent ": {
"type": llstrI ng"

"Hininunf: {
"type": "nunber"

"ﬁaxinunf: {
"type": "nunber"

"%ornat": {
"type": "string"

"ﬁinLength": {
"$ref": "#/ definitions/uint"
}

"y xLength": {
"$ref": "#/definitions/uint"

}

dditional Properties": false

}

H
{

"type": "object",
"patternProperties": {
"N?:[a-z][a-z0-9]*:)?[a-z$] [ A-Za-z$0-9] *$": {}

"broperties": {
"type": { _
"type": "string"

"énunf: {
"type": "array",
"itens": {

"type": "string"

"Hinltens": 1
}1
"sdf Ref": {

"$ref": "#/ definitions/sdf-pointer"
}1
"description": {

"type": "string"

}1
"$comment": {
"type": "string"

"Hininunf: {
"type": "nunber"
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+ + + +

}

}

}

}

}

"y xi munm': {
"type": "nunber"

}1
"format": ({
"type": "string"
}1
"m nLength": {
"$ref": "#/definitions/uint"
}1
"maxLengt h": {
"$ref": "#/definitions/uint"
}
}1
"addi tional Properties": false
}
]

’dftype—nanEH {
"type": "string",
"pattern": "~ a-z][\\-a-z0-9]*$"

ctionqualities": {
"type": "object",
"properties": {
"description": {
"type": "string"

"iabel": {
"type": "string"

"éconnent": {
"type": "string"

} ]
"sdf Ref": {

"$ref": "#/definitions/sdf-pointer"
}

"sdf Requi red": {
"$ref": "#/definitions/pointer-list"

} ]
"sdf | nput Data": {
"$ref": "#/definitions/parameter-1list"

} ]
"sdf Qut put Dat a": {

"$ref": "#/ definitions/parameter-1list"
} ]
"sdf Data": {

"$ref": "#/ definitions/sdfData-sdf Choice-properties-"
}

}

,atternPropertie§H
"N?:[a-z][a-z0-9]*:)?[a-z$] [ A-Za-z$0-9] *$": {}

"addi tional Properties": fal se

,araneter—list": {
"$ref": "#/definitions/dataqualities"

ventqualities": {
"type": "object",
"properties": {
"description": {
"type": "string"

"iabel": {
"type": "string"



++++++++++++

}

comment ": {
"type": "string"

}1
"sdf Ref": {

"$ref": "#/definitions/sdf-pointer"
}1
"sdf Required": {

"$ref": "#/definitions/pointer-list"
}1
"sdf Qut put Dat a": {

"$ref": "#/definitions/parameter-1list”
}1
"sdf Data": {

"$ref": "#/ definitions/sdfData-sdf Choi ce-properties-"
}

}

1atter nProperties":
"N?:[a-z][a-z0-9]*:)?[a-z$] [ A-Za-z$0-9] *$": {}

"addi tional Properties": false

b

"format-": {
"type": "string",
"enunt': [

"date-tine",

"date",

"time",

"uri",

"uri-reference",

"uui d"

"anyOoFt:o |

{ .
"type": "string",
"const": "date-tine"

b,

{ .
"type": "string",
"const": "date"

b,

{ _
"type": "string",
"const": "time"

b,

{ .
"type": "string",
"const": "uri"

b,

{ .
"type": "string",
"const": "uri-reference"

b,

{ _
"type": "string",
"const": "uuid"

b,

{ .
"type": "string"

]
b,
"sdf Type-": {
"anyOrt:o |
{

"type": "string",
"const": "byte-string"



b,
{ .
"type": "string",
"const": "unix-tine"
}s
{
"$ref": "#/ definitions/sdftype-nane"

}

++++++++

]

df Dat a- sdf Choi ce-properties-": {
"type": "object",
"additional Properties": {

"$ref": "#/definitions/dataqualities"
}

ype-": { _
"type": "string",
"enunt': [
"nunber ",
"string",
"bool ean",
"integer",
"array"

}

}

]
}

- "sdf Event-": {
+ "sdf Property-": {
"type": "object",
"addi tional Properties": {
- "$ref": "#/definitions/eventqualities"”
+ "$ref": "#/definitions/propertyqualities"
}
},
"sdf Action-": {
"type": "object",
"addi tional Properties": {
"$ref": "#/ definitions/actionqualities"
}

}

- df Property-": {
+ "sdf Bvent-": {
"type": "object”,
"addi tional Properties": {
- "$ref": "#/definitions/propertyqualities"
+ "$ref": "#/definitions/eventqualities"”
}
- } ,
- "sdf Type-": {
- "type": "string",
- "enunt': |
- "byte-string",
- "uni x-ti me"
- ]
}
}
}

Appendix C. Data Qualities Inspired by json-schena.org
Thi s appendi x i s normative.
Data qualities define data used in SDF affordances at an information
nmodel level. A popular way to describe JSON data at a data node

| evel is proposed by a nunber of drafts on json-schenma.org (which
collectively are abbreviated JSO here); for reference to a popul ar



version, this appendi x points to [JSO7] and [JSOrV]. As the
vocabul ary used by JSOis famliar to many JSON nodel ers, the present
specification borrows sone of the terms and ports their semantics to
the informati on nodel |evel needed for SDF

The main data quality inmported is the "type". |In SDF, this can take
one of six (text string) values, which are discussed in the foll ow ng
subsections (note that the JSO type "null" is not supported as a

val ue of this data quality in SDF).

The additional quality "const" restricts the data to one specific
val ue (given as the value of the const quality).

Simlarly, the additional quality "default" provides data that can be
used in the absence of the data (given as the value of the default
quality); this is mainly docunentary and not very well-defined for
SDF as no process is defined that woul d add default values to an

i nstance of sone interaction data.

O her qualities that are inspired by JSO are "$coment" and
"description", both of which are also available in the information
bl ock.

C. 1. type "nunber", type "integer"

The types "nunber" and "integer" are associated with floating point
and integer nunbers, as they are available in JSON. A type val ue of
i nteger nmeans that only integer values of JSON nunbers can be used
(note that 10.0 is an integer value, even if it is in a notation that
woul d al so all ow non-zero decimal fractions).

The additional data qualities "mninmunt, "maxinuni,

"excl usi veM ni mumt', and "excl usi veMaxi nuni' provi de nunber val ues that
serve as inclusivel/exclusive | ower/upper bounds for the nunber.

(Note that the Bool ean form of "excl usiveM ni mum'/"excl usi veMaxi munm'
found in earlier JSO drafts [JSO4V] is not used.)

The data quality "nmultipleO" gives a positive nunber that constrains
the data value to be an integer nultiple of the nunber given. (Type
"integer" can also be expressed as a "nultipleO" quality of value 1
unl ess another "multipleO" quality is present.)

C.2. type "string"

The type "string" is associated with Unicode text string val ues, as
they can be represented in JSON

The length (as measured in characters, specifically Unicode scal ar
val ues) can be constrained by the additional data qualities
"m nLengt h" and "nmaxLength", which are inclusive bounds.

(More specifically, Unicode text strings as defined in this
speci fication are sequences of Unicode scal ar val ues, the nunmber of
which is taken as the Iength of such a text string.

The data quality "pattern" takes a string value that is interpreted
as an [ ECMA- 262] regul ar expression in Uni code node that constrains
the string (note that these are not anchored by default, so unless 7
and $ anchors are enpl oyed, ECMA-262 regul ar expressions match any
string that _contains_ a match). The JSO proposal s acknow edge t hat
regul ar expression support is rather diverse in various platforns, so
the suggestion is to limt themto:

* characters;
* character classes in square brackets, including ranges; their
compl enent s;



* sinple quantifiers *, +, ?, and range quantifiers {n}, {n,n}, and
{n};

* groupi ng parentheses;
the choi ce operator |

* and anchors (beginning-of-input ~ and end-of-i nput $).

Note that this subset is somewhat simlar to the subset introduced by
| - Regexps [ RFC9485], which are anchored regul ar expressions and

i nclude certain backsl ash escapes for characters and character

cl asses.

The additional data quality "format" can take one of the follow ng
values. Note that, at an information nodel |evel, the presence of
this data quality changes the type frombeing a sinple text string to
the abstract neaning of the format given (i.e., the format "date-
time" is | ess about the specific syntax enployed in [ RFC3339] than
about the usage as an absolute point in civil tine).

* "date-tinme", "date", "time": A date-tine, full-date, or full-tine
as defined in [ RFC3339], respectively.
*  M"uri", "uri-reference": A UR or UR Reference as defined in

[ STD66], respectively.
* Muuid": A Universally Unique Identifier (UU D) as defined in
[ RFC9562]) .

C. 3. type "bool ean"
The type "bool ean" can take the values "true" or "fal se"
C.4. type "array"

The type "array" is associated with arrays, as they are available in
JSON.

The additional quality "itens" gives the type that each of the
el ements of the array nust match.

The nunber of elenents in the array can be constrai ned by the
additional data qualities "mnltens" and "maxltens", which are
i nclusi ve bounds.

The additional data quality "uniqueltens" gives a Bool ean val ue that,
if true, requires the elenents to be all different.

C. 5. type "object"

The type "object" is associated with maps, fromstrings to val ues, as
they are available in JSON

The additional quality "properties" is a map the entries of which
describe entries in the specified JSON nmap: the key gives an

al | owabl e map key for the specified JSON map and the value is a nap
with a named set of data qualities giving the type for the
correspondi ng value in the specified JSON map.

Al entries specified in this way are optional unless they are |isted
in the value of the additional quality "required", which is an array
of string values that give the key nanes of required entries.

Note that the term "properties" as an additional quality for defining
map entries is unrelated to sdf Property.

For exanple, to include information about the type of the event in
the "over TenperatureEvent" of Figure 4, the sdf QutputData there could
be defined as foll ows:



"sdf Qut put Dat a": {
"type": "object",
"properties": {

"al ar mlype":
"sdf Ref ": "cap: #/ sdf Dat a/ al ar mTypes/ quantityAl arns",
"const": "Over Tenperat ureAl arm'

}

",er‘rperature": {
"sdf Ref ": "#/ sdf Cbj ect/tenperatureWthAl arm sdf Dat a/ t enper at ur ebat a"
}
}
}
Figure 6: Using Object Type with sdf QutputData

C.6. Inplenentation Notes

JSO based keywords are also used in the specification techniques of a
nunber of ecosystens, but sone adjustnments nmay be required.

For instance, [OCF] is based on Swagger 2.0, which appears to be
based on "draft-4" [JSO4] [JSD4V] (also called draft-5, but
semantically intended to be equivalent to draft-4). The

"excl usi veM ni mum' and "excl usi veMaxi mum’ keywords use the Bool ean
formthere, so on inport to SDF, their values have to be repl aced by
the val ues of the respective "m ni num'/"maxi mun keyword, which are
then renoved; the reverse transformation applies on export.

Appendi x D. Conposition Exanpl es

This informative appendi x contains two exanples illustrating
different conposition approaches using the sdf Thing quality.

D.1. CQutlet Strip Exanple

"sdf Thing": {
"outlet-strip": {
"l abel": "Qutlet strip",
"description": "Contains a nunmber of Sockets",
"sdf Gbj ect": {
"socket": {
"description": "An array of sockets in the outlet strip",
"mnltens": 2,
"maxltens": 10

Figure 7. Qutlet Strip Exanple

D.2. Refrigerator-Freezer Exanple

"sdf Thing": {
"refrigerator-freezer": {
"description": "A refrigerator conbined with a freezer",
"sdf Property": {
"status": {
"type": "bool ean",

"description":
"Indicates if the refrigerator-freezer is powered"
}
3



"sdf Qbj ect”: {
"refrigerator": {
"description": "A refrigerator conpartnent”,
"sdf Property": {
"tenperature": {
"sdf Ref": "#/sdf Property/tenperature",
"maxi munt': 8
}
}
1
"freezer": {
"l abel": "A freezer conpartnent”,
"sdf Property": {
"tenperature": {
"sdf Ref": "#/sdf Property/tenperature",
"maxi munm': -6
}
}
}
}
}

1dfProperty": {
"tenperature": {

}

"description": "The tenperature for this conpartnent”
"type": "nunber",
lluni tll: llcel "

}
}
}

Figure 8: Refrigerator-Freezer Exanple

Appendi x E. Sonme Changes fromEarlier Draft Versions of this
Speci fication

Thi s appendi x is informative.

The present docunent provides the base SDF definition. Previous
revisions of SDF, as defined in earlier drafts of this specification,
have been in use for several years; both significant collections of
ol der SDF nodel s and ol der SDF conversion tools are avail abl e today.
Thi s appendi x provides a brief checklist that can aid in upgrading
these to the standard.

* The quality unit was previously called units.
* sdf Type was devel oped out of a concept previously called subtype.

* sdf Choice is the preferred way to represent JSO enum (only a
limted formof which is retained) and also the way to represent
JSO anyOf .

* The length of text strings (as used with m nLength/ maxLength
constraints) was previously defined in bytes. It nowis defined
as the nunber of characters (Unicode scal ar values, to be exact);
a length in bytes is not neani ngful unless bound to a specific
encodi ng, which night differ fromUTF-8 in some ecosystem nmappi ngs
and protocol bindings.
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