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Abst ract

Thi s docunent di scusses types of Instance Information to be used in
conjunction with the Semantic Definition Format (SDF) for Data and
Interactions of Things (draft-ietf-asdf-sdf) and will ultimately
define Representation Formats for themas well as ways to use SDF
Model s to describe them

/1 The present revision 07 adds an experinmental section on |inking
/1 sdf Prot ocol Map and sdf Cont ext whi ch has been yet another result of
/1 the discussions that happened during and after | ETF 124.

About Thi s Docunent
This note is to be renoved before publishing as an RFC
Status information for this docurment may be found at

https://datatracker.ietf.org/doc/draft-bornmann-asdf-instance-
i nformation/.

Di scussion of this docunent takes place on the A Semantic Definition
Format for Data and Interactions of Things (ASDF) Wrki ng G oup
mailing list (mailto:asdf @etf.org), which is archived at
https://mailarchive.ietf.org/arch/browse/asdf/. Subscribe at
https://ww ietf.org/ mailman/listinfo/asdf/.

Source for this draft and an issue tracker can be found at
https://github. comietf-wy-asdf/instance-information.

Status of This Meno

This Internet-Draft is submtted in full confornmance with the
provi sions of BCP 78 and BCP 79.
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Internet-Drafts are working docunents of the Internet Engineering
Task Force (I ETF). Note that other groups may also distribute
wor ki ng documents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunments valid for a maxi num of six nonths
and may be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress.”

This Internet-Draft will expire on 5 June 2026
Copyri ght Notice

Copyright (c) 2025 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.

Thi s docunent is subject to BCP 78 and the | ETF Trust’'s Lega
Provisions Relating to | ETF Docunments (https://trustee.ietf.org/
license-info) in effect on the date of publication of this docunent.
Pl ease revi ew these documents carefully, as they describe your rights
and restrictions with respect to this docunent. Code Conponents
extracted fromthis docunment nust include Revised BSD Li cense text as
described in Section 4.e of the Trust Legal Provisions and are

provi ded without warranty as described in the Revised BSD License.
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1. Introduction

The Semantic Definition Format for Data and Interactions of Things

(SDF, [I-D.ietf-asdf-sdf]) is a format for domain experts to use in
the creation and mai ntenance of data and interaction nodels in the

I nternet of Things.

SDF is an Interaction Mdeling format, enabling a nodeler to describe
the digital interactions that a class of Things (devices) offers,
including the abstract data types of messages used in these

i nteractions.

SDF i s designed to be independent of specific ecosystens that specify
conventions for perform ng these interactions, e.g., over Internet
protocol s or over ecosystem specific protocol stacks.

SDF does not define representation formats for the _Instance
Information_ that is exchanged in, or the subject of such,
interactions; this is left to the specific ecosystens, which tend to
have rather different ways to represent this information.

Thi s docunent di scusses Instance Information in different types and

roles. It defines an _abstraction_ of this, as an eco-system
i ndependent way to reason about this information. This abstraction
can be used at a _conceptual _level, e.g., to define nodels that

govern the instance informati on. However, where this is desired, it
al so can be used as the basis for a concrete _neutral representation_
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(Format) that can actually be used for interchange to exchange

i nformati on and paraneters for interactions to be performed. In
either case, the structure and semantics of this information are
gover ned by SDF Mbdel s.

This docunent is truly work in progress. It freely copies exanples
fromthe [I-D.ietf-asdf-sdf-nonaffordance] docunent that evolves in
parallel, with a goal of further synchronizing the devel opment where
that hasn’'t been fully achieved yet. After the discussion

stabilizes, we’'ll need to discuss how the infornmati on should be
distributed into the different docunents and/ or how docunents shoul d
be mer ged.

1.1. Conventions and Definitions

The definitions of [ RFC6690], [RFC8288], and [I|-D.ietf-asdf-sdf]
apply.

Term nol ogy may need to be inported from [ LAYERS].

Representation: As defined in Section 3.2 of RFC 9110 [STD97], but
under stood to anal ogously apply to other interaction styles than
Representational State Transfer [REST] as well.

Message: A Representation that is exchanged in, or is the subject
of, an Interaction. Messages are "data in flight", not instance
"data at rest" (the latter are called "lInstance" and are nodel ed
by the interaction nodel).

Dependi ng on the specific nessage, an abstract data nodel for the
message may be provided by the sdf Data definitions (or of

decl arations that | ook like these, such as sdf Property) of an SDF
nmodel .

Deriving an ecosystem specific representation of a nessage nmay be
aided by mapping files_ [I-D. bormann-asdf-sdf-mapping] that apply
to the SDF nodel providing the abstract data nodel.

Instantiation: Instantiation is a process that takes a Mdel, sone
Context Information, and possibly information froma Device and
creates an I|nstance.

Instance: Anything that can be interacted with based on the SDF
model . E.g., the Thing itself (device), a Digital Twin, an Asset
Management system .. Instances are nodeled as "data at rest”, not
"data in flight" (the latter are called "Message" and actually
are/ have a Representation). Instances that relate to a single
Thing are bound together by sone formof identity. |I|nstances
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become useful if they are "situated", i.e., with a physical or
digital "address" that they can be found at and nade the subject
of an interaction.

I nstance-rel ated Message: A nessage that describes the state or a
state change of a specific instance. (TBC -- also: do we need
this additional tern®)

Message Archetype: In the context of instance-rel ated nessages: A
message with specific content and effect, covering a wi der set of
different use cases. In this docunent, we are observing a tota
of four instance-rel ated nessage archetypes.

Proof shot: A message that attenpts to describe the state of an
Instance at a particular nmoment (which may be part of the
context). W are not saying that the Proofshot _is_the instance
because there may be different ways to nmake one froman | nstance
(or to consune one in updating the state of the Instance), and
because the proofshot, being a nessage, is not situated.

Proof shots are snapshots, and they are "proofs” in the

phot ographi ¢ sense, i.e., they may not be of perfect quality. Not
all state that is characteristic of an Instance may be included in
a Proofshot (e.g., information about an active action that is not
enmbedded in an action resource). Proofshots may depend on

addi tional context (such as the identity of the Instance and a

Ti mest anp) .

An interaction affordance to obtain a Proofshot may not be
provi ded by every Instance. An Instance nay provi de separate
Construction affordances instead of sinply setting a Proofshot.

D scuss Proofshots of a Thing (device) and of other conponents.
Di scuss concurrency problens with getting and setting Proofshots.

Di scuss Ti nestanps appropriate for Things (Section 4.4 of
[I-D.ietf-iotops-7228bis], [|-D. amsuess-t2trg-raytine]).

TODO. Also nention the other nessage types we had so far (context
snapshot, context patch, identity manifest) here?

Construction: Construction messages enable the creation of a digita
I nstance, e.g., initialization/comm ssioning of a device or
creation of its digital twins. They are |ike proofshots, in that
they enbody a state, however this state needs to be precise so the
construction can actual ly happen.
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1.

2

Di scuss YANG confi g=true approach

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in

[ BCP14] (RFC2119) (RFC8174) when, and only when, they appear in all
capitals, as shown here

2. Terns we are trying not to use

Non-af fordance: Oiginally a termfor information that is the
subj ect of interactions with other Instances than the Thing
(called "of fDevice" now), this termis now consi dered confusing as
it would often just be an affordance of another Instance than the
Thing. In this draft version, we are trying to use a new keyword
call ed sdf Context that is supposed to be slightly nore accurate,
repl aci ng the $context concept that was used in previous draft
versi ons.

I nstance Informati on and SDF

The instantiation of an SDF nodel does not directly express an

i nstance, which is, for exanple, a physical device or a digital twn.
Instead, the instantiation produces an instance-rel ated nessage ,

whi ch adheres to a uniform nmessage format and is always controlled by
the correspondi ng SDF nodel . Depending on the recipient and its

pur pose, a nmessage can be interpreted as a report regarding the state
of a Thing or the instruction to change it when consuned by the
reci pi ent.

Taki ng into account previous revisions of this docunent as well as
[1-D.ietf-asdf-sdf-nonaffordance], we identified two main di nensions
for covering the potential use cases for instance-rel ated nessages:

1. the intended effect of a message, which can either be a report or
an update of a Thing's state, and

2. the actual content of the nessage, which may be freestandi ng
(without a reference to a previous nessage or state) or relative
(with such a reference).

Based on these considerations (as illustrated by the systematization
in Table 1), we can identify the followi ng four nessage archetypes:

1. _State reports_ that may contain contain both affordance-rel ated
and context information, including information about a Thing's
i dentity,
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2. _Construction nmessages_, which trigger a Thing's initial
configuration process or its conmm ssioning,

3. _State report updates_ that indicate changes that have occurred
since a reference state report, and

4. _State patches_ that update the Thing' s state.

B e ety el
| | Cont ent |
F==———---—-—o——o—ooo————cod - ————————+d-———————————————+
| | Freestanding | Rel ative

[ oo e oo oo s s
| (Intended) | State | St at us | Status Report

| Ef f ect | Exposure | Report | Updat e |
| d=========—- .- om e e +
| | State | Construction | State Patch |
I | Change | I I
by ety (ERSEPRESISERS SRS SR +

Table 1: Systematization of instance-related
nmessages al ong the di nensions "Content" and
"(Intended) Effect".

The uni form nessage format can be used for all four nessage
archetypes. Appendix B specifies the formal syntax of instance-

rel ated messages that all normative statenents as well as the
exanples in this docunent will adhere to. This syntax can serve to
descri be both the abstract structure and the concrete shape of the
messages that can be used as a neutral formin interchange.

In the following, we will first outline a nunber of genera
principles for instance-rel ated nmessages, before detailing the
specific archetypes we define in this docunent. The specification
text itself will be acconpani ed by exanpl es that have been inspired
by [I-D.ietf-asdf-sdf-nonaffordance] and
[1-D.lee-asdf-digital-twin-09] that each correspond with one of the
four archetypes.

2.1. Axions for instance-rel ated nmessages
I nstance-rel at ed nessages can be nessages that relate to a property,
action, or event (input or output data), or they can be "proofshots"

(extracted state information, either in general or in a specific form
such as a context snapshot etc.).
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2

2

I nstance-rel ated nmessages are controlled by a _nodel _ (class-Ieve
information), which normally is the interaction nodel of the device.
That interaction nodel may provide a nodel of the interaction during
whi ch the instance-rel ated nessage is interchanged (at |east
conceptually), or it may be a "built-in" interaction (such as a
proof shot, a context snapshot, ...) that is inplicitly described by
the entirety of the interaction nodel. This may need to be
augnent ed/ conposed in some way, as device nodeling may be separate
frome.g. asset nmanagenent system nodeling or digital tw n nodeling.
I nstance-rel at ed nmessages use JSON pointers into the nodel in order
to link the instance-related information to the nodel.

I nstance-rel at ed nmessages are conceptual and will often be mapped
into ecosystem specific protocol nessages (e.g., a bluetooth
command). It is still useful to be able to represent themin a
neutral ("red-star") format, which we build here as an adaption of
the JSON-based format of the nodels thensel ves. An ecosystem night
even decide to use the neutral format as its ecosystemspecific
format (or as an alternative format).

I nstance-rel at ed nmessages may be plain nessages, or they may be
deltas (froma previous state) and/or patches (leading froma
previous or the current state to a next state). Several nedia types
can be defined for deltas/patches; JSON nerge-patch [RFC7396] is
already in use in SDF (for sdfRef) and therefore is a likely

candi date. (Assune that sone of the nodels will be using Conflict-
free replicated data types (CRDTs) (https://en.w ki pedi a.org/w ki /
Conflict-free replicated data type) to facilitate patches.)

To identify the reference state for a deltal/patch, we need

* device identity (thingld?)

* state info (tinestanp? state/generation identifier?)

Context | nformation

Messages al ways have context, typically describing the "me" and the
"you" of the interaction, the "now' and "here", allow ng deictic
statenents such as "the tenperature here" or "ny current draw'
Messages nmay have to be conplenented by this context for
interpretation, i.e., the context needed nmay need to be reified in
the message (conpare the use of SenM. "n"). Information that enables

interactions via application-layer protocols (such as an |IP address)
can al so be considered context information
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For this purpose, we are using the sdf Context keyword introduced by
[1-D.ietf-asdf-sdf-nonaffordance]. Note that sdf Context _could_ also
be nodel |l ed via sdf Property.

TODO. expl ain how [ RFC9039] coul d be used to obtain device nanes
(using urn:dev:org in the exanple).

3. Message Format

The data npdel of instance-rel ated nessages nakes use of the
structural features of SDF npbdels (e.g., when it conmes to netadata
and nanespace information), but is also different in crucial aspects.

TODO. Deci de where we want to keep this:

One interesting piece of offDevice information is the nodel itself,

i ncluding information block and the default nanespace. This is of
course not about the device or its twin (or even its asset
managenent ), because nodel s and devices may want to associate freely.
Multiple nodels may apply to the same device (including but not only
revi sions of the sanme nodel s).

3.1. Information Bl ock

The information block contains the same qualities as an SDF nodel
and, additionally, a mandatory messageld to uniquely identify the
message. Furthernore, "status report update" nessages can utilize
the previousMessageld in order to link two nmessages and indicate the
state change

Bor mann & Romann Expires 5 June 2026 [ Page 9]



Internet-Draft SDF I nstance I nformation Decenber 2025

| Quality | Type | Description |
[} e —————————— Ll ppp———_—_—_ b —_———————————(————(———————r
| title | string | A short summary to be displayed

| | | in search results, etc. |
o e e oo s S o m e e e e e e e e e eee oo s +
| description | string | Long-formtext description (no

| | | constraints) |
o e e e o S R o e e e e e e e e e e e e e e +
| version | string | The incremental version of the

| | | definition |
o e e oo s S o m e e e e e e e e e eee oo s +
| nodified | string | Time of the latest nodification

o e e e e oo oo B St +
| copyright | string | Link to text or enbedded text

| | | containing a copyright notice
o e e o s S o mm e e e e e e eee oo s +
| license | string | Link to text or enbedded text

| | | containing license terns |
o e e e e oo oo B St +
| nessageld | string | Unique identifier of this |
| | | instance-rel ated nessage |
o e e o s S o mm e e e e e e eee oo s +
| previousMessageld | string | ldentifier used to connect this

| | | instance-rel ated nmessage to a

| | | previous one |
o e e e o S R o e e e e e e e e e e e e e e +
| features | array | List of extension features used

I | of I I
| | strings | |
o e e e oo S o m e e e e e e e eee— oo +
| $conment | string | Source code comments only, no

| | | semantics

o e e e e oo R oo m e e e e e e e e e e ao - +

Table 2: Qualities of the Information Bl ock
3.2. Nanmespaces Bl ock

Simlar to SDF nodels, instance-rel ated nessages contain a namespaces
bl ock with a nanespace nap and t he def aul t Nanespace setting. In
constrast to nodels, including a nanespace quality is mandatory as at
| east one nanespace reference is needed to be able to refer to the
SDF nodel the instance-rel ated nessage corresponds with.
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| Quality | Type | Description |
[} e ———————— Ll pp—p——_—_— = —p—_——_————————————————(———————r
| nanespace | map | Defines short nanmes mapped to |
| | | nanmespace URIs, to be used as |
| | | identifier prefixes |
IR Fommmaa - T T T r iR +
| defaul t Namespace | string | ldentifies one of the prefixes in

| | | the namespace map to be used as a

| | | default in resolving identifiers

S I O +

Tabl e 3: Nanespaces Bl ock
3.3. Instance-of Bl ock

Distinct from SDF nodels are two instance-specific blocks, the first
of which is identified via the sdflnstanced keyword. Via the nodel
keyword, this quality defines the entry point the sdflnstance quality
fromthe next section is referring to. Furthernore, via the
patchMet hod field, a patch algorithmdifferent from JSON Merge Patch
can be specified.

Defines the entry point for sdflnstance

by pointing to an sdf Chject or an |
sdf Thing. Has to be based on a nanespace
identifier fromthe namespaces nap. |

| patchMethod | string | Allows for overriding the default patch |
| nmethod (JSON Merge Patch) by providing a |
| | | registered val ue. |

| $conment | string | Source code comments only, no semantics |

Tabl e 4: | nstance-of Bl ock
3.4. Instance Bl ock

In the instance block, state information for properties, actions, and
events as well as context information can be included. Depending on
the archetype, this information will either be used to report a
Thing's current state, to report state changes , or to update state
via a patch or reconfiguration
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4.

Since we are using the sdflnstance keyword as an entry point at the

| ocation pointed to via the nodel specfied in sdflnstanced, the

i nstance-rel ated nessage has to follow the structure of this part of
t he nodel (although, depending on the archetype, information that has
not changed or will not be updated can be left out.)

The alternating structure of the SDF nodel (e. g.,

sdf Cbj ect/ envSensor/ sdf Property/tenperature) is repeated within the
instance-rel ated nessage, with the top-Ievel sdfObject or sdf Thing
bei ng replaced by sdflnstance at the entry point. Note that we al so
have to replicate a nested structure via sdf Thing and/or sdf Gbject if
present in the referenced SDF nodel .

| Quality | Type | Description |
[} ettt ——— p—p———— g —p—(——————————————————————————
| sdf Thi ng | map | Values for the thing entries in |
| | | the referenced SDF definition
I oo e T Y +
| sdf Obj ect | map | Values for the object entries in |
| | | the referenced SDF definition
S +o-m - - T +
| sdfContext | map | Values for the context entries |
| | | in the referenced SDF definition |
I oo e T Y +
| sdf Property | map | Values for the properties in the

| | | referenced SDF definition |
S +o-m - - T +
| sdf Action | map | Values for the actions in the |
| | | referenced SDF definition |
I oo e T Y +
| sdf Bvent | map | Values for the events in the |
| | | referenced SDF definition |
S +o-m - - T +

Tabl e 5: Instance Bl ock
Message Archetypes
Based on the comon nessage format defined in Section 3 and the
systenatization from Table 1, we can derive a set of four archetypes
that serve different use cases and recipients.

TODO. Deci de whet her we want to add specific CDDL schemas for the
four archetypes via extension points in the "base schem"
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TODO. The description of the individual nessages probably has to be
expanded. Maybe sone of the content fromthe six exanpl e nessages
shoul d be noved here.

4.1. State Reports

This instance-rel ated nessage contains information on a Thing's
state, both in terns of context information and the state of

i ndi vi dual affordances. In the nmessage, the previousMessageld field
in the information bl ock MJUST NOT be present. Furthernore, when
transmitting this nessage in its JSON format, the content type

appl i cation/sdf-state-report+ son MIST be indicated if supported by
the protocol used for transnission

State reports MAY only contain values for a _subset_ of all possible
af f ordances and context information exposed by a Thing. Security-
rel ated aspects, e.g. regarding authentication and authorization,
MJUST be taken into account when issueing a state report for a
requesting party.

4.2. Construction Messages
(These mi ght not be covered here but via dedicated actions.)

Construction nmessages are structurally equivalent to state reports,
with the main difference being that the recipient is supposed to
initiate a configuration or com ssioning process upon when receiving
it. Furthernore, construction nessages MJST be indicated by a
different nedia type, nanely application/sfd-construction+json

4.3. State Report Updates

State report updates are nessages that only describe updates relative
to a previous nessage. For this purpose, a previousMessageld MJST be
present in the info block. Wen transmtting state report updates,
the nmedi a type application/sdf-state-report-update+j son MIST be used
i f possible.

By default, the values contained in the nmessage are applied to the

precedi ng nessage(s) via the JSON Merge Patch algorithm Via the
pat chMet hod quality, different patch algorithns MAY be indicated
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4.4. State Patches

State patches are structurally equivalent to state report updates.
However, they utilize the patch mechani sm (using the provided
patchMet hod) to alter the state of a Thing instead of reporting state
changes. Since they are not referring to a precedi ng nessage, a
previ osMessagel d MUST NOT be present in the information block. Wen
transmtting state patches, the nedia type application/sdf-state-

pat ch+j son MJUST be used if possible.

5. Message Purposes and Usecases

The four archetypes can be further subdivided into (at |east) six

ki nds of nessages that all deal with different use cases. Wile the
archetypes each have their own media type that can be used to
identity them during a nessage exchange, the six concete nessages in
this section are may only be identified by their content.

TODO. Consider only describing the different kinds of state reports
State Reports can be used as

*  Context snapshots_that only report context infornmation about a
Thi ng,

* _Proofshots_ that report a Thing's state (or parts of it), which
may include context information, or

* ldentity manifests_that report information related to a Thing's
identity.

In the case of state report updates, we have _Deltas_ that indicate
state changes conpared to a previ ous context snapshot, proofshot
message, or identity manifest.

State patches can appear as _Patch nessages_ that indicate state
changes that should be _applied_ to a Thing.

And finally, we have the _Construction Messages_ that initiate a
Thing's (re)configuration or its com ssioning

As we can see, the great anobunt of variation within the state report
archetype in the case of nessages 1 to 3 cones fromthe different

ki nds and the characteristic of the information that is the reported
in the eventual message. However, the message format stays identica
across the three nmanifestations of the archetype.
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In the remai nder of this section, we will discuss the differences of
these three messages in particular and will also deal with the
potential nodelling of construction nmessages.

5.1. Context Snapshots

Cont ext snapshots are state reports that only include context
information via the sdf Context keyword.

Figure 1 gives an exanple for this kind of instance-rel ated nessage
by showi ng a status report nmessage that only contains context
i nformation.

{
"info": {
"messagel d": "75532020- 8f 64- 4daf - a241-f chOb6dc4a42"
} i)
"namespace": {
"nodel s": "https://exanpl e. com nodel s",
"sensors": "https://exanpl e.coni sensors”

"aefaulthhnespace": "nodel s",
"sdf I nstanceOr": {
"nmodel ": "sensors: #/ sdf Obj ect/ envSensor"

"sdf I nstance": {
"sdf Context": {
“timestamp”: "2025-07-01T12: 00: 00Z",
"thingld": "envSensor:abcl23",
"installationlnfo": {
"floor": 3,
"mount Type": "ceiling",
"i ndoor Qutdoor": "indoor"

Figure 1: Exanple of an SDF context snapshot.

Thi s kind of nessage may becone especially relevant later in
conjunction with the sdfProtocol Map introduced in
[1-D.ietf-asdf-sdf-protocol -mappi ng] for conpl enenting protocol -
specific information at the nodel -1evel with instance-rel ated cont ext
i nformati on such as | P addresses.
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5.2. Proofshots
(See defn above.)

Proof shots are simlar to context snapshots, with the inportant
difference that they are not only reporting the context infornation
associated with an entity but also state informati on associated with
its interaction affordances (properties, actions, and events). As in
the case of the Context Snapshot, the Proofshot may al so contain
concrete values that reflect context information associated with a
device via the sdf Context keyword [|-D.ietf-asdf-sdf-nonaffordance].

TODO. Note that while the format for describing the state of
properties is clearly governed by the schema information fromthe
correspondi ng sdf Property definition, it is still unclear how to best
nodel the state of sdf Actions and sdf Events.

The foll owi ng exanpl es are based on [I-D.ietf-asdf-sdf-nonaffordance]
and [I-D.lee-asdf-digital-twin-09]. Figure 2 shows a proofshot that
captures the state of a sensor. Here, every property and context
definition of the correspondi ng SDF nodel (see Figure 10) is mapped
to a concrete value that satisfies the associ ated schenma.

{
"info": {
"messagel d": "75532020- 8f 64- 4daf - a241- f cbOb6dc4a42"”
},
"nanmespace": {
"nmodel s": "https://exanpl e. com nodel s",
"sensors": "https://exanple.conl sensor"
},
"def aul t Namespace": "nodel s",
"sdf I nstanceOr": {
"model ": "sensors: #/ sdf Obj ect/ envSensor"
},
"sdf I nstance": {
"sdf Context": {
"timestanp": "2025-07-01T12: 00: 00Z",
"thingld": "envSensor:abcl23",
"installationlnfo": {
"mount Type": "ceiling"
},
"sdf Property": {
"tenmperature": 23.124
}
}
}
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Fi gure 2: SDF proofshot exanpl e.
5.3. Construction Messages

Constructi on nmessages enable the creation of the digital instance,
e.g., initialization/comr ssioning of a device or creation of its

digital twins. Construction nmessages are |like proofshots, in that
they enbody a state, however this state needs to be precise so the
construction can actual ly happen.

A construction nessage for a tenperature sensor mght assign an
identity and/or conplenent it by tenporary identity information
(e.g., an I P address); its processing mght also generate
construction output (e.g., a public key or an IP address if those are
generated on device). This output -- which can once again be nodel ed
as an instance-related nessage -- may be referred to as an _identity
mani fest  when it primarily contains identity-related context

i nformation.

Construction messages need to refer to sone kind of constructor in
order to be able to start the actual construction process. In
practice, these constructors are going to be nodel ed as an sdf Acti on,
al though the way the sdf Action is going to be used exactly is not
entirely clear yet. As the device that is being constructed will not
be initialized before the construction has finished, the sdf Action
has to be nodel ed as an external or "off-device" action. This raises

the question whether the sdf Action still belongs into the SDF node
that corresponds with the class the resulting device instance bel ongs
to.

(Note that it is not quite clear what a destructor would be for a
physi cal instance -- apart froma scrap nmetal press, but according to
RFC 8576 we would want to nove a systemto a re-usable initial state,
which is pretty nuch a constructor.)

Figure 3 shows a potential SDF construction nessage that initializes

a device, setting its manufacturer and firmwareVersion as context
i nformation.
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{
"info": {
"messagel d": "75532020- 8f 64- 4daf - a241- f cbOb6dc4a42"
1
"nanmespace": {
"nodel s": "https://exanpl e. com nodel s",
"sensors": "https://exanple.conisensor"
},
"def aul t Namespace": "nodel s",
"sdf I nstanceOr": {
"nmodel ": "sensors: #/ sdf Obj ect/ envSensor"
},
"sdf I nstance": {
"sdf Cont ext":
"timestanp": "2025-07-01T08: 15: 002",
"thingld": "envSensor: unit42",
"deviceldentity": {
"manufacturer": "HealthTech Inc.",
"firmvareVersion": "1.4. 3"
}
}
}
}

Fi gure 3: Example for an SDF constructi on nmessage
5.4. Delta Messages
TODO. Rewor d

Wien the state of a device at a given point in tine is known (e.qg.,
due to a previous instance-rel ated nessage), an external entity night
only be interested in the changes since that point intine. O it

m ght want to adjust its state and/or context the device operates in.
For both purposes, instance-rel ated nessages can be used.

Figure 4 shows an exanpl e that contains an instance-rel ated nessage
reporting a "proofshot delta", that is the state changes that occured
compared to the ones reported in the previous nessage (identified via

its previousMessageld). In this exanple, only the tenperature as
measured by the sensor has changed, so only that information is
i ncl uded.

Del ta messages could be used in the Series Transfer Pattern [STP],
whi ch may be one way to nodel a telenmetry streamfrom a device
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{
"info": {
"title": "Exanple SDF delta message”,
"previ ousMessagel d": "026c1f 58- 7bb9-4927-81cf - 1ca0c25a857b",
"messagel d": "75532020- 8f 64- 4daf - a241- f cbOb6dc4a42"”
},
"namespace": {
"cap": "https://exanple.com capability/cap",
"nodel s": "https://exanpl e. com nodel s
1
"def aul t Namespace": "cap",
"sdf | nstanceOf " :
"nmodel ": "nodel s:/sdf Cbj ect/ envSensor"
},
"sdf I nstance": {
"sdf Property": {
"tenperature”: 24
}
}
}

Figure 4: Exanple of an SDF instance-rel ated nessage that serves
as a delta.

5.5. Patch Messages

Yet anot her purpose for instance-related nmessages is the application
of updates to a device's configuration via a so-called patch nessage.
Such a nessage is shown in Figure 5 where a change of the device's
mount Type is reflected. This nessage type m ght be especially
relevant for digital twins [I-D.lee-asdf-digital-tw n-09], where
changes to physical attributes (such as the location) need to be

refl ected sonehow.
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{
"info": {
"messagel d": "75532020- 8f 64- 4daf - a241- f cbOb6dc4a42"
1
"nanmespace": {
"nodel s": "https://exanpl e. com nodel s",
"sensors": "https://exanple.conisensor"
},
"def aul t Namespace": "nodel s",
"sdf I nstanceOr": {
"nmodel ": "sensors: #/ sdf Obj ect/ envSensor",
"pat chMet hod": "nmerge-patch”
},
"sdf I nstance": {
"sdf Context": {
"installationlnfo": {
"mount Type": "wal | "
}
}
}
}

Figure 5: Exanple of an SDF context patch nessage that uses the
common i nstance-rel ated nessage fornat.

TODO. Maybe the followi ng can be shortened or even renoved

When conparing Figure 4 and Figure 5, we can see that the main

di fference between the nessages is the _purpose_these nessage are
bei ng used for. This purpose could be inplicitly reflected by the
nature of the resource that accepts or returns the respective nessage
type. It would also be possible to indicate the purpose nore
explicitly by using a different content format when transferring the
messages over the wire. Another difference, however, lays in the
fact that the context patch is not including a previ ousMessagel d,

whi ch nmight be sufficient to distinguish the two nessage types.

Despite their different purpose, both nmessages will apply sone kind
of patch algorithm JSON Merge Patch [RFC7396] is probably a strong
contender for the default algorithmthat will be used a little bit
differently depending on the nessage type (the context patch will be
applied "internally" by the device, while the delta nessage will be
processed together with its predecessor by a consumer). As there

m ght be cases where the Merge Patch algorithmis not sufficient,
different algorithnms (that can be | ANA registered) are going to be
settable via the patchMethod field within the sdflnstanced quality.
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5.

6

6. ldentity Manifest

Identity mani fests belong |ike proofshots and context snapshots to
the Status Report archetype. However, their use case is tied nore
strongly to identity information which nmay be nodel ed as cont ext

i nformation.

Figure 6 shows an exanple of an identity manifest, that is
structurally identical to the construction nessage shown in Figure 3.
What makes qualifies the nessage as an identity manifest is its nedia
type, which differs fromthe constructi on nessage, as well as the

ci rcunstances under which the nessage night be emtted -- for
instance, as the _result_ of a construction

{
"info": {
"messagel d": "75532020- 8f 64- 4daf - a241- f cbOb6dc4a42"”
} i)
"namespace": {
"nodel s": "https://exanpl e. com nodel s",
"sensors": "https://exanpl e.conl sensor"

}

ef aul t Nanespace": "nodel s",
"sdf I nstanceOF": {
"nmodel ": "sensors: #/ sdf Obj ect/ envSensor"
},
"sdf I nstance": {
"sdf Context": {
"timestamp": "2025-07-01T08: 15: 00Z",
"thingld": "envSensor: unit42",
"deviceldentity": {
"manufacturer"”: "HealthTech Inc.",
"firmvareVersion": "1.4.3"
}
}
}
}

Figure 6: Exanple for an SDF construction nessage
Li nki ng sdf Prot ocol Map and sdf Context via JSON Pointers
(This section is currently still experinmental.)
VWhen using the sdf Protocol Map concept introduced in
[1-D.ietf-asdf-sdf-protocol -mappi ng], some protocols may need context

i nformati on such as a hostnane or an | P address to actually be usable
for interactions. This corresponds with the fact that the paraneters
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related to application-layer protocols are often _class-Ievel _
informati on and therefore not necessarily instance-specific: A
instances of a smart light may use simlar CoAP resources, with the
only difference being the concrete | P address they are using.
Therefore, we can utilize context information that varies between

i nstances to conpl enent the model information provided via an

sdf Pr ot ocol Map.

Figure 7 illustrates the potential relationship between the two
concepts in an SDF nodel. A (hypothetical) CoAP protocol mapping
specification could define an interface for paraneters such as an |IP
address. Via a contextMap (this nane is still under discussion), the
sdf Pr ot ocol Mappi ng definition within a nmodel could point (via a JSON
pointer) to a conpatible sdf Context definition that may further
restrict the set of allowed values via its schema
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====—===—=—===—==== NOTE: '\’ |i ne \Nrapp| ng per RFC 8792 ================

"nanmespace": {
"nmodel s": "https://exanpl e. com nodel s",
"sensors": "https://exanple.conl sensor"

"def aul t Namespace": "nodel s",
"sdf Gbj ect”: {
"sensor": {
"sdf Context": {
"i pAddress": {
"type": "string"
}

df Property": {
"tenperature": {

"type": "nunber",

"sdf Pr ot ocol Map": {

"coap": {
"cont ext Map":
"i pAddress": "#/ sdf Obj ect/sensor/ sdf Context/\
i pAddr ess”

}

} i)

"read": {
"met hod": " GET",
"href": "/tenperature",
"content Type": 60

Figure 7: Exanple of an SDF nodel where a CoAP-based protocol map
points to the definition of relevant context information: an IP
addr ess.

Fi gure 8 shows how a status report (in the "old" term nol ogy, the
message woul d be called a context snapshot) can provide the necessary
I P address that is needed to actually retrieve the tenmperature val ue
fromthe sensor described by the SDF nodel above.
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{
"info": {
"messagel d": "75532020- 8f 64- 4daf - a241- f cbOb6dc4a47"
1
"nanmespace": {
"nodel s": "https://exanpl e. com nodel s",
"sensors": "https://exanple.conisensor"
},
"def aul t Namespace": "nodel s",
"sdf I nstanceOr": {
"nmodel ": "sensors: #/ sdf Obj ect/ sensor"
},
"sdf I nstance": {
"sdf Cont ext":
"i pAddress": "192.168.1.5"
}
}
}

Figure 8 Exanple of a status report message that provides the IP
address needed to performa CoAP-based interaction with the
sensor fromthe previous figure.

Thi s approach can becone very verbose in a nested npdel and may need
refinement in future draft revisions. The general principle,
however, is promsing as it follows the principle of cleanly
separating class frominstance-related information

7. Exanples for SDF Constructors
TODO. This section needs to be updated/reworked/ renoved

Figure 9 shows a potential approach for describing constructors via
the sdf Action keyword with a set of construction paraneters contained
in its sdflnputData.

As the constructor action is nodel ed as being detached fromthe

devi ce and perforned by an external constructor in this exanple, both
the resulting nodel and the initial instance description (which can
be considered an identity manifest) are returned. The schema

i nformati on that governs the shape of both the npodel and the instance
message are referred to via the sdf Ref keyword.

DI SCUSS: Note that the action may also return a pointer to an

ext ernal SDF nodel and provide the additional information fromthe
constructor via an SDF Mapping File. These are aspects that stil
requi re di scussion, exanples, and inplenmentation experience.
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====—===—=—===—==== NOTE: '\’ |i ne \Nrapp| ng per RFC 8792 ================

{

"info": {

"title": "Exanpl e docunent for SDF with actions as constructors \
for instantiation",

"version": "2019-04-24",
"copyright": "Copyright 2019 Exanple Corp. Al rights reserved.",
"license": "https://exanple.conllicense"

}

,arrespace": {
"sdf": "https://exanpl e.com conmon/ sdf/definitions",
"cap": "https://exanpl e.com capability/cap"”

"def aul t Namespace": "cap",
"sdf Ghj ect": {
"constructor": {
"sdf Action": {
"construct": {
"sdf I nput Data": {
"$comment": "DI SCUSS: Do we need to establish a\
connecti on between constructor paraneters and the resulting instance\
-rel ated nessage?",
"type": "object",
"properties": {
"tenperatureUnit": {
"type": "string"

"i,pAddress": {
"type": "string"

}

,equi red": [
"tenperatureUnit”
]

b
"sdf Qut put Dat a": {
"$comment": "Would we point to the JSON Schema \
definitions here?",
"type": "object",
"properties": {
"model ": {
"type": "object",
"properties":
"sdf Ref ": "sdf:#/sdf/nodel /formt"
}
}

"instance": {
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"type": "object",
"properties": {
"sdf Ref ": "sdf:#/instance/ message/formt"

Figure 9: Exanple for SDF nodel with constructors

8. Di scussion

(TODO

9. Security Considerations

* Pieces of instance-related infornmation might only be available in
certain scopes, e.g. certain security-related configuration
paranet ers

(TODO

10. | ANA Consi derati ons

TODO. Add nedia type registrations
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Appendi x A.  Exanpl e SDF Model

Figure 10 shows the nodel all of the exanples for instance-related
nmessages are pointing to in this docunent. Note how the nanespace is
managed here to export the envSensor conponent into

nodel s: #/ sdf Obj ect/ envSensor, which is the "entry point" used in the
i nstance nmessages within the main docunent.
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"namespace": {
"nodel s": "https://exanpl e. com nodel s",
"sensors": "https://exanpl e.conl sensors"
b,
"def aul t Namespace": "nodel s",
"sdf Gbj ect": {
"envSensor": {
"sdf Context": {
"timestamp": {
"type": "string"
b,
"thingld": {
"type": "string"

"deviceldentity": {
"manufacturer": {

"type": "string"
"firmvareVersion": {
"type": "string"

b,

"installationlnfo": {
"type": "object",
"properties": {

"floor": {
"type": "integer"
b,
"mount Type": {
"enunl': |
"ceiling",
"wal | "
]
}
}
}
b,
"sdf Property": {
"tenperature": {
"type": "nunber",
"unit": "Cel"
}
}
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Fi gure 10: SDF Mbdel that serves as a reference point for the
i nstance-rel ated nessages in this draft

Appendi x B. Formal Syntax of |nstance-rel ated Messages
start = sdf-instance-nmessage-syntax

sdf -i nst ance- message-syntax = {

; infowill be required in nmost process policies
? info: sdfinfo

nanmespace: nanmed<text >

? def aul t Nanmespace: text

? sdflnstanceO : sdf-instance- of

? sdfl nstance: sdf-instance

}

sdfinfo = {
? title: text
description: text
version: text
copyright: text
I'icense: text
messagel d: text
Identifier used to connect this instance nmessage to a previous
; one:
; Allows this instance nessage to only contain val ues that have
; actually changed, turning it into a "Delta” or a "Patch",
; dependi ng on the purpose of the nessage.
? previousMessagel d: text
? nodi fied: nodified-date-time
? features: |

]

opti onal - coment

}

sdf -i nstance-of = {

nmodel : text

? patchMethod: text ; default is nerge-patch
opti onal - coment

N ) ) ) )

}
optional -coment = (

? $comment: text ; source code conments only, no senantics
)

; 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}
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commnqual ities = (
opti onal - coment

)

; For describing the state of instances at a given point in tine
; An sdflnstance can refer to either an sdf Thing or an sdf bject.
; Structurally, it is equivalent to that of an sdf Thi ng.

sdf -instance = thingqualities

objectqualities = {
commonqual i ti es

cpaedat aqual ities

thingqualities = {
sdf Thi ng: named<t hi ngqual i ti es>
sdf Obj ect: naned<obj ectqualities>
commonqual i ties

cpaedataqual ities

}

cpaedat aqual ities = (
? sdf Cont ext: naned<al | owed-types>

Model s the current state of the instance' s properties
? sdf Property: naned<al | owed-types>

Model s the current state of the instance’'s action affordances

DI SCUSS: How should the state of actions be nodel ed?
sdf Acti on: naned<any>

BRI

; Mbdel s an history for every event affordance
? sdf Event: naned<event hi story>

)

event history = [* eventqualities]
eventqualities = {

out put Val ue: al | owed-types
ti mestanp: nodified-date-tine
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al | oned-types = nunber / text / bool / nul
[ [* nunber] / [* text] / [* bool]
[ {* text => any}

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

; RFC 3339 sans tine-nunoffset, slightly condensed
rfc3339z ="

date-full year = 4DIGA T

dat e- nont 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 =2DIGA T ; 00-59

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

ti me-secfrac ="." 1*DIAT

DAT = 9%&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 "2z"]

Appendi x C. Roads Not Taken

Thi s appendi x docunments previous nodel | i ng approaches that we
eventual |y deci ded against pursuing further. Its main purpose is to
illustrate our devel opment process, show ng which kind of
alternatives we consi dered before choosing a particular way to
describe instance information. W will renove this appendi x as soon
as this docunment is about to be finished.

C. 1. Using SDF Model s as Proofshots
As shown in Figure 11, the proofshot format could have al so been
nodel ed via SDF nodels where all sdf Property definitions are given

constval ues. However, this concept is not capable of capturing
actions and events.
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====—===—=—===—==== NOTE: '\’ |i ne \Nrapp| ng per RFC 8792 ================

{
"info": {
"title": "An exanple nodel of the heater #1 in the boat #007 (\
that resenbl es a proofshot)",
"version": "2025-07-15",
"copyright": "Copyright 2025. All rights reserved."”
}
"nanmespace": {
"nmodel s": "https://exanpl e. com nodel s"
},
"def aul t Namespace": "nodel s",
"sdf Thing": {
"boat 007": {
"label": "Digital Twin of Boat #007",
"description": "A ship equipped with heating and navigation \

systens",
"sdf Context": {
"scinbjectld": {
"type": "string"

"fdentifier": {

"type": "string",
"const": "urn:boat:007: heater: 1"

ocation": {
"type": "object",
"const": {
"wgs84": {
"latitude": 35.2988233791372,
"l ongi tude": 129.25478376484912,
"altitude": 0.0
} i)
"postal ": {
"city": "U san",
"post -code": "44110",
"country": "South Korea"

} ]
"waw' o {

"what 3wor ds": "toggl e. nopped. gar ages"
}

}

wner": {

"type": "string",
"default": "Exanmlech Ltd.",
"const": "ExamTech Ltd."

}
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} }
",deequired": "#/ sdf Thi ng/ boat 007/ sdf Obj ect/ heat er 1",
"sdf Ghj ect": {

"heater": {
"l abel": "Cabin Heater",
"description": "Tenperature control system for cabin \
heati ng",
"sdf Property": {
"characteristic": {
"description": "Technical summary of the heater",
"type": "string",
"default": "12V el ectric heater, 800W automatic \
cutof f",
"const": "12V el ectric heater, 800W automatic cutoff"
b,
"status": {
"description": "Current operational status",
"type": "string",
"enunl': |
true,
fal se,
"error"
1,
"default": fal se,
"const": false
b,
"report": {
"type": "string",
"const": "On February 24, 2025, the boat #007's \
heater #1 was on from9 a.m to 6 p.m"
}
b,
"sdf Event": {
"overheating": {
"$comment”: "Note that it is unclear how to properly \
nmodel events or event history with the approach illustrated by this \
exanmple.",
"mai nt enanceSchedul e": "Next schedul ed mai nt enance \
dat e",
"sdf Qut put Dat a": {
"type": "string",
"format": "date-tine",
"const": "2025-07-15T07: 27: 15+0000"
}
}
}

}
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Figure 11: SDF instance proposal for Figure 2 in [I-D.|ee-asdf-
digital -tw n-09]

C.1.1. Aternative Instance Keys

Bel ow you can see an alternative instance nodelling approach with |Ds
as (part of the) instance keys.

=============== NOTE: '\’ |ine \Nrapp| ng per RFC 8792 ================

{

"info": {
"title": "A proofshot exanple for heater #1 on boat #007",
"version": "2025-07-15",
"copyright": "Copyright 2025. All rights reserved.",
"proofshotld": "026clf58-7bb9-4927-81cf-1calc25a857b"

1

"nanmespace": {
"nodel s": "https://exanpl e. com nodel s",
"boats": "https://exanple.con boats"

}

ef aul t Namespace": "boats",
"sdf I nstance": {
"nodel s: #/ sdf Thi ng/ boat / 007": {
"sdf I nstanceO": "nodel s: #/ sdf Thi ng/ boat ",
"heater": "nodel s: #/ sdf Thi ng/ boat/ sdf Obj ect/ heater/ 001",
"scinbjectld"': "a2e06d16-df 2c- 4618- aacd-490985a3f 763",
"identifier": "urn:boat:007: heater: 1",
"l ocation": {
"wgs84": {
"l atitude": 35.2988233791372,
"l ongi tude": 129.25478376484912,
"altitude": O

}
"postal ": {
"city": "U san",
"post - code": "44110",
"country": "South Korea"
},
"waw' o {
"what 3wor ds": "toggl e. nopped. gar ages”
}

b
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"owner": "ExanTech Ltd."

},

"nodel s: #/ sdf Thi ng/ boat / sdf Obj ect/ heater/001": {
"characteristic": "12V electric heater, 800W automatic cutoff\
"status": "error",

"report": "On February 24, 2025, the boat #007's heater #1 \
was on from9 a.m to 6 pm",
"sdf Bvent": {
"mai nt enanceSchedul e": |
"out put Val ue": "2025-04-10",
"timestanp": "2024-04-10T02: 00: 00Z"
b
{
"out put Val ue": "2026-04-10",
"timestanmp": "2025-04-10T02: 00: 00Z"
}
]
}
}

Figure 12: SDF instance proposal (with IDs as part of the
i nstance keys) for Figure 2 in [I-D.lee-asdf-digital -tw n-09]
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Figure 12: SDF instance proposal (with IDs as part of the instance
keys) for Figure 2 in [I-D.|ee-asdf-digital -tw n-09]
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