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Abst r act

The CATS framework introduces conputing-related information into
traffic steering decisions. Existing work defines how such netrics
are represented, distributed, and used within the CATS architecture.
However, it does not fully address whether a metric remains suitable
for use at the point of consunption

Thi s docunent introduces a set of operational senantics for CATS
metrics, including Freshness, Operational acceptability, and
Assurance exposure. These senantics describe whether a metric
remains tenporally aligned with the underlying condition, whether it
remai ns suitable for operational use in steering, and whet her
degraded consunption is externally visible to nanagenent or OAM
functions.

The docurent further explains how these semantics apply across
centralized, distributed, and hybrid depl oynents, including cases
where different nmetric sources contribute under different conditions.
The goal is to provide a consistent basis for interpreting netric
usability in CATS without introducing a new metric level or
prescribing a single derivation method.

Status of This Meno

This Internet-Draft is submtted in full confornmance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunments of the Internet Engineering
Task Force (I ETF). Note that other groups may also distribute
wor ki ng docunents 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 26 October 2026

Zhu Expires 26 COctober 2026 [ Page 1]



I nternet-Draft CATS Metric Semantics April 2026

Copyri ght Notice

Copyright (c) 2026 | 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 License 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.

Tabl e of Contents

1. Introduction . 2
2. Scope and p03|t|on|ng . 4
3. Terminol ogy . 4
4. Operational gap . . 5
5. Operational senantlcs |n d|fferent deploynent nodes . 5
5.1. Freshness . e 6
5.2. (Operational acceptability . 6
5.3. Assurance exposure 6
5.4. Depl oynent-specific con5|derat|ons 7
5.4.1. Centralized deployments . 7
5.4.2. Distributed deployments . 8
5.4.3. Hybrid depl oynents 8

6. Operational inplications 9
6.1. Relationship to service contan|ty 9
6.2. Control, nanagenent, and OAM rel evance 9
6. 3. Lightmeight si gnal i ng consi derations 10
7. Illustrative exanple . . 10
8. Security Considerations . 11
9. | ANA Consi derations . 12
10. Informative References 12
Acknowl edgrents . .o e 12
Illustrative NUItl-FaCtor Derivati on Model 12
Aut hor’ s Addr ess 15

1. Introduction

Conputing-Aware Traffic Steering (CATS) extends traffic steering
beyond traditional network reachability and path sel ection by

i ncorporating conputing-related inputs into forwarding and service-
sel ection decisions. This change is not nmerely an increnenta
extension of traditional routing inputs. Many conputing-rel ated
metrics vary nore quickly, are aggregated and distributed through
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nmore di verse paths, and | ose operational nmeaning nore rapidly. As a
result, the difficulty in CATSis not only how to define nore
metrics, but also how to determ ne whether a received netric remains
suitabl e for operational consunption as a steering input.

Exi sting CATS work explains how netrics are represented, distributed,
and used [ CATS- FRAMEWORK] [ CATS-METRIC-DEFINITION]. Rel ated
requirenents and OAM work identify update, stability, service-
continuity, consistency, and bl ack-holing concerns

[ CATS- REQUI REMENTS] [ CATS-OAM . However, such netrics cannot al ways
be directly consuned by existing steering or routing protocols. Many
conputing-related netrics evolve at tinmescales that are shorter than
those assunmed by traditional control-plane nmechani snms. Excessively
frequent metric updates nmay introduce instability or oscillation into
the steering process. Infrequent updates, by contrast, may cause
decisions to rely on stale conditions that no | onger reflect the
current operational state.

Thi s docunent addresses a related issue at the point of consunption:
whet her a metric remains operationally suitable when it is consuned
for steering. A metric may remain visible and well-fornmed while no
| onger remaining suitable for normal steering use. This problemis
nmore likely to arise when conputing-related infornmation changes
quickly, is collected and redistributed before use, or is consuned
under different depl oyment conditions.

In conventional routing, slightly outdated cost information often

| eads only to a suboptinal path. |In CATS, a decision may rely on
utilization, adm ssion headroom or service-state information that no
| onger reflects the current operational condition. 1In centralized
depl oynents, this may result fromcontrol-loop delay. |In distributed

depl oynents, it may result from divergence across |ocal observations.
In hybrid deploynments, it may result fromthe joint use of inputs
that do not share the sane tenporal behavior or operationa
conditions. The result may be adni ssion rejection, degraded service
continuity, or steering behavior resenbling bl ack-holing.

Thi s docunent defines an orthogonal set of operational semantics that
can be associated with any CATS netric, regardless of abstraction

| evel. These senmantics are intended to express whether a netric
remains sufficiently fresh, whether it renmains operationally
acceptabl e for steering use, and whether degraded consunpti on becones
externally visible to OAM or managenent functi ons.
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Scope and positioning

The semantics are intended to conplement the netric abstraction
nmodel . Metric abstraction explains how raw neasurenents are
normal i zed or conbined into higher-level indicators. This docunent
addresses a different dinmension: the operational condition of a
metric at the point of consunmption. More specifically, it defines
three orthogonal semantics, i.e., Freshness, Operationa
acceptability, and Assurance exposure, to describe whether a netric
remains tenporally suitable for use, whether it remmi ns acceptable
for operational consunption in steering, and whet her degraded
consunption or fallback become externally visible.

These semantics are not tied to any single deploynment nodel. They
can be applied across existing abstraction | evels and across
centralized, distributed, and hybrid operation. This docunent also
does not define a new transport, encoding, or control-plane protocol
Instead, it defines semantic information that may | ater be carri ed,
derived, or exposed by future protocol elenents, data nodels,
managenment objects, or OAM procedures. A steering consuner may use
these senmantics to determ ne whether a netric can still participate
in normal steering logic. A control, managenent, or QOAM function may
use themto distinguish normal consunption from degraded consunption
fal |l back behavi or, or source-specific semantic degradation

Ter m nol ogy

Metric-consum ng decision point: A functional point at which CATS
metrics are consuned to derive or support steering, path-selection,
or service-selection decisions. Depending on the deploynment nodel,
this function may be realized by a centralized CATS Path Sel ector
(GPS), by an Ingress CATS-Forwarder w th enbedded decision |ogic, or
by a conbination of both in hybrid depl oynents.

Freshness: The extent to which a netric remains tenporally suitable
for its intended operational use.

Operational acceptability: The extent to which a netric remins
sui tabl e for operational consunption at the current tine.

Assurance exposure: The extent to which degraded netric consunption,

i nconsi stency, or fallback behavior is visible to OAM or managenent
syst ens.
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Qper ational gap

The gap addressed in this docunent is the lack of an explicit
description of metric usability at the point of consunption. A
metric may remain visible and wel |l -forned while no | onger renmining
suitable for normal steering use.

This missing |layer appears in three ways. First, a metric may | ose
tenmporal alignment with the condition it is intended to describe
while still remaining available to the consunmer. For exanple, a
control |l er-based depl oynent may continue to distribute a site-I|eve
utilization netric whose indicated adm ssion headroom no | onger
reflects the current service state.

Second, a netric may remain present and syntactically valid while no
| onger remaining suitable for normal operational consunption in
steering. For exanple, repeated del ay, poor update continuity, or

i nconsi stency with other observations may make a netric unsuitable
for fine-grained steering even though it is still retained for
reduced-trust or fallback use.

Third, degraded netric consunption nay remain invisible to managenent
or OAM even after steering shifted into fallback or reduced-trust
behavior. |In such a case, the problemis not only netric degradation
itself, but also the lack of external visibility into the semantic
condition under which steering is proceeding.

These gaps are anplified by depl oynent conditions. 1In centralized
operation, semantic degradati on may be introduced within the contro
| oop before the metric is used. |In distributed operation, different
decision points may rely on different [ocal versions of what is

nonmi nal ly the same condition. |In hybrid operation, the problemis
further conplicated by the joint use of netric inputs that do not
share the same tenporal behavior or consunption assunptions.

Qperational semantics in different depl oynent nodes

Thi s docunent introduces three operational semantics for CATS
metrics: Freshness, Operational acceptability, and Assurance
Exposure. They describe the operational condition of a netric at the
poi nt of consunption. These semantics can support consistent
steering, path-selection, and service-sel ecti on decisions across
centralized, distributed, and hybrid depl oynments.
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A derivation nethod for these semantics may depend on observabl e
factors such as netric age, update continuity, source consistency,
and depl oynment-specific trust conditions. These factors may be
conbi ned differently depending on the dynam cs of the netric and the
operational objectives of the deploynment. Appendi x A provi des one
illustrative realization of such |ogic.

5. 1. Fr eshness

Freshness captures whether a netric remains tenporally aligned with
the condition it represents, particularly when update frequency does
not match the dynamics of the underlying system In many

depl oynents, Freshness depends at least in part on the el apsed age of
the metric relative to the tine sensitivity of the condition it
represents. A netric that is only a few seconds old may renmain
operationally usable for relatively stable capability information,
whil e the sane age nay be excessive for rapidly varying utilization
or admission-related state. Freshness therefore concerns whether the
tenporal separation between netric generation and netric consunption
remai ns consi stent with the operational purpose for which the netric
is used.

5.2. Operational acceptability

Operational acceptability captures whether the nmetric remains

sui tabl e for operational consunption in steering at the current tine.
A nmetric may remain visible, syntactically valid, and even partially
informative while no | onger remaining appropriate for nornal fine-
grained steering use. For clarity, this docunent uses a |ightweight
three-state interpretation: acceptable, degraded, and unacceptabl e.
More detailed state distinctions are possible, but they are outside
the scope of this document. An acceptable metric remains suitable
for normal steering input under the assunptions of the deploynment. A
degraded netric no | onger supports normal steering use, but may stil
be retained for fallback or reduced-trust behavior. An unacceptable
metric is not suitable for steering input. A deployment may derive
these states fromone or nore factors, including nmetric age, update
continuity, source consistency, or other deploynment-specific

condi tions.

5.3. Assurance exposure

Assur ance exposure captures whet her degraded usage, inconsistency, or
fall back behavior is externally visible to managenment or CAM A
system may continue to forward traffic and nay continue to retain
metric values internally while no | onger operating under the semantic
conditions that would justify normal steering. Assurance exposure

t heref ore concerns whet her degraded consunption, semantic divergence,
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or fallback-driven behavior can be distingui shed from normal
operation by external functions for diagnosis, nonitoring, or
operational control

5.4. Deploynent-specific considerations

The effect of these semantics depends on where netrics are consuned
for decisions and how netric-related information i s exchanged anong
CATS functional entities. |In centralized deploynents, decisions are
made primarily in a centralized CATS Path Selector (C-PS) or

equi val ent control-side function. In distributed depl oynents,

deci sions are nade at, or near, an Ingress CATS-Forwarder. |In hybrid
depl oynents, decision logic is split across centralized and ingress-
side functions.

In this docunment, comunication anong network el enents refers mainly
to the exchange of netric information or decision-related

i nformati on, such as nmetric reporting fromconputing or service nodes
to a decision function, or decision distribution froma CPS to an

I ngress CATS- Forwarder. These exchanges are distinct from data-pl ane
traffic, where user traffic is forwarded toward a sel ected service
instance. Degraded semantic conditions may al so need to be exposed

t hrough managenment or OAM functi ons.

5.4.1. Centralized depl oynents

In centralized deploynents, netrics typically reach the decision
point only after collection, transport, processing, and possible
aggregation. Metric information may be reported from conputing or
servi ce nodes, possibly through netric agents, to a centralized CPS
or equival ent control-side function. The resulting decision-related
i nformati on may then be provided to |Ingress CATS-Forwarders for
steering execution. As a result, a nmetric may no | onger accurately
reflect the condition on which the centralized decision is intended
torely by the tinme it reaches the decision function

In this setting, freshness hel ps deternine whether the metric renains
tenmporally aligned with the underlying operational condition.
Operational acceptability hel ps determ ne whether the netric can
still be used as normal input to centralized steering |logic, or

whet her it should instead be treated as degraded or reduced-trust

i nput. Assurance exposure hel ps determ ne whet her such degradation
in netric consunption is externally visible, even when the
centralized systemcontinues to steer traffic and continues to
receive metrics fromthe underlying sources.

Zhu Expires 26 COctober 2026 [ Page 7]



I nternet-Draft CATS Metric Semantics April 2026

5.4.2. Distributed depl oynents

In distributed depl oynents, netrics are consunmed at, or close to, the
i ngress-side decision point. Mtric information may be distributed
directly to an Ingress CATS-Forwarder or to a co-located decision
function, and the resulting steering decision may be applied |ocally.
The main issue is that different |ocal decision points may consune

di fferent observations, update histories, or |ocal versions of what
is operationally treated as the same condition

A locally available netric may remain fresh fromthe perspective of
one ingress decision point, while another ingress decision point has
shifted to a different view of the sane service or resource
condition. 1In this setting, freshness hel ps determ ne whether the
locally available nmetric remains tenporally suitable. Operationa
acceptability hel ps deternine whether that |ocal metric can stil
support normal steering at that decision point, or whether it should
instead be treated as degraded or reduced-trust input. Assurance
exposure hel ps determn ne whether divergence across |ocal decision
points is externally visible, rather than remaining only an interna
di fference anong distributed observati ons.

5.4.3. Hybrid deploynents

In hybrid depl oynents, netric-consunming decisions are split across
centralized and ingress-side functions, and different metric sources
may be consuned at different |ayers of the same steering process.
Sone nmetric information nmay be collected and interpreted by a
centralized CPS, while other netric information may be consuned
directly by an Ingress CATS-Forwarder or |ocal decision function

The main issue is that jointly consumed inputs may not share the same
tenmporal behavior, trust conditions, or operational scope. A
relatively stable local nmetric may remain suitable for norma
steering use, while a centrally distributed dynamc netric may be
suitable only for degraded or reduced-trust use.

In this setting, freshness hel ps distinguish inputs whose tenporal
validity differs across sources. Operational acceptability hel ps

di stingui sh source-specific degradation, so that one input may remnain
acceptable while another is retained only for degraded use.

Assurance exposure hel ps determ ne whether such partial senantic
degradation is externally visible.
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For this reason, a hybrid depl oyment should be able to distinguish
metrics that arrive fromdifferent sources and that do not share the
same consunption conditions. 1t should al so support source-specific
degradation, so that one degraded input does not force all other
inputs into the sanme state, and one acceptable i nput does not hide
degradation in another.

Qperational inplications
1. Relationship to service continuity

In CATS, service continuity depends not only on whether traffic can
still be forwarded, but also on whether the selected service instance
or conputing target remains suitable after the steering decision is
made. A steering outcone may therefore remain valid froma
forwardi ng perspective while no |onger renmaining valid froma service
perspective. At the sane tine, the steering decision itself may
depend on traffic- and service-related conditions whose validity is
highly sensitive to netric freshness. Excessively frequent netric
updates may introduce instability or oscillation into the steering
process. Infrequent updates, by contrast, may cause steering
decisions to rely on stale conditions that no | onger reflect the
current operational state. For this reason, freshness is rel evant

not only to the suitability of the selected service target, but also
to the continued validity of the steering decision that directs
traffic toward it.

Freshness hel ps deternmi ne whether a netric reflects the service
condition on which continuity-related steering depends. Operationa
acceptability hel ps deternine whether that netric can support nornal
continuity-sensitive steering or should instead be treated as
degraded or fallback input. Assurance exposure hel ps make
continuity-rel evant degradation externally visible once the system
shifted away from normal semantic conditions.

These semantics do not thensel ves provide continuity procedures,

nm gration behavior, or affinity handling. They indicate when a
metric should no | onger be treated as a normal input to continuity-
sensitive steering.

2. Control, managenent, and OAM rel evance
These semantics are relevant not only at the metric-consum ng

deci sion point, but also to control, managenent, and OAM functi ons
around it.
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A control function may use these semantics to distinguish norma
metric use from degraded or fallback use in the steering process. A
managenent function nmay use themto determ ne whether steering is
operating under normal senmantic conditions or shifted into reduced-
confidence behavior. An OAM function nay use themto observe whether
degraded consunption, senmantic divergence, or fallback handling is
operationally visible even though forwardi ng succeeds.

6.3. Lightweight signaling considerations

Thi s docunent does not define protocol fields, but the semantics
above are intended to be protocol -ready and |ightwei ght.

Freshness could be reflected by a tinestanp, an age value, or a
validity window carried with the nmetric or its enclosing object,

all owing the consuner to interpret the netric under different update
frequencies. Operational acceptability could be represented as a
conpact three-state indication associated with the nmetric or with the
result of consunming that netric. Assurance exposure could be
realized by exposi ng degraded-consunption state to managenent or OAM
systens, for exanple by attaching state to an OAMrecord, a
managenent obj ect, or a troubl eshooting signal. Such signaling may
occur on different information paths dependi ng on depl oynent, such as
metric reporting toward a decision function, decision distribution
toward an ingress forwarder, or exposure toward managenment and OAM
syst ens.

7. Illustrative exanple

Consi der a hybrid depl oynent in which a consuner uses relatively
stable site capability information | earned through one path and fast-
changing utilization information received through a centralized
controller path. At time T1, both inputs are current enough that the
consuner selects Site B for dynamc steering. At tinme T2, the
capability information remai ns unchanged, but the utilization

informati on distributed by the controller is several seconds old. |If
the consumer continues to treat both inputs as equally current, it
may still steer new requests toward Site B even though Site B has

| ost the headroom assunmed by the old utilization val ue.

The semantic decision flow can be illustrated as foll ows:
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| expose condition to |
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Under the senmantics defined here, the capability information may
remai n acceptable, while the utilization information is only
degradedl y acceptabl e or even unacceptable. The consumer nmay
therefore fall back to a coarser policy, and that fallback can be
exposed to nanagenent or QOAM

8. Security Considerations

If an attacker can mani pul ate freshness-rel ated net adat a,
acceptability state, or assurance visibility, traffic may be steered
on the basis of information that appears valid but is not. This can
amplify the inpact of stale or falsified compute-related inputs and
may lead to traffic mis-steering, |ocalized resource exhaustion, or
service disruption.
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Thi s docunent has no | ANA acti ons.
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Acknowl edgnent s
Illustrative Multi-Factor Derivation Mde

Thi s appendi x provides one illustrative realization of the
accept abl e, degraded, and unacceptable states described in the main
body of this docunent. It is included for illustration only.

For illustration, let T age denote the elapsed tine since netric
generation. A deploynment may conpute T_age as the difference between
the current tinme and the tinestanp associated with the netric. Let

T validity denote a duration within which the netric is considered
suitable for normal steering use. Let T grace denote an additiona
duration during which the netric may still be retained for degraded
or fallback use.

In addition, let U gap denote the el apsed tine since the |ast
successful netric update, or nore generally a measure of update
continuity. This allows the exanple to capture not only whether a
metric is old, but also whether the netric source is updating in a
sufficiently continuous manner for operational use.
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In this exanple, metric age provides the baseline timng nodel:
* acceptable: T age <= T _validity

* degraded: T validity < T age <= T validity + T _grace

* unacceptable: T age > T validity + T_grace

Update continuity then acts as an additional nodifying condition
One sinple interpretation is that poor update continuity may trigger
an earlier transition to degraded or unacceptable states, even when
the noni nal age-based condition al one would not yet do so. For
exanpl e:

* if Ugap > Uthreshold, the nmetric may be treated as at |east
degraded, even if T age <= T validity

* if both T_age > T validity + T grace and U gap > U threshold, the
metric may be treated as unacceptable

Under this exanple, T validity represents a nornal-use interval,
while T grace represents a degraded-use interval rather than an
extension of full validity. The point of the exanple is not to
define a universal fornula, but to illustrate that a sinple state
space may still depend on nore than one observable condition

A simplified state transition nmodel can be represented as:
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metric received

%
S +
| acceptable |

age exceeds validity
or continuity degrades

v
S +
| degraded |

age exceeds degraded-use limt
or multiple adverse conditions hold

A newer valid update nmay nove the netric back to acceptable.

The sane exanpl e may be summari zed as:

[ s s e sl s e el e s U
| Condition | Derived | I'nterpretation |
| | State | |
| T age <= T validity and | acceptable | usable for nornal

| Ugap <= U threshold | | steering |
oo e e e e e e i oo oo oo R o e e e e oo +
| T validity < T _age <= | degraded | usable only for |
| T validity + T _grace, or | | reduced-trust or

| Ugap > U threshold | | fallback behavior

o e e e e e e e S o e e e e oo oo +
| T _age > T validity + | unacceptable | not suitable for

| T_grace, or multiple | | steering input |
| adverse conditions persist | |

o e e e e e i eee oo n oo s o e e oo s +

Table 1
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In a centralized depl oynent, T _age may dom nate because the contro

| oop of collection, processing, and redistribution can introduce
significant delay before the netric reaches the decision point. In
such a case, age-based degradati on nay becone the primary reason that
a nmetric transitions fromacceptable to degraded.

In a distributed depl oynent, update continuity nay becone nore
significant because | ocal decision points may rely on rapidly
refreshed but independently observed inputs. In such a case, poor
continuity or irregular |local update behavior nmay cause a netric to
| ose normal steering utility even if its nom nal age renmins snall.

In a hybrid deploynent, different sources may be interpreted under
different semantic conditions within the sane decision process. A
relatively stable | ocal capability-related netric may remain
acceptable, while a centrally distributed utilization-related netric
may only remain suitable for degraded or reduced-trust use. This
illustrates that state derivation may be both nmulti-factor and

source-specific, rather than globally uniformacross all inputs.
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