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Abstract

Conputing-Aware Traffic Steering (CATS) optimzes traffic forwarding
by considering both conputing and networking netrics. Wile the
existing framework and metric drafts provide theoretical nodels
(e.g., L1/L2 normalized nmetrics), they face significant challenges to
achi eve direct operational execution in real-world depl oynments.

Nor mal i zati on nmet hods vary across providers, and aggregated unitless
scores often lose critical operational information, making it
difficult for routers to nmake preci se deci sions.

Thi s docunent is proposed to fill this gap by providing an executabl e
approach. It defines a set of Conmputing Service Metrics and their
operations under the CATS framework. Instead of transmtting | ow

| evel raw hardware nmetrics, service sites dynanically eval uate and
report service-oriented netrics (e.g., Gobal Available Slots) to the
control plane. This enables efficient and precise traffic-steering
policies without negating the value of existing normalized netrics.

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."
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1.

I nt roducti on

The Conputing-Aware Traffic Steering (CATS)
[1-D.ietf-cats-framework-24] architecture ains to steer service
traffic to the nost suitable service contact instance by eval uating
both network state and conputing resource availability. To achieve
this, CATS Service Metric Agents (C SMAs) collect conputing netrics
and advertise themto CATS Path Sel ectors (C PSes).

[I-D.ietf-cats-netric-definition-07] introduces a nulti-level netric
framework (Level 0, Level 1, Level 2) and proposes nornmalizing

het er ogeneous conputing nmetrics into unitless scores (e.g.,
compute_norm). While this establishes a solid theoretical baseline,
mappi ng di verse hardware capabilities (CPUs, GPUs, NPUs) into a
single normalized score is highly conplex and provi der-dependent. In
practice, such normalization often obscures the actual service
capacity, which cannot reach the required operational effect for
fine-grained traffic steering.

To fill the gap between theoretical metric definitions and practica
i npl ementation, this docunent introduces a set of Computing Service
Metrics. By decoupling the service capacity from hardware-specific
raw netrics, service sites can directly expose actionable nmetrics
that describe their concrete ability to handl e specific services.

Ter m nol ogy

Thi s docunent nakes use of the terns defined in
[1-D.ietf-cats-franmework-24] and
[I-Dietf-cats-netric-definition-07]. |In particular, CS-I1D and CSCl -
ID are used as CATS identifiers. They provide stable service and
servi ce-contact-instance references for | ookup and forwardi ng, but
are not treated as conputing nmetrics in this docunment. Additionally,
the following terns are used:

* dobal Available Slots (GAS): The maxi mum nunber of concurrent
clients a service siteis willing and able to serve for a specific
CS-1D at a given tine.

* CS-ID (CATS Service ID): An identifier for a service. It is used
as a stable | ookup key in the C-PS Conmputing Service Tabl e.

* CSCl-ID (CATS Service Contact Instance ID): An identifier for a
service contact instance. In this docunment, it is interpreted
operationally as a locator, such as an | P address and port nunber,
used to establish the data tunnel
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3. Modtivation and Probl em St at enent

The CATS wor ki ng group has nade significant progress in defining how
conmputing netrics should be collected and distributed. In
particul ar, existing works introduce a conprehensive franework that
categori zes conputing netrics into Raw Metrics (Level 0) and
Normal i zed Metrics (Level 1 and Level 2). However, a critical gap
remai ns: how exactly to use these hardware-centric netrics to
effectively steer traffic in operational networks.

Thi s docunent does not negate the value of L1/L2 normalized netrics;
rather, it identifies that relying solely on the nornalization of raw
hardware nmetrics poses operational challenges during routing
execution:

1. The Inplenentation Gap (HOWto nornmalize?): In a real-world
mul ti-vendor network, conputing resources are highly
het erogeneous. It is extrenely difficult to establish a unified
mat hermati cal nodel that fairly normalizes a GPU s capacity and a
CPU s capacity into the same 0-10 score

2. The Information Loss Gap (WHY di ssem nate raw features?):
Nor mal i zi ng diverse hardware capabilities into a single unitless
score results in the loss of actionable information. A
normal i zed compute score of "7" cannot explicitly guarantee a
client’s <10 nms del ay requirenent.

3. The Routing Mechanism Gap (WHO uses this data?): Routers (C PS)
do not need to know whether a service is backed by a CPU or a
GPU. They only care about routing paranmeters: "Is there
capacity?", "How long will it take?", and "Were is the
destination?".

To bridge this gap, CATS requires a Service-Oriented Abstraction. W
explicitly divide the required service information into Mandatory
Conputing Service Metrics and Optional Extension Metrics to support
executable traffic-steering policies.

4., Service Information and Metrics Definition

This section defines the service infornmation used by CATS control -
pl ane conmponents. Some fields are identifiers or |locators, while
others are service-oriented netrics. Metric exanples follow the
structural guidelines specified in Section 4 of
[I-Dietf-cats-netric-definition-07]. Encoding details are
intentionally left as TBD until the working group has a stable
representation to reference.
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4.1. Mandatory Conputing Service Information

These fields are essential for the CPS to nmake fundanental traffic
steering decisions. CS-ID and CSCI-1D are identifiers, while GAS and
Conputing Tine are service-oriented netrics

4.1.1. dobal Available Slots (GAS)

GAS is the core contribution of this metric framework. It represents
t he maxi num nunber of concurrent clients a service site can serve for
a specific Cs-ID.

Crucially, GAS acts as a direct abstraction layer (a "lid") over the
compl ex and fluctuating raw conputing netrics (CPU, GPU Menory,
Storage) and status netrics (load and health). Instead of exposing
hi ghly dynam c raw nmetrics to the network, the service site absorbs
these variations internally. The site initially provides a GAS val ue
based on its fixed resource allocation.

As the number of concurrent users increases, the GAS val ue naturally
decreases. Furthernore, the site nonitoring systemdynam cally
reduces the GAS val ue upon detecting abnornal status netrics, such
as:

* Load changes: Sudden increase in internal resources occupi ed by
| ocal users or tasks.

* Health changes: Sudden performance drop, possibly due to a cyber
att ack.

* Reachability: The site crashes or becones unresponsive.

Note: The C SMA proactively reports significant adjustnents to the
control plane according to |ocal policy, thresholds, or aggregation
intervals. Small per-session changes do not necessarily need to be
reported i nmedi ately. Wen GAS drops to 0, it nmeans the instance
cannot allocate any nore resources, and no new requests wll be
steered to it.

Basic fields:
Metric Type: gas
Level : LO/ TBD
Val ue: 500
Source: estimation

Encoding details, including field Iength and wire format, are TBD.
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4.1.2. Conputing Tine

The tine required for the site to performone service request. The
service site dynanmically adjusts this netric based on real -tine | oad.

Basic fields:
Metric Type: conp_tine
Level : LO/ TBD
Unit: ns
Val ue: 5
Source: estimation

Encoding details, including field Iength and wire format, are TBD.

4.2. Optional Extension Metrics

To accommpdat e advanced traffic-steering scenarios and maintain
backward conpatibility, the follow ng optional fields are defined.

4.2.1. Cost

Sel f-defined by the service site to apply adnm nistrative or econonic
billing policies.

Basic fields:
Metric Type: cost
Level : LO/TBD
Val ue: 100
Sour ce: noni na

Encoding details, including field Iength and wire format, are TBD.

4.2.2. Reputation

A dynanmic quality score based on user feedback. Upon conpletion, if
a user experiences |long delays or inaccurate results, feedback is
returned to the C-PS *along with the resource rel ease nessage*.

Basic fields:
Metric Type: reputation
Level : LO/TBD
Val ue: 8
Source: estimation (user feedback)

Encoding details, including field Iength and wire format, are TBD.
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4.2.3. Security Labe

4.

5

5.

The Security Label reflects the security status of a service site. A
hi gher score indicates a nore secure site.

Score range: 0-10 (O indicates the poorest security; 10 indicates
opti mal security).

Basic fields:
Metric Type: security | abe
Level : LO/TBD
Val ue: 9
Source: estimtion

Encoding details, including field Iength and wire format, are TBD.
2.4. Capability (L1/L2 Conpatibility)

To maintain conpatibility with L1/L2 nornalized netrics, this
optional field represents the overall conputing and storage
capability allocated by the site. It can correspond to a Level 1 or
Level 2 overall capability score when such a nornalized value is
avai | abl e.

Basic fields:
Metric Type: site_cap
Level : L1/L2/TBD
Val ue: 7
Source: normalization

Encoding details, including field Iength and wire format, are TBD.
Oper ation under CATS Framewor k
1. Dynanmic Metric Reporting

Service sites proactively nmonitor their internal instances. Wen
capacity drops, available slots cross a configured threshold, or

| at ency spikes, the site reports updated netrics to the |ocal C SMA
The C-SMA nmay aggregate snmall per-session changes and synchroni ze
only significant updates with the control plane.

Choosi ng appropriate protocols for conveying CATS netrics is
important. For distributed systens, existing routing protocols such
as BGP extensions[ RFC4760] and GRASP [ RFC3990] may serve as a
basel i ne. However, considering that the CATS working group focuses
on singl e-domai n nodels, centralized approaches are highly suitable.
In an SDN context [RFC7149] [RFC7426], the nmetric agent acts as an
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application that uses a RESTful APl via the northbound interface to
report CATS netrics directly to the centralized GPS (or SDN
controller) for centralized deci si on-maki ng.

5.2. Information Collection and Routing Policies

To ensure separation of concerns between conputing resources and
network states, the G-PS maintains two distinct data structures.
Network metrics do not need to be normalized or redefined i n CATS;
they rely on existing network mechani sns.

* Conputing Service Table: Fornmed by the GSMA. |t gathers service
identifiers and service-oriented netrics (GAS, Conputing Tine,
etc.) and is indexed by CS-I1D

* Network Service Table (e.g., TEDB in SDN controller): Forned by
the CGNVA.  C NMVA | everages existing techniques (e.g.,[RFC7471],
[ RFC8570], and [ RFC8571]) to generate it. The Network Service
Tabl e contai ns network topology and link information (including
delay, jitter, bandwi dth, and availability). As an exanple, when
the CGPS is inplemented using an SDN Controller, the Network
Service Table corresponds to the TEDB in the SDN control plane.

When a user request arrives, the CPS conbines the Conputing Service
Tabl e and the Network Service Table (e.g., TEDB in SDN controller).
The routing policy works by first querying the Computing Service
Table to find candidate CSCl-I1Ds that neet the service requirements.
Then, it queries the Network Service Table to determ ne the path and
delay fromthe user’s Ingress CATS-Forwarder to the candi date Egress
CATS- Forwarder. The service node nmay be outside the ingress domain,
so this docunent does not require neasuring delay directly fromthe
ingress to the service node. Finally, the G PS selects the optinal
CSCl-1D by mnimzing the total service time, i.e., conputing tine
pl us ingress-to-egress network del ay.

o m oo + o m oo +
| Computing Service Table | | Network Service Table
| (CS-1D, CSCl-ID, GAS, | | (lIngress, Egress, |
| Conp Tine) | | delay, jitter, bw) |
S S + S S +
I I
v v
Fo m m o e e e oo +
C PS

I I
| 1. Query Computing Service Table for candi dates |
| 2. Query Network Service Table for ingress-egress path

| 3. Select CSClI-1D by conputing time plus network delay |
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Figure 1: Service Sel ection Process Conbining Conmputing and Network
Metrics

6. Use Case Exanpl e

To illustrate the integrated routing |ogic of Service Metrics,

consi der a scenario where the C-PS conbi nes both conmputing and
network information. In this exanple, the G PS filters candi dates
based on CS-I1D and Computing Tinme, and conbines that with the network
del ay between the I ngress and Egress CATS- Forwarders.

6.1. Service Distribution and Tabl e Formati on

Multiple service sites deploy various instances (e.g., ARl, AR2,
LLML). The G- SMA at each site pushes its local service information
to the GPS in the nessage format (CS-1D, CSCl-ID, Conputing Tine,
GAS, [Optional Metrics]), formng the follow ng unified Conputing
Servi ce Tabl e:

Figure 2 illustrates the metric disseni nation process across the
net wor k:
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AR1, 188.3.67.3:67, 5ns, 400, cost=10
AR2, 188.3.67.3:68, 15ms, 100, cost=20

B LT :
: ocmmnaaan +
: |  ARL |
: .--|CsCl-1D 1]
S + | B S +
| C- SMA | ----] Service Site 2
S + | R +
| CATS- For war der 2| --]  AR2 |
R + R LR + | CsCl - 1D 2|
| dient | | R +
Fo-em- - + Network +--------c-cmommomo +
I delay | +------- + I
I SEEEEEEN | G NWA | I
| ESEEEREE + |
. + | |
| CATS- Forwar der 1| C-PS| ----| |
R + | Under | ay |
Computing | Infrastructure | e +
: Servi ce | | | ARL |
: Tabl e R L T + .---|CSCl-1D 3|
: | | S SRR +
. + - +
| CATS- Forwarder 3|--|C-SMA | Service Site 3
o e +  ------ +
I
| R +
"---| LLM |
R e T T : |CSCl-1D 4 |
AR1, 188.3.67.4:69, 6nms, 600, cost=5 R +

LLML, 188.3.67.4:70, 12ms, 300, cost=15
Figure 2: An Exanple of Service Metric D ssem nation under CATS

The C-PS stores the C-SMA reports in the Conputing Service Tabl e:
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b ool oo s ool s st o}
| CS-ID| CSCI-ID (IP:Port) | GAS | Conp Time(nms) | Cost |
| | | | | (Optional) |
B et sty el s sl e e e e
| ARL | 188.3.67.3:67 | 400 | 5 | 10 |
F------- I I +----- R I I I i I +
| AR2 | 188.3.67.3:68 | 100 | 15 | 20 |
F--- - R I I I R R +----- I IR L I I I +
| ARL | 188.3.67.4:69 | 600 | 6 | 5 |
+------- S I IR I +----- I i I I +
| LLML | 188.3.67.4:70 | 300 | 12 | 15 |
F------- I I +----- R I I I i I +
Table 1

The C-PS al so maintains the Network Service Table (e.g., TEDB in an
SDN controller) for network path information. An exanpl e subset
rel evant to the I ngress CATS-Forwarder is shown bel ow

| I'ngress CATS-Forwarder | Egress CATS-Forwarder | Network |

I | Delay (nms) |
[ st el et o}
| 10.0.0.1 | 188.3.67.3 | 8 |
T Fem e e e e e . +
| 10.0.0.1 | 188.3.67.4 | 6 |
o e e e e e o oo o e e e e e oo oo R +

Table 2

Net work delay information is maintained in the Network Service
Tabl e rather than being nerged into the Conputing Service Table. In
this exanple, network delay refers to the Ingress-to-Egress del ay.

6.2. Service Consunption and Resource Allocation

A client requests the ARL service with a requirenment for the shortest
total service tine (computing tine plus |Ingress-to-Egress network
delay). Cost is omtted in this example to focus on the conbi ned
nmetric.

1. Match CS-ID (Control Plane): The CPS scans the Conputing Service
Table and isolates entries matching CS-1D = ARL. Candi dat es:
188.3.67.3:67 (Comp Tine = 5ns) and 188.3.67.4:69 (Conp Tine =
6ns) .

Zhang, et al. Expi res 14 Novenber 2026 [ Page 11]



I nternet-Draft Conputing Service Metrics and Operation May 2026

2. Query Network Service Table for Network Del ay: The C- PS queries
the Network Service Table (e.g., TEDB in an SDN controller) using
the user’s Ingress CATS-Forwarder and each candi date Egress CATS-
Forwarder: path to the egress attached to 188.3.67.3 has a
network delay of 8 nms; path to the egress attached to 188.3.67.4
has a network del ay of 6 ns.

3. Calculate Total Service Tine: The C-PS sums conputing time and
I ngress-to-Egress network delay for each candi date: candi date
188.3.67.3: 67 has 5 ns + 8 ms = 13 ms; candi date 188. 3. 67. 4: 69
has 6 ns + 6 ms = 12 ms. The C PS sel ects 188. 3.67.4: 69 because
it offers the shortest total service time (12 ns), even though
its computing time is slightly higher than candi date 67

4. Al ocate (M nus-one operation): The selected service site or its
C- SMA updates the | ocal GAS counter for 188.3.67.4:69 from600 to
599. The C- SMA does not need to report every single decrenent to
the C-PS when the change is operationally insignificant; it may
report aggregated or threshol d-based updat es.

5. Return Contact IP (Control Plane): The C PS sends the selected
contact IP (188.3.67.4:69) to the Ingress CATS-Forwarder (CATS-
Forwarder 1). The Ingress CATS-Forwarder then forwards this
information to the client. The internal netrics (conputing tine,
networ k delay, cost, etc.) are shielded fromthe user

6. Data Plane Establishnment: The client sends the concrete service
data to the Ingress CATS-Forwarder (CATS-Forwarder 1). The
I ngress CATS- Forwar der encapsul ates the packets and forwards them
over the CATS-conputed path to the sel ected Egress CATS- Forwar der
(e.g., CATS-Forwarder 2 or 3). The Egress CATS- Forwarder
decapsul ates the packets and sends themto the target service
site. After processing, the service site returns the response to
the sane Egress CATS-Forwarder, which forwards it back to the
I ngress CATS- Forwarder and then to the client.

7. Release (Plus-one operation): Once the service session is
compl eted, the selected service site or its CSMA increments the
| ocal GAS counter back to 600. The updated value is synchronized
to the CGPS according to the sane |ocal reporting policy,
threshol d, or aggregation interval
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7. Security Considerations

The dynamic reporting of Service Metrics introduces potential attack
vectors. Authentication nechani sns between service sites and C SMAs
MUST be enforced. The Security Label (Section 4.2.3) can be utilized
by the CG-PS to prevent routing sensitive traffic to conpronised
sites.

8. | ANA Consi derati ons

Thi s docunment has no | ANA actions at this tinme.
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