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Abst ract

Thi s docunment anal yses different methods for distributing the
computing nmetrics fromservice instances to the ingress router.

Di scussi on Venues
This note is to be renoved before publishing as an RFC
Di scussi on of this docunent takes place on the Conputing-Aware
Traffic Steering Working Goup mailing list (cats@etf.org), which is

archived at https://mailarchive.ietf.org/arch/browse/cats/.

Source for this draft and an issue tracker can be found at
https://github. com VMatri x1900/ dr aft - cat s- met hod- anal ysi s.

Status of This Meno

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

Internet-Drafts are working docunents of the Internet Engineering
Task Force (IETF). 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 16 Novenber 2025.
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1. Introduction

Many nodern computing services are deployed in a distributed way.

Mul tiple service instances deployed in nultiple sites provide

equi val ent function to the end user. As described in

[1-D. yao-cats-ps-usecases], traffic steering that takes conputing
resource netrics into account would inprove the quality of service
Such conputing netrics are defined in
[1-D.du-cats-conputing-nodeling-description]. This docunment analysis
different nethods for distributing these netrics.
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Conventions and Definitions

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

Thi s docunent uses terns defined in [I-D.ldbc-cats-framework]. W
I'ist them below for clarification

*  Conputing-Aware Traffic Steering (CATS): An architecture that
takes into account the dynami c nature of computing resources and
network state to steer service traffic to a service instance.
This dynamicity is expressed by neans of relevant netrics.

* CATS Service Metric Agent (C SMA): Responsible for collecting
service capabilities and status, and reporting themto a CATS Path
Sel ector (C PS)

* CATS Path Selector (C-PS): An entity that determ nes the path
toward the appropriate service |location and service instances to
nmeet a service demand given the service status and network status
i nformation.

Requi rement of distributing conmputing metric

The CATS functional conponents are defined in

[1-D. I dbc-cats-franmework] (see Figure 1, the figure is replicated here
for better understanding). C SMA is responsible for collecting the
computing metrics of the service instance and distributing the
metrics to the CGPSes. A CPS then selects a path based on the
computing metrics and network netrics.
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Figure 1. CATS Functional Conponents
4. Overhead of Metric Distribution

In the context of netric distribution for CATS, whether in a
distributed or centralized architecture, one of the key
considerations is the overhead involved in transferring netrics
bet ween the producers (C-SMA) and consuners (C-PS). This overhead
can be defined by the follow ng equation:

Metric Distribution Overhead = Nunber of Producers x Number of
Consunmers x Distribution Frequency x Metric Size
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The nunber of producers and consuners is dictated by the scope of the
metric distribution. Not all ingress routers need to be aware of the
computing metrics fromall sites; typically, it is sufficient to
distribute netrics only for nearby or relevant sites to optimze
scheduling. Additionally, the distribution frequency can be
optinized by sending nmetric updates only when there are significant
changes in the metrics, reduci ng unnecessary transm ssi ons and

m nim zi ng overhead whil e maintaining the accuracy of the scheduling
process.

5. Choice 1: Centralized versus Dencentralized
5.1. Option 1: Centralized CSVA + Centralized CPS

The conputing netrics can be collected internally with a hosting
infrastructure by a centralized nonitor of the hosting
infrastructure. Various tools such as Pronetheus can serve this
purpose. The nonitor can pass the netrics to a network controller,
whi ch behaves as a CG-PS. Then, the network controller calculates the
optimal path and distribute the paths to CATS ingress routers. Wen
a service request arrives at the CATS ingress router, it just steers
the request to the path. The network controller distributed the
metric update to the C PS using sout h-bound protocol

5.2. Option 2: Centralized CSVA + Distributed CPS

Simlar to option 1, the network controller does not cal culate the

path. It just passes the conputing netrics received fromthe cloud
monitor to the C-PS enbedded in a CATS ingress router. The CPS at
each CATS ingress router will proceed with path conputation locally.

5.3. Option 3: Distributed CSMA + Centralized G PS

The C-SMA can be deployed in a distributed way. For exanple, C SMA
running at each site collects the conputing netrics of the service
instances running in a site. Then, it reports the netrics to a
network controller, which behaved as a C-PS. The network controller
cal cul ates the best path for a service and distribute the path to a
CATS ingress router

5.4. Option 4: Distributed CSVMA + Distributed CPS
Sinmlar to option 3, each C-SMA collects the conmputing netrics of
each site. Then it needs to distribute the metric to GPS at each

ingress router. It can do so directly or through a network
controller.
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5.5. Conparai son

[ e ool s ool ooy e oo
| | Option | Option 2 | Option 3 | Option 4 |
1

| Protocol | None | Sout hbound | Sout hbound | Sout hbound

| | | | | or Eastbound
S Fomm oo R R o e e - +
| CATS router | Low | High | Low | High |
| requirement | | | | |
. S - - . +
| Network | High | Low | High | Low |
| controller | | | | |
| requirement | | | | |
S S SRR R R R +

Tabl e 1. Compari son between different option
6. Choice 2: Push versus Pul

There are two prinmary nodes of the netric distribution: push and pul
nodes. The push node operates on the principle of inmediate

di ssemi nati on of conputing netrics as soon as they are refreshed.
Thi s approach boasts the advantage of tineliness, ensuring that the
| atest netrics are always avail able at the cost of frequent updates.
The frequency of these updates directly correlates with the rate at
whi ch the conputing netrics are refreshed

Conversely, the pull node adopts a nore reactive strategy, where the
| atest conputing netrics are fetched only upon receiving a specific
request for them This nmeans that the distribution frequency of
computing metrics hinges on the demand of such data, determ ned by
the frequency of incom ng service request from each ingress.

Irrespective of the chosen node, various optimzation techni ques can
be enployed to regul ate the frequency of netric distribution
effectively. For instance, in the push node, setting thresholds can
mtigate the rate of updates by preventing the dispatch of new
conputing netrics unless there is a significant change in the
metrics. This approach reduces unnecessary network traffic and
conput ati onal overhead but at the potential cost of not always having
the nmost up-to-date information.

In the pull node, caching the returned conputating nmetric for a
predeterm ned duration offers a simlar optimzation. This nethod
all ows for the reuse of previously fetched data, del aying the need
for subsequent requests until the cache expires. Wile this reduces
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the load, it introduces a delay in acquiring the |atest conputing
metrics, possibly affecting decision-making processes that rely on
the nmost current data.

Bot h push and pull nodels, despite their inherent differences, share
a conmon chal | enge: striking a bal ance between the accuracy of the
distributed conputating netrics and the overhead associated with
their distribution. Optimzing the distribution frequency through
techni ques such as threshold setting or caching can help mtigate
these chall enges. However, it's inportant to acknow edge that these
optinm zations nmay conprom se the precision of scheduling tasks based
on these netrics, as the very latest information may not al ways be
avai l able. This trade-off necessitates a careful consideration of
the specific requirenments and constraints of the conputationa
environment to determ ne the nost suitable approach

7. Choice 3: Aggregation of netric update nessages

Anot her crucial aspect to consider in the distribution of conputing
metrics is the potential for aggregating updates. Specifically, in
di stributed C SMA scenarios, where an Egress point connects to
multiple sites, it's feasible to consolidate updates fromthese sites
into a single nmessage. This aggregation strategy significantly
reduces the nunmber of individual update nessages required,
stream i ning the process of disseninating computing netric.

Aggregation can be particularly beneficial in reducing network
congestion and optim zing the efficiency of information distribution
By bundling updates, we not only mnimze the frequency of nessages
but al so the associ ated overheads, such as header information and
protocol handling costs. This approach is not linited to distributed
environments but is equally applicable in centralized C SVA
scenari 0s.

In centralized CSVA scenarios, a controller responsible for managi ng
conmputing nmetric updates to ingress nodes can enploy a simlar
aggregation technique. By consolidating updates for nultiple sites
into a single message, the systemcan significantly decrease the

over head associ ated with update protocol messages.
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10.

10.

Wi | e aggregating conputing nmetrics offers substantial benefits in
terns of reducing network traffic and optim zing nmessage efficiency,
it’s inmportant to address a specific challenge associated with this
approach: the potential delay in nmessage tineliness due to the

wai ting period required for aggregation. In scenarios where
computing nmetrics frommultiple nodes are consolidated into a single
updat e nessage, the updates fromindividual nodes might not arrive
si mul taneously. This discrepancy can lead to situations where
updates must wait for one another before they can be aggregated and
sent out.

This waiting period introduces a delay in the dissenination of
computing nmetrics, which, while beneficial for reducing the vol une of
updat e nessages and network overhead, can inadvertently affect the
systeni s responsi veness. The delay in updates m ght not align well
with the dynam ¢ needs of conputing resource nmanagenent, where tinely
information is crucial for making informed decisions about resource
al | ocation and | oad bal anci ng.

Therefore, while the aggregation of updates is an effective strategy
for enhancing the efficiency of conputing netrics distribution, it
necessitates a careful consideration of its inmpact on the systenis
ability to respond to changes in conputing needs pronptly. Bal ancing
the benefits of reduced nessage frequency and overhead with the
potential delays introduced by aggregation requires a nuanced
approach. This mght involve inplenenting nechanisns to mnimze
waiting times, such as setting maximumwait times for aggregation or
dynanmi cal | y adj usting aggregation strategi es based on the current

| oad and the arrival patterns of updates.

Security Considerations
TBD
I ANA Consi derati ons
Thi s document has no | ANA acti ons.
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