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Abst ract

Thi s docunent specifies the Switching Efficiency Framework, a

measur enent net hodol ogy designed to evaluate network efficiency in Al
Data Centers (AIDCs). Conventional network netrics, such as

bandwi dth utilization or network throughput, fail to directly link
network activity to conputational progress, as they cannot

di stinguish conputationally effective data that directly advances
neural network conputing fromthe redundant traffic induced by both
mul ti-hop forwarding and the al gorithm c overhead of collective
operati ons.

To address this, this docunent defines the Switching Efficiency
Framewor k, a neasurenent methodol ogy for eval uating Al DC network
efficiency. The core netric, Switching Efficiency, quantifies the
conputationally effective data throughput delivered per unit of

provi sioned switching capacity. To facilitate precise diagnostic
anal ysis, the framework further deconposes this core nmetric into
three fine-grained factors: Data Efficiency, Routing Efficiency, and
Port Utilization.

This framework provides netrics that can help operators identify
conmuni cati on bottl enecks and eval uate topol ogy-traffic alignnent.

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-ye-i ppm swi tching-efficiency/.

Di scussion of this docunent takes place on the i ppm Wrking G oup
mailing list (mailto:ippm@etf.org), which is archived at
https://mailarchive.ietf.org/arch/browse/ippmi. Subscribe at
https://ww.ietf.org/mailman/listinfol/ippni.
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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 (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 nmay 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 21 Cctober 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 Legal
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 wi thout warranty as described in the Revised BSD License.
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1. I nt roducti on

In hyperscale Al Data Centers (Al DCs), network comunication is often
a performance bottleneck for training Large Language Mdels (LLMs).
Wi | e diverse network topol ogi es and communi cation algorithms (e.g.,

I n- Net wor k Conputing) are being depl oyed, operators |ack a comon
quantitative methodol ogy to eval uate how effectively raw physica

swi tching resources are converted into actual training progress.

Conventional performance netrics, such as bandwi dth utilization or
networ k throughput, are inadequate for this environnent because they
measure overall network activity rather than useful work.
Specifically, they treat all transferred bytes equally, failing to
isolate "conputationally effective data" - the net data that directly
advances neural network computing. For exanple, during an All-Reduce
operation, large volunmes of data are transferred across the fabric
only to be discarded after nmathematical reduction (algorithnic
overhead). Simlarly, when the physical topology fails to natch the
spatial distribution of the workload - such as forcing logically

| ocal i zed, high-volune traffic to cross the broader scal e-out fabric
- data nust traverse an excessive nunber of forwarding hops (nulti-
hop overhead). Because traditional netrics conflate these
redundancies with effective data delivery, operators cannot
accurately quantify how well a specific network architecture aligns
with its intended Al traffic patterns.

To bridge this gap, this docunment defines the Switching Efficiency
Framewor k [ Swi t chi ngEffici encyPaper], which relates the throughput of
effective data to the aggregate switching capacity of the network
through its core netric, Switching Efficiency (eta). This top-Ieve
metric is further deconposed into three diagnostic factors: Data

Ef fici ency (gamm) eval uates the comunication al gorithm by

i ndicating whether it delivers conputationally effective data or
gener ates redundant bytes; Routing Efficiency (delta) eval uates

topol ogy-traffic alignment by indicating whether the physical network
provi des direct paths or forces traffic into excessive multi-hop
detours; and Port Utilization (theta) eval uates hardware resource

al l ocati on by indicating whether the provisioned swtching capacity
is actively utilized.
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By defining these netrics, this docunent provides operators and
telemetry systenms with a common basis for evaluating Al DC network
performance and di agnosi ng comuni cati on bottl enecks.

Conventions and Definitions

The key words "MJST", "MJST NOT", "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMENDED', "MAY", and
"OPTIONAL" in this document are to be interpreted as described in
BCP 14 [ RFC2119] [ RFCB174] when, and only when, they appear in all
capitals, as shown here

Ter mi nol ogy

* *Conputationally Effective Data (CED):* The aggregate application-
payl oad vol une yielded by a comunication primtive and retained
by one or nore endpoints for subsequent neural network
conmputation. CED excludes transport, network, and |ink-I|ayer
headers; padding; control traffic; unreduced internedi ate data;
and any bytes that are delivered but not retained as semantic
input to the next conputation phase.

- For non-reduction operations (e.g., Al-Gather or All-to-A
di spatch), CED equals the aggregate newy received application-
payl oad vol une retai ned at the endpoints.

- For reduction operations (e.g., All-Reduce, Reduce-Scatter, or
All-to-All conbine), CED equals only the final reduced out put
vol unme retained at the endpoints.

* *Switching Capacity:* The aggregate theoretical egress data
forwarding rate of all packet-switching ports within the eval uated
measur enent domain. To reflect the heterogeneous hardware of
nmodern Al Data Centers, this capacity includes all functiona
transit components within that domain, specifically:

1. Standal one network switches (e.g., standard Ethernet or
I nfini Band switches acting as Top-of-Rack, Leaf, or Spine).

2. Enbedded switching elenments within a single conpute chassis
(e.g., NVSwitch interconnecting GPUs within a server).

3. Forwarding ports residing natively on the conpute accel erators
(e.g., Google TPUs).

* *In-Network Conputing (INC):* A network architecture paradi gm

where mat henmatical or |ogical operations (such as data reduction
in collective communications) are executed within the network data
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pl ane (e.g., by programmuable switches) while data is in transit.
In the context of Al Data Centers, INCis commonly deployed to
of fl oad col |l ective comuni cation reductions (e.g., performng
arithnetic operations for All-Reduce directly on the swtch),
thereby elinmnating the transm ssion of unreduced data and
delivering only the reduced results to the endpoints.

* *(pservation Wndow (T):* The common hal f-open time interval [tO,
t1) over which all variables in this docunment are accumnul at ed.
The duration T equals t1 mnus t0. Al variables used to conpute
a reported netric instance MJUST use the sane observati on w ndow.

*  *Measurenent Domain:* The explicitly identified set of conpute
endpoints, forwarding el enments, and forwarding ports included in a
reported netric instance.

* *Measured Traffic Set:* The subset of packets, nessages, or
conmmuni cation prinmtives attributed to the workl oad, job, tenant,
or collective class under evaluation. The sane traffic-selection
rul e MUST be applied consistently to V_CED, V_RECV, and V_FWD.

* *Byte Counting Rule:* The declared rule that specifies which bytes
are counted and which are not counted when conputing V_RECV and
V_FWD. A report MJIST state this rule explicitly and MJST apply
the sane rule consistently to V.RECV and V_.FWD. V_CED is always
counted using only the retained application data because it
represents computation input that remains semantically useful to
the application.

The Switching Efficiency Framework

This section defines the Switching Efficiency Framework. The
detail ed mat hemati cal derivations supporting this franework are
provided in [ SwitchingEfficiencyPaper]. For operational measurenent,
all variables and derived netrics are defined relative to a single
measur enent domain, a single neasured traffic set, a single byte
counting rule, and a single observation window T. Two reported
results are conparable only if these contextual paraneters are the
same, or if any differences are explicitly disclosed and nornmalized.

Core Vari abl es

The framework relies on four primary operational metrics collected
over the measurenent w ndow T:
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*V_CED (Total CED Volume):* The aggregate CED yiel ded by all
measured communication printives whose retained outputs are
attributable to the observati on wi ndow T according to the decl ared
boundary-handl i ng rul e.

*V_RECV (Total Received Volune):* The aggregate byte volunme of the
measured traffic set successfully accepted at the ingress of al
measur ed conpute endpoints during T. Each successful receipt
counts once per endpoint receipt. |If a payload is received
multiple tinmes because of retransm ssion or duplication, each
actual receipt is included in V_RECV.

*V_FWD (Total Forwarded Vol une):* The aggregate byte volume of the
measured traffic set emtted on the egress side of all measured
forwarding ports during T. Each forwarding event counts once per
egress transmission. Therefore, replicated copies, nulticast fan-
out, | oad-bal ancing replicas, retransm ssions, and forwarding

| oops each increase V_FWD according to the nunber of observed
egress transm ssions.

*C _TOTAL (Aggregate Switching Capacity):* The aggregate
theoretical egress data forwarding rate of all packet-swi tching
ports within the neasurenent domain. C TOTAL equal s the sum of
the theoretical maxi mumunidirectional egress data rates of those
ports.

Scope and Accounting Rul es

To pronote conparable results across inplenentations and experinents,
the followi ng accounting rules apply:

*

Al'l volunes defined in this docunent MJST be reported in bytes.
Al rates MIST be reported in bytes per second.

A reported netric instance MJST identify its neasurenent donain,
measured traffic set, byte counting rule, observation wi ndow, and
boundary-handling rule for comunication primtives that overlap
the edges of T.

Only traffic attributable to the neasured traffic set MJUST be
included in V_CED, V_RECV, and V_FWD. Managenent traffic, storage
traffic, unrelated tenant traffic, and background traffic outside
the nmeasured traffic set MJST be excluded unl ess the report
explicitly declares that a m xed-traffic domain is bei ng nmeasured.

The sane traffic-selection rule MIST be used for V_CED, V_RECV,
and V_FWD.
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* The same byte counting rule MIST be used for V_RECV and V_.FWD. A
report MJUST state whether additional non-payl oad bytes, such as
encapsul ati on or fram ng overhead, are included. For maxi num
conparability, experiments that are conpared agai nst each other
SHOULD use the sane byte counting rule across all runs.

* For direct conparison, an inplenentati on SHOULD use operati on-
al i gned observation wi ndows so that measured comunication
primtives are wholly contained within T. [If comrunication
primtives overlap T, the report MJST state whether overl apping
primtives are excluded or attributed by a declared attribution
point. The attribution point is the conpletion tinme of the
conmuni cation primtive for V_CED, the endpoint receipt tine for
V_RECV, and the egress transmission time for V_FWD.

4.3. Core Metric: Switching Efficiency (eta)

Switching Efficiency (eta) is the top-level metric quantifying how
effectively a network translates its raw physical capacity into
comput ational progress. It is defined as the ratio of the CED

t hroughput over observation window T to the aggregate swi tching
capacity of the network.

A high eta indicates that a |large proportion of the network’'s
provi si oned hardware capacity is successfully contributing to the
delivery of conputationally effective data.

4.4. Fine-Gained Efficiency Factors
To enabl e di agnostic anal ysis and isolate specific performance
bottl enecks, eta is mathematically deconposed into three diagnostic
efficiency factors (eta = gamma * delta * theta):

4.4.1. Data Efficiency (gamm)
Data Efficiency evaluates the effectiveness of inplenenting the

conmmuni cation prinmtives. It specifies the ratio of Conputationally
Effective Data (V_.CED) to the total received volune (V_RECV)
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*Di agnostic Focus:* ldentifies redundant data delivered to
endpoints. A value of ganma |l ess than 1 indicates that endpoint
ingress traffic contains bytes that do not survive as retained
conputation input, such as unreduced data, duplicated deliveries,
or additional overhead included by the declared byte counting
rule. Executing mathematical reductions within the network data

pl ane via INC can inprove ganma by reduci ng non-retained traffic
delivered to the endpoints.

4.4.2. Routing Efficiency (delta)

Routing Efficiency quantifies the topol ogical alignment between the
physi cal network architecture and the Al workload traffic patterns.

V_RECV
delta = -------
V_FWD
* *Diagnostic Focus:* ldentifies forwarding overhead. In a |ossless

network with no duplicated in-network copies, delta equals the

i nverse of the vol ume-wei ghted average nunber of forwarding events
incurred per received byte. A value of delta less than 1
indicates that traffic either traverses multiple forwardi ng stages
or experiences extra forwardi ng caused by retransni ssion,
replication, or |ooping behavior.

4.4.3. Port Uilization (theta)

Port Utilization nmeasures the spatial and tenporal engagenent of the
provi si oned sw tching capacity.

CTOTAL * T

*Di agnostic Focus:* ldentifies underutilized sw tching capacity.
A low theta indicates that the provisioned hardware (C _TOTAL)
operates below its theoretical maxi num data rate over the

observation window T, due to either spatial traffic inbal ance or
tenmpor al idl eness.
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5.  Measurenent Methodol ogy

This section specifies the operational procedures for collecting the
variables required to conpute the efficiency netrics. Accurate
measurenent requires tight tinme synchronization (e.g., via the
Precision Tinme Protocol (PTP) [|EEE1588]) across all network and
comput e endpoints, as well as an observation window T sufficiently
large to dilute telenetry polling variance. A report claimng
compliance with this specification MIST record the neasurenent
dommi n, the neasured traffic set, the byte counting rule, the
observation w ndow, the boundary-handling rule, and the estinated
synchroni zati on accuracy of the participating neasurenent points.

The four core variabl es span the network, endpoint, and application
pl anes, and are collected as foll ows:

* *C TOTAL (Aggregate Switching Capacity):* Derived fromthe
topol ogy inventory. It is conputed by summ ng the theoretica
maxi mum uni di rectional egress data rates of all packet-sw tching
ports within the decl ared measurenent domai n.

* *V FWD (Total Forwarded Vol une):* Collected fromthe network
pl ane. Operators MJST extract aggregate egress byte counters from
the nmeasured forwarding ports, typically fromswitch ASIC counters
or equival ent forwarding-plane telemetry. Only traffic matching
the declared neasured traffic set is included. |If the sanme
payload is transmitted nultiple times on different egress ports,
or retransnmitted on the sanme port, each egress transm ssion counts
separately in V.FWD. |If communication primtives overlap T, the
i mpl ementation MUST apply the declared attribution point for V. FWD
consistently. Counter wap, reset, discontinuity, or sanpling
| oss MJST be corrected if possible; otherwi se, the affected
observation wi ndow MJIST be reported as invalid or qualified
accordingly.

* *V_RECV (Total Received Volume):* Collected fromthe endpoint
pl ane. QOperators MJST extract aggregate ingress byte counters
fromthe host interfaces or accelerators attached to the measured
endpoints. Only traffic matching the declared nmeasured traffic
set is included. V_RECV counts successful endpoint receipts;
byt es dropped before endpoint ingress are excluded. Duplicate
deliveries and retransnmi ssions that are actually received at the
endpoi nt each contribute to V.RECV. [|f comunication primtives
overlap T, the inplenmentation MUST apply the declared attribution
poi nt for V_RECV consistently.
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*V_CED (Total CED Volume):* Collected fromthe application plane.
The i npl enentati on MUST count only the retained semantic outputs
of measured conmmunication primtives. To avoid the high overhead
of parsing verbose | ogs, operators SHOULD utilize |ightweight

col l ecti on nechanisns such as host-side telenetry agents, eBPF
hooks dynanically attached to collective comunication APls, or
native netrics endpoints exposed by standard comruni cati on
libraries (e.g., MPl or vendor-specific equival ents such as NCCL/
RCCL). If conmunication primtives overlap T, the inplenentation
MUST apply the declared attribution point for V_CED consistently,
especially when a primtive starts before T or conpletes after T.

Reporting Requirements

A compar abl e neasurenent report produced using this framework MJST
include at least the following itens:

*

Ye,

The start tinme t0, end tine t1, and duration T of the observation
W ndow.

A description of the neasurenent domain, including the set of
measur ed endpoi nts and forwardi ng el enents.

A description of the neasured traffic set, including any job
identifiers, tenant filters, flow selectors, or collective-
operation selectors used to isolate the traffic.

The byte counting rule used for V_RECV and V_FWD, incl uding
whet her additional non-payl oad bytes are incl uded.

The boundary-handling rule used when comunication primtives
overl ap the boundaries of T, including whether overl apping
primtives are excluded or attributed by conpletion tine, receipt
time, and egress transm ssion tinme, respectively.

The tinme-synchronization method and the maxi num esti mat ed cl ock
error across measurenent points.

The polling or export interval for counters, together with the
treatnment of counter reset, wap, or mssing sanples.

The set of ports included in C TOTAL and the theoretical maxi mum
uni directional egress data rate used for each port or port class.

The final reported values of V_CED, V_RECV, V_FW, C TOTAL, eta,
gamma, delta, and theta.
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Uncertainty and Bias

The following effects can materially change the neasured val ues and
theref ore MJUST be discl osed whenever they are present:

* Inperfect isolation of the neasured traffic set fromunrel ated
background traffic.

* Inconplete visibility into replicated traffic, dropped packets, or
endpoi nt duplicates.

* Cock error that is large relative to the duration of the
conmuni cation primtives bei ng measured.

* Counter sanpling intervals that are too coarse relative to burst
duration, or counter discontinuities caused by reset, wap, or
telenmetry | oss.

* Application-level instrunmentation that cannot unanbi guously
determ ne whether partially conpleted primtives contribute to
V_CED.

Two reported results MJUST NOT be treated as directly conparabl e
unl ess the reporting itens above are either the sanme or are
normal i zed to an equival ent basis by the experinmenter.

Security Considerations

The operational deploynent of this neasurenent framework raises the
followi ng security and privacy considerations:

* *Data Confidentiality:* Collecting V_CED and V_RECV can
i nadvertently expose proprietary Al workload characteristics
(e.g., nodel architecture or training strategies). Telenetry data
MUST be transported over encrypted channels, such as Transport
Layer Security (TLS) [ RFC8446] or Internet Protocol Security
(I Psec) [RFC4301], and securely stored.

* *Measurenent Integrity:* Falsifying the underlying counters
(V_FWD, V_RECV, V. CED) will nmanipulate the cal cul ated efficiency
metrics. Authentication and authorization MIST be enforced for
all telenmetry endpoints to prevent data poi soning.

| ANA Consi derati ons
Thi s document has no | ANA acti ons.
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