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Abst r act

Thi s docunent defines benchmarki ng net hodol ogi es for Large Language
Model (LLM inference serving systens. |t provides test procedures,
setup parameters, measurenent specifications, and reporting formats
for evaluating |atency, throughput, scheduling, and resource
managenent characteristics. This docunent is a conpanion to
"Benchmar ki ng Terni nol ogy for Large Language Mddel Serving" and
SHOULD be consul ted al ongsi de that term nol ogy docunent.

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 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 July 2026

Copyri ght Notice

Copyright (c) 2026 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.
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Thi s docunent is subject to BCP 78 and the | ETF Trust’'s Lega
Provisions Relating to | ETF Documents (https://trustee.ietf.org/
license-info) in effect on the date of publication of this docunent.
Pl ease revi ew these docunents 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 . 5
2. Requirements Language . 6
3. Scope . . 6
4. Test Setup 7
4. 1. Systen1Lhder Test Cbnf|gurat|ons 7
4.1.1. Model Engine Configuration . 7
4.1.2. Application Gateway Configuration . 8
4.1.3. Compound System Configuration . 9
4.2. Load Cenerator Requirements . 9
4.2.1 Ti m ng Resol ution . 9
4.2.2 Stream ng Support . 10
4.2.3 Qpen- Loop Load GEneratlon . 10
4.2. 4 Cl osed- Loop Load Ceneration . 10
4.2.5 Request 1sol ation . 10

4. 2. Qut put Recordi ng 10

4. 3. Reference Wor kl oads . 10
4.3.1. Workl oad Paraneters . 11
4.3.2. Standard Workl oads 11
4.3.3. Workl oad ReprodUC|b|I|ty 13

4. 4. Tokeni zation . . 13
4.4.1. Tokenizer SpeC|f|cat|on . 13
4.4.2. Token Counting Method . 13
4.4.3. Special Token Handling 14
4.5. Warmup Procedures . 14
4.5.1. Warmup Requirements 14
4.5.2. Warmup Verification 14
4.5.3. Cold Start Measurenent 14
4.6. Stream ng Protocol . 15
4.6.1. Supported Protocols . 15
4.6.2. Token Chunking . . . 15
4.6.3 I TL Cal cul ation mnth Chunked Dellvery . 15
4.7. dock Synchronization . . . 16
4.7.1 Si ngl e- Machi ne Testing 16
4.7.2. Distributed Testing . . 16
4.7.3 Net wor k Lat ency h@asurenent 16
4.7. 4 Ti mest anp For nmat . .o 16
4.8. Safety and Guardrail Cbnfiguration 16

Gai kwad Expires 24 July 2026 [ Page 2]



Internet-Draft

Gai kwad

CURAOUNIONOUNOOOUNAOUNANOUNROOUNAWATOAONTONGUE DS S

@

e

NN PR REREe 300
dzde

JORWNROOR RN R

agoagoaoa AL WLWLWL®
OrwNE

SRR

NANNNN

Guardrail Disclosure
chmar ki ng Tests .
ime to First Token .
oj ective .
Set up Par anet ers
Procedure .
Measur enent s
Reporting Format
tput Token Throughput
oj ective . .
Setup Paraneters
Procedure .
Measur enent s
Reporting Format .
hroughput Lat ency Tradeoff
oj ective . o
Setup Paraneters
Procedure .
Measur enent s
Reporting Format

oj ective .

Set up Par anet ers
Procedure .
Measur enent s
Reporting Format

oj ective . .

Setup Paraneters

Procedure .

Measur enent s

Reportl ng For mat
heduI ing Fairness .

oj ective . .

Setup Paraneters

Procedure .

Measur enent s

Reporting For mat
ref| x Cache Effectiveness

oj ective .

Set up Par anet ers

Procedure .

Measur enent s

Reporting For mat
ery Pr essur e Behavi or

oj ective . .

Setup Paraneters

NEZUAONREDORONRPOARONREOORONE

Expires 24 July 2026

LLM Benchnar ki ng Met hodol ogy

Producti on- Representative Testl ng .

nt er-Token Latency Distri but| on

ncurrent Request Capacity .

January 2026

17
17
17
17
17
17
18
19
20
22
22
22
23
24
24
25
25
25
25
26
27
27
27
27
28
28
29
29
29
29
30
30
31
31
31
31
32
32
32
33
33
33
33
34
34
34
34
34

[ Page 3]



Internet-Draft

N >0 .
PONPOAONREZOOOOOBEANOOGOaa

N NN

™ @ ®

LCoovoo

Procedure .

Reporting Format
ong Context Scaling
. bjective .

3

. 4. Measur enent s
5
L

1 .
2 Setup Paraneters
3 Procedure .
4 Measur enent s
5. Reporting Format
Guardrail Overhead
1 oj ective .
2 Setup Paraneters .
3 Procedure
4 Measurenents .
5 Reporting Format

I'ti-System Conparison Qui deI i nes

Equi val ence Requi renents
Nor mal i zati on .

Statistical Significance
Fai r Conpari son Checkli st

curity Considerations .

Si de- Channel Ri sks
Benchmark Gaming . .
Adversarial Wrkl oads .
Resource Exhaustion .

8. Ref er ences

8. 1.
8. 2.

Appendi x A.  Reference Wrkl oad Spe0| f| catl ons.

A1l

>

A
A
A
2
A
A
3.
A
A
4
A
A
A 5
A
A

Ww NN

bl

5.
5

Nor mati ve Ref erences
I nformati ve References

Synt heti c- Uni f or m Wor kl oad

1.1. Input Specification .
1.
.1

1

2. CQutput Specification

.3. O her Paraneters
.4. Ceneration Method .

Synt heti c- Skewed Wor Kkl oad .
1. Input Specification .
2. Qutput Specification
Conversation Workl oad .

1. Data Source .

.2. Length Statistics (Ref erence)

Code Conpl eti on Wor kl oad
1. Data Source . . .

2. Prefix Sharing Pattern
Long Context Workl oad .

1. Input Specification .
2. Qutput Speci fication

Appendi x B. Timng Measurenent Ref erence .

pen
B. 1.

Gai kwad

TTFT Measurenment Points .

Expires 24 July 2026

LLM Benchnar ki ng Met hodol ogy

January 2026

34
35
35
35
35
36
36
36
36
37
37
37
37
38
38
38
39
39
39
39
40
40
40
40
40
41
41
41
42
42
42
42
42
42
43
43
43
44
44
44
44
44
44
45
45
45
45
45

[ Page 4]



I nternet-Draft LLM Benchnar ki ng Met hodol ogy January 2026

B.1.1. HITP/ SSE Measurenment . . Y 1)

B. 1. 2. gWCSHemnmrm%memm Y 15
B.1.3. Server-Side Measurement . . . . . . . . . . . . . . . 46
B.2. |ITL Measurement with SSE . . . . . . . . . . . . . . . . 46
B.2.1. Recomended Approach . . . . . . . . . . . . . . . . 46
B.3. dock Synchronization Methods . . . . . . . . . . . . . . 46
B.3.1. NTP Synchronization . . . . . . . . . . . . . . . . . 46
B.3.2. PTP Synchronization . . . ¢
B.3.3. Singl e-Mchi ne Alternatlve e ¥
Appendi x C. Reporting Tenplates . . . . . . . . . . . . . . . . 47
Cl MnimmViable Report . . . . . . . . . . . . . . . . . . 47
C. 2. Full Report Tenplate e e e ... ... .. ... . 48
Acknowl edgenents . . . P
Author’s Address . . . . . . . . . . . . . . . . . . . . . . . . 48

1. Introduction

Thi s docunent provi des benchmar ki ng nmet hodol ogi es for Large Language
Model inference serving systens. |t defines test procedures,

measur enent specifications, and reporting formats that enable

meani ngf ul perfornmance conpari son

A conpani on docunent, "Benchrarki ng Term nol ogy for Large Language
Model Serving" [LLM TERMS], defines the nmetrics referenced in this
met hodol ogy. That term nol ogy docunent SHOULD be consulted before
attenpting to nake use of this docunent.

LLM servi ng systens present uni que benchmarki ng chal | enges:

Stream ng responses: CQutput tokens arrive increnentally over seconds
or minutes, requiring timng nmeasurenments at nultiple points
within a single request.

Phase separation: The prefill phase (processing input) and decode
phase (generating output) have distinct conputational profiles and
optim zation targets.

Menory- bound decodi ng: The decode phase is limted by nenory
bandwi dth rather than conpute, creating different bottlenecks than
traditional neural network inference.

Dynam ¢ batching: Continuous batching systens interleave requests,
causi ng per-request performance to depend on concurrent | oad.

Cont ext - dependent performance: Request |atency varies with input

| ength, output |ength, and cache state, maki ng workl oad
specification critical
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These characteristics require nethodol ogy beyond traditiona

t hroughput and | atency measurement. This docunent addresses these
chal | enges by speci fying:

* Test configurations for different system boundaries

* Reference workloads with defined characteristics

* Measurenent procedures for stream ng responses

* Statistical requirenents for reliable percentile estination

* Reporting formats enabling meani ngful conparison

Thi s docunent does not specify acceptance threshol ds or recomend
particul ar systens. It provides nethodology for fair conparison

2. Requirenents Language

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMVENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in BCP
14 [ RFC2119] [ RFC8174] when, and only when, they appear in al
capitals, as shown here

An implenentation is not conpliant if it fails to satisfy one or nore
of the MJST requirenents for a given test. An inplenmentation that
satisfies all the MUST and all the SHOULD requirenents for a test is
said to be "unconditionally conpliant” for that test; one that
satisfies all the MJST requirenents but not all the SHOULD
requirenents is said to be "conditionally conpliant."

3. Scope
Thi s docunent covers benchrarki ng nmet hodol ogy for transforner-based
aut or egr essi ve | anguage nodel s depl oyed as network services. The
met hodol ogy applies to:
* Inference engi nes executing nodel forward passes
* Application gateways providing APl endpoints
*  Conpound systenms with retrieval or tool execution
The foll owi ng are out of scope:

* NMbdel training or fine-tuning performance
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* Mbdel quality or accuracy eval uation
*  Non-aut oregressi ve nodel s (diffusion, encoder-only)
* Edge depl oynent or on-device inference
* Specific vendor inplenentations or products
4. Test Setup
4.1. System Under Test Configurations

The System Under Test (SUT) boundary MJIST be decl ared before
benchmar ki ng. This docunment defines three standard configurations.

4.1.1. Mbodel Engine Configuration

The Model Engine configuration measures raw i nference capability.

Internal APl (gRPC/ HTTP)

| Model Engi ne |
| (SUT Boundary) |
Figure 1: Mdel Engi ne Configuration

I ncl uded components:
* NMbdel weights and inference runtine
* Batching and scheduling |ogic
* KV cache managenent
* Tensor operations and kernels
Excl uded components:
* External network transport

*  Aut hentication and aut horization
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* Rate linmting
* Input/output safety filtering
* Load bal anci ng

This configuration is appropriate for conparing inference engi nes
(vLLM TensorRT-LLM SG.ang) independent of depl oynment stack

4.1.2. Application Gateway Configuration

The Application Gateway configuration neasures user-observabl e API
per f or mance.

Ext ernal APl (HTTPS)

Application GW
(SUT Boundary)

Figure 2: Application Gateway Configuration
I ncl uded conponents (in addition to Mddel Engine):
* TLS term nation
* Authentication and sessi on nanagenent
* Rate limting and quota enforcenent
* Input validation and output filtering
* Safety guardrails

This configuration is appropriate for conparing APl providers or
eval uati ng production depl oynment performance.
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4.1.3. Conpound System Configuration

The Conpound System configuration nmeasures end-to-end task conpl etion
for agentic or retrieval -augnented workl oads.

e +

| Task Driver |

Fomm e - o - B +
I

S SRR | V2SR +

Conpound System
(SUT Boundary)

I I
I I
| . +
| | Retrieval |
| R + |
| R +
| Tool s |
| e +
| . +
| | Gateway | |
| R +
o a e oo +

Fi gure 3: Compound System Configuration
I ncl uded components (in addition to Application Gateway):
* Retrieval pipeline (enbedding, vector search, reranking)
* Tool execution environnent
* Orchestration logic
* Multi-turn conversation state

This configuration is appropriate for evaluating RAG systens or
agentic applications.

4.2. Load Cenerator Requirements

The | oad generator produces requests and nmeasures responses. |t MJST
satisfy the foll owing requirenments.

4.2.1. Timng Resol ution
The | oad generator MUST neasure time with resolution of 1 mllisecond

or better. Mcrosecond resolution is RECOWENDED for |TL
nmeasur enment .
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4.2.2. Streaning Support
The | oad generator MUST support stream ng response protocols (SSE
WebSocket, or gRPC streaming). It MJST record the arrival tine of
each token or chunk, not only the conplete response.

4.2.3. Open-Loop Load Generation
The | oad generator MUST support open-loop | oad generati on where
request arrival times are determned by a specified distribution
i ndependent of response tinmes. Poisson arrivals MJST be support ed.
Uni form and bursty arrival patterns are RECOVMENDED.

4.2.4. dosed-Loop Load Generation
The | oad generator MJUST support closed-1oop | oad generation where a
fi xed nunber of concurrent requests are naintai ned. Wen a request
conpl etes, a new request is imediately subnitted.

4.2.5. Request Isolation
The | oad generator MJST NOT al |l ow sl ow responses to delay the
submi ssi on of subsequent requests in open-loop node. Asynchronous or
mul ti-threaded inplenentation is REQU RED.

4.2.6. CQutput Recording
The | oad generator MUST record for each request:
* Request subm ssion tinestanp
* First token arrival timestanp
* Each subsequent token arrival tinestanp
* Final token arrival tinestanp
* Total input token count
* Total output token count
* Request success/failure status

4.3. Reference Workl oads
Wor kl oad specification is critical for reproduci bl e benchmarking.

Thi s docunent defines reference workloads with fixed characteristics.
Testers MAY use custom workl oads but MJUST fully specify them

Gai kwad Expires 24 July 2026 [ Page 10]
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4.3.1. Workl oad Paraneters

Each wor kl oad MJST speci fy:

Input length distribution: Distribution type (fixed, uniform
normal, enpirical), paraneters (nmean, std, mn, nax, or
hi stogran), and unit (tokens using specified tokenizer).

Qut put length distribution: Distribution type (fixed, uniform
nornmal, enpirical), paraneters (nmean, std, mn, nmax, or
hi stogran), control nmethod (max_t okens paraneter, stop sequence,
or both), and unit (tokens using specified tokenizer).

Content characteristics: Domain (general, code, conversation,
instruction), |anguage (English, nmultilingual, code |anguages),
and system pronpt presence and typical |ength.

Prefix sharing: Fraction of requests sharing common prefix and
shared prefix length distribution

4.3.2. Standard Wrkl oads

Thi s docunent defines five standard workl oads. Full specifications
appear in Appendi x A

4.3.2.1. Synthetic-Uniform
Pur pose: Baseline conparison with controlled variability
* Input length: Uniform(128, 512) tokens
* Qutput length: Uniforn(64, 256) tokens
* Content: Random token sequences (no semantic neani ng)
*  Prefix sharing: None

Thi s workl oad isol ates i nference performance from content effects.
It is REQU RED for Model Engi ne benchmar ki ng.

4.3.2.2. Synthetic-Skewed
Pur pose: Test behavior under realistic length variation
* Input |ength: Log-normal (nmu=5.5, sigma=1.0) tokens, capped at 4096

*  Qutput length: Log-nornmal (mu=4.5, signma=1.2) tokens, capped at
2048
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* Content: Random t oken sequences

* Prefix sharing: None

This workl oad tests scheduling fairness with high |l ength variance.
4.3.2.3. Conversation

Purpose: Simulate interactive chat workl oads

* |nput length: Enpirical distribution from ShareGPT dat aset

* Qutput length: Enpirical distribution from ShareGPT dat aset

* Content: Natural |anguage conversation

* Prefix sharing: 50% share 200-t oken system pronpt

Thi s workl oad i s RECOMVENDED for Application Gateway benchmarki ng.
4.3.2.4. Code Conpl etion

Pur pose: Simul ate codi ng assi stant workl oads

* |nput length: Empirical from code conpletion datasets

* Qutput length: Log-normal (nu=4.0, sigma=1.5) tokens

* Content: Source code in Python, JavaScript, TypeScri pt

* Prefix sharing: 80% share repository context prefix

This workl oad tests prefix caching effectiveness.
4.3.2.5. Long Context

Pur pose: Test |ong-context behavi or

* Input length: Uniform(8192, 32768) tokens

* Qutput length: Fixed at 256 tokens

* Content: Docunent + question format

* Prefix sharing: None

This workload is REQUI RED for Long Context Scaling tests.
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4. 3.

4. 4.

4. 4.

4. 4.

Gai

3. Wirkl oad Reproducibility
For reproduci bl e benchmar ki ng:

*  Testers MJST use determ nistic random seeds for workl oad
generation. The seed MJST be reported.

* Testers SHOULD publish the exact request sequences used, or
provi de generation code with fixed seeds.

* \When usi ng dataset-derived workl oads (ShareGPT, HunanEval),
testers MUST specify the dataset version, subset sel ection nethod,
and any preprocessing appli ed.

Tokeni zati on

Token counts depend on the tokenizer. Different tokenizers produce
different counts for identical text, naking cross-system conparison
chal | engi ng.

1. Tokenizer Specification

The test report MJIST specify:

* Tokeni zer name and version (e.g., "cl100k_base", "Llama-3
t okeni zer ")

* Vocabul ary si ze

* Source (Hugging Face nodel ID, tiktoken name, or customn

2. Token Counting Method

For cross-system conpari son where systens use different tokenizers:

Option A - Native tokenizer: Count tokens using each systenis native
tokeni zer. Report results separately with tokenizer identified.
This method refl ects actual system behavior but conplicates
compari son.

Option B - Reference tokenizer: Count tokens using a declared
ref erence tokenizer for all systens. This enables direct
compari son but may not reflect actual systemtoken counts.

The test report MJIST declare which option is used. Option Bwth

cl 100k_base (GPT-4 tokenizer) as reference is RECOVWENDED for cross-
system conpari son

kwad Expires 24 July 2026 [ Page 13]
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4.4.3. Special Token Handling
The test report MIST specify handling of:
*  BOS/ ECS tokens (included or excluded from counts)
* System pronpt tokens (counted separately or included)
* Tool /function call formatting tokens
4.5. Warmup Procedures
LLM serving systens require warmup before reachi ng steady-state

performance. Warmup effects include JIT conpilation, menory
all ocator initialization, prefix cache popul ation, and batch size

r anp- up.
4.5.1. Warmup Requirenments

Bef ore nmeasurenment begins, testers MJST:

1. Load the nodel fully into accel erator nenory

2. Process at least 100 requests or 10,000 output tokens, whichever
is greater

3. Wit for request queue to drain conpletely

4. |f prefix caching is enabled and being tested, populate the cache
with representative prefixes

4.5.2. Warmup Verification
Testers SHOULD verify warmup conpletion by:
1. Measuring latency for a probe request before and after warmup

2. Confirmng latency stabilization (less than 10% vari ati on across
consecutive probe requests)

4.5.3. Cold Start Measurenent
When cold start performance is being neasured (Mddel Load Tinme, Cold

Start Latency), warmup MJST be skipped. The test report MJIST
clearly indicate cold start measurenent.
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4.6. Stream ng Protoco

LLM serving systens deliver tokens via stream ng protocols. The
choi ce of protocol affects timng neasurenent.

4.6.1. Supported Protocols
Thi s met hodol ogy supports:

Server-Sent Events (SSE): HTTP-based stream ng. Each event contains
one or nore tokens. RECOWMMENDED for Application Gateway testing.

WebSocket: Bidirectional streami ng. Each nmessage contains one or
nmor e tokens.

gRPC streaming: Binary stream ng protocol. Each nessage contains
one or nore tokens. RECOWWENDED for Mbdel Engine testing.

4.6.2. Token Chunki ng

Stream ng protocols may deliver multiple tokens per chunk due to
bat ching or network buffering. The test report MJST specify:

*  Protocol used

* \Wet her each chunk contains exactly one token or potentially
mul ti pl e tokens

* How mul ti-token chunks are handled for ITL cal cul ation
4.6.3. |ITL Calculation with Chunked Delivery

When chunks contain multiple tokens:

ption A - Chunk timing: Measure inter-chunk |atency. Report as
"Ti me Between Chunks" rather than I TL. Note chunk size
di stribution.

Option B - Distributed timng: Distribute chunk arrival tine across
tokens. If a chunk with N tokens arrives at tine T, assign
arrival tine T to all N tokens. This understates |ITL variance.

Option C - Server-side timng: Use server-reported per-token
timestanps if available. This measures |ITL i ndependent of network

ef fect s.

The test report MJIST declare which option is used. Option Cis
RECOMVENDED when avai | abl e.
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4.7. dock Synchronization

Accurate timng requires synchroni zed cl ocks between | oad generat or
and SUT, and between distributed SUT conmponents.

4.7.1. Single-Mchine Testing
When | oad generator and SUT run on the sanme machi ne, clock
synchroni zation is inherent. This configuration is RECOVMENDED f or
Model Engi ne testing.

4.7.2. Distributed Testing
When | oad generator and SUT are on different nachines:

* NTP synchroni zati on MJST achi eve accuracy of 10ms or better

* PTP synchroni zati on SHOULD be used when sub-millisecond accuracy
is required

* The test report MJIST state the synchronization nmethod and
estimated accuracy

4.7.3. Network Latency Measurenent
For Application Gateway testing where network latency is significant:
* Testers SHOULD neasure and report network RTT separately

* Testers MAY subtract estimated network latency from TTFT to
i sol ate server-side processing tine

* Any | atency adjustnment MJST be docunented in the test report

4.7.4. Tinmestanp For nmat
Al tinmestanps MJUST be recorded in a format with at least nillisecond
precision. 1SO 8601 with mlliseconds (YYYY-MV DDTHH MM SS. sssZ) or
Uni x epoch with mlliseconds i s RECOVMENDED.

4.8. Safety and Guardrail Configuration

Production LLM depl oynents include safety systens that affect
performance. Benchmarki ng MJST account for these systens.
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4.8.1. Guardrail Disclosure
The test report MJIST discl ose:
* \Wether input content filtering is enabled
* Whet her output content filtering is enabled
*  Names of safety systens if known (e.g., "Llama Guard")
*  \Whether any requests were refused during testing
4.8.2. Production-Representative Testing

For Application Gateway benchmarking intended to represent production
per f or mance:

* Safety systenms SHOULD be enabled in their default configuration
* The test report MJST note if safety systems are disabl ed

* Testers SHOULD run conparative tests with safety enabl ed and
di sabled to quantify overhead

5. Benchnmarking Tests
Thi s section defines benchmarking tests. Each test includes:
obj ective, setup paraneters, procedure, neasurenents, and reporting
format.

5.1. Time to First Token

5.1.1. njective
To determine the latency fromrequest subm ssion to first token
recei pt under varying load conditions. TTFT neasures perceived
responsi veness for interactive applications.

5.1.2. Setup Paraneters
The foll owi ng paraneters MJST be defi ned:

5.1.2.1. Wrkload Paraneters

Workl oad: One of the standard workl oads (Section 4.3.2) or a fully
speci fi ed cust om wor kl oad.

Request count: Total nunber of requests to execute. MJST be at
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| east 1000 for P99 neasurenent, 10000 for P99. 9.

5.1.2.2. Load Paraneters

Load nodel: Open-loop or cl osed-1|oop

For open-1 oop:

Arrival rate: Requests per second

Arrival distribution: Poisson (REQU RED), uniform or bursty.

For cl osed-1 oop

Concurrency: Number of concurrent requests maintained.
5.1.2.3. System Paraneters

SUT configuration: Mdel Engine, Application Gateway, or Compound
System

Model identifier: Model nane, version, and quantization if
appl i cabl e.

Hardware: Accel erator type, count, and menory.
Prefix caching: Enabled or disabled.

5.1.3. Procedure
1. Configure the SUT with specified paraneters.
2. Conplete warmup procedure (Section 4.5).

3. Begin |load generation at the specified arrival rate or
concurrency.

4. For each request:
a. Record subm ssion tinestanp (T _subnmit)
b. Record first token arrival tinestanp (T first)
c. Calculate TTFT = T first - T submt
d. Record input token count

5. Continue until request count is reached.
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6. Compute distribution statistics.
5.1.3.1. First Token Definition

The first token is defined as the first content token received,
excl udi ng:

* Enmpty tokens or whitespace-only tokens
* Protocol overhead (SSE event markers, JSON fram ng)
* Metadata tokens (token |IDs, |ogprobs if requested separately)
If the systemenmts non-content tokens before content, the test
report MJST note this and specify whether TTFT measures tinme to any
token or time to first content token

5.1.4. Measurenents

5.1.4.1. Primary Measurenents

TTFT Percentiles: P50, P90, P95, P99, and P99.9 of TTFT
distribution. Al percentiles MJST be reported.

TTFT Mean: Arithnetic mean of TTFT val ues.

TTFT Mninum Smal |l est TTFT observed.

TTFT Maxi num Largest TTFT observed.

5.1.4.2. Conditional Measurenents

TTFT by input |ength: Wen workload has variable input |ength,
report TTFT percentiles bucketed by input |ength ranges.
RECOMMVENDED buckets: [0-256), [256-512), [512-1024), [1024-2048),
[ 2048-4096), [4096+) tokens.

Queue wait time: |If measurable (server instrunentation), report the
queue wait conponent of TTFT separately.

Prefill latency: |If neasurable, report the prefill conputation
conponent of TTFT separately.

5.1.4.3. Statistical Requirements
For P99 accuracy within 10%rel ative error at 95% confi dence, at

| east 1000 sanmples are required. For P99.9, at |east 10000 sanpl es.
The test report MJIST state the sanple count.
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5.1.5.

Reporting Fornmat

The test report MJIST incl ude:

5.1.5.1. Configuration Sumary

*

SUT configuration and boundary
Model identifier and hardware
Wor kl oad nane or full specification
Load nodel and paraneters

Request count and test duration
Warm up procedure foll owed

Prefix caching state

Guardrail configuration

5.1.5.2. Results Table

The results SHOULD be reported in tabular format:

Gai kwad Expires 24 July 2026
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[ oo s ool s e

| Metric | Val ue |

‘o= =——=+4 o= =—=—===+

| Requests | 10000

Fo-m - - - - L +

| TTFT P50 | 127 ms |

Fo-mm e e - - F--- - - - - +

| TTFT P90 | 245 ms |

I I I +

| TTFT P95 | 312 ms |

Fo-m - - - - L +

| TTET P99 | 524 ns |

Fo-mm e e - - F--- - - - - +

| TTFT P99.9 | 891 ms |

I I I +

| TTFT Mean | 156 ms |

Fo-m - - - - L +

| TTFT Mn | 89 ms |

Fo-mm e e - - F--- - - - - +

| TTFT Max | 1243 ns |

I I I +

Table 1: TTFT Results
Exanpl e
5.1.5.3. TTFT by Input Length
I f applicable:

E e e el sl e ey oo e o1
| I'nput Tokens | P50 (ms) | P95 (ms) | P99 (ns) |
[ el sl sl ool
| 0-256 | 95 | 198 | 312 |
I I I I I I +
| 256-512 | 142 | 287 | 445 |
Fom e e m - - I I I +
| 512-1024 | 198 | 412 | 623 |
I i I e ] I I I +
| 1024-2048 | 312 | 587 | 891 |
I I I I I I +
| 2048+ | 523 | 912 | 1243 |
Fom e e m - - I I I +

Table 2: TTFT by Input Length Exanple
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5.1.5.4. Distribution Visualization

Testers SHOULD include a histogramor CDF plot of the TTFT
di stribution.

5.2. CQutput Token Throughput

5.2.1. njective
To determine the naximumrate at which the SUT can generate out put
tokens while maintaining acceptable latency. This test neasures
system capacity under | oad.

5.2.2. Setup Paraneters
The foll owi ng paraneters MJST be defi ned:

5.2.2.1. Workload Paraneters

Wor kl oad: One of the standard workl oads or fully specified custom
wor k| oad.

Test duration: M ninum 60 seconds. RECOMVENDED 300 seconds for
st abl e nmeasur enent.

5.2.2.2. Load Paraneters
Load nodel: Open-loop or closed-I| oop.
For open-1 oop:
Arrival rate range: M nimum and maxi num request rates to test.
Rate increnent: Step size for iterative search.
For cl osed- I oop:
Concurrency range: M ni mum and maxi num concurrent requests.
Concurrency increnent: Step size for iterative search.
5.2.2.3. Latency Constraint (Optional)
TTFT SLO  ©Maxi mum accept abl e P99 TTFT.

TPOT SLO  ©Maxi mum accept abl e P99 TPOT.
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When specified, throughput is nmeasured as the maxi numrate achieving
these SLOCs.

5.2.3. Procedure
This test enploys an iterative search to find maxi numthroughput.

1. Configure the SUT with specified paraneters.

2. Conpl ete warmup procedure.

3. For each load level (arrival rate or concurrency):
a. Run load for the specified test duration.
b. Record all request timngs.

c. Conpute throughput as total output tokens divided by test
durat i on.

d. Conpute TTFT and TPOT percentil es.
e. |If latency constraint specified, check SLO conpli ance.
4. Use binary search to find maxi mum t hroughput:

a. If no latency constraint: find | oad | evel where queue grows
unboundedl y (system saturation).

b. If latency constraint: find highest |oad |evel neeting SLO

5. Report throughput at the maxi num sustai nable | oad | evel.
5.2.3.1. Saturation Detection

System saturation is detected when:

* Queue depth grows continuously during test duration, OR

* Request conpletion rate is |l ess than 90% of arrival rate, OR

* P99 | atency exceeds 10x the P50 | atency at | ower |oad
5.2.3.2. Steady State Verification

At each load level, verify steady state by:

* Confirm ng queue depth is stable (not grow ng)
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* Confirmng throughput is stable across test duration
* Excluding initial ranmp-up period (first 10% of duration)
5.2.4. Measurenents
5.2.4.1. Primary Measurenents
Maxi mum out put token throughput: CQutput tokens per second at maxi num
sustai nable load. Report with or without |atency constraint as
speci fi ed.
Request throughput: Requests conpl eted per second at maxi mum | oad.

I nput token throughput: |Input tokens processed per second (neasures
prefill capacity).

5.2.4.2. Efficiency Measurenents
Tokens per GPU-second: CQutput tokens per second divided by GPU
count. Enables conparison across different hardware
configurations.

Batch utilization: |f neasurable, report average batch size divided
by maxi mum bat ch si ze.

5.2.4.3. Latency at Maxi num Thr oughput
At the maxi num sustai nable | oad | evel, report:
* TTFT P50, P95, P99
* TPOT P50, P95, P99
* End-to-end | atency P50, P95, P99
5.2.5. Reporting Format

5.2.5.1. Summary Results

[} sl s
| Metric | Val ue |
| Max Qut put Throughput | 2847 tok/s |
o e e e e e e e e oo o - T +
| Max Request Throughput | 18.2 reqg/s |
Fom e oo Fom e +

| Max I nput Throughput | 5123 tok/s |
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T S RIS +
| Sustai nabl e Load | 20 req/s |
o e e e e e e e e oo o - T +
| Tokens per GPU-second | 356 tok/s/GPU

e S I +

Tabl e 3: Throughput Sunmary Exanpl e

5.2.5.2. Latency at Maxi num Thr oughput

e ety ety ettty ety
| Metric | P50 | P95 | P99 |
B oo e s e e
| TTFT | 312 ms | 687 ns | 1124 ns |
R I +---- - - - +---- - - - F---- - - - +
| TPOT | 42 ms | 78 ms | 134 ms |
I F-------- F-------- L +
| End-to-End | 6.2 s | 11.4 s | 18.7 s |
I I I Fo-m e - - +

Tabl e 4: Latency at Maxi mum Thr oughput
Exanpl e

5.3. Throughput - Lat ency Tradeof f

5.3.1. njective
To characterize the rel ationship between throughput and | atency
across the operating range of the SUT. This test produces a
t hroughput -l at ency curve reveal i ng system behavi or better than point
neasur enent s.

5.3.2. Setup Paraneters

Wor kl oad: One of the standard workl oads or fully specified custom
wor Kkl oad.

Test duration per point: M ninmm 60 seconds per |oad |evel

Load levels: At least 10 |oad | evels spanning from | ow | oad (10% of
estinmated capacity) to saturation

Load nodel: Open-loop is REQU RED for this test. C osed-1oop cannot
reveal behavi or beyond capacity.

5.3.3. Procedure
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5.

3.

1. Estimate system capacity using a prelimnary throughput test or
publ i shed specifications.

2. Define load levels: 10% 20% 30% ..., 100% 110% 120% of
estinated capacity.

3. For each load level in ascending order:
a. Run load for specified duration.
b. Record all request timngs.

c. Conpute achi eved throughput (may differ fromoffered | oad at
saturation).

d. Conpute | atency percentiles.
4. Plot throughput vs | atency curves.
4. Measurenents
For each load |evel, record:
* COfered |l oad (request rate)
* Achi eved t hroughput (output tokens per second)
* TTFT: P50, P95, P99
*  TPOT: P50, P95, P99
* End-to-end |l atency: P50, P95, P99
* Request success rate
* Queue growth indicator (stable/grow ng)
Derived netrics:

Optimal operating point: Load | evel achieving highest throughput
whil e neeting specified SLO

Knee point: Load |evel where P99 | atency exceeds 2x the m ni mum P99
| at ency observed.

Saturation point: Load |evel where achi eved throughput first
decreases from previous |evel.
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5.3.5. Reporting Format

[ S el ety et Clmsfes s peme el et el el e ety o
| Ofered (r/s) | Achieved | TTFT | TTFT | TPOT | TPOT | Success

| | (tok/s) | P50 | P99 | P50 | P99 | |
F e by e e pee e e el e pus bl b ppet Cbjes s pee e =}
| 2 | 284 | 95 | 142 | 32 | 41 | 100% |
i R i +------ +------ +------ +------ I +
| 6 | 852 | 102 | 178 | 34 | 48 | 100% |
i I F--- - - +------ +------ +------ +------ +---- - - - +
| 10 | 1420 | 128 | 267 | 38 | 62 | 100% |
I I T R +------ +------ +------ +------ R +
| 14 | 1988 | 198 | 512 | 48 | 98 | 100% |
i R i +------ +------ +------ +------ I +
| 18 | 2534 | 378 | 1234 | 72 | 198 | 99.8% |
i I F--- - - +------ +------ +------ +------ +---- - - - +
| 22 | 2712 | 823 | 3456 | 142 | 523 | 94.1% |
I I T R +------ +------ +------ +------ R +

Tabl e 5: Throughput - Lat ency Tabl e Exanpl e
Knee point: 14 req/s (TTFT P99 exceeds 2x m ni num
Saturation point: 22 req/s (throughput peaks)
5.4. Inter-Token Latency Distribution
5.4.1. njective
To characterize the variability of token delivery during the decode
phase. I TL distribution determ nes streani ng snmoot hness experi enced
by users.
5.4.2. Setup Paraneters
Wor kl oad: Synt hetic-Uni formor Conversation workl oad RECOVMMENDED.

M ni mum out put | ength: Requests MJST generate at |east 50 out put
tokens to provide neaningful ITL sanples.

Request count: At |east 100 requests for per-request statistics,
yi el di ng 5000+ | TL sanpl es.

Load level: Specify as percentage of maxi mumthroughput. Miltiple
| oad | evel s RECOMMVENDED: 25% 50% 75% 90% of saturation

Measur enment nmethod: Specify per Section 4.6.3 (chunk timng,
distributed timng, or server-side timng).
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5.4.3. Procedure
1. Configure SUT and conpl ete war nm up.
2. For each |load |evel:
a. GCenerate requests at specified | oad.

b. For each request, record arrival time of each token after the
first.

c. Calculate ITL i = T(token_i) - T(token {i-1}) for each
consecutive token pair.

d. Aggregate ITL sanples across all requests.

e. Calculate per-request jitter (standard deviation of ITL
wi thin each request).

f. Record nmaxi mum pause duration per request.

The interval between request subm ssion and first token (TTFT) MJST
NOT be included in ITL cal cul ati on.

5.4.4. Measurenents
5.4.4.1. Aggregate ITL Statistics
I TL Percentiles: P50, P90, P95, P99, P99.9 across all |ITL sanpl es.
I TL Mean: Arithmetic nmean of all |TL sanpl es.
I TL Standard Devi ation: Standard devi ati on across all sanples.
5.4.4.2. Per-Request Statistics

Jitter Distribution: P50, P95, P99 of per-request standard
devi ati on.

Maxi mum Pause Distribution: P50, P95, P99 of per-request maxi mum
I TL.

5.4.4.3. Distribution Shape
Modality: Whether ITL distribution is uninodal or mnultinodal.

Mul tinodal distributions indicate distinct operating regines
(e.g., batching effects).
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Tail behavior: Characterize tail (exponential, heavy-tailed).
Report the ratio P99/P50 as a tail heaviness indicator.

5.4.5. Reporting Format

F e e b pe g
| Metric | Value |
[ el e e pes oot 1}
| ITL Sanples | 15234

I i I +
| ITL P50 | 38 s |
R I I L +
| ITL P90 | 52 ms |
I IR I +
| ITL P95 | 67 ms |
I i I +
| ITL P99 | 124 ms |
R I I L +
| ITL P99.9 | 312 ns |
I IR I +
| I'TL Mean | 42 ns |
I i I +
| ITL Std Dev | 28 ns |
R I I L +
| P99/P50 Ratio | 3.26 |
I IR I +

Table 6: |TL Results
Exanpl e

5.5. Concurrent Request Capacity

5.5.1. njective
To determ ne the naxi mum nunber of concurrent requests the SUT can
mai ntain while neeting | atency objectives. This test neasures nmenory
capacity and scheduling linmits.

5.5.2. Setup Paraneters
Wor kl oad:  Synt hetic-Uni form RECOWENDED for controlled testing.

Fi xed output length: Use fixed output length (e.g., 256 tokens) to
ensure all requests have simlar duration

Initial concurrency: Starting nunmber of concurrent requests (e.g.,
8).
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Maxi mum concurrency: Upper bound for search (e.g., 512).

Success criteria: Request conpletion rate >= 99% TTFT P99 <=
specified threshold, and no out-of-nenory errors.

5.5.3. Procedure
This test enploys binary search to find nmaxi mum concurrent capacity.
1. Configure SUT and conpl ete warm up
2. Set concurrency = initial concurrency.
3. For each concurrency | evel
a. Submt [concurrency] requests sinultaneously.

b. Mintain concurrency: when a request conpletes, imediately
submit a repl acenent.

c. Run for at |east 60 seconds or 100 request conpletions per
sl ot, whichever is |onger

d. Record conpletion rate, |atency percentiles, and any errors.
e. Check success criteria.

4. Binary search
a. |If success criteria net: increase concurrency toward maxi mum
b. If success criteria not net: decrease concurrency.
c. Continue until convergence.

5. Report maxi mum concurrency neeting success criteria.

5.5.4. Measurenents

Maxi mum concurrent requests: Highest concurrency neeting success
criteria.

Achi eved t hroughput at maxi nrum Qut put tokens per second at nmaximum
concurrency.

Tokens in flight at maxi mum Approximate total tokens (input +
output so far) across all concurrent requests.
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5.5.5. Reporting Format

B e oo oo e el et
| Concurrency | Conpletion | TTFT P99 | TPOT P99 | Errors | Status

B gty Sl ———— e —_—(——(——— ey Sl p——p————— ————————
| 8 | 100% | 142 s | 38 ns | O | Pass
I i I R R I I +
| 16 | 100% | 178 ms | 42 s | 0 | Pass |
F-- - - - - - R I F--- - - F--- - - +---- - - - +---- - - - +
| 32 | 100% | 267 ms | 52 ns | 0 | Pass |
L i I I I F-------- F-------- +
| 64 | 99.7% | 523 s | 78 ns | O | Pass
I i I R R I I +
| 128 | 97.2% | 1234 ns | 156 ms | 3 | Fail |
F-- - - - - - R I F--- - - F--- - - +---- - - - +---- - - - +

Table 7: Capacity Search Results Exanpl e
Maxi mum concurrent requests neeting criteria: 64
5.6. Schedul i ng Fairness
5.6.1. bjective
To eval uate how equitably the SUT all ocates resources across
concurrent requests with different characteristics. This test
reveal s head-of-1ine blocking, starvation, and priority effects.

5.6.2. Setup Paraneters

Wor kl oad: Synt hetic- Skewed REQUI RED. The high | ength variance
creates fairness-sensitive conditions.

Request classes: Define two or nore request classes:
* Short requests: Input [64, 256] tokens, output [32, 128] tokens

* Long requests: Input [1024, 4096] tokens, output [256, 1024]
t okens

Class mix: Ratio of request classes (e.g., 80%short, 20% | ong).

Load |l evel: 70-90% of saturation throughput RECOVMENDED to create
contention.

Request count: At |east 500 requests per class.
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5.6.3. Procedure
1. Configure SUT and conpl ete warm up

2. Measure baseline: perfornance of each class in isolation at sane
total | oad.

3. Generate mxed workload with specified class ratio.
4. Run at specified load level for at |east 300 seconds.

5. For each request, record class nenbership, submission tinme, first
token tine, conpletion tine.

6. Conpute per-class statistics and fairness netrics.
5.6.4. Measurenents
Per-class latency: TTFT P50, P95, P99 for each request class.

Latency inflation: (M xed workload TTFT) / (lsolated TTFT) per
cl ass.

Jain’s Fairness Index: J = (sum(x_i))"2 / (n * sum(x_i"2)) where x_i
is normalized latency. J = 1.0 indicates perfect fairness. J <
0.9 indicates significant unfairness.

Starvation rate: Fraction of requests waiting | onger than 5x the
median wait time for their class.

5.6.5. Reporting Format

B ool oo st e s s el
| Class | Count | TTFT P50 | TTFT P99 | TPOT P50 | TPOT P99 |
R ettty bty b g—j——p—— g —_—(——(——— o —p——(———— pl e —_————
| Short | 4012 | 89 ns | 234 s | 35 ns | 67 ns |
+----- - +----- - R R R R +
| Long | 988 | 312 s | 1234 ms | 42 ns | 89 ns |
+------- +------- F--- - - F--- - - F--- - - F--- - - +

Table 8: Per-Cd ass Results Exanple
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b oo e o1
| Metric | Val ue

[ oo sy e o}
| Jain’s Fairness Index | 0.87

S +
| Short Class Starvation | 0.3% |
T I +
| Long dass Starvation | 2.1% |
o e e e e e e e e oo o - R, +

Table 9: Fairness Metrics Exanple

5.7. Prefix Cache Effectiveness

5.7. 1.

hj ective

January 2026

To eval uate the perfornmance benefit of prefix caching under workl oads

with shared prefixes.

This test quantifies TTFT reduction from cache

hits.
5.7.2. Setup Paraneters
Wor kl oad: Code Conpl etion workl oad RECOVMMENDED ( hi gh prefix
sharing).
Shared prefix: Define a prefix shared across requests.
Prefix length: Length in tokens of shared prefix.
Sharing fraction: Percentage of requests sharing the prefix.

Conparison node: Test MJST run in two configurations: cache disabled

(
5.7.3.

1.

Gai kwad

basel i ne) and cache enabl ed.
Procedure
Configure SUT with cache disabl ed.
Conpl ete warmup (w thout popul ating prefix cache).
Run wor kl oad, record TTFT for all requests.
Enabl e prefi x cache.

Optionally pre-popul ate cache with shared prefi x.

Run identical workload, record TTFT for all requests.

Expires 24 July 2026
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7. Conpare results

5.7.4. Measurenents
TTFT wi thout cache: P50, P95, P99 with cachi ng disabl ed.
TTFT with cache: P50, P95, P99 with cachi ng enabl ed.

TTFT reduction: (TTFT_no_cache - TTFT_cache) / TTFT_no_cache as
per cent age.

Cache hit rate: Fraction of prefix tokens served from cache.
Thr oughput inprovenment: Percentage increase from caching.

5.7.5. Reporting Format

[ oo el e sl oo e e
| Configuration | TTFT P50 | TTFT P95 | TTFT P99 |
[ e ool el ool )
| Cache Disabled | 312 ns | 423 s | 534 ns |
I I F--- - - F--- - - F--- - - +
| Cache (Col d) | 134 ns | 198 ns | 267 ns |
I I R R R +
| Cache (Warm | 98 ns | 156 ns | 212 s |
R R i R i R i +

Tabl e 10: Cache Effectiveness Exanpl e
5.8. Menory Pressure Behavi or
5.8.1. njective

To characterize SUT behavior when nenory resources are constrained,
i ncludi ng preenption, swapping, and degradation patterns.

5.8.2. Setup Paraneters

Wor kl oad: Long Context workl oad RECOVMENDED to create nenory
pressure.

Oversubscription |l evel: Percentage above naxi num capacity (e.qg.,
110% 125% 150%.

5.8. 3. Pr ocedur e

1. Determine nmaxi mum concurrent capacity from Section 5.5.
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5.8. 4.

Conpl etion rate:

LLM Benchnar ki ng Met hodol ogy

Configure SUT and conpl ete warm up.

For each oversubscription |evel:

a.
b.
c.

d.

Run for at |

Moni t or request conpl etions,

east 120 seconds.

Record any OOM errors or system fail ures.

Anal yze degradation patterns.

Measur enent s

each | evel.

Preenption rate: Fr

Preenption recovery rate:

Per cent age of

January 2026

Subnmit requests at concurrency exceedi ng capacity.

preenption events, |atency.

requests conpl eting successfully at

action of requests preenpted at |east once.

eventual |y conpl ete.

Preenption | oss:

5.8.5.

Reporting Format

Fraction of preenpted requests that

Aver age tokens di scarded per preenption event.

[ ettty ety jp—p—j——j—(———— gl p—p——_————
| Conplete | Preenpt | Fail Rate | TTFT P99 |
[ ool e e ooy e e
| 99.7% | 0% | 0.3% | 523 ms |
F--- - - F---- - - - F--- - - - F--- - - +
| 98.2% | 5.2% | 1.8% | 789 ms |
I L I I +
| 94.5% | 18.7% | 5.5% | 1456 ms |
R Fo-m e - - I R +
| 82.3% | 42.1% | 17.7% | 3234 ns |
F--- - - F---- - - - F--- - - - F--- - - +

Table 11: Menory Pressure Degradation Exanpl e

5.9. Long Context Scaling

5.9.1.

hj ective

To characterize how | atency and throughput scale with context |ength.
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5.9.2. Setup Paraneters
Wor kl oad: Long Cont ext workl oad REQUI RED.

Context length range: Sequence of lengths to test (e.g., 1K, 2K, 4K,
8K, 16K, 32K, 64K, 128K tokens).

Fi xed out put length: Use consistent short output (256 tokens) to
isolate prefill inpact.

Load nodel: Cosed-loop with |ow concurrency (1-4).
Requests per length: At |least 20 requests per context |ength.
5.9.3. Procedure
1. Configure SUT and conplete warmup with short-context requests.
2. For each context length in ascendi ng order
a. Generate requests with specified input |ength.
b. Subnmit requests at | ow concurrency.
c. Record TTFT and total latency for each request.
3. Analyze scaling behavior and fit to scaling nodels.
5.9.4. Measurenents
Per-length | atency: TTFT Mean, P50, P95 for each context |ength.
Prefill scaling: Tinme per input token (TTFT / input_I|ength).

Scal i ng exponent: Fit exponent k where TTFT proportional to
cont ext _| engt h™k.

Thr oughput at | ength: Maxi num t hroughput achi evabl e at each cont ext
| engt h.

5.9.5. Reporting Fornmat

[ ool oo s s
| Context (tokens) | TTFT Mean | TTFT P95 | ns/ 1K t okens
el sty e sty e el
| 1024 | 89 ms | 112 ms | 76 |
I i T ) I I I +
| 4096 | 289 ns | 367 ns | 63 |
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Best

5. 10.

5.10. 1.

oo e e S . O
ns ns
16384 1023 1287 59
o N . o
ns ns
65536 4234 5123 62
oo N oo N
| 131072 | 9123 nms | 11234 ns | 68
oo e e L o mme oo O

Tabl e 12: Long Context Scaling Exanple

January 2026

fit: Linear (R*2 = 0.9987), ~68 nicroseconds per input token

Guardrail Overhead

hj ective

To quantify the latency inpact of safety systens and content

filt
5.10. 2.
Vor k
Cont

Conf
t

*

*

*

Load
5.10. 3.
1

2

Gai kwad

ering.
Setup Paraneters

| oad: Conversation workl oad RECOMVENDED.

ent nmix: Use benign content to neasure processing overhead.

igurations to conpare: The follow ng configurations should be

est ed:
Baseline: Al guardrails disabled (if possible)
Input filtering only
Qutput filtering only
Full filtering: Al production guardrails enabled
| evel s: Test at 25% 50% 75% of capacity.
Procedure

Configure SUT with baseline (no guardrails).

Conpl ete warm up and run workl oad at each | oad | evel

Enabl e each guardrail configuration and repeat.

Conpare results across configurations.
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5.10. 4. Measur enent s

Per-configuration |atency: TTFT P50, P95, P99 and End-to-end | atency
for each configuration.

Input filter overhead: TTFT(input_filter) - TTFT(baseline)
Total guardrail overhead: End-to-end(full) - End-to-end(baseline)
Thr oughput reduction: Percentage reduction fromguardrails.

5.10.5. Reporting Fornat

[ el s ool e sl el )
| Configuration | TTFT P50 | TTFT P99 | E2E P50 | E2E P99 |
+ o4 o4 o4 -S4 D= = =+
| Baseline | 98 ns | 234 ns | 4.2 s | 8.7 s |
I I T R R R R +
| Input Filter | 112 s | 267 s | 4.3 s | 8.9 s |
i R i R i I I +
| Qutput Filter | 101 ns | 242 s | 4.8 s | 9.8 s |
i I F--- - - F--- - - +---- - - - +---- - - - +
| Full Filter | 118 ns | 289 ns | 5.0 s | 10.2 s |
I I T R R R R +

Tabl e 13: CGuardrail Overhead Exanple

B Sl ey el
| Configuration | Max Throughput | Reduction |
f oo oo e el e e e e o1
| Baseline | 2867 tok/s | - |
i R R +
| Input Filter | 2756 tok/s | -3.9% |
i I I I F-- - - - +
| Qutput Filter | 2412 tok/s | -15.9% |
I I T I I I +
| Full Filter | 2289 tok/s | -20.2% |
i R R +

Tabl e 14: Throughput | npact Exanple
6. Milti-System Conparison Guidelines

When conparing multiple SUTs:
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6.1. Equival ence Requirenents
Testers MJST ensure:
* |dentical workload (same requests in sane order with sane seeds)
* Equival ent SUT boundary (all systens at sane boundary)
*  Conparabl e hardware (or normalize by hardware capability)
* Sanme | oad nodel and paraneters
6.2. Normalization
When hardware differs
* Report tokens per GPU second (normalized by GPU count)
* Report cost-normalized throughput (tokens per dollar-hour)
* (Cearly state normalization nethod
6.3. Statistical Significance
For comparative clai ns:
* Report confidence intervals for key netrics
* Conduct nultiple independent runs (at |east 3)
* Use appropriate statistical tests for comparison
6.4. Fair Conparison Checkli st
Bef ore publishing conparative results, verify:
* Same workl oad specification
* Sane test duration
*  Same warmup procedure
* Same success criteria
* Both systens tested at sane tinme (if using shared resources)

* Both systens in production-representative configuration
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* Differences in configuration explicitly noted
7. Security Considerations

Benchmar ki ng net hodol ogy intersects with security in several ways.
7.1. Side-Channel Risks

Benchmark results may reveal

* Systemcapacity limts useful for DoS pl anning

* Timng patterns enabling cache probing attacks

* Menory pressure thresholds for resource exhaustion

Qperators SHOULD consi der whether to publish detailed capacity
i nformation publicly.

7.2. Benchmark Gam ng

Systens nmay be optim zed specifically for benchmark workl oads in ways
that do not generalize

* Detecting benchmark patterns and applying special handling
* Cachi ng benchmark-specific prefixes
* Prioritizing benchmark-1ike requests

Testers SHOULD vary workl oads and verify results with production
traffic sanples.

7.3. Adversarial Workl oads
Thi s met hodol ogy uses beni gn workl oads. Adversarial inputs
(jailbreak attenpts, pronpt injections) may have different

performance characteristics due to guardrail processing.

Testing with adversarial workl oads requires additional ethical and
saf ety consi derations not covered here.

7.4. Resource Exhaustion

Menory pressure tests (Section 5.8) intentionally push systens beyond
capacity. Testers SHOULD:

* Conduct such tests on isolated systens
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* Have recovery procedures ready
* Mbonitor for cascading failures
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Appendi x A.  Reference Wrkload Specifications

Thi s appendi x provi des conpl ete specifications for standard
wor kI oads.

A. 1. Synthetic-Uniform Wrkl oad

Purpose: Controlled baseline with m ninmal variance
A.1.1. Input Specification

Di stribution: Uniform

M ninum 128 tokens

Maxi mum 512 tokens

Mean: 320 tokens

Content: Random token |IDs from vocabul ary
A.1.2. CQutput Specification

Di stribution: Uniform

M ninum 64 tokens

Maxi mum 256 tokens

Mean: 160 tokens

Control: max_tokens paraneter
A.1.3. Oher Paraneters

System pronpt: None

Prefix sharing: None

Tenperature: 0.0 (determnistic)

Stop sequences: None
A.1.4. Ceneration Method

Pyt hon pseudocode:

Gai kwad Expires 24 July 2026 [ Page 42]



I nternet-Draft LLM Benchnar ki ng Met hodol ogy January 2026

def generate_synthetic_uniformn_requests, seed=42):

rng

= random Randomn( seed)

requests = []

for

ret

A 2. Synt

i in range(n_requests):

i nput _len = rng.randint (128, 512)
output |l en = rng.randi nt (64, 256)

i nput _tokens = [rng.randint(0, 100255)

for _ in range(input_|en)]
requests. append({
"input_tokens’: input_tokens,

"max_t okens’ : output | en,
"tenperature’ : 0.0
b

urn requests

heti c- Skewed Wbr kl oad

Pur pose: Test scheduling with high length variance

A.2.1. Input Specification

Distribution: Log-nornal

nmu: 5.

si gra:

5 (in | og space)

1.0 (in | og space)

M nimum 32 tokens (floor)

Maxi mum 4096 tokens (cap)

Medi an:

Mean

~245 tokens

~405 t okens

A . 2.2. CQutput Specification

Distribution: Log-norma

mu. 4.

si gra:

5 (in |l og space)

1.2 (in log space)

M nimum 16 tokens (floor)

Maxi mum 2048 tokens (cap)

Gai kwad
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A. 3. Conversation Wrkl oad

Purpose: Realistic interactive chat patterns
A.3.1. Data Source

Dat aset: ShareGPT (vicuna_cl eaned subset)

Version: 2023-04-12

Preprocessing: Filter conversations with 1+ assistant turns
A.3.2. Length Statistics (Reference)

I nput t okens:

*  P50: 156

* P95: 892

*  P99: 2134

Qut put tokens:

* P50: 234
*  P95: 789
*  P99: 1567

A. 4. Code Conpl etion Workl oad
Pur pose: Test prefix caching with code context
A.4.1. Data Source
Dataset: The Stack (Python, JavaScript, TypeScript subset)
Preprocessing: Extract function-level conpletions
A 4.2. Prefix Sharing Pattern
* 10 unique repository contexts
* Each 512-1024 tokens

*  80% of requests share one of these prefixes
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* Distribution: Zipf with s=1.5
A.5. Long Context Wbrkl oad
Pur pose: Test |ong-context handling
A.5.1. Input Specification
Distribution: Uniformover target |engths
Target lengths: [8192, 16384, 32768, 65536, 131072] tokens
Structure: [docunent][question]
Docunment: Fills target | ength m nus 100 tokens
Question: Fixed ~100 token question about docunent
A.5.2. Cutput Specification
Di stribution: Fixed
Length: 256 tokens
Control: max_tokens = 256
Appendi x B. Timng Measurenent Reference
Thi s appendi x provi des detail ed gui dance for tinmng neasurenents.
B.1. TTFT Measurenent Points
B.1.1. HITP/ SSE Measur enent
Cient-side TTFT:
T submit: time of sending final byte of HITP request
T first: time of receiving first data event with content token

T first is when the conplete "data:" line is received and parsed,
when the first byte of the response arrives.

B.1.2. gRPC Stream ng Measurenent
T submit: tinme of sending request nessage

T first: time of receiving first response nessage with token

not
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B.1.3. Server-Side Measurenent
If server instrunentation avail abl e:
T submit: tinme request enters inference queue
T first: time first token exits nodel forward pass

Server-si de excludes network |atency but may include internal queue
time.

B.2. |TL Measurenent wi th SSE

SSE delivery may batch nmultiple tokens per event due to server-side
bat chi ng, TCP buffering, or client-side buffering.

B.2.1. Recomended Approach

1. First, characterize delivery pattern (tokens per chunk)

2. If single-token chunks dom nate (>90%: use direct measurenent
3. If multi-token chunks common: prefer server tinestanps
4. |f server tinmestanps unavail able: use chunk tim ng and docunent

B.3. dock Synchronization Methods
B.3.1. NTP Synchronization
1. Both machines sync to sane NIP server
2. Verify offset: ntpq -p (check offset col um)
3. Acceptable offset: < 10ns for nost LLM benchnarki ng
4. Docunent NTP server and neasured of fset
B.3.2. PTP Synchronization
For sub-nillisecond accuracy:
1. Use PTP-capabl e network hardware
2. Configure ptp4l on Linux systens

3. Acceptable offset: < 1 m crosecond
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B. 3. 3.

Si ngl e- Machine Alternative

Recommended for Model Engi ne testing:

1.

2

3.

4.

Run | oad generator on same nachine as SUT
Use | oopback network interface
Cl ock synchronization inherent

El i m nates network | atency from neasur enent

Appendi x C. Reporting Tenpl ates

C 1

M ni mum Vi abl e Report

For qui ck conparisons, include at nininmum

=== LLM Benchmark Report (M ninum ===

System I dentification:

Model : [ nbdel nane and versi on]

Hardware: [GPU type] x [count]

Sof tware: [inference engi ne and version]

SUT Boundary: [Mddel Engine | Gateway | Comnpound]

Test Configuration

Wor kl oad: [workl oad nane]

Load Model: [open-loop rate | closed-Ioop concurrency]
Request Count: [N

Test Duration: [seconds]

Key Results:

TTFT P50: [val ue] ns

TTFT P99: [val ue] ns

TPOT P50: [value] ms

TPOT P99: [val ue] ms

Max Throughput: [value] tok/s

Throughput at P99 TTFT < 500ns: [value] tok/s

Not es:

[ Any deviations from met hodol ogy]
[@uardrail configuration]

=== End Report ===
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ull Report Tenplate

mpl et e benchmark report should include the foll owi ng sections:
System I dentification (nodel, hardware, software)
Test Configuration (workl oad, |oad, execution paraneters)

Results (latency summary, throughput summary, success metrics)
Detail ed Results (per-test tables and visualizations)

Met hodol ogy Conpliance (tests perforned, deviations, linitations)
Reproduction Information (test harness, configuration, data)
edgenent s

docunent draws on the structure and approach established by RFC

for firewall benchmarki ng methodol ogy. The author thanks the
hmar ki ng Met hodol ogy Working Group for their foundational work in

net wor k devi ce benchnar ki ng.
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