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Abst ract

Thi s docunment provides a net hodol ogy for benchmarking the Session
Initiation Protocol (SIP) performance of devices. Term nol ogy
related to benchmarking SIP devices is described in the conpanion
term nol ogy docunent (RFC 7501). Using these two docunents,
benchmar ks can be obtai ned and conpared for different types of

devi ces such as SIP Proxy Servers, Registrars, and Session Border
Controllers. The term"performance” in this context neans the
capacity of the Device Under Test (DUT) to process S|P nessages.
Media streans are used only to study how they inpact the signaling
behavior. The intent of the two docunents is to provide a nornalized
set of tests that will enable an objective conparison of the capacity
of SIP devices. Test setup paranmeters and a met hodol ogy are
necessary because SIP allows a w de range of configurations and
operational conditions that can influence performance benchnark
nmeasur enent s.

Status of This Meno

This docunment is not an Internet Standards Track specification; it is
published for infornational purposes.

This docunent is a product of the Internet Engi neering Task Force
(IETF). It represents the consensus of the |IETF comunity. It has
recei ved public review and has been approved for publication by the
Internet Engineering Steering Goup (IESG. Not all docunents
approved by the I ESG are a candi date for any |evel of Internet

St andard; see Section 2 of RFC 5741.

I nformation about the current status of this docunent, any errata,

and how to provide feedback on it may be obtai ned at
http://ww. rfc-editor.org/info/rfc7502
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Copyright Notice

Copyright (c) 2015 I ETF Trust and the persons identified as the
docunent authors. Al rights reserved.

This docunent is subject to BCP 78 and the I ETF Trust’'s Lega
Provisions Relating to | ETF Docunents
(http://trustee.ietf.org/license-info) in effect on the date of
publication of this docunment. Please review these docunents
carefully, as they describe your rights and restrictions with respect
to this document. Code Conponents extracted fromthis docunment nust
include Sinplified BSD License text as described in Section 4.e of
the Trust Legal Provisions and are provided wi thout warranty as
described in the Sinplified BSD License.
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1. Introduction

Thi s docunent describes the nethodol ogy for benchmarki ng Session
Initiation Protocol (SIP) performance as described in the Term nol ogy
docunent [RFC7501]. The nethodol ogy and term nology are to be used
for benchmarki ng signaling plane performance with varying signaling
and nedia | oad. Media streans, when used, are used only to study how
they inpact the signaling behavior. This docunment concentrates on
benchmarking SI P session setup and SIP registrations only.

The Device Under Test (DUT) is a network intermediary that is RFC
3261 [ RFC3261] capable and that plays the role of a registrar
redirect server, stateful proxy, a Session Border Controller (SBC) or
a B2BUA. This docunent does not require the internediary to assume
the role of a stateless proxy. Benchnmarks can be obtai ned and
conpared for different types of devices such as a SIP proxy server,
Session Border Controllers (SBC), SIP registrars and a SIP proxy
server paired with a nedia rel ay.

The test cases provide metrics for benchmarki ng the maxi mum’ SIP

Regi stration Rate’ and maxi mum’ SI P Sessi on Establishnent Rate’ that
the DUT can sustain over an extended period of time wi thout failures
(extended period of time is defined in the algorithmin

Section 4.10). Sone cases are included to cover encrypted SIP. The
test topologies that can be used are described in the Test Setup
section. Topologies in which the DUT handl es nedia as well as those
in which the DUT does not handl e nedia are both considered. The
measur enent of the performance characteristics of the nedia itself is
out si de the scope of these documents.

Benchmark netrics could possibly be inpacted by Associ ated Medi a.

The sel ected values for Session Duration and Media Streans per
Sessi on enabl e benchmark nmetrics to be benchmarked wi t hout Associated
Media. Session Setup Rate could possibly be inpacted by the sel ected
val ue for Maxi num Sessions Attenpted. The benchmark for Session
Establ i shnment Rate is neasured with a fixed value for nmaxi num Sessi on
Attenpts.

Finally, the overall value of these tests is to serve as a conparison
function between nmultiple SIP inplenentations. One way to use these
tests is to derive benchmarks with SIP devices from Vendor-A, derive
a new set of benchmarks with sinmilar SIP devices from Vendor-B and
performa conparison on the results of Vendor-A and Vendor-B. This
document does not nake any clainms on the interpretation of such
results.
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2.

Ter m nol ogy

In this docunent, the key words "MJST", "MJST NOT", " REQUI RED"
"SHALL", "SHALL NOT", "SHOULD', "SHOULD NOT", "RECOWENDED', "NOT
RECOMVENDED", "NMAY", and "OPTIONAL" are to be interpreted as
described in BCP 14, conformng to [ RFC2119] and indi cate requirenent
| evel s for conpliant inplenentations.

RFC 2119 defines the use of these key words to hel p nake the intent
of Standards Track documents as clear as possible. Wile this
docunent uses these keywords, this docunent is not a Standards Track
docunent .

Terns specific to SIP [ RFC3261] performance benchmar ki ng are defined
in [ RFC7501] .

Benchmar ki ng Topol ogi es

Test organi zations need to be aware that these tests generate |arge
vol umes of data and consequently ensure that networking devices |ike
hubs, switches, or routers are able to handl e the generated vol une.

The test cases enunerated in Sections 6.1 to 6.6 operate on two test
topol ogi es: one in which the DUT does not process the nedia

(Figure 1) and the other in which it does process nedia (Figure 2).
In both cases, the tester or Enul ated Agent (EA) sends traffic into
the DUT and absorbs traffic fromthe DUT. The diagrans in Figures 1
and 2 represent the logical flow of information and do not dictate a
particul ar physical arrangenent of the entities.

Figure 1 depicts a layout in which the DUT is an internedi ary between
the two interfaces of the EA. |If the test case requires the exchange
of media, the nedia does not flow through the DUT but rather passes
directly between the two endpoints. Figure 2 shows the DUT as an
internmedi ary between the two interfaces of the EA. If the test case
requires the exchange of nedia, the nedia flows through the DUT

bet ween the endpoi nts.
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e + Session  H-------- + Session e +
| | At t enpt | | Attenpt | |
| [------------ >+ [------------ >+ |
| | | | | |
| | Response | | Response |
| Tester +<------------ | DUT  4<-------mm--- | Tester
= ] =
F + F + F +
AR AR
| Medi a (optional) |
+ +

Figure 1: DUT as an Internediary, End-to-End Media

e + Sessi on e + Session e +
| | At t enpt | | Attenpt | |
| [------------ >+ [------------ >+ |
I I I I I I
| | Response | | Response | |
| Tester +<------------ | DUT  4<------------ | Tester

| (EA) | I I | (EA) |
| | <:::::::::::>| | <:::::::::::>| |
e + Media e + Medi a e +

(Optional) (Optional)

Figure 2: DUT as an Intermedi ary Forwardi ng Media

The test cases enunerated in Sections 6.7 and 6.8 use the topology in
Fi gure 3 bel ow

Fommmnaan + Registration +-------- +
| | request | |
| EEEEEEEEEEEES >+ |
I I I I
| | Response | |
| Tester +<------------- | DUr |
| (BEA) | I I
I I I I
Fomm e o - + Fomm e o - +

Figure 3: Registration and Re-registration Tests

During registration or re-registration, the DUT may invol ve backend
network el enents and data stores. These network el ements and data
stores are not shown in Figure 3, but it is understood that they wll
impact the time required for the DUT to generate a response.

Davi ds, et al. I nf or mat i onal [ Page 6]



RFC 7502 SI P Benchnar ki ng Met hodol ogy April 2015

This docunent explicitly separates a registration test (Section 6.7)
froma re-registration test (Section 6.8) because in certain
networks, the time to re-register may vary fromthe time to perform
an initial registration due to the backend processing involved. It
is expected that the registration tests and the re-registration test
will be perforned with the sane set of backend network elenments in
order to derive a stable netric.

4. Test Setup Paraneters
4.1. Selection of SIP Transport Protoco

Test cases nmay be perforned with any transport protocol supported by
SIP. This includes, but is not linmted to, TCP, UDP, TLS, and
websockets. The protocol used for the SIP transport protocol nust be
reported with benchmarking results.

SIP allows a DUT to use different transports for signaling on either
side of the connection to the EAs. Therefore, this docunent assunes
that the sane transport is used on both sides of the connection; if
this is not the case in any of the tests, the transport on each side
of the connection MJST be reported in the test-reporting tenplate.

4.2. Connection-Oiented Transport Managenent

SIP allows a device to open one connection and send nultiple requests
over the same connection (responses are nornally received over the
same connection that the request was sent out on). The protocol also
all ows a device to open a new connection for each individual request.
A connection nmanagenent strategy will have an inpact on the results
obtained fromthe test cases, especially for connection-oriented
transports such as TLS. For such transports, the cryptographic
handshake nust occur every tinme a connection i s opened.

The connection managenent strategy, i.e., use of one connection to
send all requests or closing an existing connection and opening a new
connection to send each request, MJST be reported with the
benchmar ki ng result.

4.3. Signaling Server

The Signaling Server is defined in the conpanion term nol ogy docunent
([ RFC7501], Section 3.2.2). The Signaling Server is a DUT.
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4.4, Associated Media

Some tests require Associated Media to be present for each SIP
session. The test topol ogies to be used when benchmarki ng DUT
performance for Associated Media are shown in Figure 1 and Figure 2.

4.5, Selection of Associ ated Medi a Protocol

The test cases specified in this docunent provide SIP performance
i ndependent of the protocol used for the nedia stream Any nedia
prot ocol supported by SIP may be used. This includes, but is not
limted to, RTP and SRTP. The protocol used for Associated Medi a
MUST be reported with benchmarking results.

4.6. Nunber of Associated Media Streanms per SIP Session

Benchmarking results may vary with the nunber of nedia streans per
SI P session. Wen benchmarking a DUT for voice, a single nedia
streamis used. Wen benchmarking a DUT for voice and video, two
nmedi a streans are used. The nunber of Associated Media Streans MJST
be reported with benchmarking results.

4.7. Codec Type

The test cases specified in this docunent provide SIP perfornmance
i ndependent of the nedia stream codec. Any codec supported by the
EAs may be used. The codec used for Associated Media MIST be
reported with the benchmarking results.

4.8. Session Duration

The val ue of the DUT's performance benchmarks nmay vary with the
duration of SIP sessions. Session Duration MJST be reported with
benchmarking results. A Session Duration of zero seconds indicates
transm ssion of a BYE i mediately followi ng a successful SIP
establishnent. Setting this paraneter to the value '0' indicates
that a BYE will be sent by the EA immedi ately after the EA receives a
200 K to the INVITE. Setting this paraneter to a tinme value greater
than the duration of the test indicates that a BYE will never be
sent. Setting this paraneter to a tinme value greater than the
duration of the test indicates that a BYE is never sent.

4.9. Attenpted Sessions per Second (sps)
The val ue of the DUT's performance benchmarks may vary with the

Session Attenpt Rate offered by the tester. Session Attenpt Rate
MUST be reported with the benchmarking results.
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The test cases enunerated in Sections 6.1 to 6.6 require that the EA
is configured to send the final 2xx-class response as quickly as it
can. This docunent does not require the tester to add any del ay

bet ween receiving a request and generating a final response.

4.10. Benchmarking Al gorithm

In order to benchrmark the test cases uniformy in Section 6, the
al gorithm described in this section should be used. A prosaic
description of the algorithmand a pseudocode description are
provi ded below, and a sinmulation witten in the R statistica

| anguage [Rtool] is provided in Appendi x A

The goal is to find the |argest value, R a SIP Session Attenpt Rate,
nmeasured in sessions per second (sps), which the DUT can process with
zero errors over a defined, extended period. This period is defined
as the anmount of tine needed to attenpt N SIP sessions, where Nis a
paraneter of test, at the attenpt rate, R An iterative process is
used to find this rate. The algorithmcorresponding to this process
converges to R

If the DUT vendor provides a value for R the tester can use this
value. In cases where the DUT vendor does not provide a value for R
or where the tester wants to establish the R of a systemusing |oca
medi a characteristics, the algorithmshould be run by setting "r"
the session attenpt rate, equal to a value of the tester’s choice.
For exanple, the tester may initialize "r = 100" to start the

al gorithm and observe the value at convergence. The algorithm
dynamical ly increases and decreases "r" as it converges to the

maxi mum sps value for R The dynam c increase and decrease rate is
controlled by the weights "w' and "d", respectively.

The pseudocode corresponding to the description above follows, and a
simulation witten in the R statistical |anguage is provided in
Appendi x A

Davi ds, et al. I nf or mat i onal [ Page 9]



RFC 7502

Davi ds,

SI P Benchnar ki ng Met hodol ogy April 2015

; ---- Paranmeters of test; adjust as needed

N := 50000 ; dobal maxi mum once |argest session rate has

; been established, send this many requests before
; calling the test a success

m :={...} ; Oher attributes that affect testing, such
; as nedia streans, etc.
r := 100 ; Initial session attenpt rate (in sessions/sec).
; Adj ust as needed (for example, if DUT can handl e
; thousands of calls in steady state, set to
; appropriate value in the thousands).
w = 0.10 ; Traffic increase weight (0 < w <= 1.0)
d = max(0.10, w/ 2) ; Traffic decrease weight

; ---- End of paraneters of test
proc find_R

R = max_sps(r, m N) ; Setup r sps, each with mnedia

; characteristics until N sessions have been attenpted.

; Note that if a DUT vendor provides this nunber, the tester
; can use the nunber as a Session Attenpt Rate, R, instead

; of invoking max_sps()

end proc

; lterative process to figure out the |argest nunmber of

; sSps that we can achieve in order to setup n sessions.

; This function converges to R the Session Attenpt Rate.
proc max_sps(r, m n)

s =0 ; session setup rate
oldr :=0 ; old session setup rate
h =0 ; Return value, R

count := 0

; Note that if wis small (say, 0.10) and r is smal

; (say, <= 9), the algorithmw |l not converge since it
; uses floor() to increnent r dynamically. It is best
; to start with the defaults (w = 0.10 and r >= 100).

while (TRUE) {

s :=send_traffic(r, m n) ; Send r sps, with mnedia
; characteristics until n sessions have been attenpted.
if (s ==n) {
if (r >old_r) {
old_r =r
el se {

count = count + 1
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if (count >= 10) {
# W' ve conver ged.

h := max(r, old_r)
br eak
}
}
r = floor(r + (w™* r))
}
el se {
r :=floor(r - (d* r))
d:= nmax(0.10, d / 2)
w = max(0.10, w/ 2)
}
}
return h
end proc

5. Reporting Fornat
5.1. Test Setup Report

SIP Transport Protocol =
(valid val ues: TCP| UDP| TLS| SCTP| websocket s| speci fy- ot her)
(Specify if sanme transport used for connections to the DUT
and connections fromthe DUT. |If different transports
used on each connection, enunerate the transports used.)

Connecti on managenent strategy for connection oriented
transports
DUT receives requests on one connection = __
(Yes or no. |If no, DUT accepts a new connection for
every incom ng request, sends a response on that
connection, and cl oses the connection.)
DUT sends requests on one connection=__
(Yes or no. If no, DUT initiates a new connection to
send out each request, gets a response on that
connection, and closes the connection.)

Session Attenpt Rate
(Session attenpts/sec)
(The initial value for "r" in benchmarking algorithmin
Section 4.10.)

Session Duration =
(I'n seconds)
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Total Sessions Attenpted =
(Total sessions to be created over duration of test)

Media Streams per Session =
(number of streams per session)

Associ ated Medi a Protocol =
(RTP| SRTP| speci fy- ot her)

Codec =
(Codec type as identified by the organi zation that
specifies the codec)

Medi a Packet Size (audio only) =
(Number of bytes in an audi o packet)

Establi shment Threshold tine =
( Seconds)

TLS ci phersuite used
(for tests involving TLS) =
(e.g., TLS_RSA WTH AES 128 _CBC SHA)

| Psec profile used
(For tests involving | Psec) =

5.2 Devi ce Benchmarks for Session Setup

Session Establishnent Rate, "R' =

(sessions per second)

Is DUT acting as a nedia relay? (yes/no) =
5.3. Device Benchmarks for Registrations

Regi stration Rate =

(registrations per second)

Re-registration Rate =

(registrations per second)

Notes =

(Li st any specific backend processing required or

other paranmeters that nay inpact the rate)
Davids, et al. I nf or mati ona
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6. Test Cases
6.1. Baseline Session Establishnent Rate of the Testbed

hj ecti ve:
To benchmark the Session Establishnent Rate of the Emul ated Agent
(EA) with zero failures.

Procedure:

1. Configure the DUT in the test topology shown in Figure 1

2. Set Media Streans per Session to O.

3. Execute benchnmarking algorithmas defined in Section 4.10 to
get the baseline Session Establishment Rate. This rate MJST
be recorded using any pertinent paraneters as shown in the
reporting format of Section 5.1.

Expected Results: This is the scenario to obtain the maxi nrum Session
Est abl i shnment Rate of the EA and the testbed when no DUT is
present. The results of this test might be used to nornalize test
results performed on different testbeds or sinply to better
understand the inpact of the DUT on the testbed in question

6.2. Session Establishment Rate wi thout Medi a

hj ecti ve:
To benchmark the Session Establishment Rate of the DUT with no
Associ ated Media and zero failures.

Pr ocedur e:

1. Configure a DUT according to the test topology shown in
Figure 1 or Figure 2.

2. Set Media Streanms per Session to O.

3. Execute benchmarking algorithmas defined in Section 4.10 to
get the Session Establishnent Rate. This rate MJST be
recorded using any pertinent paraneters as shown in the
reporting format of Section 5.1.

Expected Results: Find the Session Establishnment Rate of the DUT
when the EA is not sending nmedia streans.

6.3. Session Establishment Rate with Media Not on DUT
hj ective:
To benchmark the Session Establishment Rate of the DUT with zero

failures when Associated Media is included in the benchmark test
but the media is not running through the DUT.
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6. 4.

6. 5.

Pr ocedur e:

1. Configure a DUT according to the test topol ogy shown in
Fi gure 1.

2. Set Media Streanms per Session to 1.

3. Execute benchmarking algorithmas defined in Section 4.10 to
get the session establishnent rate with nedia. This rate MJST
be recorded using any pertinent paraneters as shown in the
reporting format of Section 5.1.

Expected Results: Session Establishnent Rate results obtained with

Associ ated Media with any nunber of nedia streans per SIP session
are expected to be identical to the Session Establishnent Rate
results obtained without nmedia in the case where the DUT is
running on a platformseparate fromthe Media Rel ay.

Sessi on Establishment Rate with Media on DUT

hj ecti ve:
To benchmark the Session Establishment Rate of the DUT with zero
failures when Associated Media is included in the benchmark test
and the nmedia is running through the DUT.

Pr ocedur e:

1. Configure a DUT according to the test topology shown in
Fi gure 2.

2. Set Media Streanms per Session to 1.

3. Execute benchmarking algorithmas defined in Section 4.10 to
get the Session Establishnent Rate with nedia. This rate MJST
be recorded using any pertinent paraneters as shown in the
reporting format of Section 5.1.

Expected Results: Session Establishnent Rate results obtained with

Associ ated Media may be | ower than those obtained without nedia in
the case where the DUT and the Media Relay are running on the same
platform It may be hel pful for the tester to be aware of the
reasons for this degradation, although these reasons are not
paraneters of the test. For exanple, the degree of perfornmance
degradati on may be due to what the DUT does with the nedia (e.qg.,
relaying vs. transcoding), the type of nedia (audio vs. video vs.
data), and the codec used for the nmedia. There may al so be cases
where there is no performance inpact, if the DUT has dedi cated
medi a- pat h har dwar e.

Session Establishment Rate with TLS-Encrypted SIP

hj ecti ve:

To benchmark the Session Establishnment Rate of the DUT with zero
failures when using TLS-encrypted SIP signaling.
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Procedure:

1. If the DUT is being benchmarked as a proxy or B2BUA, then
configure the DUT in the test topology shown in Figure 1 or
Fi gure 2.

2. Configure the tester to enable TLS over the transport being
used during benchmarking. Note the ciphersuite being used for
TLS and record it in Section 5.1.

3. Set Media Streans per Session to O (nedia is not used in this
test).

4. Execute benchmarking algorithmas defined in Section 4.10 to
get the Session Establishnment Rate with TLS encryption

Expected Results: Session Establishnent Rate results obtained with
TLS-encrypted SIP may be | ower than those obtained with plaintext
Sl P.

6.6. Session Establishment Rate with | Psec-Encrypted SIP

hj ecti ve:
To benchmark the Session Establishment Rate of the DUT with zero
failures when using | Psec-encrypted SIP signaling.

Pr ocedur e:

1. Configure a DUT according to the test topology shown in
Figure 1 or Figure 2.

2. Set Media Streanms per Session to O (nedia is not used in this
test).

3. Configure tester for IPsec. Note the |IPsec profile being used
for I Psec and record it in Section 5.1.

4. Execute benchmarking algorithmas defined in Section 4.10 to
get the Session Establishnent Rate with encryption

Expected Results: Session Establishnent Rate results obtained with
| Psec-encrypted SIP may be | ower than those obtained with
pl ai nt ext Sl P.

6.7. Registration Rate
hj ecti ve:

To benchmark the maxi numregistration rate the DUT can handl e over
an extended tine period with zero failures.

Procedure:
1. Configure a DUT according to the test topology shown in
Fi gure 3.

2. Set the registration tineout value to at | east 3600 seconds.
3. Each register request MIJST be nade to a distinct Address of
Record (AoR). Execute benchmarking algorithmas defined in
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Section 4.10 to get the maxi numregi stration rate. This rate
MUST be recorded using any pertinent paraneters as shown in
the reporting format of Section 5.1. For exanple, the use of
TLS or | Psec during registration nmust be noted in the
reporting format. In the sane vein, any specific backend
processing (use of databases, authentication servers, etc.)
SHOULD be recorded as well.

Expected Results: Provides a maxi mumregistration rate.
6.8. Re-registration Rate
hj ecti ve:
To benchmark the re-registration rate of the DUT with zero

failures using the sane backend processing and paraneters used
during Section 6.7.

Procedure:
1. Configure a DUT according to the test topology shown in
Fi gure 3.

2. Execute the test detailed in Section 6.7 to register the
endpoints with the registrar and obtain the registration rate.

3. After at least 5 minutes of performng Step 2, but no nore
than 10 minutes after Step 2 has been perfornmed, re-register
the sane AoRs used in Step 3 of Section 6.7. This will count
as a re-registration because the SIP AoRs have not yet
expired.

Expected Results: Note the rate obtained through this test for
conparison with the rate obtained in Section 6.7.

7. Security Considerations

Docunments of this type do not directly affect the security of the
Internet or corporate networks as |ong as benchmarking is not
perforned on devices or systens connected to production networKks.
Security threats and how to counter these in SIP and the nedia | ayer
is discussed in RFC 3261, RFC 3550, and RFC 3711, and various other
docunents. This docunment attenpts to formalize a set of conmon

nmet hodol ogy for benchmarki ng performance of SIP devices in a lab
envi ronnent .
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Appendi x A. R Code Conponent to Sinulate Benchmarking Al gorithm

Copyright (c) 2015 I ETF Trust and the persons identified as
aut hors of the code. Al rights reserved.

Redi stribution and use in source and binary forns, with or
wi t hout nodification, are permtted provided that the follow ng
conditions are net:

The author of this code is Vijay K. Qurbani

- Redistributions of source code nust retain the above copyri ght
notice, this list of conditions and
the follow ng disclainer.

- Redistributions in binary form nust reproduce the above
copyright notice, this Iist of conditions and the foll ow ng
di sclaimer in the docunentation and/or other naterials
provided with the distribution.

Nei t her the name of Internet Society, |ETF or | ETF Trust,
nor the nanes of specific contributors, may be used to
endorse or pronote products derived fromthis software

wi t hout specific prior witten perm ssion

THI'S SOFTWARE | S PROVI DED BY THE COPYRI GHT HCOLDERS AND
CONTRI BUTORS "AS | S* AND ANY EXPRESS OR | MPLI ED WARRANTI ES,

I NCLUDI NG, BUT NOT LIM TED TO, THE | MPLI ED WARRANTI ES OF
MERCHANTABI LI TY AND FI TNESS FOR A PARTI CULAR PURPOSE ARE

DI SCLAI MED. | N NO EVENT SHALL THE COPYRI GHT OMNER OR

CONTRI BUTCRS BE LI ABLE FOR ANY DI RECT, | NDI RECT,

| NCI DENTAL, SPECI AL, EXEMPLARY, OR CONSEQUENTI AL DANAGES

(1 NCLUDI NG, BUT NOT LIM TED TO, PROCUREMENT OF SUBSTI TUTE
GOODS OR SERVI CES; LOSS OF USE, DATA, OR PROFITS; OR BUSI NESS
I NTERRUPTI ON) HOAEVER CAUSED AND ON ANY THECRY OF LI ABILITY
WHETHER | N CONTRACT, STRICT LIABILITY, OR TORT (| NCLUD NG
NEGLI GENCE OR OTHERW SE) ARI SI NG I N ANY WAY QUT OF THE USE
OF TH S SOFTWARE, EVEN | F ADVI SED OF THE PGCSSI BI LI TY OF SUCH

HHEFEHFEHFEHFHFHFF TSRS

DAMAGE
w = 0.10
d = max(0.10, w/ 2)
DUT _nmax_sps = 460 # Change as needed to set the nmax sps val ue

# for a DUT
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# Returns R, given r (initial session attenpt rate).
# E.g., assune that a DUT handl es 460 sps in steady state
# and you have saved this code in a file simulate.r. Then
# start an R session and do the foll ow ng:
#
# > source("sinmulate.r")
# > find_R(100)
# ... debug output onmitted ..
# [1] 458
#
# Thus, the max sps that the DUT can handle is 458 sps, which is
# close to the absol ute maxi num of 460 sps the DUT is specified to
# do.
find_R <- function(r) {
S =0
oldr =0
h =0
count = 0

# Note that if wis small (say, 0.10) and r is snall

# (say, <= 9), the algorithmw |l not converge since it
# uses floor() to increnent r dynamically. It is best
# to start with the defaults (w = 0.10 and r >= 100).

cat("r oldr w d\n")
while (TRUE) {
cat(r, ' ', old_r, " ', w, " ', d, "\n")
s = send_traffic(r)
if (s == TRUE) { # Al'l sessions succeeded
if (r >oldr) {
old_r =r
el se {

count = count + 1

if (count >= 10) {
# W' ve conver ged.
h = max(r, old_r)
br eak

}

r = floor(r + (w?*r))
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else {
r =floor(r - (d * r))
d = max(0.10, d / 2)
w = max(0.10, w/ 2)
}
}
h
}
send_traffic <- function(r) {
n = TRUE
if (r > DUT_max_sps) {
n = FALSE
}
n
}
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