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Performance Measurement Tools




Agenda

Tutorial Agenda:
Network Performance Primer - Why Should We Care? (15 Mins)
Getting the Tools (10 Mins)
Use of the BWCTL Server and Client (30 Mins)
Use of the OWAMP Server and Client (30 Mins)
Use of the NDT Server and Client (30 Mins)
BREAK (15 mins)
Diagnostics vs Regular Monitoring (30 Mins)
Network Performance Exercises (1 hr 30 Mins)
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Basic Premise

Use of the network should meet user expectations.
See Examples from earlier
When things don’t look right, time to explore ‘why’

If they don’t you should complain!

Learn how to do so effectively
Produce results
Isolate problem

‘The network is slow’ is not how to complain effectively
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Underlying Assumption

When problems exist, it’s the networks fault!

Easy to blame a resource, but where else could a problem be when
transferring large data sets?

Host (Disk, CPU, Kernel, NIC Drivers)

Network Interface Cards

Routers/Switches, Routing and Configuration

Physical Infrastructure

Protocols

The network is viewed as a single resource in many cases
Reality — complex series of components
Multiple vendors/technologies
Multiple configuration options
Crossing administrative domains
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Network View (Layman’s Terms)

Bob’s
Host

“The Internets”

Carol’s
Host
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Network View (Actual)
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Addressing a Performance Discrepancy

What are the first steps to address problems related to network
performance?

Try a Tool

What tools are out there
Numerous
Different metrics (measurements) available
How to interpret the results?
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Tools, Tools, Tools

Ping
Traceroute
Iperf
Tcpdump
Tcptrace
BWCTL
NDT
OWAMP
AMP
Advisor
Thrulay
Web100
Monalisa
pathchar
NPAD
Pathdiag
Surveyor
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Ethereal
CoralReef
MRTG
Skitter
Cflowd
Cricket
Net100
Pathload
Pathchrip
MRTG
Cacti
Smokeping
PingER

FDT
perfSONAR
Nagios
Ganglia
Thurlay
Etc. etc. etc.
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Highlighting some Interesting Tools

Focus on 3 Types of tools (for now)
Basic Diagnostics
Ping, Traceroute
Advanced User Tools
NDT
Network Admin Focused
OWAMP, BWCTL
What about the others?
Try them out, learn how they work.
Most tools are designed to solve a specific problem and they may
add value to your organization
Integration of multiple solutions

Measurement frameworks integrate use of tools (operation,
collecting results) along with analysis and presentation

perfSONAR
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Software Availability

BWCTL, OWAMP, NDT client applications are available in VDT
Source Packages (Client and Server)
http://software.internet2.edu/sources/
Typical ‘configure/make/make install’
RPM Installation (CentOS 5.x Supported):
Install our RPM package to enable the Internet2 Repository

See instructions here: http://software.internet2.edu/
Support for YUM and APT-RPM

pS Performance Toolkit ISO

All tools, pre-installed and configured

More info: http://psps.perfsonar.net/toolkit/
Others Notes:

Other RPM based distros (Fedora/RHEL) may work with packaged
RPMs ... YMMV

To install on Debian, consider source. Alien conversions of RPMs may
be problematic
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Basic Diagnostic Tools

Ping
Round Trip (e.g. source to destination, and back)
Confirms that remote host is ‘up’

Some network operators block these packets
Play w/ command options to see if that will change anything

Traceroute
|dentifies the routers along the path
Same blocking problem as above

Routers treat TR packets with lower priority
See presentation from prior JTs:

http://www.internet2.edu/presentations/jt2009jul/20090722-
litvanyi.pdf
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Ping Output

® OO0 zurawskl@latrobe ~ — ssh — ttysOOl — 85x25
, 5 o <& ] o e g :-_T 'ITITP-'I ~
G 10y 5 S .
from packrat. 1HT~rH_ dL J . : »oicmp i =57 time=1e6

from pa "at.interne 0 7 . : 2 LT 7 Lime
Trom pz P IE 1HT~rH~ 2 . . . Nl || 3 time=16.5
from packrat 75.1e4.10): icmp_seq=4 tt1=57 time=16.4
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Ping Output

Intro message
Identifies remote host name and IP address

States size of packets being sent
Setting larger sizes may reveal hidden problems

Output lines

Who responded, and the RTT, maybe other details
Summary lines

Number of packets sent/received/lost

RTT statistics min/average/max

N.B. 1 msec RTT = ~50 miles of between hosts
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Traceroute Output

® 00 zurawski@latrobe:~ — ssh — ttys001 — 88x24

p.net
ISLNE NS

mich.net
ms
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Traceroute Output

Intro messages
Name and address of remote host
Maximum number of link before giving up

Status messages
One line per router in path
“*” indicates router didn’t respond
Routers usually rate limit replies
No name indicates DNS entry is missing

Hops required to reach remote host or max number
from above
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Advanced User Tool - NDT

NDT = Network Diagnostics Tool
Measure performance to users desktop
|dentify real problems for real users

Network infrastructure could be the problem
Host tuning issues could be the problem
Make tool simple to use and understand
Presentation in a method almost all users can access: web browser

Make tool useful for users and network administrators

Variables for many aspects of host, protocol, and network
performance
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NDT User Interface

Web-based JAVA applet allows testing from any browser
One Click testing
Option to dig deep into available results
Send report of results to network administrators

Command-line client allows testing from remote login shell
Same options available
Client software can be build independent of server software
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File Edit View Go Bookmarks Tools Help

G- - & D R0 nup07.75.164.80.7123 [¥] @co QL

P Getting Started [ Latest Headlines

= 3 AUIZADIL DLUIETTICL) IIELW UK wn

and this remote NDT server. These tests will determine:

® The slowest link in the end-to-end path (Dial-up modem to 10 Gbps Ethemet/OC-192)
® The Ethemnet duplex setting (full or half):

® If congestion islimiting end-to-end throughput.

It can also identify 2 serious eror conditions:

® Duplex Mismatch
® Excessive packet lossdue to faulty cables.

A test takes about 20 seconds. Click on "start" to begin.

4]
Thisjava applet was developed to test the reliablity and operational status of your desktop computer and network connection. It does this by sending data between your computer
o
Z
'START |  Statistics| More Details... | Report Problem |
[+]

| Tcpbw100 done

010 Internet2
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Finding Results of Interest

Duplex Mismatch

This is a serious error and nothing will work right. Reported on
main page, on Statistics page, and mismatch: on More Details

page
Packet Arrival Order

Inferred value based on TCP operation. Reported on Statistics
page, (with loss statistics) and order: value on More Details page

Packet Loss Rates

Calculated value based on TCP operation. Reported on Statistics
page, (with out-of-order statistics) and loss: value on More Details

page
Path Bottleneck Capacity
Measured value based on TCP operation. Reported on main page
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Installation

Software Dependencies
Web100 Patched Kernel

Traditionally not a ‘simple’ operation to maintain

Questions on security when patching a kernel — also may not cleanly
apply to a ‘vendor’ kernel

NDT Client/Server Package

Software available as:
Source
RPM for Kernel and NDT (Available August 2010)

pS Performance Toolkit
Web100 patched kernel, all measurement tools on a Live Linux CD

)

IN r/g;"i{_y__u
perfS®NAR ' 4

powered



Finding a Server — The Old Way

scale

JE2Epi | NDT Servers - Mozilla Firefox

0\‘1 }- http: //e2epi.internet2. edu/ndt/ndt-server-list. html

NDT Servers

Abilene - http: //e2epi.internet2. edu/ndty

| Location Host Interface Online Stats

Ilndianapolis http://ndt-indianapolis.abilene.ucaid.edu: 7123 | GigE http://ndt-indianapolis.abilene.ucaid.edu: 7123/admin.html
Mew York http://ndt-newyork.abilene.ucaid.edu: 7123 GigE http://ndt-newyork.abilene.ucaid.edu:7123/admin.html
Seattle http://ndt-seattle.abilene.ucaid.edu: 7123 GigE http://ndt-seattle.abilene.ucaid.edu: 7123/admin.html
Sunnyvale http://ndt-sunnyvale.abilene.ucaid.edu: 7123 GigE http://ndt-sunnyvale.abilene.ucaid.edu: 7123/admin.html
washington DC http://ndt-washington.abilene.ucaid.edu: 7123 | GigE http://ndt-washington.abilene.ucaid.edu: 7123/admin.html

PMP Equipment Used for Abilene:

Intel SCB2 motherboard,

2 x 1.266 GHz PIII, 512 KB L2 cache, 133MHz FSB,

2 x512MB ECC registered RAM {one/slot to enable interleaving),
2 x SEAGATE 18GB SCSI (ST318406LC)

Primary NIC: SysConnect Gigabit Ethernet SK-9843 SX
Secondary NIC Inter Ethernet Pro 10/100+ (i82555)

o000

Other Available Servers:

Location Host

ANL http://miranda.ctd.anl.gov: 7123/

Swiss Education and Research Network (Switzerland) http://cempl.switch.ch/network/performance/webl00/tcpbw100.html
University of Michigan (Flint) http://speedtest.umflint.edu/

UCal Santa Cruz http://nitro.ucsc.edu/

Thomas Jefferson Mational Accelerator Facility http://jlab4 .jlab.org: 7123/

Stanford University http://netspeed.stanford.edu/

MNSF (Arlington, YA) http://cisewebl100.cise-nsf.gov:7123

University of Hawaii (Honolulu) http://farnsworth.uhnet.net: 7123/

St. Mary's College of Maryland {Maryland) http://ndt.smecm.edu: 7123/

NDT 28 May, 2004

The original idea and implementation of the web-based testing server was designed and implemented by Tom Dunnigan from ©Oak Ridge Mational
Laboratory. It has been extensively modified by Rich Carlson and changed to perform the current functions. This material is based on work
supported [in part] by the Office of Science, U.S. Department of Energy under Contract W-31-109-ENG-38 and Argonne Mational Laboratory.
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Finding a Server — The New Way

ally search for instances

| <[> | Qhnp://ndbl.lntemetz.edulperfAdmm/dlrectory.cgl [

perfSONAR Global Service and Data View

Information Last Fetched on Sat Jul 10 09:02:03 2010 UTC

Table of Contents
Measurement Tools

OWAMP Daemon
TRACEROUTE Daemon
PING Daemon
PHOEBUS D n
NPAD Daemon
NDT Daemon
REDDNET Daemon
BWCTL Daemon

perfSONAR Services
PSB BWCTL Service
SNMP Service
PINGER ice
PSB_OWAMP Service

OWAMP Daemons
Service Name Service Type Address | Description

OWAMP Server at ESnet-kans in KANAS, Kansas City,
IMO, USA

OWAMP Server at ESnet-hous in HOUS, Houston, TX,
USA

ESnet-kans OWAMP Server| owamp  ||tcp://kans-owamp.es.net:861 ]

<>

ESnet-hous OWAMP Server| owamp |[tcp:/hous-owamp.es.net:861
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Finding a Server — MLab

* Measurement Lab
— Joint Project between several partners
— More Info Here: http://www.measurementlab.net/

* Locate a ‘close’ NDT server using DONAR (http://donardns.org/)

eno Use tools running on M-Lab to test your Internet connection. | M-Lab

<\ » + | http://www.measurementlab.net/measurement-lab-tools#tool1 ea c] (Q~ )
M ## Miab- Apple Yahoo! Google Maps YouTube Wikipedia News (2593)v Popularv

Network Diagnostic Tool (NDT) provides a sophisticated speed and diagnostic
test. An NDT test reports more than just the upload and download speeds - it also
attempts to determine what, if any, problems limited these speeds, differentiating
between comp onfiguration and network infrastructure problems. While the
diagriéstic messages are most for expert users, they can also help novice
users by allowing them to provide detail
administrator.

Network Diagnostic Tool :

Wrouble reports to their network

Click to test w/
'close’' host

e server collects test results, recordethe user's IP address, upload/download
speed, packe d Pvariables of the test

Archived results are publicly available on Amazon's EC2, and details on the
structure of the data can be found here.

Run the network diagnostic tool -

Data collection

More information
http: 2pi.internet2.edu/ndt/

Glasnost test

Glasnost attempts to detect whether your Interet access provider is performing
application-specific traffic shaping. Currently, you can test if your ISP is throttling
or blocking email, HTTP or SSH transfer, Flash video, and P2P apps including
BitTorrent, eMule and Gnutella

Run the Glasnost test -

Data collection
The measurement server records the user's IP address, and all data packets

racoivad b tho coniar fram viour comnudar ar cont by tha caninr bo uour comnutor

5) <>
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Network Administration Tools

BWCTL — Bandwidth Control

Allows single person operation over wide area testing
environment

Runs NLANR ‘iperf’ program
Support for Thrulay, nuttcp

OWAMP — One way Delay Measurement
Advanced ‘ping’ command
One way vs round trip

Allows single person operation over wide area testing
environment

N
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tBWCTL Sample Results

Flle Edlt Vlew Options Transfer Script Tools Window Help
HEAR 2] B8 ®XY ||

[rcarlson@nmsx—aaml rcarlsonl$ buctl —L90 -i2 —-t20 -w8388608 -A AE AESKEY rcarlson .aeskeyB
-s nmsl-sttl.abilene.ucaid.edu —¢c nmsl-ipls.abilene.ucaid.edu

buctl: 107 seconds until test results available

RECEIYER START

3349536592 521172: /ami/bin/iperf -B 198.32.8.174 P 1 -s f b -m —p 5002 —w 8388608 -t 20

Server listening on TCP port 5002
Binding to local address 198.32.8.174
TCP window size: 16777216 Byte (WARNING: requested 8388608 Byte)

.32.8.174 port 5002 connected with 198.32.8.190 port 5002
sec 203240632 Bytes 812962528 bits/sec

sec 247453364 Bytes 989813456 bits/sec

sec 247453276 Bytes 989813104 bits/sec

sec 247392040 Bytes 989568160 bits/sec

sec 247454640 Bytes 989818560 bits/sec

sec 247451404 Bytes 989805616 bits/sec

sec 247447240 Bytes 989788960 bits/sec

sec 247459968 Bytes 989839872 bits/sec

sec 247445468 Bytes 989781872 bits/sec

141 18. sec 247453536 Bytes 989814144 bits/sec

141 0. sec 2435407872 Bytes 972137651 bits/sec

141 MSS size 8948 bytes (MTU 8988 bytes. unknown interface)
RECEIYER END

Lrcarlson@Bnmsx—aami rcarlsonl$

141
141
141
141
141 :
141 10.
141 12.
141 14.
141 16.

OOOOOOOOOOO

L
L
E
L
L
L
L
L
C
L
L
L
E

p‘ Ready 'ssh2: 4ES-12€| 26, 32 | 28 Rows, 90 Cols [WT100
powered



BWCTL Highlights

You must pre-install BWCTL software package
Server/Client required for ends of a test

Internet2 default permission: TCP test from any member
UDP available on request

Sites can restrict access to ‘known’ remote users

Rich set of permissions and limitations

"

INT 5;‘?{_!_5_1
perfS®@NAR ' 4

powered



BWCTL Commands

bwctl -L90 -i2 -t20 -c bwctl.losa.net.internet2.edu

bwctl -L90 -i2 -t20 -s bwctl.newy.net.internet2.edu

Bwctl = name of program

L90 = wait up to 90 seconds for a test

i2 = report intermediate results every 2 seconds
t20 — run test for 20 seconds

s name = remote end will send data to you

c name = you will send data to the remote host

TN
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BWCTL 3" Party Testing

bwctl -L90 -i2 -t20
-c bwctl.salt.net.internet2.edu
-s bwctl.atla.net.internet2.edu

User can run a test between 2 remote hosts

)
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Installation

Software available as:
Source
RPM — Installable through YUM/APT-RPM

pS Performance Toolkit
Web100 patched kernel, all measurement tools on a Live Linux CD

T
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inding a Server — The Old Way

» Static List of servers — doesn’t scale

) Internet2 End to End Performance | ve |[Performance Measurement Points - Mo: i =10 x|

File Edit ¥iew Go Bookmarks Tools Help

<Zl i E> > @ @ I}' http: //e2epi.internet2. edu/pipes/pmp/pmp-dir. html _l © Go I[Q,

INTERNETs

January 18, 2007 | internat2 Home | £28pi Home
END-TO-END Performance Measurement Point Directory

his page contains a list of piPES Performance Measurement Points {PMPs) that are available from wvarious institutions around the world. Each institution
operates their own PMP(s) and determines the tests available, the operating parameters, and the policy on who can use them. You can find out the
details on each institution's PMP from their Information Page.

If you desire to install and run one or more PMPs the information below will tell you about potential peers with whom you can do tests. This can be
particularly valuable to research disciplines that want to better understand routes that are commonly used by their community.

Presentations o have your PMP(s) listed on this page, create a PMP Information page using the blank PMP form (see the Abilene page as an example) and send the
Library . URL of your page to: measurement-domain-registrar@internet2.edu
Case Studies

Glossary [Institution 7/ Network |Location [Information Page

[aPan [3apan [aPan PMP Info

[DanNTE/GEANT [Europe [GEANT PMP Info

[Esnet [Us Nationwide [Esnet PMP Info

[Hawai'i GigaPoP/University of Hawai'i |Hon0|u|u, Ha [Hawai'i PMP Info

== Thrulay [Internetz / abilene [Us Nationwide [abilene PMP Info

UL =TI S (< ISTI/KREONet2 [korea [ISTI PMP Info

P> GEffteme Resulis IMIT/ Haystack Observatory |Wes':ft:n'dJ MA \Haystack PMP Info

Working Groups & [nc-1TEC [Raleigh, NC [NC-ITEC PMP Info

SO,LI,‘:,?,E:':;'?I,SOUDS [NoAA Boulder Laborataries [Boulder, cO [NoaA PMP Info

> Collaborations [mOoRDURet [sweden [MORDURet PMP Info
[Ohio State University [Cnlumbus, OH [OSU PMP Info
[RMP Measurement WG/RNPZ [Brazil [RNP PMP Info
[Southern Crossroads GigaPoP {SoX) IAtIanta, GA [Sox PMP Info
[Sunet (Swedish University Network) |Stuckho|rn, Sweden [Sunet PMP Info
[SWITCH (Swiss Education and Research Network) |Switzarland [SWITCH PMP Info
[Twaren [Hsinchu, Taiwan [TwAREN PMP Info

\ 1K
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Finding a Server — The New Way

ally search for instances

| <[> | Qhnp://ndbl.lntemetz.edulperfAdmm/dlrectory.cgl [

perfSONAR Global Service and Data View

Information Last Fetched on Sat Jul 10 09:02:03 2010 UTC

Table of Contents
Measurement Tools

OWAMP Daemon
TRACEROUTE Daemon
PING Daemon
PHOEBUS D n
NPAD Daemon
NDT Daemon
REDDNET Daemon
BWCTL Daemon

perfSONAR Services
PSB BWCTL Service
SNMP Service
PINGER ice
PSB_OWAMP Service

OWAMP Daemons
Service Name Service Type Address | Description

OWAMP Server at ESnet-kans in KANAS, Kansas City,
IMO, USA

OWAMP Server at ESnet-hous in HOUS, Houston, TX,
USA

ESnet-kans OWAMP Server| owamp  ||tcp://kans-owamp.es.net:861 ]

<>

ESnet-hous OWAMP Server| owamp |[tcp:/hous-owamp.es.net:861
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OWPing Results

=) nmsy.internet2 - SecureCRT i -10] x|

File Edit “iew Options Transfer Script Tools Window Help

VIR | 2BQ | SES =Xy |2 B
rcarlson@nmsy—aami% ./owping —F /tmp/from.owamp —-T /tmp/to.owamp nmsd4-—ipls.abilene.ucaid.edu
Approximately 12.8 seconds until results available

——— owping statistics from [207.75.164.841:61960 to L[nms4—ipls.abilene.ucaid.edul:57501 —-—
SID: cb6200aedc/ab5e3dcS5FFc50773bbed85a

100 sent. 0 lost (0.0%), O duplicates

one—way delay min/median/max = 5.04/5.1/5.2 ms. (err=5.2 ms)

one—way jitter = 0.1 ms (P95-P50)

Hops = 5 (consistently)

no reordering

——— owping statistics from [hmsd4-ipls.abilene.ucaid.edul:63467 to [20/7.75.164.841:61887 ——
SID: cf4bad54c7a5e3dc67124c14947f2e5d

100 sent. 0 lost (0.0%). O duplicates

one—way delay min/median/max = 5.14/5.2/5.35 ms. (err=5.35 ms)

one—way jitter = 0.1 ms (P95-P50)
Hops = 5 (consistently)
no reordering

rcarlson@nmsy—aami$ ./owstats —a99 /tmp/to.owamp

——— owping statistics from [hmsy—aami-abilene.internet2.edul:61960 to [hmsd4-ipls.abilene.uca
id.edul:57501 ——
SID: cb6200aedc/ab5e3dcS5FFfc50773bbed85a
100 sent. 0 lost (0.0%), O duplicates
one—way delay min/median/max = 5.04/5.1/5.2 ms. (err=5.2 ms)
one—way jitter = 0.1 ms (P95-P50)
Percentiles:
99.0: 5.2 ms
Hops = 5 (consistently)

Ready lssh2: AES-12€1 31, 21 | 31 Rows, 93 Cols ¥T100 | |
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OWAMP Results

You must pre-install OWAMP software package

User program is called ‘owping’

Internet2 default permissions: basic test from any member

Other options (e.g. longer test, more data sent) available on
request

Sites can restrict access to ‘known’ remote users
Similar rich set of permissions to BWCTL

)
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Using OWPing

owping owamp.salt.net.internet2.edu
owping = program name
owamp... = name of server

Output results
Separate statistics for both directions
Number of packets sent and lost
One-way delay statistics min/median/max
Number of IP hops in path
Number of packets that arrives out-of-order

perfS@NAR
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Installation

Software available as:
Source
RPM — Installable through YUM/APT-RPM

pS Performance Toolkit
Web100 patched kernel, all measurement tools on a Live Linux CD

T
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Finding a Server — The Old Way

» Static List of servers — doesn’t scale

) Internet2 End to End Performance | i rmance Measurement P il i =10 x|
File Edit ¥iew Go Bookmarks Tools Help

<Zl = E> - @ @ I}' http: //e2epi.internet2. edu/pipes/pmp/pmp-dir. html

© 6o |IGL

| Intern

Events | Ne

INTERNET

om | About

January 18, 2007 | internat2 Home | £28pi Home
END-TO-END Performance Measurement Point Directory

his page contains a list of piPES Performance Measurement Points {PMPs) that are available from wvarious institutions around the world. Each institution
operates their own PMP(s) and determines the tests available, the operating parameters, and the policy on who can use them. You can find out the
details on each institution's PMP from their Information Page.

If you desire to install and run one or more PMPs the information below will tell you about potential peers with whom you can do tests. This can be
particularly valuable to research disciplines that want to better understand routes that are commonly used by their community.

Presentations o have your PMP(s) listed on this page, create a PMP Information page using the blank PMP form (see the Abilene page as an example) and send the
Library . URL of your page to: measurement-domain-registrar@internet2.edu
Case Studies

Glossary [Institution 7/ Network |Location [Information Page
[aPan [3apan [aPan PMP Info
[DanNTE/GEANT [Europe [GEANT PMP Info
[Esnet [Us Nationwide [Esnet PMP Info
[Hawai'i GigaPoP/University of Hawai'i |Hon0|u|u, Ha [Hawai'i PMP Info
=> Thrulay \Internetz / abilene |US Nationwide \Abilene PMP Info
UL =TI S (< ISTI/KREONet2 [korea [ISTI PMP Info
P> GEffteme Resulis IMIT/ Haystack Observatory |Wes':ft:n'dJ MA \Haystack PMP Info I
Working Groups & [nc-1TEC [Raleigh, NC [NC-ITEC PMP Info
SO,LI,‘:,?,E:':;'?I,SOUDS [NoAA Boulder Laborataries [Boulder, cO [NoaA PMP Info
> Collaborations [mOoRDURet [sweden [MORDURet PMP Info
[Ohio State University [Cnlumbus, OH [OSU PMP Info
[RMP Measurement WG/RNPZ [Brazil [RNP PMP Info
[Southern Crossroads GigaPoP {SoX) IAtIanta, GA [Sox PMP Info
[Sunet (Swedish University Network) |Stuckho|rn, Sweden [Sunet PMP Info
[SWITCH (Swiss Education and Research Network) |Switzarland [SWITCH PMP Info
[Twaren [Hsinchu, Taiwan [TwAREN PMP Info
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Finding a Server — The New Way

ally search for instances

| <[> | Qhnp://ndbl.lntemetz.edulperfAdmm/dlrectory.cgl [

perfSONAR Global Service and Data View

Information Last Fetched on Sat Jul 10 09:02:03 2010 UTC

Table of Contents
Measurement Tools

OWAMP Daemon
TRACEROUTE Daemon
PING Daemon
PHOEBUS D n
NPAD Daemon
NDT Daemon
REDDNET Daemon
BWCTL Daemon

perfSONAR Services
PSB BWCTL Service
SNMP Service
PINGER ice
PSB_OWAMP Service

OWAMP Daemons
Service Name Service Type Address | Description

OWAMP Server at ESnet-kans in KANAS, Kansas City,
IMO, USA

OWAMP Server at ESnet-hous in HOUS, Houston, TX,
USA

ESnet-kans OWAMP Server| owamp  ||tcp://kans-owamp.es.net:861 ]

<>

ESnet-hous OWAMP Server| owamp |[tcp:/hous-owamp.es.net:861
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Conclusions

Primary tools still useful
Know the tool

Advanced tools are being developed all the time

Installation using simple methods (e.g. VDT, RPM based package
managers)
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