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1 Introduction
The first deliverable from the University of Wales Swansea detailed the testing and configuration of Site Access Routers (SARs) in order to provide a Premium IP service for Welsh Video Network videoconferencing equipment connected to the South Wales MAN.

This final deliverable will update and comment on the provisioning of that service. It also gives further detail, including command line configuration and Perl scripts, for the end-to-end monitoring infrastructure put in place to monitor the QoS service classes across JANET during the QoS Trial.

2 Quality of Service for the Welsh Video Network

The Welsh Video Network QoS and H.323 Testbed (Williams, 2003) detailed the policy designed, along with command line configuration, to implement QoS for the Welsh Video Network (WVN) at institutions connected to the South  Wales MAN (SWMAN). 
The configurations found in that document show how Cisco 7206 and 3662 SARs are configured with class and policy maps, to promote WVN H.323 traffic above other traffic as it egresses the SAR and moves onto the MAN access link. At that time, no configuration had been made on the core MAN routing platforms – Riverstone 8000s and 3000s. It was intended in the second phase to consider the configuration necessary to enable this, along with testing any impact that may have on the core routers.

In order to test the provisioning a testbed was built, along the same lines as that used previously, with traffic generators based on Rude and Crude
 running on SUN Solaris platforms. The datastream to be protected was a videoconference which played a continuous video from a VCR – allowing any breakup in picture quality to be easily seen during testing. The Testbed topology is shown in diagram 2.1.
Diagram 2.1: Testbed Topology for Riverstone Testing

[image: image1.emf]Riverstone QoS Testing

Traffic Generator Source 1

Cisco 2950

Riverstone 3000 configured

with QoS

Polycom iPower 9000

with VCR source

Traffic Generator Source 2

Riverstone 3000

under test

Polycom Viewstation SP

Traffic Generator Sink


The Riverstone QoS mechanisms were tested for Layer 2 and Layer 3 provisioning - in the first case by protecting all traffic entering on a specific interface, and in the second classifying traffic by IP address. By default, the Riverstone platform runs Strict Priority queuing. It should be noted that these tests are fundamentally very basic, in that they in no way test the provisioning of QoS at specific levels, or thoroughly monitor the router during the test. Rather the testing is designed to simply mimic what is to be found in the live network.
For layer 2 provisioning the command:

qos set l2 in-port-list et.2.4 priority high vlan any name VVOIP dest-mac any

was used to protect all traffic, in any VLAN, with any destination MAC, entering the switch/router on Ethernet port 2.4. For Layer 2 simple provisioning, the class name, VVOIP in this case, is not used further.
At layer 3, the router was first configured to filter certain traffic into a specific class, by means of an access control list, then to prioritise that class. In the following basic RS configuration, lines 6 & 13 provide the filtering and priority queuing for all traffic from IP addresses in the 10.1.1.0/24 (Class C) network

 1 : interface create ip VCNET address-netmask 10.1.1.254/24 port et.2.1 up

 2 : interface create ip LOADSOURCE address-netmask 10.1.3.254/24 port et.2.3 up

 3 : interface create ip LOADSOURCE2 address-netmask 10.1.5.254/24 port et.2.5 up

 4 : interface create ip DESTVCnet address-netmask 10.1.7.254/24 port et.2.7 up

 5 : interface create ip SWAN address-netmask x.x.x.x/24 port et.1.16 up

     !

 6 : acl VVOIPALLOW permit ip 10.1.1.0/24 any

     !

 7 : ip add route default gateway x.x.x.x permanent

     !

 8 : system set name SwanseaTestbed
 9 : system set location "Swansea"

10 : system set timezone uct

11 : system set hashed-password login xxxx
12 : system set hashed-password enable xxxx
     !

13P: qos set ip-acl VVOIPALLOW acl VVOIPALLOW priority high list any

The tests at both Layers 2 & 3 showed that the router could classify and protect selected traffic – where the egress interface queue was oversubscribed. At no point during the testing did the videoconference media stream fail, when QoS was applied. Without QoS applied, the media stream degraded as the required bandwidth increased above the egress line speed available – as expected.

Within the Riverstone platforms, there is the option to enable Hardware Routing Tables (HRT). This enables the router to process packets more quickly, in hardware, reducing the CPU load considerably. According to Riverstone, HRT and QoS are not compatible – i.e. not available concurrently. However, testing with HRT enabled, with the above configuration, showed that QoS provisioning still functioned correctly. This may be to do with the way packet headers are parsed, as TCP/UDP port based classification did not appear to work. 
As a result of this testing, and the confusion as to whether QoS should work and if it would be supported in this configuration, and also due to the continued overprovisioning of the core of the SWMAN network, it was decided not to roll out QoS in the core routers until these items were fully resolved.  In summary, QoS is configurable, and tested, on the Riverstone platforms – but there may well be a trade off in terms of the combination of features available concurrently.
Regarding the previous configuration, detailed in the first deliverable, made to SARs, it is hard to distinguish whether this has had any significant impact on the performance, or quality, of videoconferences. As QoS has only been enabled on the egress side of a site’s access link to JANET, it will only protect against a burst of traffic, from the same site, also heading towards JANET. However, it is also true that we do see these types of bursts of traffic, whether through FTP/HTTP, or through malicious attacks such as Distributed Denial of Service.
Without any monitoring infrastructure that can distinguish between Best Effort and Premium IP traffic, it is impossible to be sure whether the provisioning has any impact. However, QoS provisioning is treated as simply another network service that is there, ready for use when required. It is certain that the provision of QoS makes the videoconferencing network more resilient in the face of traffic congestion at the point to which it is applied. The challenge now is to extend the provisioning to every point where it may be of benefit, and also to build a monitoring infrastructure that will indicate the differentiation that exists between the performance of different service classes. 
3 Monitoring Infrastructure

As previously outlined in the JANET QoS Trial Testplan, Cisco Service Assurance Agent (SAA - but also known as Response Time Reporter (RTR)) was deployed as part of the monitoring for the JANET QoS Trials. This section details the configuration and back-end system that creates, stores and graphs the data.

3.1 Equipment

The Reading C-PoP hosts a Core Monitoring Point (CMP) - a Cisco 7206VXR/NPE400 with dual fast Ethernet interfaces. Site based Monitoring Points (MPs) are Cisco 805 routers running Cisco IOS version 12.2.13.T1. Figure 3.1 shows a partial topology, together with probe traffic and SNMP data flows.
Figure 3.1: Partial Monitoring Topology
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3.2 SAA Configuration

SAA probes are configured to run from the CMP to each of the Monitoring Points (MPs) at sites taking part in the trial. Three probes run from the CMP to each MP – with DSCP values of 0, 8 and 46 for Best Effort (BE), Less than Best Effort (LBE) and Premium (EF – Expedited Forwarding) classes respectively. In this way, differences in RTT and packet loss will become apparent between traffic classes. Each probe consists of a burst of 50 packets, sent 20ms apart, every 60 seconds.
Each probe is identified during configuration with a  three digit number which is made up from:


source identifier + destination identifier + type identifier
Identifiers are shown in the tables below. Note SAA simply requires any number to identify a probe, we define them in this way to simplify probe traceability, and for consistency. 
	Institution
	SAA source/destination identifier

	
	

	Swansea
	1

	Manchester 1
	2

	Southampton
	3

	Imperial
	4

	Lancaster
	5

	UKERNA
	6

	Reading
	7

	Manchester 2
	8

	UKERNA 2 (Main)
	9


	DSCP (Type of Service)
	Type identifier

	
	

	0  (BE)
	0

	8  (LBE)
	1

	46 (EF)
	5


For example, probes running from the CMP at Reading C-PoP to Swansea University will be numbered:

BE   =  710

LBE =  711

EF   =  715
SAA allows the ToS bits to be set in a probe’s packets, allowing probes to be run in different classes across the network. The SAA ‘tos’ command sets the entire ToS byte rather than simple DSCP or IP Precedence values. DSCP utilizes the 6 high-order bits of the ToS byte - so conversion is required between the DSCP value and the tos command argument – shown below.
	Class
	DSCP Value
	Binary
	Hex tos argument

	BE 
	0 
	000000(00)
	0x0

	LBE
	8
	001000(00)
	0x20

	EF
	46
	101110(00)
	0xb8


The probe configuration also allows the destination port, as well as IP address, to be set. For other monitoring purposes, different ports were used for each probe and each DSCP value. The last digit of the port is the Type Identifier, which defines the class of traffic as shown earlier. The table below shows examples for some destination ports from CMP to MPs:

	Imperial                
	2110x

	Lancaster               
	2120x

	Manchester              
	2130x

	Southhampton    
	2140x

	Swansea         
	2150x

	UKERNA

	2160x


3.2.1 Cisco SAA Command Line Configuration

MPs at sites are configured with the Cisco IOS command:
!
rtr responder

!
This enables the RTR process, allowing the router to receive, process, and return probes back to the CMP.

The CMP is configured to send the probes. Each probe consists of a set of command lines, one set to initialize the probe settings, and then an ‘rtr schedule’ command to start the probe running.
!
! First create a RTR probe, with an ID of 150 (see above for numbering)

rtr 150

!

! Set the type and arguments for the probe.

! In this case it is a jitter probe which sends 50 packets, 20ms apart (default)

! All IP addresses have been changed in this example

!

 type jitter dest-ipaddr 10.10.10.10 dest-port 22200 num-packets 50

!

! The owner command is simply a text field – so is used as a description

!

 owner Swansea to Lancaster BE

!

!

! Now we need to start the probe, and let it run forever

!

rtr schedule 150 life forever start-time now

!

! The same is repeated now for LBE and Premium marked probes

! Note the additional tos command in each

!

rtr 151

 type jitter dest-ipaddr 10.10.10.10 dest-port 22201 num-packets 50

 tos 0x20

 owner Swansea to Lancaster LBE

rtr schedule 151 life forever start-time now

!

rtr 155

 type jitter dest-ipaddr 10.10.10.10 dest-port 22205 num-packets 50

 tos 0xB8

 owner Swansea to Lancaster EF

rtr schedule 155 life forever start-time now
!
3.3 Data Archive

The SAA process stores data within the router for each probe and, whilst this can be useful for immediate checking, it is only text based and it was felt that better tools were required to analyse the data. Cisco do have such a tool, Internetwork Performance Monitor, however previous experience with this software, plus the additional requirement to compare different service classes in the same graph, led to a solution that would immediately download the monitoring data from the router for central storage, analysis and display.

This is accomplished with a set of Perl scripts running on a host at Swansea University – ‘Puddle’ in the topology above – that pulls the result of the probe measurements, every minute, from the CMP (core-to-end probes) and any MPs that source probes (end-to-end probes), and stores them in a mySQL database. For this trial the database is mySQLv4 running on a Windows 2000/Dual Intel Xeon server with a dedicated 32Gbyte data drive. 
Triplets of tables are populated with the results of each probe – gathering BE/LBE and EF data. The tables for Swansea will be:

Qos_read2swan_be_saa

Qos_read2swan_lbe_saa

Qos_read2swan_ef_saa

The tables store the raw data from the RTR process as well as a timestamp, which is the time that the measurement is stored (within 1 minute of the actual measurement time). This is done to prevent issues with lost clock synchronisation on the SAA routers. The data SAA returns consists of a number of fields. The mySQL command to create the table is:

create table qos_read2UKERNA2_be_saa (meastime datetime, NumOfRtt int,

RTTSum int, RTTSum2 int, RTTMin int, RTTMax int,

MinOfPositivesSD int, MaxOfPositivesSD int, NumOfPositivesSD int, SumOfPositivesSD int, Sum2PositivesSD int, MinOfNegativesSD int, MaxOfNegativesSD int, NumOfNegativesSD int, SumOfNegativesSD int, Sum2NegativesSD int, MinOfPositivesDS int, MaxOfPositivesDS int, NumOfPositivesDS int, SumOfPositivesDS int, Sum2PositivesDS int, 

MinOfNegativesDS int, MaxOfNegativesDS int, NumOfNegativesDS int, SumOfNegativesDS int, Sum2NegativesDS int, PacketLossSD int, PacketLossDS int, PacketOutOfSequence int, PacketMIA int, PacketLateArrival int, OperSense int, ErrorSenseDescription varchar(10), OWSumSD int, OWSum2SD int, OWMinSD int, OWMaxSD int, OWSumDS int, OWSum2DS int, OWMinDS int, OWMaxDS int, NumOfOW int);

The data includes packet loss, jitter, RTT and One Way Delay (OWD) information. The main source of data for the QoS trial is the RTT and Packet Loss data. OWD, whilst better in many ways than RTT, appears to be a little ‘erratic’ in its reporting, and was not used. It is possible that time synchronisation was not tight enough to support this measurement.
The Perl scrip that is used to gather and store the data in the database is shown in Appendix A. The metric names and their SNMP OIDs are shown in Appendix B.
3.4 Data Display

Having stored the data, another script pulls the data from the database and graphs it for display via a web interface. A Perl script is used to format the data into a table suitable for processing with Gnuplot. This takes place every minute, to provide a continuous ‘Penchart’ type output - which graphs data from the last 60 minutes, as well as every midnight, creating a ‘Previous 24 Hours’ graph. The graphs are continuously uploaded to a private web area for use by project participants. A sample graph taken during the trial is shown in figure 3.2. below.
Figure 3.2: Monitoring System Output
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This shows data gathered during a test in one of the ‘at-risk’ periods. It shows the RTT of EF traffic (in red) as well as BE and LBE (in green and blue) from Swansea University to Lancaster University. This test focussed on the provision of EF; BE and LBE are treated identically. Additional ‘load’ traffic is being injected into the network between the University of Manchester and Lancaster University during this test; the additional traffic affects performance starting at 07:55 and the RTT of BE and LBE can be seen to rise sharply whilst that of the EF ‘Premium IP’ class remains low. The increase in RTT of EF traffic of approximately 5ms is unexplained at this time, but the differential treatment of the classes is apparent – confirming the correct configuration and operation of QoS across the network.
In addition to the above, one additional system monitors the availability of the core and site monitoring points as well as ‘Puddle’, the database server and other equipment related to the system. This is UWS Monitor
 see Figure 3.3, another custom Perl Script which shows the availability of hosts and services across the network. This system checks availability every 30 seconds and will automatically send e-mail if a system or service is down. This ensures that the key elements of the system are available.
Figure 3.3: System Status Monitoring
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Summary
The QoS monitoring system has been used extensively throughout the trial, and reports from participants show that it has been extremely useful. Its primary benefit is its ability to graph the three service classes in parallel, in real-time – allowing results to be available during the test period and, where necessary, experiments to be modified immediately rather than having to wait to analyse data after the experiment.
4 Conclusion

The JANET QoS Trial has allowed and encouraged a significant amount of experimentation and research into network behaviour. There is still important work to be done in a number of areas, such as lower speed links, multicast and IPv6, but the fundamental QoS service has been shown to be available across the JANET network and into Institutions.

The issue of administration has, of course, remained sensibly outside this, technically focussed, trial. However, the administration of such a service will become a key area that will require attention should UKERNA wish to provide QoS as a widely available service.

With increasing bandwidth, it is becoming more and more apparent that QoS needs to be focussed at the edge of networks – where 10Gbit core links eventually fall to speeds, in many cases, down to 2Mbps or lower. In order to provide reliable voice, video and real-time applications to these ‘low’ speed connected sites, it is important that QoS provisioning becomes the norm, rather than a ‘special’ service.

Even within campuses, the increase in gigabit Ethernet interfaces, with buffers that can queue traffic up to 10s or even 100s of milliseconds, may require the adoption of QoS to prevent busy networks holding up voice and video traffic for unnecessary periods.
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6 Appendix A: qosmon.pl

#!/usr/bin/perl

# UKERNA QoS Project SNMP & SAA monitoring system scripts v0.1

use DBI();

use Net::Ping;

use Net::FTP;

use Net::SNMP;

####################################################################

$dbhostname='databaseserverhostname';    # database server

$database = 'database';           # database name

$user = 'user';
$password = 'passwordforuser'; ####################################################################

#

# create database handle

$dbh = DBI->connect("DBI:mysql:database=$database;host=$dbhostname", $user, $password, {'RaiseError' => 1});

my ($session, $error) = Net::SNMP->session(

   -hostname  => shift || 'coreMonitoringPointIPAddress',

   -community => shift || 'communityName',

   -port      => shift || 161 

);

if (!defined($session)) {

   printf("ERROR: %s.\n", $error);

   exit 1;

}

# Lets get the al local timestamp 
# Note – the host this script runs on is NTP sync’ed with automated alerts should the sync fail

# This ensures that the data has a correct timestamp irrespective of the time elsewhere
@timenow = localtime(time);

$year = $timenow[5]+1900;

$month = $timenow[4]+1;

$mday = $timenow[3];

$hour = $timenow[2];

$minutes = $timenow[1];

$seconds = $timenow[0];

$timestamp = "$year-$month-$mday-$hour:$minutes:$seconds";

#

# From here we have a database handle, a NET::SNMP session and a timestamp

# Loop through each rtr process - number in foreach loop is the rtr process number

# Actually probably worth defining which is which here:

#

# Need to add new sites to both definitions below - kludge - must be a better way to do it... 
# 
$read2swan_be = 710; 
$read2swan_lbe = 711; 
$read2swan_ef = 715; 
$read2man1_be = 720; 
$read2man1_lbe = 721; 
$read2man1_ef = 725; 
$read2man2_be = 780; 
$read2man2_lbe = 781; 
$read2man2_ef = 785; 
$read2UKERNA1_be = 760; 
$read2UKERNA1_lbe = 761; 
$read2UKERNA1_ef = 765; 
$read2UKERNA2_be = 790; 
$read2UKERNA2_lbe = 791; 
$read2UKERNA2_ef = 795; 
$read2lanc_be = 750; 
$read2lanc_lbe = 751; 
$read2lanc_ef = 755; 
$read2soton_be = 730; 
$read2soton_lbe = 731; 
$read2soton_ef = 735; 
$read2imp_be = 740; 
$read2imp_lbe = 741; 
$read2imp_ef = 745;

$sitename[710]='read2swan_be';

$sitename[711]='read2swan_lbe';

$sitename[715]='read2swan_ef';

$sitename[720]='read2man1_be';

$sitename[721]='read2man1_lbe';

$sitename[725]='read2man1_ef';

$sitename[780]='read2man2_be';

$sitename[781]='read2man2_lbe';

$sitename[785]='read2man2_ef'; 
$sitename[760]='read2UKERNA1_be'; 
$sitename[761]='read2UKERNA1_lbe';

$sitename[765]='read2UKERNA1_ef'; 
$sitename[790]='read2UKERNA2_be'; 
$sitename[791]='read2UKERNA2_lbe';

$sitename[795]='read2UKERNA2_ef'; 
$sitename[750]='read2lanc_be'; 
$sitename[751]='read2lanc_lbe'; 
$sitename[755]='read2lanc_ef'; 
$sitename[730]='read2soton_be'; 
$sitename[731]='read2soton_lbe'; 
$sitename[735]='read2soton_ef'; 
$sitename[740]='read2imp_be'; 
$sitename[741]='read2imp_lbe'; 
$sitename[745]='read2imp_ef';

#

# only add into the foreach loop the sites that you want to measure against now #

# Not all the sites defined above are running at this time
foreach $inst ($read2swan_be, $read2swan_lbe, $read2swan_ef, $read2man1_be, $read2man1_lbe, $read2man1_ef, $read2lanc_be, $read2lanc_lbe, $read2lanc_ef)

{


for ($oidmetric=1; $oidmetric<=41;$oidmetric++)


{



#



# Last digit in the OID is the RTR process number which in this case is the same



# as the institution as defined above



$oid = "1.3.6.1.4.1.9.9.42.1.5.2.1.$oidmetric.$inst";



# OID's at this point have the rtr metric in the last but one digit



# and the rtr process number as the last digit
 - or something like that ...



# now we need to...



my $res = $session->get_request( -varbindlist => [$oid]);



if (!defined($res))



{



   
printf("ERROR: %s.\n", $session->error);



   
$session->close;



   
exit 1;



}



$metric[$oidmetric] = $res->{$oid};


}

}

$session->close;

# Close the database

$dbh->disconnect() or die "Error disconnecting";

#################################################################################
#ENDS #################################################################################
7 Appendix B: RTR metrics and OIDs

# Reference section:

#

#

#        my $rttMonLatestJitterOperNumOfRTT = "1.3.6.1.4.1.9.9.42.1.5.2.1.1.$inst";

#        my $rttMonLatestJitterOperRTTSum = "1.3.6.1.4.1.9.9.42.1.5.2.1.2.$inst";

#        my $rttMonLatestJitterOperRTTMin = "1.3.6.1.4.1.9.9.42.1.5.2.1.4.$inst";

#        my $rttMonLatestJitterOperRTTMax = "1.3.6.1.4.1.9.9.42.1.5.2.1.5.$inst";

#        #

#        my $rttMonLatestJitterOperMinOfPositivesSD = "1.3.6.1.4.1.9.9.42.1.5.2.1.6.$inst";

#        my $rttMonLatestJitterOperMaxOfPositivesSD = "1.3.6.1.4.1.9.9.42.1.5.2.1.7.$inst";

#        my $rttMonLatestJitterOperNumOfPositivesSD = "1.3.6.1.4.1.9.9.42.1.5.2.1.8.$inst";

#        my $rttMonLatestJitterOperSumOfPositivesSD = "1.3.6.1.4.1.9.9.42.1.5.2.1.9.$inst";

#        #

#        my $rttMonLatestJitterOperMinOfNegativesSD = "1.3.6.1.4.1.9.9.42.1.5.2.1.11.$inst";

#        my $rttMonLatestJitterOperMaxOfNegativesSD = "1.3.6.1.4.1.9.9.42.1.5.2.1.12.$inst";

#        my $rttMonLatestJitterOperNumOfNegativesSD = "1.3.6.1.4.1.9.9.42.1.5.2.1.13.$inst";

#        my $rttMonLatestJitterOperSumOfNegativesSD = "1.3.6.1.4.1.9.9.42.1.5.2.1.14.$inst";

#        #

#        my $rttMonLatestJitterOperMinOfPositivesDS = "1.3.6.1.4.1.9.9.42.1.5.2.1.16.$inst";

#        my $rttMonLatestJitterOperMaxOfPositivesDS = "1.3.6.1.4.1.9.9.42.1.5.2.1.17.$inst";

#        my $rttMonLatestJitterOperNumOfPositivesDS = "1.3.6.1.4.1.9.9.42.1.5.2.1.18.$inst";

#        my $rttMonLatestJitterOperSumOfPositivesDS = "1.3.6.1.4.1.9.9.42.1.5.2.1.19.$inst";

#        #

#        my $rttMonLatestJitterOperMinOfNegativesDS = "1.3.6.1.4.1.9.9.42.1.5.2.1.21.$inst";

#        my $rttMonLatestJitterOperMaxOfNegativesDS = "1.3.6.1.4.1.9.9.42.1.5.2.1.22.$inst";

#        my $rttMonLatestJitterOperNumOfNegativesDS = "1.3.6.1.4.1.9.9.42.1.5.2.1.23.$inst";

#        my $rttMonLatestJitterOperSumOfNegativesDS = "1.3.6.1.4.1.9.9.42.1.5.2.1.24.$inst";

#        #

#        my $rttMonLatestJitterOperPacketLossSD = "1.3.6.1.4.1.9.9.42.1.5.2.1.26.$inst";

#        my $rttMonLatestJitterOperPacketLossDS = "1.3.6.1.4.1.9.9.42.1.5.2.1.27.$inst";

#        #

#        my $rttMonLatestJitterOperPacketOutOfSequence = "1.3.6.1.4.1.9.9.42.1.5.2.1.28.$inst";

#        my $rttMonLatestJitterOperPacketMIA = "1.3.6.1.4.1.9.9.42.1.5.2.1.29.$inst";

#        my $rttMonLatestJitterOperPacketLateArrival = "1.3.6.1.4.1.9.9.42.1.5.2.1.30.$inst";

#        my $rttMonLatestJitterOperSense = "1.3.6.1.4.1.9.9.42.1.5.2.1.31.$inst";

#        my $rttMonLatestJitterErrorSenseDescription = "1.3.6.1.4.1.9.9.42.1.5.2.1.32.$inst";

#        my $rttMonLatestJitterOperOWSumSD = "1.3.6.1.4.1.9.9.42.1.5.2.1.33.$inst";

#        my $rttMonLatestJitterOperOWMinSD = "1.3.6.1.4.1.9.9.42.1.5.2.1.35.$inst";

#        my $rttMonLatestJitterOperOWMaxSD = "1.3.6.1.4.1.9.9.42.1.5.2.1.36.$inst";

#        #

#        my $rttMonLatestJitterOperOWSumDS = "1.3.6.1.4.1.9.9.42.1.5.2.1.37.$inst";

#        my $rttMonLatestJitterOperOWMinDS = "1.3.6.1.4.1.9.9.42.1.5.2.1.39.$inst";

#        my $rttMonLatestJitterOperOWMaxDS = "1.3.6.1.4.1.9.9.42.1.5.2.1.40.$inst";

#        my $rttMonLatestJitterOperNumOfOW = "1.3.6.1.4.1.9.9.42.1.5.2.1.41.$inst";

#        #

8 Appendix C: Gnuplot configuration file
#

# QoS penchart data

# expects to be called with call "penchart.pl" "Title" "source2destx" "Outputfilename" # set title "$0" #set xlabel "Time" set ylabel "milliseconds" set size 1.5,1 set timefmt "%H:%M:%S" set data style lines

set xdata time

set timefmt "%Y-%m-%d %H:%M:%S"

set format x "  %Y-%m-%d %H:%M:%S"

set xtics rotate

set xtics 60

#set yrange [0:20]

# Source format

# meastime $meanRTT(4) NumOfRtt RTTMin RTTMax  PacketLossSD(8) PacketLossDS(9) OWMinSD OWMaxSD OWMinDS OWMaxDS NumOfOW MinOfPositivesSD MaxOfPositivesSD16 MinOfNegativesSD MaxOfNegativesSD18 MinOfPositivesDS MaxOfPositivesDS20 MinOfNegativesDS MaxOfNegativesDS22

# Make RTT graph

#set yrange [0:15]

set term png

set output "$2"

plot "/home/lswillsr/cdi/src/qosdatafilestab24hr/qos_$1_ef_saa-live" using 1:4 title 'EF AvgRTT'w lines , \

     "/home/lswillsr/cdi/src/qosdatafilestab24hr/qos_$1_be_saa-live" using 1:4 title 'BE AvgRTT' w lines , \

     "/home/lswillsr/cdi/src/qosdatafilestab24hr/qos_$1_lbe_saa-live" using 1:4 title 'LBE AvgRTT' w lines , \

     "/home/lswillsr/cdi/src/qosdatafilestab24hr/qos_$1_be_saa-live" using 1:8 title 'BE Packet Loss SD' w lines , \

     "/home/lswillsr/cdi/src/qosdatafilestab24hr/qos_$1_be_saa-live" using 1:9 title 'BE Packet Loss DS' w lines , \

     "/home/lswillsr/cdi/src/qosdatafilestab24hr/qos_$1_lbe_saa-live" using 1:8 title 'LBE Packet Loss SD' w lines , \

     "/home/lswillsr/cdi/src/qosdatafilestab24hr/qos_$1_lbe_saa-live" using 1:9 title 'LBE Packet Loss DS' w lines , \

     "/home/lswillsr/cdi/src/qosdatafilestab24hr/qos_$1_ef_saa-live" using 1:8 title 'EF Packet Loss SD' w lines , \

     "/home/lswillsr/cdi/src/qosdatafilestab24hr/qos_$1_ef_saa-live" using 1:9 title 'EF Packet Loss DS' w lines 

# List of references for plot commands

# 1 index

# 2 meastime-year

# 3 meastime-time

# 4 meanRTT

# 5 NumOfRtt

# 6 RTTMin

# 7 RTTMax

# 8 PacketLossSD

# 9 PacketLossDS

# 10 OWMinSD

# 11 OWMaxSD

# 12 OWMinDS

# 13 OWMaxDS

# 14 NumOfOW

#

#

# measurement time format from database is: 2004-02-10 11:12:04 # so set timefmt "%Y-%m-%d %H:%M:%S" #set timefmt "<format string>"

#       show timefmt

#

# The string argument tells `gnuplot` how to read timedata from the datafile. # The valid formats are: #

#       Format       Explanation

#       %d           day of the month, 1--31

#       %m           month of the year, 1--12

#       %y           year, 0--99

#       %Y           year, 4-digit

#       %j           day of the year, 1--365

#       %H           hour, 0--24

#       %M           minute, 0--60

#       %s           seconds since the Unix epoch (1970-01-01, 00:00 UTC)

#       %S           second, 0--60

#       %b           three-character abbreviation of the name of the month

#       %B           name of the month
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� The Rude and Crude software can be found at: � HYPERLINK "http://rude.sourceforge.net" ��http://rude.sourceforge.net� 


� UWS Monitor is used at Swansea University to monitor all critical network equipment. It was written by Paul Matthews, Swansea University’s Network Manager.
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