PackMime-HTTP: Web Traffic Generation in
NS-2

The PackMime Internet traffic model was developed by reseascin the Internet Traffic Research group at Bell Labs,
based on recent Internet traffic traces. PackMime include®mdel of HTTP traffic, called PackMime-HTTP. The traffic
intensity generated by PackMime-HTTP is controlled by éte parameter, which is the average number of new connsction
started each second. The PackMime-HTTP implementatios-&, developed at UNC-Chapel Hill, is capable of generating
HTTP/1.0 and HTTP/1.1 (persistent, non-pipelined) cotinas.

PackMime-HTTP in ns-2 uses DelayBox, a module developed\s\Chapel Hill for delaying and/or dropping packets in
a flow according to a distribution. DelayBox can be used wahkMime-HTTP to simulate a "cloud” of clients and servers
that have different round-trip times, bottleneck link spigeand amounts of packet loss.

The PackMime HTTP traffic model is described in detail in tbkofving paper: J. Cao, W.S. Cleveland, Y. Gao, K. Jeffay,
F.D. Smith, and M.C. Weigle , “Stochastic Models for GenagSynthetic HTTP Source TrafficRroceedings of IEEE
INFOCOM, Hong Kong, March 2004.

Implementation Details

PackMimeHTTP is an ns object that drives the generation ofPifraffic. Each PackMimeHTTP object controls the opera-
tion of two types of Applications, a PackMimeHTTP server Apgtion and a PackMimeHTTP client Application. Each of
these Applications is connected to a TCP Agent (Full-TGRYe: PackMime-HTTP only supports Full-TCP agents.

Each web server or web client cloud is represented by a simglrode that can produce and consume multiple HTTP
connections at a time (FiguR®). For each HTTP connection, PackMimeHTTP creates (or aléescfrom the inactive pool,

as described below) server and client Applications and thesociated TCP Agents. After setting up and starting each
connection, PackMimeHTTP sets a timer to expire when thé new connection should begin. The time between new
connections is governed by the connection rate parametgtisd by the user. New connections are started accorditigeto
connection arrival times without regard to the completibprevious requests, but a new request between the sameantién
server pair (as with HTTP 1.1) begins only after the previmagiest-response pair has been completed.

PackMimeHTTP handles the re-use of Applications and Agiatshave completed their data transfer. There are 5 poetk us
to maintain Applications and Agents — one pool for inactiv@PTAgents and one pool each for active and inactive client and
server Applications. The pools for active Applicationsnesthat all active Applications are destroyed when the kitian

is finished. Active TCP Agents do not need to be placed in a because each active Application contains a pointer to its
associated TCP Agent. New objects are only created whea #inemo Agents or Applications available in the inactivelpoo
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Figure 1. PackMimeHTTP Architecture. Each PackMimeHTTReobcontrols a server and a client cloud. Each cloud can
represent multiple client or server Applications. Each Kggtion represents either a single web server or a singtealent.

PackMimeHTTP Client Application

Each PackMimeHTTP client controls the HTTP request sizat dhe transferred. Each PackMimeHTTP client takes the
following steps:

e sample the number of requests for this connection from timetrew-of-requests distribution (if the number of requests
is 1, this is a non-persistent connection)

e sample the inter-request times from the inter-request-tiratribution, if there will be more than 1 request
e sample the HTTP request sizes from the request-size distib

e send the first HTTP request to the server

e listen for the HTTP response

e when the entire HTTP response has been received, the dlitnadimer to expire when the next request should be
made

e when the timer expires, the next HTTP request is sent, andlibee process is repeated until all requests have been
completed

PackMimeHTTP Server Application

Each web server controls the response sizes that are tnawsfelhe server is started by when a new TCP connection is
started. Each PackMimeHTTP client takes the following step

e listen for an HTTP request from the associated client
e when the entire request arrives, the server samples thersalay time from the server delay distribution
e set a timer to expire when the server delay has passed

e when the timer expires, the server samples the HTTP respsireefrom the HTTP response size distribution
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Figure 2: Example Topology Using PackMimeHTTP and DelayBoke cloud of web clients is a single ns node, and the
cloud of web servers is a single ns node. Each of the DelayBdesis a single ns node.

e this process is repeated until the requests are exhaustes setver is told how many requests will be sent in the
connection

e send a FIN to close the connection

PackMimeHTTP Random Variables

This implementation of PackMimeHTTP provides several ned®anVariable objects for specifying distributions of Pack
MimeHTTP connection variables. The implementations waken from source code provided by Bell Labs and modified to
fit into the ns RandomVariable framework. This allows PackiHTTP connection variables to be specified by any type of
ns RandomVariable, which now include PackMimeHTTP-spec#&ndom variables. The PackMimeHTTP-specific random
variable syntax for TCL scripts is as follows:

e $ns [ new RandonVari abl e/ PackM nmeHTTPFI owArri ve <rat e>], wherer at e is the specified Pack-
MimeHTTP connection rate (number of new connections pesrsgc

e $ns [ new RandonVari abl e/ PackM neHTTPFi | eSi ze <rat e> <type>], wheret ype is 0 for HTTP
requests and 1 for HTTP responses

e $ns [ RandonVari abl e/ PackM neHTTPXmi t <rate> <type>], wheret ype is 0 for client-side delays
and 1 for server-side delayslote: This random variable is only used in conjunction with DelayBIt returns 1/2 of
the actual delay because it is meant to be used with 2 DelapBdgs, each of which should delay the packets for 1/2
of the actual delay.

Use of DelayBox with PackMime-HTTP

PackMimeHTTP uses ns to model the TCP-level interactiomwéet web clients and servers on the simulated link. To
simulate network-level effects of HTTP transfer through thouds, we implemented a new ns module called DelayBox (see
?7). DelayBox is an ns analog to dummynet, often used in netbastbeds to delay and drop packets. The delay times model
the propagation and queuing delay incurred from the sourtke edge of the cloud (or edge of the cloud to destination).
Since all HTTP connections in PackMimeHTTP take place betwanly two ns nodes, there had to be an ns object to delay
packets in each flow, rather than just having a static deldh®hnk between the two nodes. DelayBox also models battkn
links and packet loss on an individual connection basis. DetayBox nodes are used as shown in FigefeOne node is



placed in front of the web client cloud ns node to handle tlgde delays, loss, and bottleneck links. The other DeteyB
node is placed in front of the web server cloud ns node to lecthel server-side delays, loss, and bottleneck links.

Example

More examples (including those that demonstrate the uselafyBox with PackMime) are available in thel / ex/ packm e/
directory of the ns source code. The validation scripst - sui t e- packni ne. tcl isintcl/test/ and can be run
with the command est - al | - packmi e from that directory.

# test-packmn ne.tcl

# useful constants
set CLIENT O
set SERVER 1

remove- al | - packet - header s; # renoves all packet headers
add- packet - header 1P TCP; # adds TCP/I P headers

set ns [new Sinul ator]; # instantiate the Sinulator
$ns use-schedul er Heap; # use the Heap schedul er

# SETUP TOPOLOGY

# create nodes

set n(0) [$ns node]

set n(1l) [$ns node]

# create link

$ns dupl ex-1ink $n(0) $n(1l) 10M> Ons DropTai l

# SETUP PACKM ME

set rate 15

set pm [ new PackM neHTTP]
$pm set-client $n(0);
$pm set-server $n(1);

$pm set-rate $rate;

$pm set - htt p-1. 1;

name $n(0) as client

name $n(1l) as server

new connecti ons per second
use HTTP/ 1.1

HHHH®

# SETUP PACKM ME RANDOM VARI ABLES
gl obal def aul t RNG

# create RNGs (appropriate RNG seeds are assigned automatically)
set fl owRNG [ new RNG

set reqsi zeRNG [ new RNG

set rspsi zeRNG [ new RNG

# create RandonVari abl es

set flow arrive [ new RandonVari abl e/ PackM meHTTPFI owArri ve $rat e]
set req_size [new RandonVari abl e/ PackM neHTTPFi | eSi ze $rate $CLI ENT]
set rsp_size [new RandonVari abl e/ PackM neHTTPFi | eSi ze $rate $SERVER]

# assign RNGs to RandonVvari abl es
$fl ow arrive use-rng $fl owRNG
$req_si ze use-rng $reqsi zeRNG



$rsp_si ze use-rng $rspsi zeRNG

# set PackM nme vari abl es

$pm set-flow arrive $flow arrive
$pm set-req_si ze $req_size

$pm set-rsp_si ze $rsp_size

# record HITP statistics
$pm set-outfile "data-test-packn ne. dat"

$ns at 0.0 "$pmstart”
$ns at 300.0 "$pm st op"
$ns at 301.0 "exit 0"

$ns run

Commands at a Glance

The following commands on the PackMimeHTTP class can besaedefrom OTcl:

[ new PackM neHTTP]
Creates a new PackMimeHTTP object.

$packm ne set-client <node>
Associates the node with the PackMimeHTTP client cloud

$packm ne set-server <node>
Associates the node with the PackMimeHTTP server cloud

$packni ne set-rate <float>
Set the average number of new connections started per second

$packm nme set-req_si ze <RandonVari abl e>
Set the HTTP request size distribution

$packm ne set-rsp_si ze <RandonVari abl e>
Set the HTTP response size distribution

$packm ne set-flow arrive <RandonVari abl e>
Set the distribution of time between two consecutive cotioes starting

$packm nme set-server_del ay <RandonVari abl e>
Set the web server delay for fetching pages

$packni ne start
Start generating connections

$packni ne stop
Stop generating new connections



$packni me set-http-1.1
Use HTTP/1.1 distributions for persistent connectionteiad of HTTP/1.0.

$packni ne set-run <int>
Set the run number so that the RNGs used for the random vesialill use the same substream (see Ch&2en RNG for
more details).

$packm ne active-connecti ons
Output the current number of active HTTP connections todstesherror

$packni ne total -connections
Output the total number of completed HTTP connections tiodsted error

$packni nme get-pairs
Return the number of completed HTTP request-response fa@sat cl / ex/ packni ne/ pm end- pai rs. tcl for an
example of usingyet - pai r s to end the simulation after a certain number of pairs haveptetad.

$packm nme set - TCP <pr ot ocol >
Sets the TCP type (Reno, Newreno, or Sack) for all connestiothe client and server clouds - Reno is the default

$packni ne set-outfile <fil enane>
Output the following fields (one line per HTTP request-regmpair) tdf i | enane:

e time HTTP response completed

e HTTP request size (bytes)

e HTTP response size (bytes)

e HTTP response time (ms) — time between client sending HTTjBast and client receiving complete HTTP response
e source node and port identifier

e number of active connections at the time this HTTP requesponse pair completed

$packm ne set -debug <int>
Set the debugging level:

e 1: Output the total number of connections created at the &titesimulation

e 2:Levell+
output creation/management of TCP agents and applications
output on start of new connection
number of bytes sent by the client and expected response size
number of bytes sent by server

e 3:Level 2 +
output when TCP agents and applications are moved to the pool

e 4:Level 3+
output number of bytes received each time client or senaive a packet



