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ABSTRACT

The Advanced Simulation and Computing (ASC) program
wide area network (WAN) connects the high performance
computing (HPC) resources at the Department of
Energy/National Nuclear Security Agency (DOE/NNSA) main
weapons laboratories. The network allows the HPC re-
sources to be shared and provides a means for moving ter-
abytes of data between the sites. This paper evaluates dif-
ferent protocol approaches for the large data transfers in
this unique environment by implementing simulation mod-
els. The different protocols evaluated for this network are:
1) TCP; 2) Parallel FTP (PFTP); and 3) SCTP. The per-
formance of the TCP and PFTP approaches is compared
via the modeling results and validated by laboratory tests.
Results for the basic functionality of the SCTP approach
are also provided. Proposed modifications, such as concur-
rent transfers using SCTP multihoming which should lead
to enhanced performance, are also discussed.
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1. INTRODUCTION

The Advanced Simulation and Computing (ASC) program
wide area network (WAN) connects together the high per-
formance computing (HPC) resources at the Department
of Energy/National Nuclear Security Agency (DOE/NNSA)
main weapons laboratories. The HPC resources are critical
elements in maintaining the US strategic nuclear stockpile
since modeling and simulation have replaced testing. The
network allows the HPC resources to be shared and provides
a means for moving terabytes of data between the sites.

The interest in modeling and simulation of nuclear weapon
performance was motivated by the Nuclear Test Ban Treaty
and the desire to maintain a safe and effective nuclear weapon
stockpile. The Advanced Simulation and Computing Initia-
tive (ASCI) program, the precursor to the ASC program,
was instituted to support and encourage the development
of a modeling and simulation infrastructure and was fo-
cused on the supercomputers, visualization systems, and as-
sorted support systems located primarily at the three main
weapons laboratories: Los Alamos National Laboratory
(LANL), Lawrence Livermore National Laboratory (LLNL),
and Sandia National Laboratories (SNL). In recent years,
the ASC program has continued this work providing the
operational support and continual development required to
utilize the implemented high performance computing envi-
ronment.

Part of the original implementation strategy for these expen-
sive hardware systems was to create the ASCI WAN for shar-
ing precious ASCI resources throughout the weapons com-
plex. The performance of the current ASC WAN strongly
impacts the practicality of resource sharing and is a critical
aspect of the program. As modeling and simulation play an
increasingly important role in the maintenance of the nu-
clear stockpile, every effort must be made to provide users
access to the ASC modeling resources regardless of the their
location.
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Figure 1: ASC Wide Area Network

1.1 Current ASC WAN

The current incarnation of the ASC WAN is based on 10
Gbit/s dedicated network links provided by Qwest Commu-
nications. These links are configured in a ring topology as
shown in Figure 1.

Various technologies were used to create the network in-
cluding Ethernet and the ubiquitous TCP/IP protocol set.
Given the initial ASC performance goal of achieving a 200
Mbyte/s transfer rate for large data files, the ASC WAN
engineering included parallel data streams in order to over-
come the performance limitations of existing network tech-
nologies. Parallel data paths and multiple TCP/IP data
streams are combined in the WAN to provide high perfor-
mance and reliable data delivery over long distances. Such
high performance comes at the cost of added complexity
and increased maintenance as any design changes or trouble
shooting activities are more difficult.

While the ASC WAN has successfully provided users with
remote access to ASC resources for several years, the perfor-
mance required to meet user needs has continually increased.
This need for continual development and evolution of the
WAN represents a challenge to the laboratories’ staff be-
cause the WAN has taken on a critical production role in the
ASC program. Making changes to the production network
requires great care and planning if production operations
are not to be impacted. Therefore, software modeling has
been developed to analyze current network performance and
predict the effect of proposed changes. The software model-
ing is augmented by a well-equipped data communications
development laboratory where bench top WAN simulations
can be exercised to evaluate various WAN traffic scenarios.
The network development laboratory provides the software
model validation necessary to build confidence in the soft-
ware models.

The OPNET Modeler® software package was selected for
modeling the ASC WAN and several custom model elements
were developed to support the unique aspects of the WAN.
These custom models include the implementation of the
Stream Control Transmission Protocol (SCTP) and a model
of the Parallel File Transfer Protocol (PFTP) data move-
ment application. The remainder of this paper discusses the
development of these custom models and their application
in the network model of the ASC WAN as well as other
enhancements that were made to the OPNET Modeler en-
vironment.

Each custom OPNET Modeler element served to increase
the ASC WAN model fidelity and usefulness.

2. TOOLS

There were two main tool sets for this study. The first
was the modeling and simulation software. The second was
a hardware lab for verification and validation of the soft-
ware results. Both pieces were critical to the success of the
project. Modeling, using the OPNET Modeler software, al-
lowed for many scenarios to be run in a short amount of
time without consuming production networking resources
and without consuming resources in the test lab. Once
promising and realistic appearing scenarios were produced
from the model, the important pieces were assembled in the
lab and the software scenarios were reproduced and tested.
The results from both the software tests and the hardware
tests were then compared to determine if the software results
were actually realistic and accurate.

2.1 OPNET Modeler

OPNET Modeler is a network modeling tool. It has a GUI
front end to assist in visualizing a network and a 3-layer hi-
erarchical structure. The lowest layer is the process model
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Figure 2: ASC Wide Area Network Model. Red
links denote 1 Gigabit Ethernet. Blue links denote
10 Gigabit Ethernet.

layer which uses C++ to define each individual component
or application as a state machine. The second layer is the
node layer which combines process models into complete de-
vices such as routers, servers, or firewalls. The third layer is
the network layer which combines node layer devices into a
network. This layer can be subdivided into multiple network
layers. This is very useful for large complicated networks.

2.2 Lab Testing

The networking lab consisted of three main types of devices.
The first type was the hosts, which generated and received
traffic. The second type was the networking components,
which provided routing and switching for the tests. The
final piece was a delay simulator which generated the delays
which simulated long distance communications within a lab.

There were four Linux hosts running Feisty Fawn Ubuntu

(2.6.20 SMP kernel). Each host was powered by dual Opteron®

270 processors and had two gigabytes of system memory.
Two of the hosts had fiber 1 Gigabit Ethernet interfaces
and two of the hosts had 10 Gigabit Ethernet interfaces. All
four hosts also had copper 1 Gigabit Ethernet ports that
were used as control channels.

A couple of different routers were used for the tests. The first
was a Foundry MGS8 router and the seconds was a Foundry
MLX-8 router. Both routers were equipped with 1 and 10
Gigabit Ethernet ports and could perform switching as well
as routing functions. In general, traffic was routed in tests
where a mixture of both 1 and 10 Gigabit Ethernet traf-
fic was generated, while traffic was switched in tests using
strictly 1 Gigabit Ethernet or strictly 10 Gigabit Ethernet.

The last major component of the hardware test lab was the
Adtech AX/4000 box. Two 1 Gbit/s impairment modules
were used for the tests. In general to emulate the ASC WAN,

Manager
Level

Association
Level ‘Assoc‘ ‘Assoc‘ ‘Assoc‘

Connection
Level o

Figure 3: SCTP Model Hierarchy

a delay of 40 ms was used. This is the average delay value
on the production WAN. A few tests were run with other
delay values ranging from 0 ms to 50 ms to test transfers
sensitivity to delay.

3. MODELING

The following sections describe the development of Opnet
models for SCTP and PFTP.

3.1 SCTP Model

Stream Control Transmission Protocol (SCTP) is a recently
developed alternative transport layer protocol to TCP that
provides various new capabilities that are attractive to the
ASC WAN. Among its features is the ability to support
multi-homed nodes to aid in redundancy and failure recov-
ery. The SCTP standard [12] defines how connections across
different interfaces are monitored to determine when a fail-
ure occurs so that the primary connection for data transfer
will not reside on an interface with a failure in its path.
When compared to TCP, this should be beneficial since the
connection does not need to wait for a time-out to restart on
an interface that likely has a bad path to the other endpoint.

There are many other differences between SCTP and TCP.
Some of the key new features of SCTP are:

e SCTP supports multihoming,
e Streams are message-based instead of byte-based (TCP),

e SCTP establishes associations between computers, where
each association can consist of multiple IP-pair connec-
tions,

e Association establishment involves a 4-way handshake
that reduces the threat of Denial of Service (DoS) at-
tacks, and

o SCTP segments are comprised of one or more chunks,
where a chunk may contain data and/or control infor-
mation.

3.1.1 Implementation

Because OPNET does not currently provide a model of SCTP,
the authors chose to develop such a model for use in the ASC
WAN simulation test bed. The OPNET model consists of
three different layers (manager, association, and connection)
as shown in Figure 3.



(RECY _INITI/SEND_INIT_ACK

(default)
[RECY_INIT_ACKUSEND _C0¢

= T

) I
I | i !
- b ey (Bafaul) 1
- E
(RECW_COOKIENSEMD _CDEKIE_ACK ™, 4 o
-

i
_ J[RECY_COOKIE_ACK)
“““ —7  (RECY_SHUT)

/////

f
™, T (DOMENSEND_SHUT_ACK
-

-,

-
.

‘ (deFauIl) i | -

-, e .,
‘\ B L \\\
(deFaulf) i
[EHUT_PEMD: )

I
I
.‘_\ I (DCHENSEMD:_SHUT .
I
|

\

/ (deaul) ii

SHUT _SEMT

(RECU_SHLIT_ACK)J'SEND_SHUT_ACK [SHUTDCMN
Figure 4: SCTP Association Process Model

In SCTP, a different connection can be established for each
of the different interfaces available to reach a remote com-
puter. A group of these connections being used to support a
specific application data transfer is considered to be an asso-
ciation. The manager is responsible for directing all traffic
to the corresponding associations.

The development of the OPNET SCTP model was based on
adapting the TCP model. The manager process in TCP was
duplicated and adapted to fit the needs of the SCTP man-
ager process. Support for various packet formats and com-
patibility with adjacent protocol layers was developed. Both
the association and connection process models in SCTP were
adapted from the TCP connection process model. In the as-
sociation process model, a new state diagram representing
the SCTP association establishment 4-way handshaking was
defined as shown in Figure 4. Likewise, the connection pro-
cess model shown in Figure 5 indicates the role of heartbeats
(HBs) in maintaining non-primary connections with the re-
mote computer.

3.1.2 SCTP Model Validation and Verification
Testing and verification of the SCTP model is being ac-
complished through two independent approaches. The first
compares the simulation output of a simple scenario of two
computers connected via a switch to the actual traffic in the
equivalent laboratory scenario. Traffic is generated using
iperf in the physical configuration and a similar application
in OPNET.

The second form of verification will be achieved by develop-
ing OPNET test configurations that compare to those given
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Figure 5: SCTP Connection Process Model

in [8, 9] and comparing the OPNET model results to those
presented in [8, 9].

3.1.3 SCTP Model Enhancements

While the typical use for multihoming is to allow more ro-
bust networking options for wireless nodes that have more
than one interface, the use of multihoming here creates dis-
tinct IP streams between two nodes. The primary benefit is
that each IP stream can be processed through a different IP
encryptor, thus overcoming any constraints that assignment
to a single encryptor presents (3, 4, 7].

3.2 Parallel FTP

Parallel FTP (PFTP) is a client-server application designed
to efficiently transfer large files* over high-speed, long-distance
networks. The weapons laboratories helped develop PFTP
as part of the High Performance Storage System (HPSS) col-
laboration and currently use the application to transfer sci-
entific data sets over the ASC WAN [11]. Unlike common file
transfer applications such as FTP and HTTP, which trans-
fer a file serially over a single TCP stream, PFTP transfers
many parts of a file concurrently by striping the file over
many parallel TCP streams [2].

The OPNET model was developed in the application layer,
and can be deployed on networks in the same way as the
standard OPNET application models like FTP and email.

Also like standard OPNET models, it provides a user-configurable

attribute interface and output statistics that can be collected
during simulations for later analysis. Users can configure
striping and load balancing parameters and HPSS emula-
tion (all discussed later), and file sizes of transfers. Output
statistics include average file transfer rate, and aggregate
throughput (in bytes or blocks) over time. The model also
implements failure recovery, but this feature is untested and
will not be considered further here, mainly because the fail-
ure recovery capabilities of real-world PFTP are undocu-
mented. Other network parameters that have proven im-
portant in simulation results include TCP receive window
sizes, TCP congestion control algorithms, end host process-
ing speed, router queue sizes, and maximum transmission

'Normally on the order of gigabytes, although scalable at
least up to terabytes [6]
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Figure 6: PFTP striping a file transfer over four
parallel TCP streams.

unit (MTU) of network interfaces (the ASC WAN uses 9000
byte jumbo Ethernet frames).

The striping procedure used by both the PFTP model and
the actual application [2] is illustrated in Figure 6. When a
user initiates a parallel transfer, PFTP establishes N concur-
rent TCP connections between the client and server, where
N is called the stripe width and is user-configurable. The
file is divided into blocks of equal size, where the block size
is also user-configurable. Now, the file can be thought of as
a sequence of blocks, which we label B, Ba, ..., as shown at
the top of Figure 6. Moving sequentially through the file,
blocks are assigned round-robin to TCP streams, so that
the ith stream is assigned blocks B;, Bi+n, Bitan, ..., and
transfers them in that order [2]. Put another way, files are
striped at block granularity over N parallel TCP streams.

It is well known that network paths with a high bandwidth-
delay product (BDP), like those on the ASC WAN, are of-
ten better utilized by an aggregate of parallel TCP streams
than by a single TCP stream [1, 2, 5, 10]. Additionally,
parallel streams enable a single PFTP transfer to utilize
multiple physical paths, which allows PFTP to implement
application-specific load-balancing, for example over four en-
cryptor pairs between end hosts on the ASC WAN.

When configured to utilize multiple paths between the source
and sink file systems, PFTP implements load balancing by
distributing TCP streams round-robin over the paths [2].
Figure 7 shows two paths carrying two streams each. In both
the model and the real application, streams on a given path
are interleaved randomly (unlike the consistent pattern in
the figure) because each stream is controlled by an indepen-
dent PFTP child process. In OPNET, application models
can only specify a destination host name, and not a specific
IP address, when opening connections. To support load bal-
ancing in the PFTP model, it was necessary to modify the
standard tpal OPNET model, which interfaces applications
with the transport layer, to accept a destination IP address
with application connection requests. On HPSS systems, the
endpoint of each path is a separate “mover” node, and PFTP
actually coordinates processes across nodes. The model does
not support multinode configurations, but it does support

[ 77 =Streams 1 &3
/[ = Streams 2 & 4

Figure 7: PFTP performs load balancing by opening
TCP streams on multiple physical paths. Here, two
paths carry two streams each.

simpler case of multihoming, where a single host has mul-
tiple interfaces connected to the network. Both cases are
shown in Figure 7.

PFTP was developed as an interface to the HPSS paral-
lel storage system. One crucial shortcoming of the current
PFTP model is that it mostly ignores the impact of file sys-
tem I/O on overall application performance. In reality, the
network performance of PFTP can be limited by file sys-
tem performance. One important characteristic of HPSS is
that files move fluidly through a storage hierarchy, between
slow, high-capacity tape media and faster cache storage lev-
els. When a file is requested, it might be located anywhere
in this hierarchy, and the location can have a profound ef-
fect on the latency encountered when accessing the file. The
current model essentially simulates an ideal file system, with
zero latency and infinite bandwidth. Another major aspect
of HPSS is that it stripes logical volumes over physical stor-
age media in a way analogous to our description earlier of
PFTP striping a logical data stream over network sockets.
Dedicated machines called movers access different storage
media concurrently, and also host the child PFTP processes
that serve as the transfer endpoints, as shown in Figure 7.
Thus, optimal values of the stripe width and block size pa-
rameters depend on the corresponding parameters on the
HPSS system. For example, if the PFTP stripe width is set
smaller than the storage stripe width, then movers must at
least partially aggregate and serialize physical storage be-
fore transferring over the network. The current model has
no concept of storage parallelism, and does not model any
efficiencies from matching network and storage parameters.

There are, however, other HPSS behaviors that the model
is capable of emulating. HPSS forces PFTP to transfer
blocks in a lock step, meaning that each stream must wait
for an application-layer acknowledgment after transferring
each block before beginning the next block. This can have
a substantial impact on performance on high-latency net-
works since each stream sits idle for one RTT after each
block transfer [11]. PFTP implementations have been built
on non-HPSS platforms that do not require the lock step,
and the model therefore allows users to enable or disable
the lock step in simulations. Finally, the model can simu-
late checkpoints, where extremely large transfers on HPSS
systems are split into a sequence of smaller transfers. This
allows failed transfers to resume from the previous check-
point, rather than start over from scratch. Tape machin-



ery failure is particularly problematic because it can take
quite a long time to recover, so checkpoints are important
for HPSS. However, they can harm performance because
they force streams to synchronize at checkpoints, which can
cause idle waiting time for some streams. The checkpoint
interval is a configurable parameter in th model.

TCP streams each independently maintain a congestion win-
dow (cwnd), which limits at any given time the number of
bytes of sent data for which the sender has not received
acknowledgment from the receiver. TCP employs a conges-
tion control algorithm where senders increase cwnd as the
sequence of acknowledged segments advances, and decrease
cwnd when packet loss is detected. In this way, TCP streams
discover the bandwidth available to them while attempting
to fairly share bandwidth with other streams. Addition-
ally, receivers advertise their available buffer capacity to the
sender as the receive window (rwnd), which becomes the
limiting factor when it is smaller than cwnd. Thus, the
maximum bandwidth that a TCP stream can utilize at any
given time is

min(cwnd, rund)

BWmaz = RTT ) (1)

where RTT is the round-trip time seen by the sender be-
tween successfully transmitting a segment and receiving the
corresponding acknowledgment. For a stream to fully utilize
BWeck, the bottleneck bandwidth of the end-to-end net-
work path carrying the stream, both cwnd and rwnd must
be larger than the BDP (RTT - BWpecr) of the path.

We now discuss a hypothetical PFTP transfer on the ASC
WAN between Albuquerque, NM and Livermore, CA. PFTP
sees four paths between the hosts, each defined by a client in-
terface paired with a server interface, and each with RTT =
40 ms and BWyecr = 1 Gbit/s at the encryptors. If the
stripe width is set to 4, PFTP will open a single TCP
stream on each path, and each stream will see a BDP of
(1 Gbit/s x 40 ms) = 5 MB. The streams begin in the slow-
start phase of the TCP congestion control algorithm: cwnd
starts at twice the maximum segment size (2MSS) and is
incremented by M S'S for every acknowledged segment until
the sender detects packet loss. Thus, cwnd grows exponen-
tially with time and is fully “open” after log,(BDP/2MSS)
round trip times, or about 0.325 s for our transfer with
MSS ~ 9 kB. However, slow-start traffic is “bursty”, which
can load router queues that funnel data from faster interfaces
to slower interfaces, leading to packet loss. The bottleneck
1 Gbit/s interfaces on the ASC WAN have queues that are
an order of magnitude larger than the end-to-end BDP, so
we don’t expect packet loss unless the window is not limited
by rwnd, and cwnd continues to grow exponentially after
BWeck is fully utilized.

3.2.1 Validation and Verification

PFTP is proprietary and in general is deployed only on
specialized computer systems. Tests are routinely run on
the ASC WAN to obtain average PFTP transfer rate, but
more detailed test data such as packet losses or time-varying
throughput is difficult to obtain for validation purposes.
However, the average transfer rates are useful measurements
to validate against.
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Figure 8: SCTP Traffic with Heartbeats on the ASC
WAN

An analytical model for the aggregate bandwidth of parallel
TCP streams developed and already validated by [5].

MSS 1 1 i n 1
RIT | \/bi Vb2 N

where p; is the packet loss rate for stream ¢, assumed to be
under 1,/100.

BWGQQ S (2)

4. RESULTS

The results below were obtained from each of the simula-
tion models developed as part of this effort. The SCTP
model and results are still being developed and evaluated.
The PFTP model is more mature and subject to only minor
adjustments.

41 SCTP

The SCTP model is currently able to show most of the gen-
eral functionality using simple tests of the ASC WAN. Fine
tuning and validation of the SCTP model is currently in
the early stages. Figure 8 shows the behavior of a tradi-
tional SCTP transfer using four connections across one of
the encryptor banks. One of the connections is designated
as primary and carries all of the data traffic under normal
circumstances. The other three connections consist of only
heartbeat traffic (evident as small ripples) in order to main-
tain the health status of those connections.

Figure 9 shows the behavior of a similar transfer where the
primary connection encounters a problem and the SCTP
Association level assigns a different connection the primary
designation.

Figure 10 shows a more balanced approach by implementing
a load-balancing feature. These results show how SCTP can
attempt to distribute the data traffic evenly across all active
connections.
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Figure 9: SCTP Automatic Failue Recovery on the
ASC WAN

M Ohiect: LLNL Fed Cisco 6500 <—» Encryptor_LLML_1 [0] of Office Metwork ——»
B Obiject: LLML Red Cisco 8500 < - Encryptor LLML_2 [0] of Office Metwork ——»
O Ohiect: LLML Fed Cisco 8500 <—> Encryptor_LLML_3 [0] of Office Metwork ——»
O Obiject: LLML Red Cisco 8500 < - Encryptor LLML_4 [0] of Office Metwork ——»

point—to-point throughput hitsisec)

1,000,000,000

900,000,000

800,000,000 4

700,000,000

600,000,000 4

500,000,000

400,000,000

300,000,000

200,000,000

\00,000,000 Srrrrrrrrrrrirrrrrrrrra eI ii i rr i el
R T T T I T

o+
1] Sa 105 153 203 253 303 353 403

Figure 10: SCTP Balanced Traffic on the ASC WAN
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Figure 11: Simulated and actual average PFTP
transfer rates for various stripe width values. The
simulated values are scaled by 1/4.

4.2 PFTP

Figure 11 compares simulated transfer results to actual tests
run on the ASC WAN. The graph plots the average transfer
rate of 4 GB file transfers as stripe width increases from 1
to 16 streams. The simulated curve is scaled by 1/4. The
simulation was performed in OPNET 14.0 with the PFTP
application process models running on the ASC WAN net-
work model. Both the test and the simulated transfer were
between SNL in Albuquerque, NM and LLNL in Livermore,
CA. Each transfer used 16 MB blocks and TCP buffer sizes
set to 8 MB. Each test was run three times, and the bars
on the plot show the minimum, maximum, and mean value
for each data point. Router queues were set large enough
on the simulation to eliminate packet loss. The simulated
values were actually 4 times greater than on the plot, so
they begin at 94 MB with only one stream and peak at 443
MB with 16 streams. The lack of accurate modeling of the
file system can likely account for at least part of the dis-
crepency. The tests were run with files that were in cache
(no “tape load”) in order to minimize the performance effects
of the file system. The scaled version of the simulated curve
is shown to highlight the correlation between the simulated
and actual values as stripe width increases. It appears that
the model is incorrect mainly by a simple scaling factor.

5. FUTURE WORK

The ASC modeling project is far from complete. Besides
finishing the validation and verification of the SCTP model,
several new modeling efforts are planned in the upcoming
year. Testing will be performed with 10 Gbit/s delay sim-
ulators, a relatively new application called MPSCP will be
tested, and validation and verification will occur not only in
a lab, but on the production WAN itself. In future years,
the modeling will be extended to include full disk-to-disk
models and to help with planning for a petascale computing
environment.

5.1 10 Gigabit Impairment
The lab protocol testing has only used a 1 Gbit/s impair-
ment module to simulate network delays because, until re-



cently, a 10 Gbit/s impairment device wasn’t available. A
network emulator, the ANUE GE10 with 10 Gbit/s delay
capabilities, was recently added to the testing lab. Future
protocol testing will incorporate the new testing device to
provide a more accurate lab emulation of the ASC WAN to
compare with models.

5.2 MPSCP

MPSCP is an open source parallel file transfer application
developed at Sandia National Laboratories approximately
two years ago. It uses an encrypted channel to set up the
connection (SCP), but transfers data over a user defined
number of unencrypted paths and/or connections. This pro-
tocol is viewed as being promising for the ASC WAN for
a couple of reasons. The first is that in simple trials on
the WAN, MPSCP has shown itself to be approximately
12 times as fast as PFTP for transferring large numbers
of small files . The test involved transferring five hundred
100 MB files and twenty-five 1.6 GB files, adding up to ap-
proximately 92 GB of data. PFTP completed all transfers
in 5860 seconds while MPSCP took only 483 seconds. For
large files (tens of gigabytes), MPSCP and PFTP appear to
run at similar transfer rates. A second reason is the MPSCP
is generally easier to configure than PFTP. This is because
MPSCP doesn’t require large, specialized configuration files
on each node. It also uses a syntax that is very similar
to standard FTP, which is well known amongst the high-
performance computing community that these programs are
targeted at.

5.3 Validation and Verification on the ASC WAN

Another planned step for the coming year is to move vali-
dation and verification (V & V) from primarily being done
in the lab to being done primarily on the ASC WAN. This
should produce a better benchmark for the software models
to be compared to since the lab testing tends to produce a
somewhat idealized system with fixed jitter and zero com-
peting traffic. The one major drawback of testing on the live
WAN versus laboratory test is that it is very easy to impair
the production traffic with test traffic, so extra planning and
coordination will be required before this testing is done.

5.4 Disk-to-Disk Models

The current models essentially simulate memory-to-memory
transfers. In order to more fully match the whole system, the
models will need to be extended to simulate disk-to-disk and
disk-to-tape operations. This will be a considerable effort as
there are many different disk and tape systems used in the
ASC end hosts and backup nodes, but will add an important
layer of fidelity to the models.

5.5 Petascale computing

Many resources are currently being directed at petascale
computing at the ASC laboratories. Since it is economi-
cally infeasible to have a petascale computer located at each
site, the ASC WAN will be required to connect personnel
at the various sites to the petascale compute resources. The
ASC WAN modeling effort can be leveraged to provide a
very economical way to study the effects of the additional
traffic loads on the WAN.

6. CONCLUSIONS

A model has been developed in OPNET to help reduce the
cost of design, evaluatio n, and testing of the ASC WAN.
The newest model includes the incorporation of p rocess
models for both PFTP and SCTP. The performance of the
PFTP model was va lidated against PFTP data obtained
from the production ASC WAN. For small numbe rs of paral-
lels streams (4 or less), the model compared very well against
the pr oduction data. For larger numbers of streams, the
match wasn’t as good, but was still promising. It is be-
lieved that incorporating a model of the file system on one
or both ends will improve the fidelity of the PFTP model.
The SCTP model also shows promise, but it isn’t ready for
a full comparison versus either the production WAN or the
test lab. These models will continue to be adjusted to be
tter represent the actual traffic over the network.
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