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Abstract

It isimportant to systematically assess the features and
performance of the new interconnects for high-
performance clusters. This paper presents the
performance of the two-port Myrinet networks at the GM2
and MPI layers using a complete set of microbenchmarks.
We also present the communication characteristics and
the performance of the NAS Multi-Zone benchmarks and
SMIG2000 application under the MPI and MPI-OpenMP
programming paradigms.

We found that the host overhead is very small in our
cluster, and the Myrinet is sensitive to the buffer reuse
patterns. Our applications achieved a better performance
for MPI than the mixed-mode. All the applications studied
use only nonblocking communications, thus able to
overlap their communications with the computations. Our
experiments show that the two-port communication at the
GM and MPI levels (except for the RDMA read, and
overlap) outperforms the one-port communication for the
bandwidth. However, this did not trandate in a
considerable improvement at least for our applications.

1. Introduction

With the introduction of several high-speed
interconnects, and the availability of commodity
computational engines, it has been very promising to build
cost-effective cluster computing systems. In such systems,
the interconnection network and the communication
system software are the keys to the performance.

Several high-performance interconnects have been
recently introduced including the Quadrics QsNet [18],
and QsNet Il [1], InfiniBand [16], Myrinet [5], SCI [8],
and Sun Fire Link [19]. Each one of these interconnects
provides different levels of performance,
programmability, and integration with the operating
systems. Recently, Myricom has introduced a dual-port

Myrinet “E-Card” [5] for higher performance with a new
messaging layer (GM2.1).

Applications usually run on top of a middleware such
as the Message Passing Interface (MPI) [17], which itself
runs on top of a user-level messaging layer such as the
GM. To determine if applications can benefit from a
particular interconnect, it is essential to assess the various
features and the performance of the interconnect at both
the user and middleware levels. Meanwhile, the
communication characteristics of applications would aso
help to understand their performance on clusters.

An important decision for application programmers is
the choice of programming paradigm for clusters of
Symmetric Multiprocessors (SMP). MPI is the de-facto
standard for parallel programming on network-based
computing systems. OpenMP [9] has emerged as the
standard for parallel programming on shared-memory
systems. It is open to debate whether pure message-
passing or mixed MPI-OpenMP is the programming of
choice for higher performance on SMP clusters.

In this work, we do a comprehensive assessment of the
features and performance of the two-port Myrinet
networks using a complete set of microbenchmarks
written at the user level (GM2.1), and MPI level. This
paper has a number of contributions. Specifically, it first
contributes by presenting the performance of the GM2.1
for one-sided and two-sided communications. The second
part evaluates the quality of MPI implementation on top
of GM. It includes measurements for the MPI latency,
bandwidth, parameters of the LogP model, intra-node
performance, computation/communication overlap, buffer
reuse impact, polling/blocking impact, and the collective
communication performance. Thirdly, it studies the MPI
communication characteristics of the newly released NAS
Multi-Zone benchmarks [20] and the SMG2000
application [21], as well as their performance under MPI
and MPI-OpenMP on our Myrinet SMP cluster.

The rest of this paper is organized as follows. In
Section 2, we provide an overview of the Myrinet



interconnect, GM, and MPICH [10] over GM. We
describe our experimental framework in Section 3.
Section 4 presents the GM performance. MPI
performance is presented in Section 5. Application
benchmarks characteristics and performance are studied in
Section 6. In Section 7, related work is presented. Finaly,
we conclude our paper in section 8.

2. Overview of Myrinet, GM, and MPICH-GM

Myrinet [5] is based on packet-switching technology,
where the packets are wormhole-routed through a network
consisting of switching elements and network interface
cards (NIC). Each NIC, attached to the I/O bus, contains a
programmable processor and on-board memory providing
much flexibility in designing communication software.

The new M3F2-PCIXE-2 two-port Myrinet/PCI-X
interface card (E-card) has a 64-bit, 133MHz PCI-X
interface, and a programmable Lanai-2X P RISC processor
operating at 333MHz with 2MB local memory. Each port
has a 2.0+2.0 Gbps data rate. The standard firmware
executing in the Lanai-2XP distributes packets adaptively
across the two ports, such that the two ports act asa single
4.0+4.0 Gbps data-rate port. It also provides multi-path
dispersive routing in the switch fabric that diffuses hot
spots and increases the utilization of the network bisection
for large network. The high-availability is instantaneous;
by removing the fiber cable from either port,
communication will continue using the remaining port.

GM is a commercia open source networking protocol
from Myricom, which runs on top of the Myrinet network.
It provides a protected user-level interface to the NIC so
that multiple user processes can share it simultaneously.
The Myrinet software support for the latest E-card
requires GM 2.1.0 or later (or M X, yet to be released).

GM supports both send/receive and Remote Direct
Memory Access (RDMA) operations. The send/receive
mode is a two-sided operation, where both the sender and
the receiver of a message are involved in the
communication. However, RDMA is a one-sided
operation, where a node has access to the remote memory
of other nodes. Operations finish without the remote side
being involved. The RDMA operations include RDMA
write (put), where a process can directly write to the
remote memory, and RDMA read (get) where it can read
the contents of remote memory (RDMA read has been
recently added to the GM API). In both the send/receive
and RDMA communication models, communication
buffers must be registered and deregistered in the physical
memory at both ends to enable DMA transfer in and out
of those regions.

MPICH [10] is a portable implementation of the MPI.
MPICH-GM is implemented by targeting its Channel

Interface to the GM messaging layer. MPICH-GM uses
the eager protocol for sending small (less than 16KB),
and control messages via GM send/receive operations. It
uses the rendez-vous protocol for sending large messages
via GM one-sided put operation.

3. Experimental Framework

In this paper, we first present the RDMA, and
send/receive performance of the Myrinet network at the
GM level using our own microbenchmarks. To gain a
better understanding of the communication subsystem in
the Myrinet SMP clusters, we have also devised a set of
microbenchmarks a the MPI level. Our MPI
microbenchmarks include detailed latency and bandwidth
measurements at the intra-node and inter-node levels,
buffer  reuse impact, polling/blocking  impact,
communication/computation overlap, LogP parameters,
and collective communication performance. We present
and compare performance under both the two-port and the
one-port. Note that by two-port we mean both ports of the
E-card are connected to the switch fabric via their fiber
cables. For the one-port experiments, we removed one of
the fibers, and re-ran the GM mapper.

We evaluate the performance of our Myrinet SMP
cluster with the newly released NAS Multi-Zone
benchmarks (NAS-MZ) [20] and the SMG2000 from
ASCII Purple benchmark [21]. We have profiled the MPI
communication characteristics of these applications to
better understand their performance on our system. The
LU-MZ, BT-MZ, and SP-MZ benchmarks in the NAS
Multi-Zone suite have been primarily designed to evaluate
SMP clusters. They have six workload classes. small (S),
workstation (W), large (A), larger (B and C), and largest
(D). We experimented with the classes B and C. We aso
used a fixed workload of 128x64x64 for the SMG2000.

We ran our experiments on an 8-node dedicated SMP
cluster interconnected with the Myrinet E-cards, and a
Myrinet-2000 16-port switch. Each node is a Dell
PowerEdge 2650 that has two Intel Xeon MP 2.0 GHz
Processors and 1GB RAM running Linux RedHat 9 with
SMP kernel version 2.4.24. Each node has a two-port
Myrinet E-card on a 64-bit, 133 MHz PCI-X dot. Our
PCI-X/DMA performance for a bus read, bus write, and
bus read and write bandwidth is 775MB/s, 1040MB/s, and
873MB/s, respectively. We used the MPICH-GM version
1.2.5..10 as the message-passing library on top of the
GM2.1.0 messaging layer. We used the version 7.1 of
Intel C and FORTRAN compilers. We wrote our own
profiling code using the wrapper facility of the MPI for
gathering the communication traces of the NAS-MZ
benchmarks. However, we used the Intel Vampir for the
SMG2000.



4. GM Performance

Figure 1 shows the cost and bandwidth of the memory
registration and deregistration in GM. Up to 64KB
message sizes, registration is cheaper than deregistration.
Registration/deregistration is a costly operation, and
operating system dependent. This cost is avoided for short
messages in MPICH-GM at the expense of a memory
copy into pre-registered buffers.
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Figure 1. GM registration/deregistration.

4.1. RDMA Performance

The message latency and bandwidth are two important
metrics for many parallel and distributed computations.
Latency is defined as the time it takes for a message to
travel from the sender process address space to the
receiver process address space. Bandwidth is reported as
the total number of bytes per unit time delivered during
the time measured.

In the unidirectional latency/bandwidth test, the
sender transmits a message repeatedly to the receiver, and
then waits for the last message to be acknowledged. The
bidirectional test is the ping-pong test where the sender
sends a message and the receiver upon receiving the
message, immediately replies with the same message size.
This is repeated sufficient number of times to eliminate
the transient conditions of the network. In the both-way
test, both the sender and receiver send data
simultaneously. This test puts more pressure on the
communication subsystem, and the PCI-X bus.

Figure 2 presents the unidirectional and both-way
latency and bandwidth for the RDMA write under the
two-port and one-port communications. Note that because
GM does not have a notification mechanism at the
receiving side, we didn't do the bidirectional test (it
actually needs a send/receive follow-up message). One
can see that the number of ports does not affect the short
message latencies. However, the two-port bandwidth
sharply increases after 4KB messages for both
unidirectional and both-way compared to the one-port.
The two-port both-way bandwidth achieves a maximum of
788MB/s. The two-port unidirectional bandwidth is the
same as the one-port both-way bandwidth, and equal to

479MB/s. The one-port unidirectional bandwidth is
246MB/s.
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Figure 2. GM RDMA write performance.
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Figure 3 shows the unidirectiona and both-way
latency and bandwidth for the RDMA read under the two-
port and one-port communications. The latency for both
RDMA write and read remains at roughly 10us for up to
128 bytes (RDMA read is dightly more expensive) and
then increases. The difference in bandwidth is more
evident, where the RDMA write outperforms the RDMA
read. This is consistent with the other high-performance
interconnects, and implies applications and middleware
should prefer RDMA write over read. Contrary to the
RDMA write, the RDMA read has a higher bandwidth for
the one-port (481MB/s for both-way, and 246MB/s for
unidirectional) compared to the two-port (259MB/s for
both-way, and 137MB/s for unidirectional). This is
unclear to us. We are currently looking into how RDMA
read has been implemented.
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Figure 3. GM RDMA read performance.
4.2. Send/Receive Performance

Figure 4 shows the unidirectional, bidirectional, and
both-way send/receive latency/bandwidth under the two-
port and one-port communications. GM send/receive has a
minimum short message unidirectional latency of 5.25
microseconds. The latency remains roughly the same for
up to 64 bytes. Like the RDMA write, the two-port
bandwidth outperforms the one-port. The peak
unidirectional and bidirectional bandwidth is 489MB}/s,
while the sustained both-way bandwidth is 789MB/s. This
is a major improvement over the Myrinet networks using
the one-port D-card (471MB/s peak bandwidth [14]).
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Figure 4. GM send/receive performance.
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5. MPI Microbenchmarks and Performance

In this section, we present our MPI microbenchmark
tests evaluating the quality of the MPI layer on top of the

GM messaging layer.
5.1. Latency

In deriving the bidirectional latency (and bandwidth in
Section 5.2), we used matching pairs of sends and
receives under different MPl send modes; that is, the
standard mode, the synchronous mode, the buffered
mode, and the ready mode. In the synchronous mode, the
send call returns when the receiver receives the message.
In the buffered mode, the message is buffered and the
send call returns without waiting for the receiver. In the
standard mode, MPI implementation chooses to buffer or
to wait for the receiver. In the ready mode, matching
receive must have been issued before the send.

The latency for intra-node communication is shown in
Figure 5. The intra-node latency for 1-byte message
remains at 1.38us for unidirectional ping, 1.46us for
standard and ready modes, 2.29us for buffered, and
451us for the synchronous mode. This shows that
synchronous mode should be avoided for short message
transfers. The buffered mode has the worst performance
for large messages.
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Figure 5. MPI unidirectional, and
bidirectional latency.

The latency for two-port inter-node communication is
aso shown in Figure 5 (one-port has a similar
performance for short messages). An overall observation
satisfies the argument that intra-node latency should

normally be better than the inter-node. However, in our
system, intra-node messages larger than 128KB (not
shown here) have larger latencies than their counterparts.
This could be due to insufficient memory in our platform,
or unoptimized intra-node communication in MPICH. The
synchronous mode shows quite large inter-node latency,
23.6us for up to 512-byte messages. The inter-node
latency for 1-byte message remains at 5.7us for
unidirectional ping (compared to 5.25us for GM), 6.1us
for standard (compared to 5.53us for GM) and ready
modes, and 6.84us for the buffered mode. This shows
MPICH-GM has very well been ported to GM. A quick
comparison with other high-performance interconnect are
as follows: Quadrics QsNet: 4.6us [18], and QsNet II:
~3us [1], Myrinet D-card: 6.7us [13], InfiniBand: 6.8us
[13], and Sun Fire Link: 5us[19].

We aso measured the average standard ping-pong
latency (two-port) when simultaneous messages are in
transit between pairs of send and receive processes, as
shown in Figure 6. There are up to 16 processes on 8
nodes, one process per processor. Note that the pair-wise
send and receive processes are on different nodes. The
results are interesting as the latency in each case does not
change much when the number of pairsis increased. The
latencies stay at 6us from 2-byte to 64-byte messages,
running with up to 8 processes.
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Figure 6. MPI inter-node latency under load.
5.2. Bandwidth

Figure 7 presents the unidirectional and bidirectional
bandwidth for intra-node communication. We can see that
the intra-node bandwidth arrives at a maximum of around
700MB/s (except for the buffered mode) at 64KB but
suddenly drops. The reason could be the same as the one
stated in section 5.1. Figure 7 also presents the
unidirectional and bidirectional bandwidth for inter-node
communication. The MPI bandwidth, except for the
buffered mode, achieves approximately 440MB/s. This is
almost 90% of the unidirectional bandwidth at the GM
level. We adso see a sudden drop at 16KB for
unidirectional bandwidth where MPICH-GM switches
from eager protocol to the rendezvous protocol.
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Figure 7. MPI unidirectional, and
bidirectional bandwidth.

We have also evaluated the MPI both-way bandwidth.
Figure 8 compares the unidirectional, bidirectional
(standard mode), and the both-way bandwidth for
different message sizes. MPICH-GM délivers a both-way
bandwidth of 690MB/s equal to 87% of the GM
performance. The results verify that the Myrinet with two-
port outperforms the one-port. A quick comparison with
other high-performance interconnect are as follows:
Quadrics QsNet: 308MB/s [18], and QsNet I1: ~900MB/s
[1], Myrinet D-card: 471MB/s [13], InfiniBand: 841MB/s
[13], and Sun Fire Link: 792MB/s[19].
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Figure 8. MPI inter-node bandwidth.

The Myrinet aggregate bandwidth when simultaneous
messages are in transit between pairs of send and receive
processes is shown in Figure 9. Note that the aggregate
bandwidth is the sum of individual bandwidths. The result
indicates that the network is capable of providing higher
bandwidth with increasing number of communication
pairs. For 16 processes, Myrinet achieves the maximum
bandwidth of roughly 2500MB/s, and 1800MB/s for two-
port and one-port, respectively.

Aggregate bandwidth (2-port) Aggregate bandwidth (1-port)
—+—2proc —=—4proc -8 proc 169'00‘ ‘+2 proc —=—4 proc ——8 proc 16 proc‘
2 3000 % 2000
2 2500 o
< 2000 + . £ 1500
5 1500 /* £ 1000 s
£ 1000 ¢ P H e
g 500 ,L{;r‘,,*m S 500 i g

P o © =
@ el I RERE . = = = enmmRn
1 16 256 4K 64K 1M 1 16 256 4K 64K 1M
Message size (byte) Message size (byte)

Figure 9. Aggregate MPI inter-node bandwidth.

5.3. Buffer Reuse I mpact

To evaluate the impact of MPI buffer management on
the communication performance, we measure the latency
and bandwidth when different buffers are used for
message transfers. Applications employing different
message buffers may need to register/deregister their user
buffers to achieve zero-copy  communication.
Pinning/unpinning are expensive, as seen in Section 4,
thus, application buffer reuse pattern may have significant
impact on the communication performance in high-
performance interconnects. Note that our test in this
section is smilar to [13]. We ran our standard
latency/bandwidth test for thousand times but with a
buffer reuse pattern of 0%, 25%, 50%, 75%, and 100%. A
100% buffer reuse pattern means that only one user buffer
is used for al thousand message transfers. A 0% buffer
reuse pattern means that each time a new user buffer is
used. We experimented with different message sizes.

Figure 10 shows the impact of buffer reuse pattern on
the MPI latency and bandwidth using the two-ports. It is
clear that with decreasing buffer reuse percentage the
performance drops. Specifically, the latency dtarts
increasing with decreasing buffer reuse percentage after
4KB. The higher buffer reuse percentages (50% and 75%)
affect the bandwidth starting at 64KB messages, while this
happens at smaller messages (4KB) for lower buffer reuse
percentages (0% and 25%). Similar behavior, though with
smaller bandwidths, is noted for the one-port case (hot
shown here).
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Figure 10. Buffer reuse impact on MPI.

5.4. Polling/Blocking | mpact

MPICH-GM by default uses the polling method,
however, it provides the ability to change the behavior.
Three modes are supported: polling, blocking, and hybrid.
In the blocking method, the MPI message reception call
deeps in the kernel, but will be interrupted when the
matching message arrives. In the hybrid mode, the MPI
message reception call polls for 1 second, and then goes
to sleep. Normally, polling achieves low latency but has
high CPU utilization. Blocking increases the latency due
to interrupt and context switch, but achieves lower CPU



utilization. It is interesting to see if blocking or hybrid
mode can provide any advantage over polling in our
system. The results are shown in Figure 11. Polling has a
dightly better performance than the hybrid. However, they
both outperform the blocking method. Again, the two-port
performance is better than the one-port.
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Figure 11. Polling/blocking impact on MPI.
5.5. LogP Parameters

The time spent for communication at the source and
destination is a major contributing factor to the
performance of applicationsin cluster computing systems.
LogP model has been proposed to gain insights into
different components of a communication step [7]. LogP
models sequences of point-to-point communications of
short messages. L is the network hardware latency for one-
byte message transfer. O is the combined overhead in
processing the message at the sender (o) and receiver (o;).
P is the number of processors. The gap, g, isthe minimum
time interval between two consecutive message
transmission from a processor. LogGP model [3] extends
LogP to also cover long messages.
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Figure 12. LogP parameters.

An efficient method for measurement of LogP
parameters has been proposed in [12]. The method is
called parameterized LogP and subsumes both LogP, and
LogGP models. Our microbenchmark result depicted in
Figure 12, in logarithmic scales, shows the o, 0, and g for
different message sizes in our Myrinet cluster for the two-
port case. Both os and o, have a sudden increase at
16KBytes (from 5 to 70 microseconds) due to protocol
switch in MPICH-GM. The combined host overhead for a

1-byte message is 0.8us; gap is 2.3us, and L is 4.2us.
What is apparent is that the overhead increases with the
message size, and the overhead at the receiving end is
larger than the source side, most probably due to polling.
It seems to us probably the network interface is not quite
powerful as the CPU has to do more work with larger
message sizes, both at the send and at the receiving sides.

5.6. Communication/Computation Overlap

Overlapping computation with communication can
improve the application performance. A programmable
NIC, such as the Myrinet E-card, offloads some of the
host’s functionality in a message transfer. Therefore, there
will be opportunities for overlapping computation with the
communication.

We use the bidirectional latency (standard mode) test
but this time with non-blocking send and receive function
calls along with their corresponding wait calls. However,
we insert computation in between until the original latency
increases. We do this test for different message sizes. Our
test is similar to the work in [13]. Figure 13 shows the
overlap potential for different message sizes. There is
between 3us to 7us overlap for up to 512 bytes. This
increases until a drop is observed due to the protocol
switch in MPICH-GM. From then on, the overlap
increases again. The two-port potential overlap is shown
to be less than the one-port, mostly because the NIC is
involved in extra operations such as adaptive distribution
of packets across the two ports, among other things.
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Figure 13. Computation/communication overlap.
5.7. Collective Communications

Efficient implementation of collective communication
algorithms is one of the keys to the performance of
network computing applications. Therefore, it is
interesting to evaluate their performance. We have chosen
the broadcast, gather, scatter, reduce, allreduce, alltoall,
alltoallv, and barrier operations as representatives of the
mostly used collective communication operations in
parallel applications. Our experiments are done with
processes located on the same node and/or on different



nodes. In the inter-node case, we evenly divided the
processes among the eight SMP nodes. We measured the
performance in terms of their completion time, as shown
in Figure 14. Broadcast has the best performance, where
allreduce has the worgt, followed by alltoallv and reduce.
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Figure 14. Collective communications.

6. Application Benchmarks

It is important to discover if the performance can be
optimally used at the application layer. We experimented
with the NAS Multi-Zone 3.0 benchmark suite [20] from
NASA, as well as the SMG2000 benchmark from the
ASCI Purple suite [21]. The parallel implementation uses
hybrid parallelism: MPI for the coarse-grain parallelism
and OpenMP for the loop-level parallelism.

6.1. Communication Characteristics

Knowing the communication characteristics of the
applications may help to understand the reasons behind
their performance. In this paper, we study the number of
sends and receives per process, average message size per
send, and the number of collective communication
primitives used in the applications.

Table 1 presents the average number of send calls per
process, and the average message size per process for all
applications under different classes and number of
processes. It should be mentioned that al four
applications use only nonblocking send and receive calls
in their point-to-point communications. The number of
sends is equal to the number of receives for each process.
Using nonblocking calls alow these applications to
benefit from overlapping their communications with the
computations.

The applications studied have diverse communication
characteristics. For instance, the number of send calls for
BT and LU decreases when the number of processes
increases, while the average message size decreases.
SMG2000 shows the opposite trend. SMG2000 uses short
messages on average, while others use large message
sizes. The number of collectives for these applications is
very small.

Table 1. MPI Communication characteristics
of the NAS-MZ and SMG2000 applications

Nonblocking Collectives
pt-2-pt (per process)
% (per procefs)
TN W
T n S g & B| 8| g ©
g S| = - e = I
AR O HEE
<o * | # <o H OH OH|OFE| OH| O
BT-B | 2 | 9648 123 [3[|3]- [2]- |-
4 8040 128 3|13 |- 2 |- -
8 5276 1378 | 3 | 3 | - 2 |- -
16 | 3065 1383 | 3 |3 | - 2 |- -
BT-C |2 |20502 |1566 |3 [3 |- [2 |- |-
21809 1674 | 3 | 3 | - 2 |- -
8 17135 1778 | 3 | 3 | - 2 |- -
16 | 10804 186.2 | 3 | 3 | - 2 |- -
SP-B | 2 | 6416 1m25 (3|3 - [2]- |-
10827 1208 | 3 | 3 | - 2 |- -
6416 1125 | 3 | 3 | - 2 |- -
16 | 4010 1238 | 3 | 3 | - 2 |- -
SP-C | 2 12382 1463 | 3 | 3 | - 2 |- -
24261 163 313 |- 2 |- -
24261 1536 | 3 |3 | - 2 |- -
16 | 12832 1463 | 3 | 3 | - 2 |- -
LU-B | 2 | 2008 244 (714 ]- |2 ]- |-
2008 2344 |7 | 4 | - 2 |- -
8 1506 27119 |7 |4 |- 2 |- -
16 | 1004 2906 |7 |4 |- 2 |- -
LU-C |2 [3012 [ek8|7[4]- [2]- |-
2008 6338 | 7| 4 | - 2 |- -
8 1506 7421 | 7 | 4 | - 2 |- -
16 | 1004 793 |7 |4 |- 2 |- -
SMG |2 |44303 [092 |- |- |15|1 |1 |1
51941 | 0.54 - |- 1141 |1 |1
8 52423 | 0.32 - |- 1141 |1 |1
16 | 50827 0.32 - |- 11471 |1 |1

6.2. Application Performance

Figure 15 and Figure 16 present the execution time of
our applications on our two-port platform. The legend in
Figure 15, and the X-axis in Figure 16 show the number
of processes and threads for each case. For instance,
“4P2T” means that there are four processes evenly
divided among four nodes of our cluster, where each
process has two threads running on its respective node.



This way, we are able to compare the performance of the
applications under pure MPI, and the mixed MPI-
OpenMP. From the results, one can easily claim that the
MPI version of the applications perform better than their
mixed-mode versions. For instance, for BT-MZ with class
C (BT-C), 2P1T runs faster than 1P2T; 4P1T runs faster
than 2P2T; and so on. The sameis true for the SM G2000.

NAS-MZ
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Figure 15. NAS-MZ performance (two-port).
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Figure 16. SMG-2000 performance (two-port).

Interestingly, the speedup, from 1 to 16 processes, for
the MPI version of the NAS-MZ benchmarksis linear (not
shown here). Applications reach almost perfect speedup.
However, the speedup for SMG2000, MPI version, is not
as good as the NAS-MZ. The speedup with 2, 4, 8, and 16
processes are 1.62, 3.50, 6.13, and 6.51, respectively. We
are currently investigating the different reasons behind
their performance.

We aso ran the applications with only one-port. The
difference in performance was minimal, with at most 3%
improvements for the two-port cases. The message sizes
for SMG2000 are short (less than 1KB) so the two-port
Myrinet network cannot offer any improvement over the
one-port. However, this is not the case for the other
applications. Having a close look at the distribution of
message sizes for the NAS-MZ applications (hot shown
here) reveal that the BT-MZ uses a large number of
different message sizes. It uses up to 21 different message

sizes in class C (16 in class B). The shortest and the
longest messages are 42KB, and 446KB, respectively.
The distribution of message sizes sent by the SP-MZ, and
LU-MZ are bimodal (112KB, and 168KB for SP-B;
146KB, and 227KB for SP-C; 234KB, and 346KB for
LU-B; and 633KB, and 958K B for LU-C). Message sizes
and the number of messages sent for the NAS-MZ
applications suggest these applications are bandwidth-
bound. Therefore, the two-port Myrinet network should
improve the performance over the one-port. A setback in
performance improvement could be associated with the
fact that the oneport NIC can offer a better
computation/communication overlap than the two-port.
Our study in this section is preliminary. We intend to get
the execution traces of these applications to find the
communication/computation ratio, and to see if these
applications are sensitive to the gap, or overhead.

7. Related Work

Research groups in academia and industry have been
studying the performance of the interconnection networks
at the user-level, the MPI level, and the application level
[13, 14, 1, 18, 4, 11, 19]. In [13], the authors assessed the
performance of the MPI implementation on InfiniBand,
Myrinet, and Quadrics. They studied microbenchmarks at
the MPI level as well as NAS benchmarks. Our work is
similar to their work. However, we have investigated the
recently introduced Myrinet two-port networks. We have
also expanded the microbenchmarks, and studied the
performance at the GM level, as well as the characteristics
of the NAS Multi-Zone benchmarks.

The performance of Myrinet and GigaNet were
evaluated in [11] using microbenchmarks, and the NAS
benchmark. The authors in [14] studied the user-level
messaging layers of the InfiniBand, Myrinet, and
Quadrics. Some interconnects including the SP switch,
and Cray T3E were studied using user-level and MPI-
level microbenchmarks [4]. Sun Fire Link was evaluated
a the RSM, MPI, and application level in [19]. The
authorsin [1, 18] studied the QsNet, and QsNet 11.

Researchers have characterized communication
patterns of MPI applications [21, 2]. LogP and its variants
were proposed to gain insights into the different
components of a communication step [7, 3, 12].
Sensitivity of applications to latency, and overhead was
inspected in [15]. Performance comparison of applications
in MPI, and MPI-OpenMP were donein [6, 19].

8. Conclusions

The interconnection networks and the supporting
communication system software are the deciding factorsin



the performance of clusters. It is desirable to understand
their performance at the user-level messaging layer,
middleware, and at the application level. In this paper, we
have done a detailed evaluation of the two-port Myrinet
network with its new GM layer. We have presented the
performance at the GM and MPI levels using an extended
set of microbenchmarks, as well as the application level.

We discovered that the two-port communication
outperforms the one-port for the bandwidth, except for the
RDMA read and computation/communication overlap.
The performance of RDMA write was better than the read
operation. We found that the host overhead is very small
in our cluster. The Myrinet network showed sensitivity to
the buffer reuse patterns. MPICH-GM delivered much of
the performance offered at the user-level.

All the applications studied used only nonblocking
communications. They had diverse communication
characteristics, though. Our applications achieved a better
performance under MPI than the mixed-mode. The NAS-
MZ had an ideal speedup, but the SMG2000 was not
scalable very much. The difference in performance
between the two-port and one-port was minimal for the
applications. We plan to complete our study to find the
factors that may have caused this minimal improvement.
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