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Abstract

In 2008, the Catamount lightweight kernel was extended to
support direct access shared memory between processes
running on the same compute node. This extension, called
SMARTMAP, allows each process read/write access to
another process’ memory by extending the virtual address
of each process. Simple virtual address bit manipulation
can be used to access the same virtual address in a differ-
ent process’ address space. In this paper we describe an
implementation of the Message Passing Interface (MPI)
that uses SMARTMAP for intra-node message passing.
SMARTMAP has several advantages over POSIX shared
memory techniques for implementing MPI. We present
performance results comparing MPI using SMARTMAP to
the existing MPI transport layer on a quad-core Cray XT
platform.
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1 Introduction

Catamount (Kelly and Brightwell, 2005) is a third-gener-
ation lightweight kernel developed by Sandia National
Laboratories and Cray, Inc., as part of the Sandia/Cray
Red Storm project (Camp and Tomkins, 2002). Red
Storm is the prototype of the Cray XT series of massively
parallel machines. Recently, Catamount was enhanced
using a technique called SMARTMAP (Simple Memory
of Address Region Tables for Multi-core Aware Program-
ming). SMARTMAP allows the processes running on a
compute node as part of the same parallel job to effi-
ciently read and write each other’s memory. Unlike
POSIX shared memory, SMARTMAP allows a process
to access another process’ memory by simply manipulating
a few bits in a virtual address. This mechanism has several
advantages for efficiently implementing MPI for intra-node
communication.

We have developed a prototype MPI implementation
using Open MPI that is able to use SMARTMAP for
intra-node communication. Initial performance results
show that SMARTMAP is able to achieve significant
improvement for intra-node point-to-point and collec-
tive communication operations. The following section
describes the advantages of SMARTMAP compared
with existing approaches for intra-node MPI. Section 3 pro-
vides a detailed description of the implementation of MPI
communication using SMARTMAP, which is followed by
a performance comparison between SMARTMAP and the
existing transport for Red Storm. Relevant conclu-
sions and an outline of future work are presented in
Section 5.

2 Background

SMARTMAP takes advantage of the fact that Catamount
only uses a single entry in the top-level page table map-
ping structure (PML4) on each core of a multi-core AMD
Opteron processor. Each PML4 slot covers 39 bits of
address space, or 512 GB of memory. Normally, Cata-
mount only uses the first entry covering physical addresses
in the range 0x0 to 0x007FFFFFFFFF. The Opteron
supports a 48-bit address space, so there are 512 entries
in the PML4.

Each core writes the pointer to its PML4 table into an
array at core 0 startup. Each time the kernel enters the
routine to start a new context, the kernel copies all of the
PML4 entries from every core into every other core. This
allows every process on a node to see every other proc-
ess’ view of the virtual memory at an easily computed
offset in its own virtual address space. The following
routine can be used by a process to manipulate a “local”
virtual address into a “remote” virtual address on a dif-
ferent core:
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static inline void *remote_address
( unsigned core, void *vaddr )

{
  uintptr_t addr = ((uintptr_t) vaddr) 

& ( (1UL<<39) - 1);
  addr |= ((uintptr_t) (core+1)) << 39;
  return (void*) addr;
}

SMARTMAP also takes advantage of Catamount’s phys-
ically contiguous address space mapping and the fact
that the address mappings are static. Unlike traditional
demand-paged operating systems, Catamount determines
the mapping from virtual to physical addresses when a
process is created and the mapping is never changed.
Because each process from the same executable will
have the same virtual address mapping, the location of
variables with global scope will be identical across all of
the processes, both on node and off node.

There is much previous work on using shared memory
for intra-node MPI communications (Buntinas et al.,
2006c,b, 2007). The traditional approach is to use a POSIX
shared memory to allocate a region of memory that is
shared between communication processes on a node. This
memory is divided up among the processes and message
queues are built inside the region. In order to send a mes-
sage, the sender copies data into the shared region and
the receiver copies it out. Other approaches that use only
a single copy have been implemented and studied. One
such implementation is a Linux kernel module that han-
dles re-mapping of user memory pages into kernel space
so that the operating system can do a single memory copy
between processes (Jin et al., 2005). Another approach is
to have an intelligent or programmable network interface
perform a single copy between processes on the same
node. A comprehensive analysis of the different approaches
for intra-node MPI communication was presented in
Buntinas et al. (2006a).

Both of these approaches are currently used for the
MPI implementation on Red Storm using the Portals data
movement layer (Brightwell et al., 2005). There are two
different implementations of Portals available on Red
Storm. The default implementation interrupts the operat-
ing system to service the network. For intra-node trans-
fers, the operating system simply copies data between the
processes. This approach is much like the Linux kernel
module, except that Catamount’s static memory mapping
avoids having to do any re-mapping of pages. For larger
messages, it is more efficient for the OS to use the SeaS-
tar (Brightwell et al., 2006) network interface to perform
the copy. In the second implementation of Portals, all
network processing is performed on the SeaStar. There-
fore, all intra-node transfers must go through the network
interface.

The simplified memory model of Catamount means
that there is no memory registration overhead, no system
call, and no setup or teardown time necessary for one
process to directly move data into another process. In
addition, there is no serialization of processes through the
operating system. Processes are free to move data without
any OS involvement. Relative to using an intelligent net-
work adapter, there is no need to have data traverse a I/O
bus and there is no serialization of requests through the
network interface. There is no synchronization mecha-
nism needed to transfer large messages. Our current
implementation has a single protocol for moving any
amount of data. Since data only moves when both sender
and receiver have initiated communication, there are no
unexpected messages and no protocols needed to distin-
guish between the various MPI point-to-point send modes.
We are able to achieve low latency, high throughput, sig-
nificantly increased small message rate, overlap of com-
putation and communication, and we are able to support
both the active and passive MPI-2 one-sided functional-
ity. Our approach is much simpler in terms of resource
allocation and management. For example, we are not
constrained by a shared resource, such as how to best
divide up shared memory regions between control and
data.

3 MPI Implementation

In this section, we provide a detailed discussion of the
implementation of MPI point-to-point and collective com-
munication operations. We chose the Open MPI (Gabriel
et al., 2004) implementation since it is the only open-
source implementation that supports shared memory and
has support for Portals on the Cray XT platform. The
existence of shared memory support allows for direct
comparisons between using traditional shared memory
and SMARTMAP using the same code base on the same
platform.

Open MPI supports two different paths for peer com-
munications using Portals. The default path is the a mod-
ule called the PML (Point-to-point Messaging Layer).
Several different PMLs have been implemented since the
inception of Open MPI. The PML used for these experi-
ments is called OB1. The PML is layered on top of a
Byte Transport Layer (BTL), which is simply used to
move bytes. The PML encapsulates all of the MPI func-
tionality, including MPI communicator and tag matching
semantics, and also manages flow control and scheduling
of multiple underlying BTLs. The Portals BTL does not
take advantage of the fact that Portals can perform MPI
matching semantics. See Graham et al. (2007) for a more
complete discussion of these two approaches.

The second path for peer communications uses a PML
called CM. This PML is essentially a pass-through layer
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that assumes that the underlying transport will handle all
MPI semantics. The layer under CM is referred to as
an MTL (Matching Transport Layer). Since the MTL is
expected to encapsulate all MPI transport semantics,
including the MPI posted receive queue, only a single MTL
can be in use at a time.

An important distinction between the two peer com-
munication paths in Open MPI is that the OB1/BTL path
must implement the MPI posted receive queue in user-
space inside the MPI library. In contrast, the CM/MTL
path moves the posted receive queue into the underlying
transport layer, which allows the posted receive queue to
be implemented in user-space, kernel-space, or even on
the network interface (as is the case with SeaStar-based
implementation of Portals).

3.1 Shared Memory BTL

In order to compare directly with a shared memory
approach, we modified the shared memory BTL in Open
MPI to SMARTMAP. Relatively few changes were nec-
essary to allow the shared memory BTL to use SMART-
MAP. Rather than having the individual processes use
mmap() to map the same block of shared memory, the
core 0 process on a node simply publishes the location of
the block of memory that it has allocated from its local
heap. Using SMARTMAP, the other processes read this
location from core 0’s memory and convert it to the appro-
priate remote address. More extensive changes were need
to support SMARTMAP within the Portals MTL. These
changes are described in detail below.

3.2 Point-to-Point Communication

3.2.1 Initialization Catamount supports multiple cores
by running in virtual node mode, where each core is
treated as a node that runs a process in the parallel job.
The memory on a single physical node is divided evenly
among the available cores. When a process is started, the
parallel runtime system is responsible for setting the fol-
lowing values in the process’ address space:

• number of processes in the job (_my_nnodes);
• global rank of the process (_my_rank);
• number of active cores on the node (_my_vnm_
degree);

• core rank on the node (_my_core).

We then use these values to determine a global rank to
core rank mapping and a core rank to global rank map-
ping. First, we allocate an array for the global rank to
core rank mapping and initialize all entries to –1. We
then allocate an array for the core rank to global rank
mapping. We take advantage of the SMARTMAP capa-

bility to determine the core rank to global rank mapping.
Each core loops from 0 to _my_vnm_degree. If the
loop variable is equal to the local core’s rank, it fills in
the core rank to global rank mapping with its global rank.
If the loop variable is not the process’ core rank, it accesses
the _my_rank value on the other core and fills in the
array with this value. At this point, we can use this array
to set the corresponding values in the global rank to core
rank array to the appropriate values.

3.2.2 Sending Each process has a single queue for
posted receives and a queue per core for posted sends. A
queue is implemented as a circular array with a head and
tail entry. Each queue element contains: buffer address,
buffer length, local source rank, context id, tag, request
address, and completion flag.

In order to send a message to another core on the same
node, we first check the global rank to core rank mapping
to discover whether the destination rank is a local proc-
ess. If it is, we check the destination core to see whether
the message is being sent to the sending process, e.g. a
send-to-self message. If so, we traverse the posted receive
queue looking for a match.

If the message is destined for a different core on the
same node, we simply pop a queue element off of a
stack, fill in the contents based on the send request, and
add it to the send queue for that particular core in that
core’s address space. If the send is blocking, we then
call into the progress routine, which is described in
detail below.

Because the arrays for message queues are declared as
globals, they are at the same virtual address in every
process. To send a message, the sending core first obtains
the address of its send queue in its local address space. It
then converts this address to a remote address in the
receiving core’s address space. The sending core then con-
verts the address of the send request structure from a local
address to a remote address in its own address space. This
way, when the receiving core uses the address, it will point
to the correct request in the sending core’s address space.
The sending core maintains the index of the next slot to be
used to send a message to the destination core. To send
the message, the sending core writes the send request to
the next slot in its queue in the receiving core’s address
space, and then increments a last slot pointer in its
address space. The sending core then increments a next
slot counter for sends to that core in its own address
space. In order to avoid overrunning the destination send
queue, the sender first checks to ensure that the next send
queue slot is empty. If the slot still contains a non-NULL
pointer, the current implementation aborts due to resource
exhaustion. A more elegant approach would be to keep a
local queue of pending sends and drain the queue as slots
became available.
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3.2.3 Receiving When posting a receive, we check to
see whether the posted receive queue is currently empty.
If it is, we can check for a match right away. If the source
of posted receive is not MPI_ANY_SOURCE, we loop
through the array of send requests in the local address
space, comparing the contents of the send request with
that of the posted receive. If a match is found, we copy
the contents of the message from the source rank into the
destination buffer and mark the send request as com-
pleted. The receiver also zeroes out this array entry in the
send queue.

Because the sender has already converted the starting
address of the send buffer and address of the send request
to remote addresses in the local address space, there is no
need for the receiving process to convert them. The receiv-
ing process simply uses these pointers directly. The receiv-
ing process then checks to determine whether the receive
matched the first item in the send queue. If it did, it incre-
ments the start counter that indicates where the first mes-
sage in the send queue is located.

If the posted receive queue is not empty, we simply
pop a queue element off of a stack, fill in the contents,
and add it to the local posted receive queue. We then call
into the progress function to see whether any outstanding
requests have been or can be completed. In order to probe
for an incoming messages, we do the same steps as post-
ing a receive; however, when a match is found, we sim-
ply fill in the appropriate status information and do not
perform the data copy.

3.2.4 Wildcard Source Receives If the source of the
receive is MPI_ANY_SOURCE, the implementation must
ensure atomicity between inter- and intra-node messages.
Because Portals encapsulates an MPI posted receive
queue for incoming network messages and another
posted receive queue is used for incoming shared memory
messages, the implementation must be careful to ensure
that a wildcard source receive is only satisfied by either
transport, but not both.

When a wildcard source receive is posted, the imple-
mentation first checks the communicator to determine
whether all of the ranks in the communicator are com-
pletely on-node or completely off-node. If all of the ranks
are on-node, then the implementation tries to satisfy the
receive using only shared memory, which is described
below. If all of the ranks are off-node, the a receive can
be posted to the network using Portals.

If the communicator spans ranks that are only on-node,
then the implementation loops over all possible send
queues rather than traversing a single send queue. The
current implementation always begins looking for mes-
sages from core 0, so there is a potential fairness issue in
that messages from lower-ranked cores will receive pref-
erence for matching wildcard source receives. This can

be easily corrected by keeping track of which rank had
the last match and starting the search at the next highest
rank (modulo the number of ranks in the communicator).

If the communicator spans ranks that are both on-node
and off-node, then the implementation enqueues a posted
receive on the shared memory queue and posts a receive
to the network using Portals. However, it creates a link
between the two receive requests so that the shared mem-
ory request contains the Portals request and vice versa. If
the Portals request is satisfied first, then the shared mem-
ory request will be removed when the Portals request is
completed. If the shared memory request is matched, the
implementation must first remove the Portals request. If
the Portals request is removed successfully, then the
shared memory request can be satisfied. If the Portals
request cannot be removed, then it has been satisfied, and
the shared memory request must be removed.

3.2.5 Progress The progress function first checks to
see whether any outstanding posted receives can be com-
pleted. It does this in the same way as was just described
in the previous section: traversing each send queue in
looking for a match. After traversing the posted receive
queue, the progress function traverses all of the outstand-
ing send requests to see whether any have been marked
as completed by the other cores. Any that have been
marked as completed by the receiving core are dequeued
and any cleanup routine for the request is run.

3.2.6 Synchronization In this strategy, the sending
core manages insertion of a send request in the destina-
tion core’s address space. Once the receiver has com-
pleted the request, the receiver marks the send request as
completed in the sending core’s address space. The send-
ing core increments the tail pointer of the send queue in
the receiver’s address space, while the receiver keeps
track of where the head of the queue is. The sending core
is responsible for removing elements from a queue of
outstanding send requests, while the receiver is responsi-
ble for removing elements from the posted receive queue.
This approach removes any synchronization between the
sender and receiver and eliminates any need for atomic
shared memory operations.

3.2.7 Synchronous Data Movement A key differ-
ence between the Portals MTL with SMARTMAP and the
shared memory BTL with SMARTMAP is that the MTL
only moves messages when a matching receive has been
posted. The shared memory BTL is able to copy user data
along with the MPI envelope information, allowing for
short send operations to complete before the data has
actually been transferred to the receiver’s buffer. Given
that the focus of SMARTMAP is to decrease the number
of memory-to-memory copies, we chose not to employ
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this optimization for the MTL. Therefore, messages using
SMARTMAP are synchronous.

3.3 Collective Communication

In contrast to point-to-point operations, collective com-
munication involves a group of processes that all must
participate and cooperate to complete the operation. In
addition to a modular design for peer communications,
the Open MPI implementation also has modules for
implementing MPI collective operations. In this section,
we describe how we have optimized several MPI collec-
tive operations using SMARTMAP.

3.3.1 Initialization The SMARTMAP collective mod-
ule is enabled when all ranks on a given communicator
on are the same node. Within each process, the following
global data structure appears at the same virtual address:

typedef struct {
  int   counter;
  int   context;
  void *send_buff;
  void *recv_buff;
  int   turn;
  int   finished;
} coll_info_t;
coll_info_t coll_info;

Since MPI collective operations are blocking, there is
only ever one outstanding collective operation per process.
The first two elements of the data structure, counter and
context, are used to record in which collective opera-
tion the process is currently participating. Each commu-
nicator has an associated counter that is incremented
each time a collective operation is entered. Each commu-
nicator also has an associated context identifier, which is
essentially a system-level tag. Since MPI collective oper-
ations are not synchronous (processes can exit the opera-
tion when their participation is done), the context and
counter values are used to synchronize processes par-
ticipating in the same collective operation, preventing
overlapping collective operations from interfering with
each other.

MPI collective operations can be characterized as
rooted, meaning that all processes participate but only
one process receives the result, or non-rooted, where all
processes participate and all processes receive the result.
Upon entering a rooted collective, a process determines
whether it is the root. If so, it fills in the fields in the
coll_info_t structure appropriately and then sets the
context and counter values to indicate that the root
has joined the collective. A memory barrier is issued
before these two values are set to ensure that the other

values in the structure are valid when they are read by the
other processes on the other cores. Processes that are not
the root of the collective operation convert the local
address of the structure to a remote address on the root’s
core and then wait for the root to signal that it has entered
the operation. Some collective operations also require
that each process initialize its own structure before syn-
chronizing with the root.

3.4 Reduce

We have implemented two different versions of the
reduce operation: one that is serial and one that is paral-
lel. Both of these implementations take advantage of
SMARTMAP’s ability to operate on the destination
buffer in-place. In the serial version, the root copies the
source buffer into the destination buffer and then each
rank proceeds, in rank order, to operate on the destination
buffer directly. In the parallel version, we take advantage
of the fact that each process can also read every other
process’ source buffer. Owing to this, we can divide the
problem up among all of the processes and have them
operate simultaneously on the individual pieces of the
buffer. In the initial copy phase, each process can copy a
piece of the root’s source buffer into the destination
buffer, thus parallelizing the data copy. After the copy,
each rank can then take a piece of the next rank’s buffer
and perform the reduce operation on the destination buffer.
In this way, all cores are actively participating in the reduce,
eliminating synchronization overhead and potentially mak-
ing better use of all of the cores. We have called this a
“threaded” reduction, since each process essentially acts
like an independent thread working on its own piece of the
operation.

3.5 Broadcast

For the broadcast operation, the root process again initial-
izes the finished value to one and sets the send_buff
to the location of the user buffer. It then waits for the
other processes to increment the finished value.
When non-root processes enter the collective operation,
they read the send_buff value in the root process’s
address space, convert it to a remote address, and then
copy the data directly from the source buffer to the desti-
nation buffer in its address space. When the copy is com-
plete, the process atomically increments the finished
value.

3.6 Allreduce

Semantically, an allreduce operation is simply a reduce
followed by a broadcast so that all processes receive the
result rather than just the root process. The SMARTMAP
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implementation simply calls the SMARTMAP reduce
and broadcast functions directly to implement allreduce.

3.7 Alltoall

For the MPI_Alltoall operation, each process sends a dis-
tinct set of data to every other node. The j th block sent
from process i is received by process j at the i th block of
its receive buffer. The routine must be called by all group
members with input and output buffers of the same
length and same type.

The implementation of this algorithm is more straight-
forward than the reduce operation. As with the reduce, each
process fills in its local collective info structure appropri-
ately and waits for all of the other processes to enter the
collective. After all of the processes have arrived, each
process loops through all of the ranks of the participating
processes and copies its piece of its send buffer directly
into the corresponding piece at the root.

3.8 Native Shared Memory Collectives

At the time of this writing, there was no implementation
of native shared memory collective operations in Open
MPI, despite the fact that an initial prototype implemen-
tation had been evaluated (Graham and Shipman, 2008).
Therefore, the performance comparisons between the
shared memory BTL and the native SMARTMAP collec-
tive operations are somewhat unfair because the compar-
ison is incomplete. The shared memory BTL only uses
shared memory as an MPI transport. We hope to compare
native SMARTMAP collective operations to native
shared memory collective operations when the latter is
available in Open MPI.

4 Performance Evaluation

The platform used to gather our performance results is a
Red Storm development system that contains 2.2 GHz
quad-core Opterons. We used the Intel MPI Benchmark
Suite (IMB) version 2.3 to measure point-to-point and
collective communication performance. In order to char-
acterize small message rate, we used the Ohio State mes-
sage rate benchmark that has been modified by PathScale
(now Qlogic).

Since we are interested in intra-node communication,
all of our results are from a single quad-core node. We
limited our measurements to the interrupt-driven version
of Portals because it is more efficient at intra-node trans-
fers. The ability to have the operating system perform a
copy between processes is more efficient than having the
SeaStar adapter perform the copy. Due to limitations of
the SeaStar, send operations must go through the OS, so
in addition to serializing requests through a slower net-

work interface, requests must also be serialized through
the OS.

Figures 1(a) and (b) show ping-pong latency and band-
width, respectively. SMARTMAP is able to achieve a
zero-byte latency of 520 ns, while Cray’s MPI achieves
2.98 µs. We also plot the improvement of SMARTMAP
compared to shared memory on the y-axis. For 32 kB
messages, SMARTMAP outperforms shared memory by
more than a factor of five. This performance increase is
largely due to SMARTMAP’s ability to support single-
copy transfers.

SMARTMAP’s bandwidth peaks at more than 9.3 GB/s,
while the MTL in Open MPI is able to achieve nearly
5.8 GB/s. Again, we also show the improvement of
SMARTMAP versus shared memory on the y-axis. Ini-
tially, the bandwidth advantage for SMARTMAP is around
30% and grows to more than 80% for larger message sizes.
The Portals implementation uses a single copy for mes-
sages less than 512 kB, so the difference in bandwidth
performance is largely due to the serialization through
the OS and overhead incurred by having the OS perform
the memory copy.

Figures 1(c) and (d) show the performance of four-proc-
ess exchange and sendrecv operations, respectively. These
results again show that the impact of serialization worsens
as all four cores are attempting to exchange message simul-
taneously. For the exchange benchmark, SMARTMAP
outperforms shared memory by a factor of seven for 16 kB
messages, while the improvement for the sendrecv bench-
mark reaches nearly 500% for 32 kB messages.

Figures 2(a) and (b) show message rates for two proc-
ess and four processes, respectively. SMARTMAP is able
to achieve nearly 2.5 million messages per second for two
processes and over 4.5 million messages per second when
two pairs of processes are exchanging messages. Shared
memory performance peaks at just over 3.5 million mes-
sages per second for both the two-process and four-process
results. It is not clear that the shared memory performance
would increase with more cores. Performance for the
Portals-based transports actually decreases when increas-
ing from one pair to two pairs of communicating proc-
esses.

Figures 3(a) and (b) show the performance of four-
process broadcast and reduction collective operations.
The SMARTMAP broadcast is less than 1 µs out to a 4
kB message size, while the shared memory broadcast
start out at just under 2 µs. We again plot the improve-
ment of SMARTMAP compared with shared memory.
For broadcast, the SMARTMAP improvement is nearly
an order of magnitude for 8 kB messages. For the reduce
operation, we show the improvement of the parallel algo-
rithm as compared to the shared memory implementa-
tion. We again see a very large improvement, more than
700% for 32 kB messages.
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Fig. 1 IMB point-to-point performance: (a) PingPong latency; (b) PingPong bandwidth; (c) Exchange; (d) Sendrecv.

Fig. 2 MPI message rate performance: (a) one pair; (b) two pairs.
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We conclude collective performance results with allre-
duce and alltoall performance in Figures 3(c) and (d).
These results again demonstrate the effectiveness of using
shared memory when all processes are communicating
simultaneously. The alltoall results are particularly dra-
matic, especially at larger message sizes. The improvement
factor for the SMARTMAP parallel allreduce is more than
2.5 for an 8 kB message, while the improvement factor
for the SMARTMAP alltoall peaks at nearly six for a 64 kB
message.

5 Conclusion

The SMARTMAP capability in the Catamount light-
weight kernel is able to deliver significant performance
improvements for intra-node MPI point-to-point and col-
lective operations. It is able to dramatically outperform
the current shared memory approach for intra-node MPI

data movement on the Cray XT. Because SMARTMAP
allows processes to communicate directly at the user level,
it eliminates the need to serialize intra-node communica-
tion through the operating system or network interface.
SMARTMAP also eliminates all of the extraneous mem-
ory-to-memory copies that POSIX-style shared memory
imposes. These overheads are shown to be significant on
a quad-core processor, and the benefits of SMARTMAP
are likely to continue to grow as core counts increase.

From a complexity standpoint, it is much easier to
enhance MPI collective operations to use the SMARTMAP
capability. It is not necessary to handle non-specific receive
operations or non-blocking operations. We are currently
adapting the hierarchical collective communication mod-
ule in Open MPI to be able to use the SMARTMAP col-
lective module.

We are also enhancing the production Cray-devel-
oped MPI implementation for Red Storm, which is based

Fig. 3 IMB collective performance: (a) broadcast; (b) reduce; (c) allreduce; (d) alltoall.
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on MPICH2, to have hierarchical collectives using
SMARTMAP. We believe that this approach will likely
result in the largest increase in application performance
for quad-core processors. Since the performance of most
large-scale parallel applications is determined by the
longest latency, we do not think the decrease in on-node
point-to-point latency with SMARTMAP is likely to
result in a significant performance increase for a majority
of applications. Once this implementation is complete,
we expect to be able to do a more in-depth application per-
formance evaluation on the full Red Storm system. We are
also currently working on a port of the Catamount light-
weight kernel to a dual-socket, quad-core XT5 system, so
we hope to do similar evaluations and analyze the per-
formance of eight cores on a node.

As part of future MPI development, we would like to
use SMARTMAP to handle on-node non-contiguous data
transfers with no intermediate buffering, and there is an
opportunity to enhance the on-node MPI-2 one-sided oper-
ations using SMARTMAP as well. We are also exploring
whether SMARTMAP can be used directly by applica-
tion libraries, possibly avoiding the overhead of memory
copies altogether.
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