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Abstract

The Virtual Interface Architecture (VIA) was introduced
to define a common set of features that are suitable to build
high—speed networks. Today the interface of VIA serves
as access point to a wide range of system area networks.
M-VIA is a software that provides the VIA interface on top
of several Ethernet cards. The overhead of TCP/IP proto-
cols is avoided by running M-VIA. To benefit from this per-
formance we developed a LAM/MPI module that utilizes
VIA functions to transmit data. The key concepts of data
transmission and memory management are presented by
this paper. Furthermore a comparative performance anal-
ysis is included.

1. Introduction

The VIA specification [16] contains the definition of a
programming interface. The properties of this interface are
adjusted to the needs of high—speed networks. In contrast to
traditional network interfaces the programmer has to deal
with memory registration, work queues and Remote Direct
Memory Access (RDMA). These concepts were carefully
identified to meet special requirements of system area net-
works. Even the InfiniBand technology utilizes important
concepts introduced by VIA many years before.

The M-VIA software [5] was developed as part of the
NERSC PC Cluster Project [6]. The framework of M-VIA
identifies common tasks that have to be accomplished by
any VIA provider. The modular structure of M-VIA en-
ables plugging of third—party modules to access special
network hardware. Even conventional Ethernet cards may
be accessed using an appropriate kernel module. Thus the
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TCP/IP overhead is avoided when Ethernet is used for time
critical data transmission.

We developed a module for the Request Progression In-
terface (RPI) of the LAM/MPI distribution [7] [8]. Thus any
MPI application may benefit from the use of M-VIA. Since
the M-VIA software is frequently used at Ethernet clusters
we expect a performance improvement within this environ-
ment. The module follows the conventions of RPI modules
[9l.

The main subject of this paper describes the challenges
of managing the properties of VIA in order to fit into the
LAM/MPI framework. A basic introduction into VIA and
LAM/MPI is given in section two. Section three contains a
discussion of the key concepts. Several main problems had
to be solved. A reasonable solution is carried out for each
of them. Section four presents some performance results.
Moreover these performance results are contrasted with re-
lated work. Finally in section five we want to conclude.

2. Basic conceptsof VIA and LAM/MPI

The Virtual Interface Architecture not only specifies a
programming interface. Since this paper does not focus on
VIA, we just give a summary of the VIA interface. The user
process creates Virtual Interfaces (V1) to exchange data be-
tween other processes. Prior to starting any data transmis-
sion each VI must be connected to exactly one peer. The VI
is composed of one send queue and one receive queue. The
user process has to prepare several data structures that are
called descriptors. These data structures describe the loca-
tions of the source buffers or target buffers together with
some additional information. The descriptors have to be
posted to one work queue. The actual data transfer is per-
formed asynchronously.

The newest version of LAM/MPI is labeled with the ma-
jor release number seven. This version implements the en-
tire MPI 1.2 specification. Additionally many functions of
MPI 2 are provided by LAM/MPI. The LAM/MPI software
is distributed under an open source license. This fact to-



gether with the well fashioned structure of LAM/MPI are
sufficient reasons for choosing this software. In contrast to
MPICH the LAM/MPI distribution supports four different
module interfaces. Thus checkpointing/restart capabilities
can be plugged into the MPI library. MPICH does not define
a similar interface. Even if MPICH2 aims to implement the
entire MP1-2 specification the final release is still not pub-
lished. The wide range of service interfaces together with
the ability to select modules dynamically justify the deci-
sion to use LAM/MPI.

The Request Progression Interface (RPI) [9] of
LAM/MPI defines a set of functions that are called to pro-
cess point-to—point transmission of MPI requests. An RPI
module implements these functions in order to interface be-
tween the upper layer of LAM/MPI and the underlying
network API. The function set is well designed and doc-
umented. Furthermore a specific module may be selected
during startup of the MPI application.

The last thing to mention is M-VIA. As already stated
before this software is used to provide a modular VIA im-
plementation. Device specific modules may be developed
in order to enable M-VIA to run on new hardware. Sev-
eral Ethernet drivers are available providing VIA services
over Ethernet hardware. All of our tests and measurements
are based on the M-VIA 1.0 distribution.

3. Creation of aLAM-RPI for VIA

The RPI module implements several functions. Among
others there are functions to process transmission requests.
At the RPI level each transmission is a point-to—point trans-
mission. The upper layers of LAM/MPI care for handling
collective operations. Each RPI module has to handle only
point-to—point communication. Either there is a specific
module implementing collective communication, or the col-
lective data transmission is split into several point—to—point
transmissions.

The RPI interface identifies four phases for each request.
The first one is used to build the request. At this stage the
VIA-RPI module allocates some memory in order to man-
age RPI specific data belonging to this request. The sec-
ond phase starts the request. The envelope of the request
becomes known to the RPI module. The envelope contains
sufficient information to determine the next steps. Espe-
cially the message size is used to select an appropriate treat-
ment. Lock at section 3.3 for more details. The third stage
is responsible for processing the request. At this point data
transmission takes place. Possibly this stage is entered sev-
eral times for one request. Furthermore send events and re-
ceive events are handled. The last phase is responsible for
cleanup the resources allocated during the first two phases.

In the following we present the most important concepts
of the VIA-RPI module. These concepts were developed for

efficient use of VIA services within the LAM/MPI frame-
work. At first the data transfer protocols are discussed. Next
the administration of pinned memory areas is shown. Fi-
nally some notes about the challenge of correct classifica-
tion of incoming messages are made.

3.1. Data Transfer

The actual kind of data transfer depends on the size of
the message. There are three different kinds of protocols.
They are called tiny protocol, short protocol and long pro-
tocol. At least the distinction between short and long mes-
sages is widely used. But we found very good reasons to
add a further protocol type. All data is transfered by us-
ing RDMA. The send/receive semantics of VIA are never
used within our module. Using RDMA the receiver does not
have to specify the location and the size of the target buffer
within the appropriate receive descriptor. Thus the sender is
enabled to write directly into a predefined buffer. Obviously
the sender side administers the receive side buffer without
requiring a handshake protocol.

Now we have a look at the tiny protocol. Since mem-
ory registration is a time consuming operation, the overhead
becomes significant for tiny messages. Therefore tiny mes-
sages are copied into a preregistered buffer at the sender.
The message body succeeds the envelope inside this buffer.
Only one descriptor is needed to issue the transmission. The
message is written into a preregistered buffer at the receiver.
As aresult two copies and no memory registration is needed
for tiny messages. Compared to memory registration any
data copy needs ca. 2 us less time as long as the message is
smaller than 16 kbyte. This value was retrieved from the ap-
propriate M-VIA functions.

The short protocol is used for messages that may be
too large to be copied around several times. On the other
hand short messages are too short to put up with the over-
head of a handshake protocol. Hence the sender registers
the data buffer. The data is still transmitted to a preregis-
tered buffer at the receiver. Thus we need one copy of the
data and one memory registration. It should perform well
even if we need two messages because of the envelope. Due
to the lazy memory deregistration, frequently used memory
keeps registered for a long time. Therefore the registration
overhead is avoided in most cases. For messages larger than
16 kbytes a memory copy is much slower than a memory
registration. But the receiver still has to perform one copy.
This protocol performs well as long as the time for an ad-
ditional handshake message is larger than the time needed
to copy the data at the receiver. If a small message would
take around 80 wus, this protocol is valuable for messages
from ca. 16 kbyte to ca. 32 kbyte. Thus the default mes-
sage sizes for the tiny protocol start from 1 byte up to 16



kbyte. Per default the short protocol is used from 16 kbyte
up to 32 kbyte.

Large messages are handled without using any preregis-
tered memory at all. Since the length of a message is not
restricted by MPI it could be impossible to keep sufficient
memory in reserve. Furthermore the registration of the orig-
inal data buffer at sender and receiver is more efficient as
copying of large data volumes. The protocol has to real-
ize a handshake in order to announce the address of the tar-
get buffer. If the message is larger than the current MTU, it
will be divided into several smaller data transfers.
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Figure 1. The three protocol types of the RPI
module.

3.2. Memory management

Many high—speed networks require a special treatment
of memory. To maintain address translation tables some
kind of registration must be performed. The participating
memory pages need to be locked to make them resident.
Also our VIA-RPI module has to care for this task. Unfor-
tunately the memory registration is a time consuming task.
To prevent from falling behind TCP/IP speed frequent calls
to these functions have to be avoided. Management of reg-
istered memory is a research field. In [1] mainly preregis-
tered buffers that do not change during program execution
are used.

In order to reduce the number of calls to the memory
management functions of VIA we use a lazy memory en-
gine. This name suggests that memory keeps registered even
if the current data transfer has finished. It is assumed that
the application uses the same memory area several times
for communication purposes. Each registration or deregis-
tration of memory is done by the functions of this module.
In contrast to the corresponding VIA functions the mem-
ory may stay registered. If the same memory area is reused,
a time consuming registration becomes unnecessary. This
approach is necessary to achieve good performance. On
the other hand some problems arise. The behaviour of the
mal | oc() function has to be modified. Memory areas
have to stay allocated after f r ee() is called.

In [2] the concept of the lazy memory engine was intro-
duced. The ideas described by this paper were used several
times before [3] [4]. Normally a hash—table was created to
maintain the registered memory areas. The start address of a
memory area had served as key to identify the matching ta-
ble entry. This solution works well as long as one assump-
tion is true. One has to assume that memory areas will never
interleave each other. Since there is no guarantee for the as-
sumption to be true we have to care about this case. Espe-
cially M-VIA does not support multiple registrations of the
same memory. If a common part of two memory areas is
registered twice, the next deregistration causes the common
part to be deregistered also. Refer to figure 2 to get an im-
pression of the effects of multiple registrations.

We decided to discard the hash-table but to use a bi-
nary search—tree. Thus it becomes possible to manage inter-
leaved memory while preserving a good performance. The
search tree needs log on steps to find one entry out of n en-
tries. Three basic scenarios have to be handled. In the first
one the new memory area is a subset of the old memory
area. The second case appears when both memory areas are
completely disjointed. In the third case the new memory
area partially interleaves the old one. Refer to figure 3 to
get an idea of these three cases. We need a criterion to tra-
verse the tree properly. Thus a comparison function is de-
fined. The listing shows the behaviour of the comparison
function:

e sa(y) returns the start address of memory area y
e ca(y) returns the end address of memory area y
e Given two memory areas x and y

x <y <= sa(z) < sa(y) A ea(z) < ea(y)

x>y <= sa(z) > sa(y) A ea(z) > ea(y)

e r =yelse

Using this criterion we are able to clearly identify the
cases shown in figure 3. Since one data block has to be asso-

ciated with one memory handle we may be forced to dereg-
ister a partly interleaved area. The appropriate super—set of
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Figure 2. The effect of multiple registrations
of one memory area.

memory has to be registered in order to retrieve a valid han-
dle. To avoid errors the memory engine has to keep track of
the use count of each memory area. Deregistration is only
possible if no data transfer is going on using the memory.

3.3. Classification of incoming messages

Each incoming message causes a receive descriptor to be
consumed. Even if RDMA is used solely the specification
of immediate data requires a corresponding receive descrip-
tor [16]. Due to this behaviour we are notified about incom-
ing data.

Nevertheless an incoming message has to be classified.
At first we have to decide to which connection the message
belongs. Next the message type has to be identified in order
to take appropriate actions.
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Figure 3. Three cases of memory overlap-
ping.

After the completion of a receive descriptor is recog-
nized the appropriate VI is known. Thus we could map from
the VI to the data structure representing the remote process.
But we found a more clear way to do this job. The imme-
diate data field of the receive descriptor carries meaningful
information. Fifteen bits are used to express the number of
the remote process. This is used as index into an array.

Next the type of data has to be determined. This may be
either an envelope or a message body. The immediate data
field helps to make the decision by adding a special flag. An
envelope is accessed appropriately. Thus the fields of the
envelope clearly specify what to do next. The message may
be an acknowledgement of a synchronous operation, an an-
nouncement of a target buffer or a regular envelope.

Finally we have to care for message bodies of long mes-
sages and short messages. There is no information inside the
request that may help us. Thus we maintain a list of all re-
quests being on the fly. Long messages need a handshake.
We exploit the queue discipline of any VI. A long request is
added to the head of the list when the rendezvous—message
of the receiver arrives at the sender. The acknowledgements
carrying buffer information are sent in the same order back.
Due to the strict queue discipline of the VI work queues
nothing gets confused. The initial order is preserved. Since
short message bodies follow directly after the correspond-
ing envelope we can handle this easily. When a short en-
velope is detected we queue the request on top of this list.
Thus an incoming message body always belongs to the re-



quest at the head of the list.

4. Performance

This section presents some performance results. We
made a comparison between our VIA-RPI module and al-
ready existing solutions. The following software was
tested:

e MPICH 1.2.5 using the TCP channel device [14]
e LAM/MPI 7.1 using the TCP RPI [13]
e MVICH based on MPICH 1.2.2.3 using M-VIA [12]

This list contains all solutions that enable MPICH and
LAM/MPI 7.x to run with Ethernet connections. Just one
software is missing. The ParMa [15] software represents an
M-VIA implementation for LAM/MPI 6.3.2. Due to source
code errors this software could not be compiled and tested.
In the following the properties of our testbed are listed:

e 2 X Athlon MP 1600+ CPU 1.4GHz real core freq.,
2x133MHz FSB, 256K L2 Cache

e 1 x Tyan Tiger MPX mainboard (AMD MPX chipset)

e 1x512 MB CL2 Unregistered PC2100 DDR SDRAM
Module

e 1 x 3COM 3C920 Fast Ethernet on-board NIC
e 1 x Intel Pro/100 S Desktop Fast Ethernet NIC

All tests used the Intel Pro/100 S Ethernet card for data
transmission. The other interfaces were not used during the
tests. We run the PALLAS benchmark PMB [11] to deter-
mine the results. The PALLAS micro benchmark performs
simple MPI operations on two nodes. The Round Trip Time
(RTT) is measured. The results give an impression of the
performance of an MPI library.

Figure 4 shows the latency of the transmission of mes-
sages up to 256 bytes. Our VIA-RPI module shows the best
performance. Even the M-VIA based MVICH implemen-
tation is a bit slower. This figure also shows the impact
of TCP/IP while using the native protocol stack. As ex-
pected the TCP devices show a higher latency. Bypassing
the TCP/IP stack saves time that would be spent in redun-
dant tasks.

Figure 5 shows the bandwidth of messages from 16
kbytes up to 512 kbytes. The VIA-RPI performs very well
and clean. But the LAM/MPI TCP-RPI seems to be bet-
ter up to 65 kbytes. We tried to determine the reason. Thus
we measured the native network latency of TCP. We sub-
tracted the RTT from the results of the PALLAS benchmark.
The resulting overhead became lower than zero. Consider-
ing this fact the good results of the TCP-RPI become im-
plausible even if we can not explain this effect.

Refer to figure 6 to get an impression of the differences
between the raw device speed and the MPI speed. The
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RTT of TCP/IP is determined using the NetPIPE bench-
mark [10]. This RTT was subtracted from the RTT of the
LAM/MPI TCP-RPI. The raw RTT of M-VIA was deter-
mined using a ping—pong data transmission. This RTT was
subtracted from the RTTs of MVICH and LAM/MPI with
VIA-RPI. The TCP/IP device shows a difference lower than
zero. This would imply that MP1 over TCP/IP is faster than
direct access to the TCP socket.
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5. Conclusion and outlook

This paper presented the new VIA-RPI module for ver-
sion 7.1 of LAM/MPI. The module was developed with fo-
cus on M-VIA. The goal and field of M-VIA was men-
tioned. Also any other VIA library may be linked to the
VIA-RPI module. We started with an introduction of basic
concepts of VIA and LAM/MPI. The main part of the paper
discussed the challenges of creating the VIA-RPI module.
We concentrated on the transmission protocols, the mem-
ory management and the message classification. Finally the
performance results were shown.

We intend to improve the VIA-RPI device in future.
Shared memory support may be added to manage multi-
ple processes at one node. Moreover the module does not
handle empty receive queues at the moment. This will be
a subject to future work. The M-VIA software also needs
to be improved. Especially memory management and de-
vice drivers require some changes. The work may be ex-
tended to MPICH2. As soon as version 1.0 of MPICH2 ap-
pears we will consider the possibility to extend this work to
the MPICH2 distribution.
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