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Abstract. Performance modeling is important for implementing efficient par-
allel applications and runtime systems. The LogP model captures the relevant
aspects of message passing in distributed-memory architectures. In this paper we
describe an efficient method that measures LogP parameters for a given message
passing platform. Measurements are performed for messagesof different sizes,
as covered by theparameterized LogP model, a slight extension of LogP and
LogGP. To minimize both intrusiveness and completion time of the measurement,
we propose a procedure that sends as few messages as possible. An implemen-
tation of this procedure, called theMPI LogP benchmark, is available from our
WWW site.

1 Introduction

Performance modeling is important for implementing efficient parallel applications and
runtime systems. For example,application-level schedulers (AppLeS) [2] aim to min-
imize application runtime based on application-specific performance models(e.g., for
completion times of given subtasks) which are parameterized by dynamic resource per-
formance characteristics of CPUs and networks. An AppLeS may, for example, de-
termine suitable data distributions and task assignments based on theknowledge of
message transfer times and computation completion times.

Another example for the use of performance models is our MagPIe library [8, 9]
which optimizes MPI’s collective communication. Based on a model for the completion
times of message sending and receiving, it optimizes communication graphs (e.g., for
broadcast and scatter) and finds suitable segment sizes for splitting largemessages in
order to minimize collective completion time.

The LogP model [4] captures the relevant aspects of message passing in distributed-
memory systems. It defines the number ofprocessors P , the networklatencyL, and the
time (overhead) o a processor spends sending or receiving a message. In addition, it
defines thegap g as the minimum time interval between consecutive message trans-
missions or receptions at a processor, which is the reciprocal value of achievable end-
to-end bandwidth. Because LogP is intended for short messages,o andg are constant.
The LogGP model extends LogP to also cover long messages [1]. It adds a parame-
ter G for modeling thegap per byte for long messages, which are typically handled
more efficiently. Other variants of LogP have also been proposed where theoverhead
at the sender and the receiver side is treated separately asos andor, and where some
parameters depend on the message size [5, 7, 8].



For practical use of LogP, the actual parameters of a parallel computing platform
have to be measured. Inside a supercomputer or workstation cluster, the network perfor-
mance characteristics remain constant, except for possible changes in system software.
In this case, the respective LogP parameters may be measured offline, and measurement
efficiency hardly matters. Our MagPIe library, however, targets multiple clusters con-
nected via wide-area networks. In this context, off-line measurements arenot feasible
due to two reasons, so measurement efficiency is very important. First, intrusiveness
on other ongoing communication has to be kept as small as possible. Second,the per-
formance of wide-area networks may change during application runtime [11], causing
measurements also to be performed regularly.

The main problem with measurement efficiency is how to accurately measure the
gap parameter. The measurement methods described in [5, 7] measure thegap by send-
ing large sequences of messages in order to saturate the communication linksin which
case the link capacity (as expressed via the gap) can be observed. This measurement
procedure has two drawbacks. It is highly intrusive and may disturb other ongoing
communication. Also, it is time consuming when measuring long messages, especially
when the network has high latency and/or low bandwidth, as is the case with wide-area
connections as targeted by MagPIe.

In this paper, we present a procedure that measures LogP parameters without sat-
urating the network with long messages. Only for empty messages (with zero bytes of
data), the gap has to be determined by saturating the network. This can be achieved
in reasonable time even across wide area links. For all other message sizes, simple
message roundtrips (and the gap for empty messages) are sufficient to determine the
corresponding LogP parameters. In the remainder of the paper, we briefly clarify the
LogP variant we use (parameterized LogP [8]), then we describe our measurement
procedure and compare our measurements with results obtained by saturation-based
measurements.

2 Parameterized LogP

Theparameterized LogP model defines five parameters, in analogy to LogP.P is the
number of processors.L is the end-to-end latency from process to process, combining
all contributing factors such as copying data to and from network interfacesand the
transfer over the physical network.os(m), or(m), andg(m) are send overhead, receive
overhead, and gap. They are defined as functions of the message sizem. os(m) andor(m) are the times the CPUs on both sides are busy sending and receiving a message
of sizem. For sufficiently long messages, receiving may already start while the sender
is still busy, soos andor may overlap. The gapg(m) is the minimum time interval
between consecutive message transmissions or receptions. It is the reciprocal value of
the end-to-end bandwidth from process to process for messages of a given size m.
Like L, g(m) covers all contributing factors. Fromg(m) coveringos(m) andor(m),
follows g(m) � os(m) andg(m) � or(m). A networkN is characterized asN =(L; os; or; g; P ).

To illustrate how the parameters are used, we introduces(m) andr(m), the times
for sending and receiving a message of sizem when both sender and receiver simul-



taneously start their operations.s(m) = g(m) is the time at which the sender is ready
to send the next message. Whenever the network itself is the transmission bottleneck,os(m) < g(m), and the sender may continue computing afteros(m) time. But becauseg(m) models the time a message “occupies” the network, the next message cannot be
sent beforeg(m). r(m) = L+ g(m) is the time at which the receiver has received the
message. The latencyL can be seen as the time it takes for the first bit of a message to
travel from sender to receiver. The message gap adds the time after the first bit has been
received until the last bit of the message has been received. Figure 1 (left) illustrates
this modeling. When a sender transmits several messages in a row, the latency will con-
tribute only once to the receiver completion time but the gap values of allmessages sum
up. This can be expressed asr(m1;m2; : : : ;mn) = L+g(m1)+g(m2)+ : : :+g(mn).
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Fig. 1. Message transmission as modeled by parameterized LogP (left); fast measurement proce-
dure (right)

For completeness, we show thatparameterized LogP subsumes the original models
LogP and LogGP. In Table 1, LogGP’s parameters are expressed in terms ofparameter-
ized LogP. We use 1 byte as the size for short messages; any other reasonable “short”
size may as well be used instead. Note that neither LogP nor LogGP distinguishes be-
tweenos andor. For short messages, they user = o+ L+ o to relate theL parameter
to receiver completion time which givesL a slightly different meaning compared topa-
rameterized LogP. We use this equation to derive LogP’sL from our own parameters.

3 Fast parameter measurement

Previous LogP micro benchmarks [5, 7] measure the gap values by saturating the link
for each message size. Our method has to use saturation only for obtainingg(0). As
we useg(0) for deriving other values, we measure it first. We measure the timeRTTn
for a roundtrip consisting ofn messages sent in a row bymeasure, and a single, empty
reply message sent back bymirror. The procedure starts withn = 10. The number of
messagesn is doubled until the gap per message changes only by� = 1%. At this point,
saturation is assumed to be reached. We take the time measured for sending the so-far
largest number of messages (without reply) asn � g(0). We start with a small number
of messages in a row in order to speed up the measurement. So we have to ensure
that the messages are sufficiently many such that the roundtrip time is dominated by



bandwidth rather than latency. Therefore, we also keep doublingn until the inequalityRTT1 < � �RTTn holds. By waiting for a reply we enforce that the messages are really
sent tomirror instead of just being buffered locally.

Table 1. LogGP’s parameters expressed in terms ofparameterized LogP

LogP/LogGP parameterized LogPL = L+ g(1)� os(1)� or(1)o = (os(1) + or(1))=2g = g(1)G = g(m)=m, for a sufficiently largemP = P
All other parameters can be determined by the procedure shown in Fig. 1 (right). It

starts with a synchronization message by which the so-calledmirror process indicates
being ready. For each sizem, two message roundtrips are necessary frommeasure to
mirror and back. (We useRTT (m) = RTT1(m).) In the first roundtrip,measure sends
anm-bytes message and in turn receives a zero-bytes message. We measure the time
for just sending and for the complete roundtrip. The send time directly yields os(m).g(m) andL can be determined by solving the equations forRTT (0) andRTT (m),
according to the timing breakdown in Fig. 1 (left):RTT (0) = 2(L+ g(0)) RTT (m) = L+ g(m) + L+ g(0)g(m) = RTT (m)�RTT (0) + g(0) L = (RTT (0)� 2g(0))=2
In the second roundtrip,measure sends a zero-bytes message, waits for� > RTT (m)
time, and then receives am-bytes message. Measuring the receive operation now yieldsor(m), because after waiting� > RTT (m) time, the message frommirror is available
at measure immediately, without further waiting.

For each message size, the roundtrip tests are initially run a small numberof times.
As long as the variance of measurements is too high, we successively increase the
amount of roundtrips. We keep adding roundtrips until the average error is less than�, or until an upper bound on the total number of iterations is reached (60 for small
messages, 15 for large messages).

Initially, measurements are performed for all sizesm = 2k with k 2 [0; km]. The
value ofkm has to be chosen big enough to cover any non-linearity caused by the tested
software layer. In our experiments, we usedkm = 18 to cover all changes in send
modes of the assessed MPI implementation (MPICH).

After measuring the initial set of message sizes, we check whether the gap per byte
(g(m)=m) has stabilized for largem. If this is not the case, sending larger messages
may achieve lower gaps (and hence higher throughput). Sokm is incremented and the
next message size is tested. This process is performed untilg(2km) is close (within�)
to the value linearly extrapolated fromg(2km�2) andg(2km�1).

So far, the “interesting” range of message sizes has been determined. Finally,possi-
ble non-linear behavior remains to be detected. For any sizemk, we check whether the
measured values foros(mk), or(mk), andg(mk) are consistent with the corresponding,



predicted values for sizemk, extrapolated from the measurements of the previous two
(smaller) message sizes,mk�1 andmk�2. If the difference is larger than�, we do new
measurements form = (mk�1+mk)=2, and repeat halving the intervals until either the
extrapolation matches the measurements, or untilmk�mk�1 � max(32 bytes; ��mk).
3.1 Limitations of the method

Except for measuringg(0), all parameters are derived from pairs of single messages sent
between themeasure andmirror processes. The correctness of timing these messages
relies on the independence of the message pairs from each other: the time it takes to
send a message frommeasure to mirror and back must always be the same, whether
or not other messages have been exchanged before. Whenevermeasure issues several
messages in a row, sending is slowed down to the rate at which the message pipeline is
drained. This exactly is the effect used to measureg(0). For all other measurements, we
avoid this effect by always sending messages in pairs frommeasure to mirror and back.
Beforemeasure may send the next message, it first has to receive frommirror. This
procedure enforces that pipelines will always be drained between individual message
pairs, assuming that message headers carry “piggybacked” flow control information
that resets senders to their initial state after each message roundtrip. Thisassumption
may fail for communication protocols which update their flow control information in a
more lazy fashion. So far, we found our assumption to be reasonable, as itworks both
with TCP and with our user-level Myrinet control software LFC [3].

In some cases, our measurements reveal values for the receive overhead such thator(m) > g(m) which seems to contradictparameterized LogP. This phenomenon is
caused by different behavior of the receive operation depending on whether the in-
coming message isexpected to arrive. Messages are expected to arrive whenever the
application called a matching receive operation before the message actually arrives at
the receiving host. The treatment of expected messages may be more efficient because
unexpected messages, for example, may have to be copied to a separate receive buffer,
before they can later be delivered to the application. In our measurement procedure,or(m) is measured with unexpected messages whereasg(m) is measured while re-
ceiving expected messages. Wheneveror(m) > g(m), g(m) gives an upper bound
for processing expected messages. With synchronous receive operations, this measure-
ment setup is unavoidable, because otherwise the measured receive overhead cannot be
separated from the time waiting for the message to arrive. (With our MPI-based im-
plementation, we can also measure the receive overhead of expected messages for the
asynchronous receive operation,MPI Irecv, in combination withMPI Wait.)

The measurement procedure described above assumes that network links are sym-
metrical, such that sending frommeasure to mirror has the same parameters as for
the reverse direction. However, this assumption may not always be true. On wide area
networks, for example, the achievable bandwidth (the gap) and/or the network latency
may be different in both directions, due to possibly asymmetric routing behavior or
link speed. Furthermore, if the machines running themeasure andmirror processes are
different (like a fast and a slow workstation), then also the overhead for sending and
receiving may depend on the direction in which the message is sent. In such cases, the
parametersos, or, andg may be measured by performing our procedure twice, while



switching the roles ofmeasure andmirror in between. Asymmetric latency can only
be measured by sending a message with a timestampts, and letting the receiver derive
the latency fromtr � ts, wheretr is the receive time. This requires clock synchroniza-
tion between sender and receiver. Without external clock synchronization (like using
GPS receivers or specialized software like thenetwork time protocol, NTP), clocks can
only be synchronized up to a granularity of the roundtrip time betweentwo hosts [10],
which is useless for measuring network latency. Unfortunately, as we can not generally
assume the clocks of (possibly widely) distributed hosts to be tightly synchronized, we
can not measure asymmetric network latencies within our measurement framework.

4 Result evaluation

We implemented the measurement procedure on our experimentation platformcalled
the DAS system, which consists of four cluster computers. Each cluster contains Pen-
tium Pros that are connected by Myrinet. The clusters are located at four Dutchuni-
versities and are connected by dedicated 6 Mbit/s ATM networks. (The system is more
fully described onhttp://www.cs.vu.nl/das/.)

For the measurements presented in Fig. 2, we have used our MPI message passing
system (described in [8, 9]) which can send messages inside clusters over Myrinet and
between clusters over the ATM links, using TCP. We implemented the procedure as an
MPI application, called theMPI LogP benchmark. We measured the LogP parameters
for MPI Send and MPIRecv as described above, except forg(m) which was measured
with our fast method, and by the link saturation method [5, 7]. The graphs in Fig. 2
showos (for comparison) andg, as measured by both methods. In general, on both
networks, the curves forg are rather close to each other, confirming the efficacy of
our method. There is a general trend that the new, fast method measures slightly larger
gaps. This can partially be explained by the systematic error of the saturation method
which has to be stopped heuristically based on the increase rate� of the measured gap
values, causing part of the gap being missed. However, there is a region (64 byte—
1 Kbyte over TCP, and 128 byte—4 Kbyte over Myrinet) where the saturation method
measures significantly less (up to 50%) than the fast method. We could attribute the
majority of this effect to a cache sensitivity of themirror process which has better data
locality with the saturation-based method as it does not send messages while draining
the link. So, cache misses occur with somewhat larger messages, compared to the fast,
roundtrip-based measurement.

Table 2 provides a breakdown of the measurement completion times shown inFig. 2
for measuringg(0), os=or (with implicit g(m > 0)), andg(m > 0) (with saturation)
over both networks. With our fast measurement procedure, only the first two measure-
ments are necessary, yielding a performance gain of a factor of 10 over Myrinet, and a
factor of 17 over the TCP link.

5 Conclusions

We presented a new, fast micro benchmark for measuring LogP parameters for mes-
sages of various sizes. We used theparameterized LogP [8] performance model. The
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Fig. 2. Measured send overhead and gap; over Myrinet (top) and over TCP (bottom)

major improvement of our measurement procedure is that the minimalgap between two
messages can be observed without saturating the network for each message size. Fur-
thermore, our procedure adapts itself to the network characteristics in order to measure
parameters for all relevant message sizes.

We implemented the new measurement procedure, called theMPI LogP benchmark,
for our MPI platform and verified on two different networks that it gets the same results
as a saturation-based measurement. The improvements in measurement time are signif-
icant. However, the time needed for a full measurement with various messagesizes still
takes too long to be performed during application runtime. As our ultimate goal is to
enable applications to react to changing WAN conditions, we will need to restrict the

Table 2. Breakdown of measurement completion times (seconds)

Myrinet TCPg(0) 0.05 12.3os=or (with implicit g(m > 0)) 0.16 102.7g(m > 0) (with saturation) 1.96 2018.7



measurements to only a few message sizes and extrapolate the others by a technique
like the one in [6]. TheMPI LogP benchmark is available from

http://www.cs.vu.nl/albatross/
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