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Abstract. Performance modeling is important for implementing effitipar-
allel applications and runtime systems. The LogP modeluraptthe relevant
aspects of message passing in distributed-memory artmigsc In this paper we
describe an efficient method that measures LogP parametagfven message
passing platform. Measurements are performed for messdgbfierent sizes,
as covered by thearameterized LogP model, a slight extension of LogP and
LogGP. To minimize both intrusiveness and completion tifrta® measurement,
we propose a procedure that sends as few messages as pdssilstgplemen-
tation of this procedure, called tidPI LogP benchmark, is available from our
WWW site.

1 Introduction

Performance modeling is important for implementing efficient paralleliegibns and
runtime systems. For examphmpplication-level schedulers (AppLeS) [2] aim to min-
imize application runtime based on application-specific performance m¢aglsfor
completion times of given subtasks) which are parameterized by dynamiccegmar-
formance characteristics of CPUs and networks. An AppLeS may, for exangle, d
termine suitable data distributions and task assignments based &ndiwedge of
message transfer times and computation completion times.

Another example for the use of performance models is our MagPle ili8a8]
which optimizes MPI’s collective communication. Based on a model for thgpbetion
times of message sending and receiving, it optimizes communication geghsr
broadcast and scatter) and finds suitable segment sizes for splittingriasgages in
order to minimize collective completion time.

The LogP model [4] captures the relevant aspects of message passingoiidt
memory systems. It defines the numbepiaitessors P, the networKatency L, 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 ofablaend-
to-end bandwidth. Because LogP is intended for short messageslg are constant.
The LogGP model extends LogP to also cover long messages [1]. It addaragar
ter G for modeling thegap per byte for long messages, which are typically handled
more efficiently. Other variants of LogP have also been proposed wheowdhnleead
at the sender and the receiver side is treated separatelyalo,., and where some
parameters depend on the message size [5, 7, 8].



For practical use of LogP, the actual parameters of a parallel computingrpiatfo
have to be measured. Inside a supercomputer or workstation clusteetthiork perfor-
mance characteristics remain constant, except for possible changes in syfbieareso
In this case, the respective LogP parameters may be measured offline, and measuremen
efficiency hardly matters. Our MagPle library, however, targets malthisters con-
nected via wide-area networks. In this context, off-line measurementwoafeasible
due to two reasons, so measurement efficiency is very important. Firsisiieness
on other ongoing communication has to be kept as small as possible. Stwopdr-
formance of wide-area networks may change during application runtinjeddilsing
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] measgep e send-
ing large sequences of messages in order to saturate the communication lirtsh
case the link capacity (as expressed via the gap) can be observed. This measuremen
procedure has two drawbacks. It is highly intrusive and may disttibraongoing
communication. Also, it is time consuming when measuring long messeggscially
when the network has high latency and/or low bandwidth, as is the cdsevidie-area
connections as targeted by MagPle.

In this paper, we present a procedure that measures LogP parameters védthout s
urating the network with long messages. Only for empty messages (widtbyers of
data), the gap has to be determined by saturating the network. This can beealchi
in reasonable time even across wide area links. For all other message isigas, s
message roundtrips (and the gap for empty messages) are sufficient toinetdren
corresponding LogP parameters. In the remainder of the paper, we brieffy thar
LogP variant we usepérameterized LogP [8]), then we describe our measurement
procedure and compare our measurements with results obtained by sathesstimh
measurements.

2 Parameterized LogP

The parameterized LogP model defines five parameters, in analogy to Lagks the
number of processorg. is the end-to-end latency from process to process, combining
all contributing factors such as copying data to and from network interfacdghe
transfer over the physical networik.(m), o..(m), andg(m) are send overhead, receive
overhead, and gap. They are defined as functions of the message.sizén) and
o-(m) are the times the CPUs on both sides are busy sending and receiving aenessag
of sizem. For sufficiently long messages, receiving may already start while the sender
is still busy, soos ando, may overlap. The gap(m) is the minimum time interval
between consecutive message transmissions or receptions. It is theaalcyalae of
the end-to-end bandwidth from process to process for messages of a geen.s
Like L, g(m) covers all contributing factors. Frog{m) coveringo,(m) ando.(m),
follows g(m) > os(m) andg(m) > o.(m). A network N is characterized a& =
(L,0s,0r,9,P).

To illustrate how the parameters are used, we introd@eg andr(m), the times
for sending and receiving a message of sizevhen both sender and receiver simul-



taneously start their operationgm) = g(m) is the time at which the sender is ready
to send the next message. Whenever the network itself is the trarmmisxtleneck,
os(m) < g(m), and the sender may continue computing aftérn) time. But because
g(m) models the time a message “occupies” the network, the next message cannot b
sent beforgy(m). r(m) = L + g(m) is the time at which the receiver has received the
message. The latendycan 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 thi¢ fiest been
received until the last bit of the message has been received. Figure 1 [(lesftlailes

this modeling. When a sender transmits several messages in a row, tlog laikoon-
tribute only once to the receiver completion time but the gap values wfebages sum

up. This can be expresseddsi, , ma, ..., m,) = L+g(mi)+g(ma)+...+g(m,).
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Fig. 1. Message transmission as modeled by parameterized Lodp fdst measurement proce-
dure (right)
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For completeness, we show thparameterized LogP subsumes the original models
LogP and LogGP. In Table 1, LogGP’s parameters are expressed in teparsuvkter-
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 distieg be-
tweeno, ando,.. For short messages, they use o + L + o to relate thel. parameter
to receiver completion time which givdsa slightly different meaning comparedpa-
rameterized LogP. We use this equation to derive LogR.drom our own parameters.

3 Fast parameter measurement

Previous LogP micro benchmarks [5, 7] measure the gap values by sajutediiink

for each message size. Our method has to use saturation only for obtgaifing\s

we useg(0) for deriving other values, we measure it first. We measure the R€,,

for a roundtrip consisting of messages sent in a row neasure, and a single, empty
reply message sent back byrror. The procedure starts with = 10. The number of
messages is doubled until the gap per message changes ondybyt %. At this point,
saturation is assumed to be reached. We take the time measured for seadingfdh
largest number of messages (without replypagy(0). We start with a small number

of messages in a row in order to speed up the measurement. So we have & ensur
that the messages are sufficiently many such that the roundtrip timenmaled by



bandwidth rather than latency. Therefore, we also keep doublingfil the inequality
RTT, < e-RTT, 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 termpavbmeterized LogP

LogP/LogGP parameterized LogP
L = L+g() —o0:(1) — 0, (1)
0 = (0s(1) +0.(1))/2
g = g(1)
G = g(m)/m, for a sufficiently largen
P =P

All other parameters can be determined by the procedure shown in Fighf).(itg
starts with a synchronization message by which the so-calia@r process indicates
being ready. For each size, two message roundtrips are necessary frogasure to
mirror and back. (We usBT'T'(m) = RTT;(m).) In the first roundtripmeasure 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 djrgilds o (m).
g(m) and L can be determined by solving the equations R3T'(0) and RTT (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) —2¢(0))/2

In the second roundtripneasure sends a zero-bytes message, waitsfas RTT (m)

time, and then receivesa-bytes message. Measuring the receive operation now yields
o-(m), because after waitind > RTT(m) time, the message fromirror is available
atmeasure immediately, without further waiting.

For each message size, the roundtrip tests are initially run a small nofriraes.

As long as the variance of measurements is too high, we successively indrease t
amount of roundtrips. We keep adding roundtrips until the average irless than

¢, or until an upper bound on the total number of iterations is reachedof6éniall
messages, 15 for large messages).

Initially, measurements are performed for all sizes= 2* with k € [0, k,,]. The
value ofk,, has to be chosen big enough to cover any non-linearity caused by the tested
software layer. In our experiments, we used = 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 gagger by
(9(m)/m) has stabilized for largen. If this is not the case, sending larger messages
may achieve lower gaps (and hence higher throughput}.,Si3 incremented and the
next message size is tested. This process is performedy(2ftit) is close (withine)
to the value linearly extrapolated frogi2*=—2) andg (2= ~1).

So far, the “interesting” range of message sizes has been determined. posdly,
ble non-linear behavior remains to be detected. For anymsjzeve check whether the
measured values fex, (my ), o-(my ), andg(m,) are consistent with the corresponding,



predicted values for sizey;,, extrapolated from the measurements of the previous two
(smaller) message sizes,,_1 andmy_s. If the difference is larger tha#) we do new
measurements fon = (my_1 +myg)/2, and repeat halving the intervals until either the
extrapolation matches the measurements, or unti- my_; < max(32 bytes, e-my).

3.1 Limitationsof the method

Except for measuring(0), all parameters are derived from pairs of single messages sent
between theneasure andmirror processes. The correctness of timing these messages
relies on the independence of the message pairs from each other: the tikesitd
send a message fromeasure to mirror and back must always be the same, whether
or not other messages have been exchanged before. Wheneagere issues several
messages in a row, sending is slowed down to the rate at which the megsslgesps
drained. This exactly is the effect used to meaguiog. For all other measurements, we
avoid this effect by always sending messages in pairs fneasure to mirror and back.
Before measure may send the next message, it first has to receive frrror. This
procedure enforces that pipelines will always be drained between indiviceedage
pairs, assuming that message headers carry “piggybacked” flow control atform
that resets senders to their initial state after each message roundtrigsShisption

may fail for communication protocols which update their flow controbinfation in a
more lazy fashion. So far, we found our assumption to be reasonableyask# 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 that
or(m) > g(m) which seems to contradiperameterized LogP. This phenomenon is
caused by different behavior of the receive operation depending on whethér-th
coming message iexpected to arrive. Messages are expected to arrive whenever the
application called a matching receive operation before the message actuakyg atriv
the receiving host. The treatment of expected messages may be more efficienébecaus
unexpected messages, for example, may have to be copied to a separate refazive buf
before they can later be delivered to the application. In our measurement preced
o-(m) is measured with unexpected messages wheyeas is measured while re-
ceiving expected messages. Whenewdim) > g(m), g(m) gives an upper bound
for processing expected messages. With synchronous receive operatonmsgdkure-
ment setup is unavoidable, because otherwise the measured receive overheldecanno
separated from the time waiting for the message to arrive. (With ouriddBéd im-
plementation, we can also measure the receive overhead of expected messages for the
asynchronous receive operatidfRl _Irecv, in combination withMPI_Wait.)

The measurement procedure described above assumes that network links-are sym
metrical, such that sending fromeasure to mirror has the same parameters as for
the reverse direction. However, this assumption may not always be@mu wide area
networks, for example, the achievable bandwidth (the gap) and/oetinork latency
may be different in both directions, due to possibly asymmetricimgubehavior or
link speed. Furthermore, if the machines runningrtieasure andmirror processes are
different (like a fast and a slow workstation), then also the overheaseiading and
receiving may depend on the direction in which the message is sent. In suchtbases
parametersy, o, andg may be measured by performing our procedure twice, while



switching the roles ofneasure andmirror in between. Asymmetric latency can only
be measured by sending a message with a timestanand letting the receiver derive
the latency front,. — ¢, wheret,. is the receive time. This requires clock synchroniza-
tion between sender and receiver. Without external clock synchronizatienu@ikg
GPS receivers or specialized software like tievork time protocol, NTP), clocks can
only be synchronized up to a granularity of the roundtrip time betweerhosts [10],
which is useless for measuring network latency. Unfortunately, as we ¢@renerally
assume the clocks of (possibly widely) distributed hosts to belyigynchronized, we
can not measure asymmetric network latencies within our measurement framewor

4 Result evaluation

We implemented the measurement procedure on our experimentation platithech
the DAS system, which consists of four cluster computers. Each clust&iesiPen-
tium Pros that are connected by Myrinet. The clusters are located at four Duitch
versities and are connected by dedicated 6 Mbit/s ATM networks. (The systeiore
fully described orhttp: //mwww.cs.vu.nl/das/.)

For the measurements presented in Fig. 2, we have used our MPl messagg pass
system (described in [8, 9]) which can send messages inside clusters oveeidyrd
between clusters over the ATM links, using TCP. We implemented the puoeed an
MPI application, called th&PI LogP benchmark. We measured the LogP parameters
for MPI_Send and MPRecv as described above, exceptdon) which was measured
with our fast method, and by the link saturation method [5, 7]. Thaols in Fig. 2
showo; (for comparison) and, as measured by both methods. In general, on both
networks, the curves fo§ are rather close to each other, confirming the efficacy of
our method. There is a general trend that the new, fast method measuindy Higer
gaps. This can partially be explained by the systematic error of theatiatumethod
which has to be stopped heuristically based on the increase oatbe measured gap
values, causing part of the gap being missed. However, there is a régidny(e—

1 Kbyte over TCP, and 128 byte—4 Kbyte over Myrinet) where the saturatiethod
measures significantly less (up to 50%) than the fast method. We couhlilittthe
majority of this effect to a cache sensitivity of th@érror process which has better data
locality with the saturation-based method as it does not send messagesiveliling
the link. So, cache misses occur with somewhat larger messages, compaeethsi, th
roundtrip-based measurement.

Table 2 provides a breakdown of the measurement completion times sh&wgn i
for measuringy(0), o5 /o, (with implicit g(m > 0)), andg(m > 0) (with saturation)
over both networks. With our fast measurement procedure, only thedosneasure-
ments are necessary, yielding a performance gain of a factor of 10 over Mirtba
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 gaeameterized LogP [8] performance model. The
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Fig. 2. Measured send overhead and gap; over Myrinet (top) and @vBr(bottom)

major improvement of our measurement procedure is that the migap&letween two
messages can be observed without saturating the network for each messagarsize. F
thermore, our procedure adapts itself to the network characteristicséntorcheasure
parameters for all relevant message sizes.

We implemented the new measurement procedure, callédPhéogP benchmark,
for our MPI platform and verified on two different networks that it géis same results
as a saturation-based measurement. The improvements in measurement tigréfare s
icant. However, the time needed for a full measurement with various mesizagestill
takes too long to be performed during application runtime. As oumal goal is to
enable applications to react to changing WAN conditions, we will need tdaette

Table 2. Breakdown of measurement completion times (seconds)

Myrinet TCP
9(0) 0.05 12.3
0s/or (with implicit g(m > 0))  0.16 102.7
g(m > 0) (with saturation) 1.96 2018.7




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

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