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1. INTRODUCTION
Classification and identification of performance limiting fac-
tors in MPI applications is desired for code optimization,
studies of network interconnect design and procurement of
future systems. Various tracing tools such as the DUMPI
library [4] have been developed for trace collection; many
trace replay and/or analysis tools such as traceR[1] and
Structured Simulation Toolkit (SST) [2] have been imple-
mented, but most require high simulation overhead. More-
over, in one run, most simulators can only produce perfor-
mance prediction under one given system configuration.

In this work, we propose a trace-driven, MPI-based classifi-
cation tool that can identify the performance limiting factors
of a parallel application targeted at production interconnect
technologies. By maintaining multiple logical clocks, the
tool can produce performance estimations for many different
network configurations in one pass. By observing the appli-
cation performance for a range of network configurations,
we can determine whether the application is computation-
bound, communication-bound, or load-imbalance-bound. Clas-
sification results on DOE’s 9 applications show the perfor-
mance characteristic of each application as well as its sensi-
tivity to the speedup and slowdown of bandwidth speed and
latency for the given interconnect technologies.

2. TECHNICAL DETAILS
The tool uses an extension of Lamport’s logical clock [6]
to keep track of time progress in the trace replay. Such a
logical clock not only maintains the happen-before relation-
ship, it also tracks the predicted application execution time
with regards to the physical computation time observed in
the trace and non-unit latency. The tool maintains multi-
ple sets of logical clock counters, one set for each network
configuration. Each set of counters record different types
of predicted times including computation time, wait time,
latency time, bandwidth time of the application for the par-

ticular interconnect configuration.

Our tool supports two models for point-to-point communica-
tion: a table look-up based model that provides more accu-
rate estimation about the communication time on a system,
and a simple Hockney’s model [5] where an n bytes message
takes α + n × β time to complete, where α is the commu-
nication latency (the time to communicate a zero byte mes-
sage) and β is the bandwidth term that is the reciprocal of
the bandwidth. A collective communication is modeled as a
global synchronization for all processes to be ready for the
operation, and then the models in [7] are used to estimate
the time for different collective operations.

During one pass of the trace replay, logical clocks for all
network configurations are maintained simultaneously and
all of the counters are computed. With the predicted ex-
ecution times for carefully selected network configurations,
application classification is performed based on the perfor-
mance trend across a range of interconnect configurations
instead of the predicted performance for a particular inter-
connect configuration. For example, to determine if MiniFE
is computation-bound on 10G Ethernet which has an band-
width speed (BW) of 10Gbps and latency (L) of 5 microsec-
onds [3], we test the application’s sensitivity to both band-
width and latency by scaling 10G Ethernet’s bandwidth
and latency with the selected configurations, (BW/8, 8L),
(BW/4, 4L), (BW/2, 2L), (BW,L), (2BW,L/2), (4BW,L/4)
and (8BW,L/8). Figure 1 shows that the computation time
accounts for more than 90% of total execution and its to-
tal execution is insensitive to the speedup and slowdown of
bandwidth and latencies. Therefore, MiniFE on 1152 ranks
is computation-bound on 10G Ethernet.

This approach can tolerate the inaccuracy in the prediction
for individual network configuration and make the classifica-
tion robust. In order to model multiple network configura-
tions in one application run, we assume that all P2P and col-
lective communication are performed under Eagle protocol
with Hockney’s model. By analyzing the performance trend,
we can determine whether the application is computation-
bound (comp.), latency-bound (Latency), bandwidth-bound
(BW), or load-imbalance-bound (Imb.). Furthermore, if the
application is not bounded, we further classify the applica-
tions as load-imbalance sensitive (Imb./s), bandwidth sensi-
tive (BW/s), latency sensitive (latency/s), and communica-
tion sensitive (Comm./s).



Figure 1: Sensitivity of MiniFE on 1152 ranks to
communication (bandwidth and latency) on 10G
Ethernet

Table 1: Classification results (number of MPI ranks
shown in parenthesis)

ENET-1G ENET-10G QDR

AMG(8) Comp. Comp. Comp.
AMG(27) Imb.-s Imb.-s Imb.-s
AMG(216) Imb.-s Imb.-s Imb.-s
AMG(1728) Imb. Imb. Imb.
AMR(64) Latency-s Comp. Comp.
BigFFT(100) Comm. Comm. Imb.
CLAMR(64)† Latency Latency Imb.
CR(64)† Comm. Comm. Comp.
FB(64)† BW-s Comp. Comp.
FB(125) BW-s Imb.-s Imb.-s
MG(1000) Imb.-s Comp. Comp.
MiniFE(1152) Comp. Comp. Comp.
PARTISN(168) Imb. Imb. Imb.
IS(64)† Comm. Imb.-s Imb.-s

3. PRELIMINARY RESULTS
First, we compare the predicted overall execution time of
CLAMR, CR and FB with the observed performance. The
results in the poster show that the prediction error of our
proposed model with simple Hockney’s model does is not as
accurate as the look-up table approach. However, it is more
than sufficient to classify applications since our classification
is based on the performance trend over a range of network
configurations, which alleviates the problems caused by the
inaccurate modeling.

Table 1 summaries classification results of our selected DOE1

full application and miniapps targeted at 1G Ethernet, 10G
Ethernet and InfiniBand QDR. As can be seen from the ex-
periments, by examining the performance trend for an appli-
cation on a range of network configurations, many important
performance characteristics of the application is revealed.
By this approach, our tool is very effective in classifying
applications even with the inaccuracy in the performance
prediction for individual networks.
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Furthermore, We study the performance of our classification
tool using NAS’s benchmarks with 64 and 4096 ranks. Form
the figures in the poster, we show the simulation time speed
up ranges from 3 to 45 in comparison to the application time
for 64-rank runs and 2 to 14 time speedup for 4096 ranks
runs. In addition, we show that the execution time increases
only slightly when the number of network configurations in-
creases from 16 to 256 as a result of the extra communication
cost of synchronizing timestamps based on our MPI-based
implementation. This indicates that the number of network
configurations (up to 256) is not a major performance lim-
iting factor in the simulation; and the tool can effectively
predict the performance for many network configurations in
one simulation.

4. CONCLUSIONS
We have presented a trace-based and communication-centric
fast classification tool for MPI programs. By simultane-
ously model performance over multiple network configura-
tions, the tool can perform many network simulations in
comparable time to a single simulation by existing simu-
lators. The tool is able to effectively uncover performance
characteristics of the applications and identify the individual
contributors which include computation, latency, bandwidth
speed and load-imbalance. Based on the application’s sen-
sitivity to each contributor, it can classify application into
either bounded or sensitive. The tool can be used to aid par-
allel application programmers to study the performance of
their experiments. It will also help the design and procure-
ment of future HPC systems for DOE laboratories by nar-
rowing down the number of key applications that requires
more detailed performance investigation.
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