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Background

• Hardware performance counters

• Events: Cache hits, branch 
mispredictions, total instructions, etc.

• PAPI: portable access to performance 
counters

• PapiEx: utility to run its arguments with 
PAPI instrumentation

PAPI: icl.cs.utk.edu/projects/papi



Problems

• Inefficiencies in HPC system administration 
and use stem from ignorance of workloads

• Suboptimal codes with large allocations 
waste CPU time

• Inappropriate systems purchased

• Programmers aren’t measuring their code

• HW counters let us measure efficiency



Previous work

• /proc based approaches

• Linux, low granularity

• NCSA PerfSuite

• Linux, HW counters, less web-focused



Solution

• Using HW counters can be difficult on a 
per-project basis, so:

• Measure everything with HW counters!

• every process, every thread, all the time

• Do it without perturbing jobs.

• How do we store and use the info later?



Transparency

• Must be invisible to users - where to 
intercept jobs?

• Wrap shell on compute nodes, and modify 
batch submission script

• PapiEx Uses dynamic linker to transparently 
instrument



Scalability

• Decoupled data writing and insertion into 
database

• how much data? 

• query efficiency: processing done on server



Interface

• Exposed limited amount of data

• Web interface with graphing

• Not an interactive tuning environment

• Most useful for system owners/
administrators?



Single Job Evaluation

Fig. 1. PerfMiner Graph of Instructions Per Cycle of a Serial Job

6 Evaluation

The goal of PerfMiner was to be able to support three different audiences (users,
system administrators and managers) through a common information collection
infrastructure. For the user community, we wish to be able provide a simple way
of providing performance information about recently submitted jobs without
any changes to the user’s application or environment. This information could
contain the efficiency of various components, the overall processing time of each
component or more details hardware performance metrics. The ultimate goal is
to not only provide performance information but to provide information as to
why the components of that job are performing a certain why. In Figure 1, we
have used PerfMiner to plot instructions per cycle against the executable name
to see if we can identify which executables are running efficiently. This particular
user has apparently submitted a shell script to perform a run of Gamess, an ab-
initio quantum chemistry package. Here we find that Gamess was far from the
most efficient executable in this particular job.

For the administrator and support staff community, we may not be so interested
in actual process performance, but rather the throughput of the system and the
users’ jobs. In Figure 2, we have chosen a query to find out which users of our
Itanium 2 cluster performance of the system as a whole. For this particular
query, we have asked the system to plot the average level 1 data cache hit rate
of jobs and sort the results by user. Not surprisingly, the user with the highest
miss rate is utilizing the most compute cycles. This kind of query is extremely
powerful when aiming to maximize the throughput of a particular system. It’s
not hard to envision a scenario where application specialists approach the user
in question and offer help to optimize the user’s code.

Lastly, PerfMiner’s goal is to be able to facilitate a good understanding of ex-
actly how the systems are being used by the various user communities. By doing
so, they can plan appropriately for future procurements. The central idea here



User comparisons

Fig. 2. PerfMiner Graphs of Level 1 Data Cache Miss Rates and Total Cycle Con-
sumption by User

being that they can focus their procurements on having the type of hardware ap-
propriate for the problems being solved. Should the user workload demonstrate
high cache hit-rates and counts of floating point instructions, perhaps a system
with a similar size cache but a higher core clock frequency and deeper floating
point pipeline would be an appropriate upgrade. Should the workload demon-
strate low processor utilization and low TLB-miss rates, perhaps an upgrade of
the I/O subsystem would be more appropriate than a processor upgrade. The
key here is to remove the guesswork involved in the procurement process. Instead
of focusing next generation purchases on either artificial benchmark suites or a
select group of applications, the procurement could be based on exactly what
the user community has demonstrated a need for.

7 Related Work

There are numerous systems in existence that do cluster-wide performance moni-
toring. Many of them like Ganglia[Ganglia], SuperMon[SuperMon], CluMon[CluMon],
NWPerf[NWPerf] and SGI’s Performance CoPilot[PCP] are extensible frame-
works capable of just about any metric. All these systems gather their met-
rics only on a system wide basis through a daemon process that scrapes the
/proc filesystem. PerfMiner is most closely related to (and inspired by) the
pioneering work done by Rick Kufrin et al at the National Center for Super-
computing Applications[Kufrin1]. In that work, a locally developed PAPI based
tool PerfSuite[PerfSuite] is used to collect information on jobs sent through their
batch system. The primary differences between our work are the collection mech-
anism, the design of the database and the user interface. Through personal cor-
respondence with the authors we have learned that there is an internal Web
interface through which they make queries, but that form and function of inter-
face remains unclear. In contrast, PerfMiner’s audience and usage model drives
the implementation, with rapid deployment, ease of use and clarity of the pre-
sented data being our primary objectives.



Questions

• Real contributions? 

• portability, focus on interface, and?

• Will this work as well for other systems?

• Can HW counters really give us a good 
measure of efficiency?

• Automatic data gathering “behind our 
back” - what other data could be useful?


