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Abstract—In this report, the design and development of a tool
capable of providing a quick and intuitive analysis of the
measured performances in CRAB3 job submissions, on any Grid
or Cloud resources, is provided. The tool has been tested with
job submissions on Grid and Cloud infrastructures specifically
designed for benchmarking.

I. INTRODUCTION

There are two main reasons for developing a tool which
can give feedback about the performances of the execution
of tasks and jobs in CRAB3 [1] [2]. To describe them two
scenarios will be presented. A computer scientist interested in
the analysis of the efficiency of two different infrastructures
- for example the Worldwide LHC Computing Grid [3] and
any Cloud infrastructure - could easily execute various tasks on
both of them, and then with two commands, obtain information
on how both resources were exploited (informations that are
complementary to those given by the Dashboard [4]). Whereas
an analyst could use the same informations for different pur-
poses. For example, he might desire a fast but comprehensive
glimpse on how his jobs are performing. This procedure can
be quite cumbersome and time consuming, thus there was the
need of tool capable of extrapolating these informations from
the log files of the tasks.

II. DESIGN

The tool has been written using Python. In order to operate
it, a user that has carried his analysis in a specific working
directory (specified in the crabcfg.py file) for several tasks
should retrieved the logs through the CRAB command [5] [6]:

crab getlog <working-directory>/<task-directory>

Then he simply needs to run the tool giving as argument the
working directory:

python tasks_analyzer.py <working-directory>

and, at the end, the program creates a directory called
Tasks_Analysis_<working-directory> containing
both the informations about the single tasks and on overall
analysis of the tasks.

III. SINGLE TASK ANALYSIS

For each task contained in the working directory the tool
performs several actions. Firstly, it unpacks the log files
and stores them as .xml and .log files. Secondly, it retrieves
informations from these files and produces a dump of them
in a .csv file which can be then use for a more sophisticated
analysis using packages such as R. The metrics which have
been studied are:

o CPU Time: time the application spent on WN CPU.
« Execution Time: overall job execution time.

o CPU Efficiency: parameter which evaluates the CPU’s
efficiency as follows:

CPU Time

CPU Effici =
clency Execution Time

o Number of events: total number of events per each task.

Thirdly, with the above metrics, it produces plots in .png
format. Moreover, the graphs are stored in root files named
<task-name>.root for further analysis exploration with
ROOT.

As a demonstration of the features of this tool, in Fig. 1-
10, the plots produced by analyzing four tasks submitted to a
Cloud infrastructure in Bologna are shown. These tasks were
used to compare the performance of a Cloud infrastructure
to the Worldwide LHC Computing Grid and provide a proof
of concept of the elastic extension of the CMS-Bologna Tier-
3 Site on an external Cloud infrastructure, implemented on
OpenStack [8]. A newly designed LSF [7] conguration was
used in what it can be considered a “Cloud Bursting” of a
traditional CMS Grid Site [9]. In principles, the colleagues in
Bologna aimed to extend the Grid to a Cloud infrastructure
whenever it was need, without a user could even realize
that this procedure was happening. However, there are small
differences between the two architectures and these can be
detected thanks to this type of analysis tool.
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Fig. 1. Number of jobs as a function of the CPU Time for a workflow that
is described in detail in the text.

Execution Time

ExeTime
Envies. 200

Mear 1957
AMS 05282
Log Job Retrived / Tolsl 200200

Number of jobs

2]

co
I\\‘H\‘\H‘H\‘\H‘\H‘H\‘\H

o

0.5 1 1.5 2 2.5 3
Execution Time (h)

Fig. 2. Number of jobs as a function of the Execution Time for a workflow
that is described in detail in the text.

The plots in Fig. 1 and 2 provide a general overview of
the time of execution of the single jobs. With this type
of information, an analyst can optimize his job submission
exploiting his computing resources without having moments
in which there are no jobs running. For example, take Fig.1
and consider this case. An analyst typically will have to submit
many tasks consisting of many jobs each, and would aim to see
them finished in the minimum amount of time. It is realistic
that (s)he submits some jobs only, or a small task, first to
figure out how much time it may take to run all tasks in
the work queue. Running a small task and/or only few jobs
may not be statistically significant, i.e. they may end up in
underperforming Grid sites (thus overestimating the overall
work completion time), or only few of them may succeed
(thus yielding a not significant statistics of successful jobs to
draw any conclusion). It is probably wiser to submit a realistic,
medium-size task and use the tool documented in this project
to analyze the actual CPU time and CPU efficiency patterns of
all the jobs in such task. Consider for example that this is done
and the streamlined analysis of its results allows to conclude
that the vast majority of jobs in the test task complete in less

than 8 hours running on 5 different (in performance, location,
etc) computing centres. It will hence be straightforward to
presume that also all the other tasks may do the same: as a
consequence, having this insight at hand, a proper scheduling
of the user’s submissions in the next few days is possible, and
ultimately the whole work completion time will be largely
reduced with respect to a “let’s submit radomly and see what
happens” approach.
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Fig. 3. Number of jobs as a function of the CPU Efficiency for a workflow
that is described in detail in the text.

The plot in Fig. 3 shows if the computational resources are
used efficiently or whether there are problems for certain
tasks. Furthermore, this metric is fundamental to confront the
performances of the Grid to any Cloud infrastructure. Indeed,
in the context of the comparison previously described, one
expects to obtain different peaks of CPU efficiency for the
Tier-3 Cloud infrastructure in Bologna and the Grid. In the
end, it is a fast way to evaluate two completely different and
unrelated architectures.
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Fig. 4. Occurrences of the number of events for a workflow that is described
in detail in the text.

It is also interesting to have a quick graphical way to monitor
how many events have been processed - as from the info in
the logs - without actually looking at the logs themselves but
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by just parsing them and filling an histograms, as shown in
Fig. 4.
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Fig. 5. Execution Time as a function of the CPU Time for a workflow that
is described in detail in the text.

Execution Time vs Number of Events

£ s
£ 8-
= E
§ 30
g 25
[ -
= |-
w C 25
2
E 20
15—
c 15
=
E 10
05— Eniries
= Maan x 1.0552+04
C Maan y 1473 5
C AMS x 3108
0= RMS y 0.542
|- Caorrelation Factor 0.955711859847
Cov b buw by Ly Loy || Cop dobRovivedi Touw 20070 0
-2000 0 2000 4000 6000 8000 10000 12000 14000 16000 18000

Events

Fig. 6. Execution Time as a function of the number of events for a workflow
that is described in detail in the text.

A feature which is highly desirable in this kind of tools is to
been able to plot correlations between different observables.
Thus, this tool can produce bi-dimensional plots of all the
metrics discussed above according to the user’s needs. The
plot in Fig. 5 shows how the execution time is correlated to
the CPU time. The graph in Fig. 6 looks for the degree of
correlation between the Execution Time of each task and the
Number of Events contained in each task.

IV. MULTIPLE TASK ANALYSIS

So far, we discussed a per-task monitoring, in which all entries
in a plot refer and belong to just one task. Another useful
aggregation in CRAB3 is per Working Directory. In fact,
typically, users need to submit plenty of tasks, some of which
may become useless as the analysis proceeds, but some other
may be a reference for all the subsequent tasks creation and
submission. It is hence interesting, inside a unique working

directory, to graphically compare - for example - the average
CPU time (or other observables) *per task*, in a single *per
working directory* plot.
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Fig. 7. Averages of CPU Time for four related workflows.

In Fig. 7, the averages of CPU time of different tasks are
plotted. This may help to spot the tasks that use more CPU
time in their jobs’ execution.
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Fig. 8. Averages of Execution Time for four related workflows.

Analogously, in Fig. 8, the averages of Execution Time for
different tasks are plotted. This could help identify which tasks
take overall more time to finish.
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Fig. 10. Averages of number of events for four related workflows.

From the combined analysis of these plots it is possible to
extract even more valuable informations. For example, let’s
consider the plots in Fig. 9 and 10. In Fig 9, Taskl has a
lower CPU efficiency compared to other similar tasks. Now
observing the average number of events of the tasks in Fig.
10, one can conclude that having to access a larger number of
events might be the cause of the lower CPU efficiency. This
has only been possible by observing the four tasks in parallel.

V. JOB SUBMISSIONS FOR BENCHMARKING

The tool has been tested with job submissions on Grid and
Cloud specifically designed for benchmarking. The first tests
of the tool were performed on six small tasks in which it was
fixed the NJOBS to 10 whereas the unitsPerJob were
progressively increased (1, 2, 5, 10, 20, 50). These tests were
used to initially developed the tool. Once the reliability of the
tool was reassured, the tool was tested with log files coming
from the analysis of the Tier-3 Cloud infrastructure in Bologna
containing up to 200 jobs. All the tests were based on the same
workflow: an analysis task in the context of the fully hadronic
top physics [9].

VI. CONCLUSION

The tool is suitable for analyzing various tasks with several
hundreds of jobs without too much effort. In the future the tool
could be extended for investigating the causes which prevents
high values of CPU Efficiency (e.g. certain Grid sites with
inefficient machines or see whether the data were retrieved
through remote access). Furthermore, this tool has the potential
to become a service for the users in CMS either as a tool-kit
downloadable from GitHub or as a web application in which
the user has only to upload his log files.
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