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1 Executive summary
The aim of Work Package 6 (WP6) is to provide an Experimental Execution Environment (EEE) for
the project’s scientists and external users of ComPat tools. EEE aims to be a collection of software,
computing resources and custom developed tools that allows users to submit simulations to be
performed at the projects’ computing sites. To this end the sites have to provide a common software
infrastructure and the EEE must have a single, unified job submission system. The submission system
we use is QCG (https://www.qoscosgrid.org/), developed at the Poznan Supercomputing and
Networking Center. The uniform software infrastructure is provided using environment modules
(http://modules.sourceforge.net/). ComPat specific naming conventions are used for these modules to
achieve consistency. It is important for the goals of the project that the user does not know or care in
which particular site their software is run. The computing sites and computing nodes on those sites
have to be automatically chosen in order to optimise energy consumption and in order to best suit a
particular application.
Before the Month 18 of the project, a user’s manual for the EEE was prepared. It is available
on a publicly accessible wiki website. It is being maintained and updated constantly by WP6 members.
The manual can be found at http://compat-eee-wiki.drg.lrz.de (and also in the appendix). The manual
is prepared with the intention of allowing users to start executing their simulations on the EEE.
Along with the manual we have implemented and hosted on a virtual machine at LRZ a
maintenance database. It is used to schedule and announce planned downtimes. Computing sites are
asked to fill in a form to add new scheduled downtimes and the users can view them via a website.
Alternatively, this information can be gathered from other sources, such as databases or public
websites. For example, we use a Cron job to get this information from the GOCDB system. The
maintenance database takes the form of a RESTful web service with the API available on the wiki.
Users can query the list of upcoming, current and past scheduled downtimes by following this link:
https://nagios-compat.drg.lrz.de:5000. They need to authenticate using their grid certificate and this
information is only accessible to people who are part of the EEE.
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2 EEE users’ manual
We have prepared the first version of the EEE users’ manual. The purpose of the manual is to provide
project users with instructions on how to start using the EEE. This means: getting a Grid certificate,
registering on the various supercomputing sites, and using the common ComPat software
infrastructure (e.g. instructions on using QCG). We also provide EEE specific information to the
project’s developer community. DokuWiki was chosen as the platform to host the manual. We chose a
Wiki format because this allows for easy collaborative editing of the document. For example, it allows
for more frequent updates, with contributing members being able to edit the pages independent of one
another. We chose DokuWiki because it is simple to install and uses plain text for storing wiki pages.
This allows for automatic generation of wiki pages if such a need arises. For example, scheduled
downtimes can be reported as an automatically updated wiki page (functionality planned). The wiki
can be reached via the main project web site. It can also be found by following the link.
http://compat-eee-wiki.drg.lrz.de/dokuwiki/doku.php
In summary, it provides the following information:


Instructions on how to obtain a Grid certificate. Grid certificates are used as a means of
authentication in this project. There are currently two possibilities that the project’s computing
sites support: a “real” Grid certificate or a PLGrid SimpleCA certificate. The latter one can be
used by partners who for some reason have trouble acquiring certificates from
https://www.eugridpma.org/.



How to register on project’s supercomputing sites. The procedure currently is different on
each participating supercomputing site. This is due to different policies in different
organizations.



A software request form. This is used to request software modules to be made available on
project’s sites.



A list of available environment modules.



Environment module naming conventions.



Technical information like the APIs for querying the maintenance database and service uptime
statistics.



QCG user’s manual: http://www.qoscosgrid.org/trac/qcg/wiki/user_information.

3 EEE hardware infrastructure
Currently the hardware for the EEE is provided by three supercomputing sites. We summarize the
available machines below. One of the goals of the project is to find ways to assign computing jobs to
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machines that are most suited for executing them – be it in terms of energy efficiency or compute time,
or both. Therefore, a heterogeneous hardware stack is an advantage.

3.1 LRZ
Leibniz Supercomputing Centre of the Bavarian Academy of Sciences and Humanities (LRZ) makes
SuperMUC (Figure 1: SuperMUC) available to the project. SuperMUC currently consists of two phases
(physically separate subsystems) – Phase 1 and Phase 2.

Figure 1: SuperMUC

Summary of hardware available in each phase is given below. At the time of this writing, users of the
ComPat middleware (QCG) only have access to Phase 1 of the machine. Integrating Phase 2 is planned
for the near future. SuperMUC uses the LoadLeveler job scheduling system by IBM.
Table 1: LRZ Hardware

Phase 1
Installation date
Processor

2011

Phase 2

2012

2013

2015

Westmere-EX

Sandy Bridge- Ivy-Bridge

Haswell Xeon

Xeon E7-4870

EP

(IvyB) and

Processor E5-

10C

Xeon E5-2680

Xeon Phi

2697 v3

8C

5110P

Number of nodes

205

9,216

32

3,072

Number of cores

8,200

147,456

3,840 (Phi)

86,016

Peak performance (PFlop/s)

0.078

3.2

0.064 (Phi)

3.58

Memory (TB)

52

288

2.56

194

Power consumption (MW)

<2.3
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3.2 PSNC
Poznan Supercomputing and Networking Center (PSNC) currently makes two machines
available to the ComPat project – Inula and Eagle (Figure 2: Eagle). A summary of their capabilities is
provided in the table. Eagle uses SLURM and Inula uses PBS for job scheduling. Inula also provides
access to GPGPU cards (Nvidia Tesla M2050). It has 205 GPGPU nodes.

Figure 2: Eagle

Table 2: PSNC Hardware

Eagle
Processor

Intel Xeon E5-2697

Inula
AMD (Interlagos), Intel Xeon
E5-2697

Number of nodes

1,233

681

Number of cores

32,984

3,360

Peak performance (PFlop/s)

1.4

0.1384

Memory (TB)

120.6

6.56

Power consumption (MW)

n/a

n/a

3.3 STFC
At the time of this writing Science & Technology Facilities Council’s Hartree Centre provides
their Neale machine (Figure 3: Neale) to the ComPat project. Neale is an immersion cooling
(environmentally friendly) machine.
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Figure 3: Neale

Table 3: STFC Hardware

Neale
Processor

Intel Xeon (Ivy Bridge E5-2650v2. 2.6GHz)

Number of nodes

120

Number of cores

1,920

Peak performance (PFlop/s)

n/a

Memory (TB)

7.68

Power consumption (MW)

n/a

3.4 Energy monitoring
We work together with WP4 in order to make sure energy consumption data is available. This work is
described in WP4’s deliverable.

4 EEE software infrastructure
In the following sections we provide the current state of software organisation and software solutions
we have developed. Primary focus is to provide a consistent user experience between computing sites
and allow for easy deployment of software on those sites. We monitor all relevant software services
running on our sites using Nagios (Figure 4: Nagios).

[D6.2 First report on the EEE]
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Figure 4: Nagios

4.1 VOMS
It was planned in the initial description of work for this work package that we will use Virtual
Organisation Membership Service (VOMS) in order to simplify the process of getting access to the
EEE and therefore ComPat related services. However, as noted in D6.1 and as was discussed with the
leaders of other work packages (namely WP5), we only have users internal to the project. This
simplifies the user registration procedure. Because of the aforementioned, setting up VOMS does not
provide enough benefit compared to the effort required. Therefore, it was decided not to rely on it and
keep the simpler system of granting users permissions to use resources individually.

4.2 EEE module system
The ComPat project’s computing resources are by the project’s very nature split between different
computing sites located in different organizations and different countries. The users of these resources
should not be expected to adapt to each site to run their software. One of the goals of the project is to
automatically run jobs on hardware most suited for that particular job. To this end, a unified software
infrastructure is needed across the sites. This means: commonly used libraries have to be built the
same way and provided using the same naming conventions. This unified software infrastructure is
provided via environment modules (http://modules.sourceforge.net/). On each computing site software
is organized in to an agreed upon directory structure. The users are meant to follow the directory
structure when building their own software. Commonly used libraries and tools that are specific to the
project also have associated module files for easy access. This partly relies on sites providing a shared
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directory that can be accessed by all the users that are part of the project. This directory can be
accessed via the $COMPAT_SHARED variable. The directory structure is as follows:
$COMPAT_SHARED/
/Astro
/Bio
/Common
/Fusion
/Modules
Astronomy related codes will be built under the Astro directory, biology, computational chemistry and
other life science codes will be built under Bio and nuclear fusion simulations will be built under
Fusion. The Common directory will contain libraries and other commonly used software, such as
MUSCLE2. Finally, the Modules directory contains environment module files. This directory will
have to be added to the $MODULEPATH variable in order for the module system to find it. The
contents of the Modules folder are synchronized between the different computing sites using a Globus
endpoint. The endpoint is called compat-module-system-2 and it’s contents can be easily transferred
to any participating site for use. In the table below we summarize the modules currently available to
EEE users.
Table 4: EEE Modules

Module

Description

compat

Will load ComPat environment variables, for example
$COMPAT_SHARED, which is used to access the ComPat shared
directory.

compat/common/ruby

RUBY programming language needed by MUSCLE2.

compat/common/muscle2

MUSCLE 2 - Multiscale Coupling Library and Environment is a
portable framework to do multiscale modeling and simulation on
distributed computing resources.

compat/common/amuse

AMUSE - Astrophysical Multipurpose Software Environment.

compat/common/namd

NAMD - a parallel molecular dynamics code designed for highperformance simulation of large biomolecular systems.

compat/common/amber

AmberTools – a package of molecular simulation programs.

Here is the relevant section of the module avail command on the SuperMUC, for example:

[D6.2 First report on the EEE]
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------------ /gpfs/work/pr92ge/di25pul/Modules -----------compat/1.0(default)
compat/common/muscle2/compat-1.1
compat/app/fusion/1.0(default)
compat/common/namd/2.10
compat/common/amber/16
compat/common/ruby/1.9.3(default)
compat/common/amuse/089e701
compat/dev/fusion/1.0(default)
compat/common/muscle2/612248f(default)

4.3 Maintenance database
The maintenance database is used to store scheduled downtimes. Scheduled downtimes differ from
unscheduled ones in that they are known in advance. This is an important distinction when calculating
service availability statistics. The periods of scheduled downtime don’t count towards downtime for
that particular service or machine. Currently there are several ways to add a scheduled downtime to the
downtime database. One of them is the scheduled downtime web-form (Figure 5: Scheduled downtime
entry form). It has to be filled in by hand by authorised users.

Figure 5: Scheduled downtime entry form

Another option is to automate the database update procedure. This is only possible if the site in
question provides scheduled downtimes in a well defined format. At the moment this is only true of
PSNC where downtimes can be queried using a REST interface. PSNC has agreed to mark downtimes
that apply to ComPat related services with a special flag. This way we can get the downtimes in XML
format by using the following query:
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wget --no-check-certificate --certificate=/home/nagios/.globus/usercert.pem \\
--private-key=/home/nagios/.globus/userkey.pem --private-key-type=PEM \\
-O gocdb.xml \\
https://goc.egi.eu/gocdbpi/public/?method=get_downtime&scope=&service_extensions=(ComPat=yes)

The resulting XML file is then parsed and the downtimes matching the query are added to the
database.
The database can further be queried to get data about current and upcoming scheduled
downtimes. Examples of queries and their results are given below.
https://nagios-compat.drg.lrz.de:5000/upcoming
[{"service_type": "QCG Compute", "hostname": "compat.hartree.stfc.ac.uk", "start_date": 1488351600.0, "end_date":
1488387600.0, "description": "Maintenance day - system at risk"}, {"service_type": "QCG Compute", "hostname":
"compat.hartree.stfc.ac.uk", "start_date": 1489561200.0, "end_date": 1489597200.0, "description": "Maintenance day - system
at risk"}]

https://nagios-compat.drg.lrz.de:5000/downtime
[]

In the second case there are no scheduled downtimes happening right now so the result is an empty
list. As can be seen in the above examples, the API uses a simple JSON based data format, where
downtimes are given in a list, each downtime consisting of the following information:
{
“hostname” : string,
“service_type”: string,
“start_date” : timestamp,
“end_date” : timestamp,
“description” : string
}

So far this service is used by QCG to gather information about upcoming and ongoing service
downtimes.
Supplementing the maintenance database, we have an availability database. The availability
database runs on the same virtual machine and periodically (once every hour) captures the state of
services that are monitored by Nagios.

4.4 Service availability statistics
Key performance indicators (KPIs) for measuring service availability were proposed in D6.1. In order
to calculate the value of these performance indicators we need to track service availability. This is
[D6.2 First report on the EEE]
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done via Nagios. We implemented a database that is updated by a cron job that captures Nagios state
and writes it to the database. The job is executed every hour and writes a record that shows the state
the service was in along with other metadata. This gives us an option to calculate service availability
statistics in various ways. One such way measures the percentage of time that the service was
functioning correctly over a user specified time period. That allows us to estimate the quality of
service availability in the project and highlights problem areas. We provide a web service that is
accessible to all members of the project:
https://nagios-compat.drg.lrz.de:5000/performance/dd.mm.yyyy/dd.mm.yyyy

To access the indicators, users indicate the start and end dates of the period they are interested in in the
template URL. Service availability statistics are calculated for that period and plots are generated and
downloaded to the browser. An example of that is given in (Figure 6: Service availability statistics).
This shows service availability from 8 March 2017 to 1 April 2017. The start of this period
corresponds to when we have finally finished integrating various sites in to the EEE. Namely, we have
finished integrating the Neale machine at Hartree in March of this year. Please note that each Nagios
monitoring probe has its own pie chart in the figure. In D6.1 the following table was proposed for
evaluating service availability:
Excellent

Very Good

Good

Mediocre

Poor

Above 99%

99%-95%

95%-85%

85%-70%

Below 70%

As can be seen, of the services we monitor (currently), 15 would fall under Excellent, 3 under Very
Good, 4 under Good and 1 under the Poor category. The monitoring of qcg.inula.man.poznan.pl
QCG computing service has revealed problems which will be subject to further investigations
and application of WP6 procedures to improve the stability and availability of the resource.
The KPIs are expected to improve since we have finished integrating all the services in to the EEE
only recently.
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Figure 6: Service availability statistics
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4.5 Software request form
ComPat users can request software and corresponding environment modules to be provided on all sites
by using the ComPat EEE software request form. The form can be accessed from the ComPat wiki
(http://compat-eee-wiki.drg.lrz.de/dokuwiki/doku.php?id=software_request). Users authenticates with
their DN and specify the software package they need.

Figure 7: Software request form

5 Other issues
In this section we explain various solutions and issues that have come up as part of maintaining the
EEE.

5.1 SimpleCA certificates
In order to allow researchers who do not have European grid certificates to participate in the project a
solution was needed. Grid certificates are used to authenticate in order to use computing resources.
Most sites participating in the project will hand out Grid certificates. Users not part of European
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institutions, like our project partners from ITMO, will generally not have these certificates. In order to
allow them to use the project resources, our computing sites have decided to allow users with
certificates issued by PLGrid SimpleCA certificate authority. These certificates can be obtained by
following the instructions of the user manual found by following the instructions for registering on the
PSNC here: http://compat-eee-wiki.drg.lrz.de/dokuwiki/doku.php?id=psnc_instructions. The process
used to obtain these certificates involves a project technical manager approving the users, therefore
there is no risk of misuse by people not belonging to the project. This is just a catch-all way to help
users who may not have Grid certificates to conveniently get access to the ComPat infrastructure.

5.2 Work-around for computing sites that do not allow outside access
Some computing sites do not allow outside access from compute nodes. Some others severely restrict
outside access from within login nodes too. For example, the SuperMUC system does not allow
Internet access from either. In practice, this causes problems when building modern software that often
relies on ad-hoc package managers (i.e., Anaconda for Python.) It also means it is very hard to use
systems that need a feedback of information in order to function. Examples of such systems are QCG
and RADICAL Cybertools. Both of which we need to deploy. QCG because it is a vital part of the
ComPat software infrastructure (being the middle-ware of choice for ComPat) and RADICAL
Cybertools because some users want to use it. The procedure of integrating these tools at these sites is
documented in detail in the D5.2 deliverable.

5.2.1 QCG
QCG is the ComPat middleware suite of choice. It is expected that EEE users will use QCG for their
job submissions and most ComPat services are in turn based on QCG. At LRZ, the QCG server runs
on a virtual machine within the LRZ network. This virtual machine is allowed to connect to
SuperMUC, the feedback mechanism relies on an SSH tunnel.

5.2.2 RADICAL Cybertools
RADICAL Cybertools is a distributed computing middleware suite. Some of our users rely on it to
execute their software. It depends for its operation on having access to an outside MongoDB (an open
source, document-based) database. This is not possible to do on SuperMUC in general. SuperMUC
worker nodes don’t have access to the outside, only to the log-in nodes. Furthermore, SuperMUC
login nodes are somewhat limited in that they can only be accessed from specific IPs and block
ingoing and outgoing traffic from everywhere else. For RADICAL Cybertools we have negotiated
privileged access to agreed-upon IP addresses so that outgoing SSH traffic is now possible.
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6 Conclusions
Before the month 18 we have achieved a unified and stable execution environment, built on top of
resources provided by our partners. We have also prepared and made available to project users the
EEE users’ manual. The manual is actively being updated by project members. Since the last
deliverable QCG was deployed on all computing sites and it is ready for use by project members (jobs
can be submitted via QCG to all project’s sites). RADICAL Cybertools were deployed on SuperMUC.
We have implemented a scheduled downtime database, software request form, and service availability
tracking.
In the upcoming months we will continue contributing to the manual, creating software
modules and deploying them on sites. We will also take care of getting new users using project’s
infrastructure and making sure users can deploy their software, especially when intervention from the
sites administrators is required.

7 Annexes
The user’s manual is presented as part of this deliverable as described in the DOW. It was exported at
2017-04-04 to PDF and attached to this document.
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