Check for
Updates

Atomic and Molecular Scattering Applications in an Apache
Airavata Science Gateway

Barry I. Schneider
barry.schneider@nist.gov
National Institute of Standards and
Technology, Gaithersburg, MD 20899,
USA

Klaus Bartschat
Oleg Zatsarinny

Kathryn R. Hamilton
klaus.bartschat@drake.edu
oleg_zoi@yahoo.com

Igor Bray
igor.bray@curtin.edu.au
Curtin University, GPO Box U1987,
Perth, WA, Australia

kathryn hamilton@drake.edu
Drake University, Des Moines, 1A
50311, USA

Armin Scrinzi
armin.scrinzi@lmu.de
Ludwig-Maximilians Universitit,
D-80333, Miinchen, Germany

Jimena D. Gorfinkiel
jimena.gorfinkiel@open.ac.uk
School of Physical Sciences, The
Open University, Milton Keynes MK7
6AA, United Kingdom

ABSTRACT

We document recent progress made in the development and de-
ployment of a science gateway for atomic and molecular physics
(AMP) [10]. The molecular scattering applications supported in the
gateway and the early phase of the project were described in a
preliminary report [33]. Here, we present recent advances in both
the platform’s capabilities and in its adoption for additional soft-
ware suites and new possibilities for further development. The past
year has seen substantial progress, with the addition of two new
software suites and additional authors. A very successful workshop,
supported by the MOLSSI, NSF, and NIST, was held at NIST from
Dec 11-13, 2019. The agenda contained discussions of the science as
well as demonstrations of the codes both in production and learning
modes. More than 30 scientists participated in the workshop. Over
the past few months, the number of registered gateway users has
grown to over 60.

The applications being deployed provide users with a number of
state-of-the-art computational techniques to treat electron scatter-
ing from atomic and molecular targets, as well as the interaction of
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radiation with such systems. One may view all of these approaches
as generalized close-coupling methods, where the inclusion of elec-
tron correlation is accomplished via the addition of generalized
pseudostates. A number of the methods can also be employed to
compute high-quality bound-state wave functions by closing the
channels and imposing exponentially decaying boundary condi-
tions. The application software suites are deployed on a number
of NSF and DoE supercomputing systems. These deployments are
brought to the user community through the science gateway with
user interfaces, post-processing, and visualization tools. Below we
outline our efforts in deploying the Django web framework for
the AMPGateway using the Apache Airavata gateway middleware,
discuss the new advanced capabilities available, and provide an out-
look for future directions for the gateway and the AMP community.
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1 INTRODUCTION

Based on enthusiastic participation of several groups after the 2018
ITAMP workshop on “Developing Flexible and Robust Software
in Computational Atomic and Molecular (A&M) Physics” [34], a
concerted effort began to organize the software from this group
of internationally recognized researchers in computational atomic
and molecular physics, to identify and prioritize outstanding prob-
lems in A&M science that would benefit from a wider deployment
of these software tools and algorithms, and to disseminate these
applications in a common framework that would lead to more rapid
scientific progress for the entire AMP community.

This effort is being undertaken to ensure that these codes, some
representing decades of effort, can continue to produce high-quality
scientific results for a broader community and be usable by up-
coming scientists. In many cases, these codes were developed by
graduate students and postdocs within particular groups, and are
not well documented. If they are to be useful in the long term, that
must be remedied. In addition, we view these codes as dynamic
entities that will change in time to incorporate new physics and
new and better programming models and practices. The tools, how-
ever, have been demonstrated to be capable of treating scientific
and technologically interesting problems, often using sophisticated
physical models. This strongly motivates our efforts.

The gateway is currently deployed via the NSF XSEDE project [16].

The group benefitted from an XSEDE startup award, which included
ECSS support, and from additional computational resources from
Directors Discretionary allocations from the SDSC and TACC HPC
centers. We are indebted to both centers for their support and
broad scientific vision. In the past year, a number of the codes were
ported and are running on various XSEDE platforms. In a recent
workshop [11], the codes were described in detail to a larger AMP
community and demonstrations were provided on how they are
deployed within the AMPGateway environment. Some progress
has been made in making them usable by others outside the local
groups. We are now taking steps to do this on a much larger scale.

Technically, the AMPGateway is powered by the multi-tenanted
Apache Airavata middleware framework [9, 30] and served by Sci-
GaP hosting services for sustained operation. In the first stage of
our efforts, the software suites were deployed as independent ap-
plications with specific input interfaces. Community building has
already started, and a few additional software suites were identified
for inclusion in a second phase. The interoperability of the software
suites is very important and will be addressed as a follow-up.

As stated previously, the present manuscript is intended as an
update to the earlier paper [33]. We encourage readers to refer to
that article for details. In Section 2, we present brief descriptions
of the seven AMP codes that are already available on the gateway.
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Section 3 is devoted to the details of the construction and deploy-
ment of the gateway. In Section 4 we discuss issues of broadening
usage of the gateway and questions of community building.

2 APPLICATION SOFTWARE SUITES

We have concentrated our major effort to date on deploying five
codes on the AMPGateway. Recently, two more codes were added
to the mix. Very brief descriptions are given below and a summary
appears in Table 1.

2.1 BSR

The B-spline R-matrix (BSR) method and the accompanying com-
puter code [40] were developed by Zatsarinny in the Bartschat
group at Drake University. The program computes transition-matrix
elements for electron collisions with atoms and ions as well as
photoionization processes. From these, cross sections and other ex-
perimentally observable parameters can be obtained. The code can
also be run in a mode that provides atomic structure information
through energy levels and oscillator strengths.

The BSR approach is a particular variant of the R-matrix method
to solve the close-coupling equations in coordinate space. It is an
alternative formulation of the well-known R-matrix code developed
in Belfast under the long-term leadership of Philip Burke [8]. It is
also complementary to the convergent close-coupling (CCC) ap-
proach described below. The published BSR code [40] is a serial ver-
sion, which was written in the non-relativistic and semi-relativistic
(Breit-Pauli) frameworks. A comprehensive overview of the BSR
method and its applications may be found in [41].

22 CCC

The original implementation of the CCC method was designed to
produce accurate cross sections for scattering of light projectiles
from quasi one- and two-electron targets [7]. It began with electron-
hydrogen scattering [6], and was further extended to quasi-one
electron targets that could be modeled well by one valence electron
above a frozen Hartree-Fock core [5]. It was then extended to the
helium target [19], and quasi two-electron targets such as Be [20].
The main features are:

e Expansion of the target state in a sufficiently large .#? basis
size N to treat cases where both excitation and ionization of
the target are possible, with convergence tested by system-
atically increasing N.

e Expansion of the scattering wave function in the momentum
based Lippmann-Schwinger equation.

o Introduction of numerical quadrature to reduce the problem
to a very large set of linear algebraic equations.

The CCC codes have been parallelized to use OpenMP on a node
and MPI between nodes. They have been deployed successfully on
Comet and Stampede2. A GPU implementation, currently under
development, has already shown great promise with a speed-up of
up to two orders of magnitude.

2.3 UKRMol+

The UK Molecular R-matrix codes were designed to treat low-
energy elastic and inelastic electron-molecule collisions using the
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R-matrix method; they have evolved to study photoionization and
positron-molecule collisions as well as to produce the input re-
quired for time-dependent molecular R-matrix with time (RMT)
calculations [13]. Similar to BSR they are based on the R-matrix
method. The general theory is described by Burke [8].

The now frozen release version of the (mainly serial) UKRMol
suite uses Gaussian Type Orbitals (GTOs) to represent both the
target and continuum orbitals [15]. A review article by Tennyson
[39] gives a comprehensive overview of the theory used and of the
code’s functionality.

A newer version of the code [28] has been developed led by
Masin and Gorfinkiel. This work has improved the suite’s overall
efficiency and relaxes previous limitations on the size of the inner
region and energy range by augmenting the continuum basis with
a set of B-splines. The code uses the new GBTOlib integral library
to determine all the one- and two-electron integrals needed in the
mixed basis of GTOs and B-splines.

In addition, there is a rich array of outer-region functionality,
including automated resonance detection and fitting, bound-state
detection, computation of multichannel quantum defects, rotational
excitation, and photoionization cross sections. A full release of the
suite UKRMol+, regularly updated, is available on [42].

2.4 tRecX

The tRecX code package [14, 37] is a general framework for solving
initial-value problems of the form

ﬂ‘I’ = DY, t] + @(t) (1)
ot
for an arbitrary number of spatial dimensions and a variety of
coordinate systems. The main design is for linear O, but nonlinear
operators can also be used.

The code has been used primarily for solving the time-dependent
Schrodinger equation of atomic and molecular systems in ultra-
short pulses and strong near-IR fields. It employs three newly devel-
oped key techniques: irECS — “infinite range Exterior Complex Scal-
ing” [35], tSurff — the time-dependent Surface flux method [36] for
photo-emission spectra, and hacc — the “hybrid anti-symmetrized
coupled channels” method [23]. Two of these are reflected in the
code’s name tRecX = tSurff + irECS.

The code is open-source hosted on a Gitlab repository [14]. It is
written mostly in C++ and linked with some Fortran-based libraries.
Compilation is through CMake, and Doxygen documentation is
available. Tutorials and further materials are available in the git
repository and from the tRecX website [37].

2.5 XChem

XChem [1, 24, 25] is a solution for an all-electron ab initio cal-
culation of the electronic continuum of molecular systems that
combines, by means of a hybrid Gaussian + B-spline basis [24],
existing quantum-chemistry packages for bound-state calculations
(as implemented, e.g., in MOLCAS [2]) with close-coupling (CC)
scattering methods to describe the correlated electronic continuum
wave function. In particular, XChem permits the description of elec-
tron correlation in the molecular electronic continuum at a level
of accuracy similar to that reached by equivalent configuration
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interaction methods for bound-state calculations, so that autoion-
ization, shake-up, and inter-channel couplings can be accurately de-
scribed. The method is appropriate to describe the single-ionization
continuum of atoms [25, 26], as well as small and medium-size
molecules [22, 27].

The code yields the scattering states of the molecular system via
the eigenstates of the close-coupling matrix. From the calculated
scattering states, XChem provides total and partial photoionization
cross sections, resonance positions, and the corresponding autoion-
ization widths. An additional, very useful feature of XChem is that
it provides all the dipole coupling matrix elements (bound-bound,
bound-continuum, and continuum-continuum) required to solve
the time-dependent Schrédinger equation (TDSE) that describes
the interaction of molecules with ultrashort pulses. This allows one,
for instance, to simulate attosecond experiments in which combi-
nations of several pulses lead to complex interferometric patterns
in the ionization continuum [17].

2.6 ePolyScat

A new addition to the AMPGateway is ePolyScat. ePolyScat is a
code that computes electron-molecule scattering and molecular
photoionization cross sections [21, 29] within the fixed-nuclei ap-
proximation. Using the adiabatic approximation, it is possible to
extract ro-vibrationally resolved cross sections. The code is limited
to initial and target states that are well-represented by a single con-
figuration state function, and the final continuum state is limited to
a single electronic state. The interaction potential between the elec-
tron and the molecule is then given by the static-exchange potential,
which can be modified by approximate functionals to describe tar-
get polarization effects. The calculations are performed in the full
symmetry point group for the molecular geometry, including both
abelian and many non-abelian point groups.

The external source of bound molecular orbitals required for
ePolyScat may be obtained from molden files produced by many
standard quantum-chemistry codes. The continuum wave func-
tions are obtained as single-center expansions using products of
symmetry-adapted angular harmonics and radial functions repre-
sented on a grid of points. The size of the single-center expansion
is controlled by a maximum angular momentum parameter, and
the density of the radial grid is controlled by a maximum energy
parameter. The code is written in Fortran2003 and uses MPI and
LAPACK libraries. The current version can efficiently use up to
about 32 processes but requires at least two.

2.7 MESA

We decided to also include the rather old Many Electron Struc-
ture Applications (MESA) [32] code that was developed at Los
Alamos in the 1980s and modified to compute electron scattering
and photoionization cross sections from polyatomic molecules us-
ing the Complex Kohn Method [31]. While this code is old, poorly
documented, and in need of significant modernization, it was built
to compute electron scattering and photoionization transition ma-
trix elements for general polyatomic molecules, a capability not
present in other codes and of interest to many users. The code can
include electron correlation using an ab-initio optical potential and
can handle many electronic channels.
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Code Application Method Parallel Access Limitations
or Serial
BSR Electron scattering, | R-matrix/B-spline S, MPI Public (Git) | Atoms, atomic ions
photoionization,
structure
CCC Electron scattering, | Close-coupling, OpenMP Public (Git) | Quasi one- and two-
Positron scattering | Fredholm equations | and MPI electron atoms
Photoionization in momentum space and ions
UKRMol+ | Electron scattering, | R-matrix, Close-, OpenMP Public Molecules and
photoionization coupling, Gaussian | and MPI (Zenodo) clusters (< 30 atoms)
and B-spline basis
tRecX Strong-field photo- | TDSE (tSurff, haCC): | MPI Public Small molecules,
emission spectra, grids, Cl-states, (Git) two-electron atoms
rates FE-DVR bases
XChem Scattering states Close-coupling, OpenMP By request | Small and
Photoionization CI, Hybrid Gaussian medium-size
& B-spline basis molecules
MESA Electronic structure, | SCF, MCSCEF, CI, S By request | Small to medium-
scattering, Optical potential, size molecules
photoionization Complex Kohn
ePolyScat | Electron scattering, | Single-center MPI By request | Small to medium-
photoionization expansion, one size molecules
electronic channel

Table 1: Some characteristics of the software suites deployed in the AMPGateway.

3 AMP SCIENCE GATEWAY: APPLICATION
DEPLOYMENT AND GATEWAY
INTEGRATION

The science gateway is a portal that requires hosting a web site and
deploying services such as a content management system to pro-
vide a gateway theme and documentation, user authentication and
authorization, science application registration, user interface devel-
opment, and file and other data management. The AMPGateway,
ampgateway.org, is deployed using the Apache Airavata frame-
work. [30]. The Science Gateway Platform as a Service (SciGaP), an
NSF-supported project that serves multi-tenanted Apache Airavata
middleware hosting services [30] at Indiana University, provides the
servers and primary storage for the gateway. The SciGaP platform
delivers all the services needed for the production gateways, such
as gateway registration and maintenance, HPC registry, and au-
thentication on high-availability and redundant hardware resources
maintained by Indiana University IT services. It also enables the
Airavata functions, such as workflow orchestration, log and email
mining for distributed message brokering, and data management.
The Airavata core provides data models and APIs that enable gate-
way features such as managing user identity, accounts, authoriza-
tion and sharing provisioning, the ability to access XSEDE and
other high-performance computational resources, task creation for
scientific workflows, workflow information management, and user
interfaces for data for the workflows. The SciGaP registered HPC
resources are transparently integrated into the AMPGateway, and
the batch schedulers are used for queuing the execution of work-
flows consisting of applications and user-defined parameters/data
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and their dependencies. It also provides monitoring and status up-
dates, as well as access to the output data and results in raw and
post-processed forms.

3.1 Django-based Gateway Frontend

We deployed a Django web framework based frontend for the AMP-
Gateway to provide the user-facing environment and integrated the
Airavata through a python API for the gateway functionality. The
Python and Vue JS Javascript based Django framework provides sig-
nificant flexibility in molding the user interfaces and integration of
application specific pre- and post-processing tools. The previously
deployed PHP based reference gateway is now deprecated.

3.1.1  Gateway Theme Creation. The gateway theme is important
as it provides immediate and direct interaction with the stakehold-
ers, funding agencies, peer scientists, developers, users, and trainees.
It must provide an attractive and easy to navigate portal to support
the requirements of all these stakeholders. Funding agencies are
perpetually interested in the impact of the project on the scien-
tific community, while the peer scientists are typically interested
in issues of use or how they can contribute. Users and trainees
require documentation and training materials. The AMPGateway
integrates the Wagtail content management system (CMS) to drive
the theme and enable gateway managers to edit, review, and pre-
view the look and feel of the portal, save drafts, and eventually
publish the pages for public consumption. Some functions of the
CMS are depicted in Fig. 1.
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Figure 1: Wagtail content management system to edit AMPGateway web pages showing a “Workshop” tab creation with a

hyperlink addition.

3.2 User Access and Control

The AMPGateway user access is managed by the Keycloak [9]
identity management system supported by SciGaP. Access can be
created by users, who set a userid and password pair and provide
an email address for verification purposes. In addition, an auto-
mated registration process using the user institutional login via
CI-Logon [4] is also available and avoids the email verification
step. An advanced user authorization at a computational resource
through local LDAP subtree modification has also been prototyped
for preauthorized users on that resource. The gateway administra-
tor controls access to the resources and can set up a verification and
approval model for a user to access gateway resources. The admin-
istrators and users can create groups and add specific collaborators
to their group to facilitate access to resources (computational and
application software) and data (experiment workflows, files, images,
etc). AMPGateway administrators grant approval by updating the
user group to a default “Gateway User” group to provide a basic
access. A “gateway-user” can then use gateway services such as
creating, monitoring, sharing, and cloning experiments (compu-
tational simulations). The users can also add their own compute
resource allocations using the functions available under the “User
Settings” profile. Gateway Admin group users will have additional
privileges to modify the gateway themes, application integration,
and user interface creation. The admins also have privileges to
examine gateway-wide usage, monitor failures, and dive into the
causes thereof to pro- or retro-actively take actions on the gateway.
They can use these data for sharing with supporting stakeholders
or for reporting purposes. The “admin” users also have authoriza-
tion to control metadata for accessing XSEDE resources through
the gateway “community login,” manage users, and monitor and
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access all user experiments. These privileges enable admins to trou-
bleshoot any issues relating to user services efficiently. Multiple
admin users can be enabled by adding any user to an “Admin” group.
Users can also create their own groups and add collaborators to the
group for sharing computations and/or data. Potential use cases
include group organization of students in a class or participants in
a project for sharing class-wide or project-wide, respectively.

3.3 AMP Application Deployment and User
Interface Creation

The AMP gateway started with five specific applications described
above: the BSR, CCC, UKRMol+, tRecX, and Xchem suites. These
applications were compiled and tested on a number of XSEDE re-
sources. Each one requires a different set of libraries and, in the
case of XChem, integration with other open-source software such
as OpenMolcas [3]. Furthermore, UKRMol+ needs the PSI4 [38]
quantum-chemistry application. The suites were independently
tested by the collaborating XSEDE ECSS consultant when deployed
by the developers or deployed by the consultant to establish the
required environments and to tweak make/cmake data. Addition-
ally, the application software can be wrapped by Shell, Perl, or
Python scripts to enhance input processing and execution prepa-
ration. The application integration into the AMPGateway consists
of three steps: 1. Defining the application as a “module” to identify
the application; 2. Defining an “interface” for user interaction with
the application; and 3. Registering a resource-specific “deployment”
description to define it fully on the gateway. The user interfaces are
tailored to each application and enable the users to provide input pa-
rameters using files or variables that either can be sent as arguments
to the application or via a wrapping script. Currently, the inter-
face generator provides ways to define file URIs, variables (strings,
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real/integer/Booleans) for inputs and standard error/outputs by de-
fault, and file and variables for outputs. The Django input fields can
be extended to include conditional inputs, cascading menu-driven
inputs, radio button/check boxes, drop-down menu-driven options,
and, in advanced cases, graphical application plugins.

The job submission interface then enables users to define HPC
resource details such as the system/machine ID that is automatically
sorted from the list obtained from the deployment description,
queue/partition and allocation registered by the administrator or
a user, and job specific details such as the number of nodes and
processors, run time, and memory specifications. In addition to
these experiment specifications, the Apache Airavata framework
provides a sharing mechanism for jobs/experiments and projects
(which are collections of experiments) to be shared with individual
collaborators or groups. The sharing choice can be set during the
experiment creation itself, or at any time after. This allows for
collaborative job submission, monitoring and analysis of the results,
and training new users quickly.

Figure 2 provides the input field enhancement using JSON-style
metadata to provide a dynamic user interface for the tRecX applica-
tion to ingest an optional JobID to reuse data from a previous run,
continue the simulation, and potentially collect data for compara-
tive analysis, and post-processing (see next section).

3.4 Monitoring Job Progress

During experiment execution, messages are sent to a message bus
for monitoring job status. These messages are used to update the
status on the gateway. Additionally, once the experiment is ac-
cepted by the gateway and launched, an “Experiment Summary”
interface is created and automatically refreshed periodically to
show the status of the job submitted into the XSEDE resources.
The Experiment Summary page will provide links to application
outputs, scheduler error and standard outputs, links to Gateway
storage for the experiment, as well as the post-processed output
in the form of visualizations. The post-processing functions can
be defined independently as a plugin application, and invoked for
certain kinds of data such as plot data. Multiple mime types for a
given output file can be supported and data can be presented in
raw or post-processed form as a graph/movie as registered in the
output field configuration data model. These mime types are used
by the browser to render the data within the experiment summary
page itself.

3.5 Gateway Administrator Dashboard

The “Admin Dashboard” is the working space for the gateway ad-
ministrator (admin) within the gateway. All the admin features such
as application management, user management, HPC integration,
group and security management are available through the Admin
Dashboard. This dashboard provides interfaces to manage security
credentials and a way to set and secure communications to gateway
compute and storage resources. The gateway admin can set com-
pute resources and define preferences for the usage at each of the
compute resources with specifications such as community or shared
login name, scratch location for the job data staging and execu-
tion, preferred job submission and file transfer protocols, allocation
project number for charging the run time, and other scheduler
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choices. Similarly, the admin dashboard is also used to generate an
SSH credential for secure authentication and authorization at the
compute and storage resource communications.

The admins can also monitor all gateway experiments using the
“Experiment Statistics” function available in the “Admin Dashboard.”
The monitoring of experiment information is provided by a log pro-
cessing system that extracts the relevant task level execution logs
from the gateway middleware and presents it in the gateway moni-
toring interfaces, as depicted in Fig. 3. The “Experiment Statistics”
function can be used to obtain experiments sorted by date, user, ap-
plication software, resource, and combination-specific constraints.
For a given experiment, a detailed task-level description of the ex-
periment workflow can be obtained. This summary also provides
job scheduler scripts created by the Airavata middleware, the actual
path of the job directory on the remote HPC system, and detailed
task-level logs. The admin can use this to check the health of the
job workflow or to troubleshoot, if needed. The admin dashboard
provides a feature that creates notifications to all users to commu-
nicate important events such as news on application deployments,
resource down times, changes in policy, etc.

4 COMMUNITY PARTICIPATION AND
OUTLOOK

We recently conducted a workshop [11] funded in part by NIST,
the MOLecular Software Sciences Institute [12], and the NSF to
invite the community to experience the gateway firsthand, provide
guidance for future enhancements, suggest additions and changes,
and explore mechanisms for sustaining support for the future. The
workshop consisted of presentations on the science underlying the
codes and demonstrations of how they are deployed on the gateway
to solve specific, representative problems chosen by the presenter.
The last half day of the workshop was devoted to fleshing out a
prioritized list of what was needed to make the AMPGateway most
useful to the developers as well as to a broader community. One
immediate result of the workshop was to deploy a new application,
ePolyScat, developed by Lucchese, into the gateway. The ePolyScat
application is now deployed on Stampede2 and made available
through the gateway. We are currently deploying the LBL NERSC
Cori HPC resource for community/collaborative computing.

Some of the more critical issues that emerged from the discussion
included a prioritized list for further development:

e Usability: Editing of inputs on the gateway, a gateway-wide
framework for GUIs, methods for wrapping complex work
flows, integration multi-component software suites into a
single module.

e Storage management: Providing standard storage formats
and a hierarchy of scratch/volatile/ permanent file storage.
At present, data reside on the production machines in native
code format.

¢ Visual and functional design: Setting up a developmental
web server for gateway development by code deployers.

¢ Ticket and community discussion: Setting up a ticketing
system for gateway-related questions; provide a forum for
code- and science-specific questions.

¢ Dissemination: Preparing a journal article with examples
of code-usage codes on the gateway.
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"ui-component-id": "radio-button-input
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</> TRECX
Create a New Experiment

Experiment Name

tRecX on Dec 10, 2019 11:26 PM
= Add a description

Project

Default Project

Application Configuration

Application Inputs

Restart_from_Previous_Run?

O YES
O NO

If restart is requested a jobID will have to be read

Previous_JobID_Restart

Previous .IobID is needed for reusina Data

Figure 2: Dynamic input interface for tRecX software to enable a restart from a previous run based on a jobID. The two left-
most panels show the administrator-edited interface with code and metadata input fields. Users see the right panel as the

finished interface.

Experiment Summary
Name Clone of Clone of Clone of Clone of tRecX on Dec 4, 2019 4:26 |
ID: Clone_of_Clone_of_Clone_of_Clone_of_tRecX_on_Dec_4, 2019
a1d3ad8d2f95 (copy) ModI_RuniD Spec_Total
Description
& ModI_RunID
Project Default Project
Owner spamidig OutF-File
Application tRecX E 10~
<, outf 10-5
Compute stampede2.tacc.xsede.org 1076
Resource 1077
1078
10
Experiment COMPLETED Spec_Total 10710 5
- 10711
Status 012>
10713
Job X -14
Name D Status G % spec_total ig.;s
10716
A885160004 4864329 COMPLETE 10
tRecX_STDERR 10
Creation Time 2 days ago
X, tRecX.stderr
Last Modified 2 days ago
Time
o tRecX_STDOUT
Wall Time Limit 90 minutes
CPU Count 4 & tRecX.stdout

Figure 3: Experiment summary page for a tRecX job with the output choice to plot using a Python plugin integrated in the

AMPGateway.

e Benchmarks and comparisons: Seting up mechanisms for
data-exchange and comparisons between alternative codes;
providing benchmark results where possible.
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