MD Workflow Single System Tutorial
(LINUX OPERATION — GPU Cluster)

Weritten by Pek leong

The purpose of this tutorial is to introduce the Amber GPU Molecular Dynamic (MD) Kepler workflow
developed by NBCR (http://nbcr.ucsd.edu/wordpress2/) and WorDS (http://words.sdsc.edu/) through
the support from NVidia (http://www.nvidia.com/). This workflow seeks to automate the Amber MD
job submission in either a GPU cluster or on a local machine. It serves as a tool to run Amber
Molecular Dynamic for experienced users and an introduction to Amber and Kepler for new users. The
workflow is built using the Kepler platform. To start, a local installation of the latest Kepler software is
required.

DISCLAIMER

To run this workflow, users need the AMBER Molecular Dynamic Package (http://ambermd.org/) with
a workable MPI pre-installed in the GPU cluster. For more information about the MPI that can work
with AMBER software package, please consult the Amber website.

Users who are not familiar with Kepler, please start from Step 1.
Users who have experience with Kepler and have Biokepler 1.1 and Kepler — 2.4.2 installed in user’s
computers, feel free to start from Step 4

1. Installing Kepler:
Users can download the latest Kepler software from the following link:
https://kepler-project.org/users/downloads

To install on Windows, double click on the executable Kepler-2.4-win.exe.
To install on Mae OS X, mount the Kepler-2.4.dmg by double-clicking on it and drag-and-drop
Kepler-2.4 folder into the /Applications folder.
And to install on Linux, simply untar kepler-2.4-linux.tar.gz at a location of your choice, which
will generate a folder named kepler-2.4. The command line to untar a tar.gz file:
tar -C /myfolder -zxvf kepler-2.4-linux.tar.gz
For the following tutorial, we will work on a linux platform as an example.
2. Starting Kepler:
Move into the Kepler installation directory
cd /myfolder/kepler-2.4
To start the Kepler GUI, execute the kepler.sh script.

Jkepler.sh



A pop up window will prompt first time users to upgrade several modules (red circle in Fig 1)
and Kepler will automatically upgrade and restart.

Fig 1.
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3. Installing Biokepler:

Our workflow allows users to choose between running the MD simulations with either a GPU
cluster or a local GPU card. To allow this flexibility in a single workflow, we utilized a module
from Biokepler. Hence, besides installing the Kepler software, we need to also install the

Biokepler module.

The Kepler GUI will reopen after the modules are successfully updated (Fig 2). Go to the menu
bar on the top left of the screen and select Tools (Fig 2, red circle).

Fig 2.
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From the drop down menu under Tools, select Module Manager and a new window will pop-up

(Fig 3).



Fig 3.
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There are two tabs on the top of the new window, click on Available Suites and Modules, which
will show a list of available suites and modules. Among the Available Suites, select biokepler-
1.1, and then click on the right arrow to transfer biokepler 1.1 to the Selected Modules window
(Fig 4).
Do the same thing for the actors-2.4.2 modules. Among the Available Modules, select actors-
2.4.2, and then click on the right arrow to transfer actors-2.4.2 to the Selected Modules window
(Fig 4).
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Finally, apply the selected modules, and restart Kepler by clicking on the Apply and Restart tab
at the bottom right corner of the window (Fig 5). Kepler will warn users that any unsaved work
will be disregarded. Please save any unsaved work, and click Yes (Fig 5).
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The Kepler GUI will reopen after successfully installing Biokepler. You can close it because we

will run MD workflow using command prompt.

4. Downloading the MD workflow:

The MD workflow is prepared to run on the Kepler platform. The workflow itself is a product
developed by NBCR (http://nbcr.ucsd.edu/wordpress2/) and WorDS (http://words.sdsc.edu/).

Apply and Restart | J) o

The MD workflow, named MD WF_SingleSys.xml, can be downloaded from the Amarolab
website under resources and inside Amber GPU Molecular Dynamics (MD) Workflow Tool and

Tutorial or from the following link: (https://amarolab.ucsd.edu/mdworkflow/mdworkflow.html)

5. Setting up input folders:

Before running the MD workflow, you need to set up and organize input folders in a specific
required format. To run the MD workflow, users will need topology and coordinate files for the
system of interest as well as Amber input scripts for minimizations and molecular dynamics
(MD) simulations. We generated a sample folder with required files for a test system
downloadable from the Amarolab website under resources and inside Amber GPU Molecular
Dynamics (MD) Workflow Tool and Tutorial or from the following link:
(https://amarolab.ucsd.edu/mdworkflow/mdworkflow.html)

Inside this link, there is an Input_File.zip file. Users can find both the topology and coordinate

files and all of the MD input scripts inside (Table 1).
Table 1.

Inside Input Files:

pS3 wt | pS3 wt.top, pS3 wt.crd

confDir | minl_switch.conf, min2_switch.conf, min3_switch.conf, min4 switch.conf,
min5_switch.conf, md1l _switch.conf, md2_ switch.conf, md3 switch.conf,

md4 switch.conf, md5 switch.conf




Download the files and create a new directory.

mkdir MD_TEST

Then, move the zip file into the new directory.

myv ~/Downloads/Input_Files.zip

Unzip the Input_Files zip file and then remove it from the directory.

unzip Input_Files.zip
rm Input_Files.zip

Two folders named confDir and p53 wt will now appear in the empty directory. In order to run
the workflow, we need a folder containing all the Amber input files including five steps of
minimization (minl to min5), one step of heating (md1), three steps of equilibration (md2 to
md4), one Ins of productions (md5) using the MD workflow. In the other folder named p53 wt,
it is where users will put the topology and coordinate files. The folder name needs to match the
stem name of the topology and coordinate file. For example, if the two files are named
apple_tree.top and apple_tree.crd, the folder name will need to be apple_tree.

Now, you are ready to run the MD workflow for a single system.

6. Creating id rsa.pub files: (Keep to step 7 if users already have a id_rsa.pub file)
The MD workflow needs access to a remote cluster to run the simulations. Most remote clusters
require login authentications and passwords. To run the command prompt Kepler smoothly, we
will create SSH keys for logging into a remote cluster without password.
First, create an .ssh folder in your home directory in your local computer. If users already
have .ssh in their home directory, they can skip this step.

mkdir ~/.ssh

Then, in the .ssh directory, generate the public/private rsa key pairs with the below command
line (If users have already done this before, they can skip to login to the remote cluster of your
choice and follow the rest of the tutorial to create a password-less login):

ssh-keygen -t rsa

The system will ask you the following questions:

Generating public/private rsa key pair.

Enter file in which to save the key (/Users/you/.ssh/id_rsa): [Press enter]

Enter passphrase (empty for no passphrase): /Press enter]

Enter same passphrase again: [Press enter]

Your identification has been saved in /Users/you/.ssh/id_rsa.

Your public key has been saved in /Users/you/.ssh/id_rsa.pub.

The key fingerprint is: # 01:0f:f4:3b:ca:85:d6:17:al:7d:f0:68:9d:f0:a2:db (random codes)




7. Preparing for job submission in remote cluster:
Now, login to the remote cluster of your choice

ssh username@remotecluster.edu

Type in password. Go to home directory and create a .ssh folder in the remote cluster. (The .ssh
directory may already be there, which is fine).

cd
mkdir -p ~/.ssh
logout

Then, in your local computer, append the public key to your remote cluster

cat ~/.ssh/id_rsa.pub | ssh username@remotecluster.edu 'cat >> ~/.ssh/authorized keys'

From now on, you should be able to login the remote cluster from your local computer without
needing to type your password. You are ready to run the MD workflow.

8. Running MD Workflow:
Login to the remote cluster and create a folder.

ssh username@remotecluster.edu
cd /home/username/
mkdir MD_TEST

In your local computer, go to the directory where Kepler was installed and where kepler.sh is
located.

cd /PATH/WHERE/KEPLER/IS/INSTALLED/kepler-2.4

And type the following command line in that directory to start the MD workflow. Users will
need to modify the command based on their needs. The definition for each parameter is listed
below. Users are REQUIRED TO type in the absolute path for each file when running Kepler.
If an absolute path is not provided when inputting the command in command prompt, Kepler
won’t be able to find the files or folders of interest.

The general command to run Kepler through command prompt is

Jkepler.sh -runwf -nogui -parameters values /PATH/workflow.xml



Here is an example of how Kepler can be run for our test case.

J/kepler.sh -runwf -nogui - GPUClusterJobSubmission -

username@remotecluster.edu - [see parameters] - /[see

parameters]/.ssh/id_rsa - /home/username/MD_TEST - pS3_wt -
3- /em/shared/apps/amber14/

/[see parameters]/MD_WF_SingleSys.xml

Parameters:

Please customize below parameters for your execution:

Username@host. For example: username@remotecluster.edu
The inputFolder path on your local machine where the confDir and compound
files are located.
The identity File to make SSH and SCP password less. For example:
/PATH/.ssh/id_rsa
: The folder name containing the topology and coordinate files. For example: p53_wt
Work Directory on remote GPU cluster. For example: /home/username/MD_TEST
CMPD: System name for which you want to execute. For example: p53_wt
This parameter will allow "n" production jobs to be submitted in parallel for a
single system.
This parameter gives option to run same workflow on a local machine or a
GPU Cluster. For local execution: GPUClusterJobSubmission
$SAMBERHOME on remote cluster. For example,
/cm/shared/apps/amber14

At the end, when the jobs are successfully submitted, users will see similar outputs in their
terminal (Fig 6.) Kepler will keep track of the job status and close when the jobs are finished.

Fig 6.

[null] version = 2.4

[null] INFO (org.kepler.actor.job.JobStatus:initialize:315) Initializing lastStatusCo
de to null

[null] INFO (org.kepler.ssh.ExecFactory:getRemoteExec:203) Providing new SshExec for
pieong@gpu.amaro.ucsd.edu:22

[null] KEPLER HOME IS /soft/kepler/kepler-2.4

[null] USER DIR IS /soft/kepler/kepler-2.4

[null] INFO (org.kepler.ssh.ExecFactory:getExecByEarlierMethod:142) Providing new Ssh
Exec for pieong@gpu.amaro.ucsd.edu:22

[null] INFO (org.kepler.ssh.SshSession:connect:418) Connecting to pieong@gpu.amaro.uc
sd.edu:22

[null] DEBUG .MDCADD_WF_SingleCmpd.TOP Provenance Recorder: SshEvent for target pieong
@gpu.amaro.ucsd.edu:22: Session opened

[null] %%% Submitted batch job 11169

[null]

[null] INFO (org.kepler.actor.job.GenericloblLauncher:fire:778) JobSubmitter: Job pieo
ng_Mar®9_165243GMT-08:00_0 is submitted, it's real jobID is: 11169

[null]l %%% JOBID PARTITION NAME USER ST TIME NODES NODELIST(REASON)

[null] 11169 defq minl pieong R 9:06 1 node®®5




