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CCP-SAS

v.smallangles.net/sassie

tis et al. NIST N
. National Institute of Standards and Technology 74'\#

Technology Administration, U.S. Department of Commerce

rapped binary executables

RO http://www.ucl.ac.uk/smb/perkins

= Structural Immunology Group at University College

London
* FORTRAN
* US-SOMO http://somo.uthscsa.edu _
(.(’ * Emre Brookes et al. "7'UT HEALTH
* -t B ENTER

* includes wrapped binary executables

* attract others ...
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| variety of time scales and
ational requirements

g oo Unlolded
Kratky Plot

Purtially unfolded

p  Folded

‘ .’ff\‘ g % i
% > 0%
‘oldcd / unfolfd conformation

D,.. Shape, R, etc
g \ Bead-/DR-model Structure
RN s
N
01 02 03
i q (A7)
Modeling

Global Restraints

hefore

Low Resolution Structures

plexes Reconstructed Using
its w/ Known Structures

hours to days on many
cores (tens to hundreds)

after
High Resolution Structures with
Accurate Global Shape

Savelyev et al. Gateways 2016 @ SDSC — 3 November 2016



ord a dedicated software team nor the

“Dark code”
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| _._uIti-Target Application Generation Tool
of Multi-Scale Scientific Codes

s, E. H. XSEDE 14 Atlanta

DEIE]
Types Modules
Generate

Applications

HTMLS Qt3 Qt4
=R C++ C++
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Definition file driven generation

Computer Scientists Researchers
maintaining the framework with code to deploy

Target language Framework §;)ﬁxpplicationé Module developer
developer . developer | developer

Code  Definition  Definiion = Definion ~~ Module
fragments files files files executables

module executable

directives

language

module | executable

language — module executable

language
guag executable

Brookes, E. US Workshop 15 June 2014



Insure preservation in two ways

Computer Scientists Researchers
maintaining the framework with code to deploy

Target language Framework §;)ﬁxpplicationé Module developer
developer . developer | developer

Code  Definition  Definiion = Definion ~~ Module
fragments files files files executables

module executable

directives

language

module | executable

language — module executable

language
guag executable

Brookes, E. US Workshop 15 June 2014
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nctional Science Gateway

live” updates

e local to remote HPC and cloud
* Alravata integration
* OpenStack

* Can also simultaneously create “GUI” applications over the same
modules

* e.g. QT, JAVA
*» Extensible!

* features added on an as-needed basis
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https://sasssie-web.chem.utk.edu/sassie2 40 modules
350+ users, 10,000+ jobs in 2016, 40+ papers

http://genapp.rocks/bayesapp
http://genapp.rocks/denfert
http://genapp.rocks/vortexshedding

MDrunner (A. Sévelyev) http://genapp.rocks/namdrunner

EPSRC

Engineering and Physical Sciences
Research Council
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static definition files

ergy"

he mass in kilograms"

: "Speed of light [m/s]"

, "type" : "float"

, "default" : 299792458

, "required" : "true"

, "help" : "Enter the speed of light in meters/second"
}
r |

"role" : "output"

A "id" : "e"

, "label" : "Energy [J]"

, "type" : "text"
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static definition files

| In a single definition file that can
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'__repeaters & repeats

"role" :
. mig" . e

A k] ol : "Speed of light [m/s]"
, "type" 3 iE et
, "default" : 299792458

}

* Integer
* Listbox
* Checkbox
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(rotation_angles[chcckbox]]

(geom_cemcr_vect[checkboxHlum_rigid_dom ains[inte ger])

/

pdb_location[Irfile]

alpha___deg]listbox choice 2]

(Flaga]pha_deggeom_centcr_vect [text]

A
/

(Upperalpha deggeom_center_vect[text])

geom center_vectgeom_center. vect[llstbox])

(Flagoosbetageom center. vect[text]j
(Samplmgcosbetageom center. vect[text\‘

cosbeta[listbox choice 3]

(Uppcrcosbctagcom_ccnter_vcct[tcxt]

(Lowcrcosbctageom_center_vect[tcxtD
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3 Elke e

1 299792458

R e

: "Enter the speed of light in meters/second"

"role" 3 Aok

. "id" : "e"

, "label" : "Energy [J]"
, "type" . "text"
,"calc" I = 2L

}

* Can be chained

* Can be under repeaters — context is managed
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Resources

& esp. http://genapp.rocks/wiki

of Tennessee Knoxville

28 core, 256 GB ram, 8 Tesla K20m GPUs, Rocks OS
> .ts.» subversion repository

* XSEDE ECSS vortexshedding gateway
* SASSIE-web instance
* NAMDrunner

= AWS

* XSEDE TG-MCB140255 Computational support for small angle scattering for
advanced analyses of structural data in chemical biology and soft condensed matter

* ORNL Titan, UK SCARF (pending)
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ces — Personnel

= SASSIE
* David Wright
* SCT

* Arne Perlstein, Pl's assigned personnel (currently Josef Sabuda)

* Vortexshedding
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Future

% module wrapping

hers to wrap
aking it as easy as possible)

e SR

-

|ldentity management

-

Module portal

.

APl access

.

Containerization
* Further out
* Apache membership
* Automatic regression testing
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GenApp Based Science Gateways

¢ US-SOMO https://somo.chem.utk.edu/somo

¢ WillltFit https://somo.chem.utk.edu/willitfit

¢ QuakFit https://somo.chem.utk.edu/quafit

¢ Mulch https://somo.chem.utk.edu/mulch

¢ ParamMD https://somo.chem.utk.edu/parammd

¢ NAMDrun http://js-170-47 .jetstream-cloud.org/namdrunner

(Nov 2015 - present)

¢« SASSIE https://somo.chem.utk.edu/sassie2
¢ Denfert https://somo.chem.utk.edu/denfert
¢ BayesApp https://somo.chem.utk.edu/bayesapp

¢ Vortexshedding http://js-172-198.jetstream-cloud.org/vortexshedding

Savelyev et al. Gateways 2016 @ SDSC — 3 November 2016



Encountering GenApp (... as aresearcher ...)

Underlying codes written in different languages, can be GUI or command line applications:

= C++, Python, Fortran etc.
= C++ wrapped in Python (WillltFit); C++ bundled with Qt (US-SOMO)

! |

“Divorce” GUI from the computational component:

* Create a “command-line” analogue: [./program < {arguments}]

!

Wrap a command-line application:

= Application arguments and output are JSON strings of key-value pairs,
{“binsize _id": 0.2, “filename_id": “trajectory.dcd” etc.}

* These key-value pair are described in the application (module) definition file

= Different languages can be used to parse JSON input and transfer it to the

__underlving application (Python. Perl, C++)

|

“GenApp”, i.e. compile application and generate a web site.
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Encountering GenApp (... as aresearcher ...)
JSON parsers — different languages:

#!/usr/bin/python #! /usr/bin/perl
PYTHON
import json use JSON;
from StringI0 import StringI0
if ( !@ARGV )
if (len(sys.argv) < 1): {
print "\{\"error\":\"called with no arguments\"\}\n" print "\{\"error\":\" alled with no arguments\"\}\n";

}

json_variables

$json = shift;

argv_to_string = StringIO(sys.argv[1]) $json_variables = decode_json( Sjson );

json_variables = json.load(argv_io_string)

Smass = $5json_variables{ "mass" };

nass Json_variables['mass’ ] Sspeed_light = $5json_variables{ "speed of_light" };

speed_light json_variables['speed of_light']

#.... Energy Calculation .... # #.... Energy Calculation .... #

output_res = {} Soutput_res = ?}; '
output_res[ 'energy' ] = energy $Soutput_res{ "energy” } = energy;

print json.dumps( output_res ) print encode_json( Soutput_res ). "\n" ;

Mass [kg]
Speed of light [m/s] PEEREPELE:

Resel to default values

17975103574736000000
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Input menu for '‘QuakFit' module Output of the 'QuaFit' module

QuaFit - Pre Alpha 0.1 "

Project name '

Code Number

OPTIMIZATION PARAMETERS

Number of Cycles per SubRun '

Maximum Number of SubRun =
e : : Report: !
Maxtmum Rank L for [AImNQ) : Log File: logfile. txt
Maximum Rank & for [ASImNQ) : File with Results: results run | targz
Maxtmum G of AllmNG) : Ty
Stoue Rxp Costace Dust Flag ™
Stome Exp Contact Dist Family Name p—— r—
Optimimtion free fraction A

Exponent alpha of powerlaw error fu

Factor H starting

1columns T

sinputscale '

smuUCTURE OF STATES 4
Number of ndependent States ' :
e e et a 1] 5 z
HIERARCHIC AGGREGATES(1]
T A (1 5 :
Point Group symmetry (1]
Point Group Reference System (1] &4
B gem_kmes| ocow  [gemms a5 .10 15 20 azs
screw Polymerization Number [11 | 1 2 q (1/4)
Screw Axis Ortentation (1] o Download plot as .png file
- rower| 1.0 Gpper| 1. Sampling| 0so00  |Plag o - Change Y-ax = Loa/Lin
alcha_deg Lower Upper Sampling Flag o | -
[v] Assembled Quaternary Structure (right click for options):
Rotation along Screw Axis (deg) [1] &4
starting[ 07x12 |Lower| 0omo | upper| 15000 | sampling . Irlag =
Screw Translation along z (Ang) 111
Starting| 141133 |Lower| som0  |Upper| 100000 | Sampling 1 |Plag -
Relative mass density hydr shell 1] &4
starting 10 Lower| 10 upper| 107 sampling| o Flag
RIGID DoMAINSI1]
Number of Rigid Domains: (1] :
Location of the RD PDR file 1] 1mT_and L —
Geom Center vect (11 v |
starting Lower upper Sampling Flag "
o s Starting Lower upper sampling Flag =
seo starting 1 |ower upper| 15000 | Sampling| w00 | Flag
Rotation Angles 111 J
starting| 0353305 | Lower Upper| 10000 | Sampling o | Flag -
s dea  Starting| - Lower| 12000 |Upper| 12000 |Sampling| w00  |Flag o -
o tower| 12000 |Upper| 12000 |Sampling| w00  |Flag o -

FLEXIBLE LINKERS{1]

Sequence of RD and FLs in pdb? (1]

Number of Flexible Linkers: [1]

AMING ACID CONSTRAINTSI1]

Number of Amino Acid Constraints: [1]

= uaFit - Beta:

Number of Pairs of Amino Acd Constraints: (1]

Run

Number of Experiments: =

e ¢ Underlying code: Fortran
¢ Wrapped in PERL
(~2000 lines)

XRays (10) / Neutr

ns (x_D20) Flag 111 1

Scatt Do

olv (1012 cm Angs3) 11

Minimum Q In Data File (Angs1) (1]

Maximum Q In Data File (Angs1) [1]

Parameter K f » Errors (1]

Poiaso

Number of Lines To Skip In Data File (1]

Num of QPoints T Average [1]

Maximum Distance for p(r) Calculation (1]

Scaling Pactor (1f 0 1= Optimized) (1]

Flag Background (11 &2

Family Number (Same Scaling Factor) [11

Aeset to defasie watues
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Encountering GenApp: Extending Horizon

Cool stuff:

¢ Browser compatibility
¢ Admin utilities
G LRI

¢ Modifying fragments of code
¢ Adding new /Extending types
¢ Conditional code generation

Computer Scientists
maintaining the framework

|

 Web Development:

HTML5
CSS \
JavaScript (JQuery)
PHP

MongoDB

Researchers
with code to deploy

Target language
developer

Code Definition
fragments | files

language %

language

language H

Framework
developer

—

developer

Definition
files

Application

— directives |

menu
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Module developer

Definition Module
files . executables

module executable

il

|

module executable

]

module executable )

e : e

L L J

L J L J
module executable )




Advanced “GenApping”: WillltFit (1)

¢ Uploading parameter file, 1rfile. input (numerical values, whitespace_separated etc.)

Elliptic Cylinder v
LOAD FILE:

Load parameters from file

Parameter 1: | Min:| 0.90 Value:| 1.00 Max:| 1.10
Parameter 2: ScaleNnO Fit?: [ | Min:| 0.90 Value:| 1.00 Max:| 1.10
- it?-
Parameter 3: Scalex Fit?: — File Upload
Parameter 4: R1 Fit?: ()}
Parameter 5: R2 Fit?: [ / + | [mialexsav. WORK_Emre | Willlt_Fit = Data_For_nanodisk
Parameter 6: Height Filis Places Name i=ize Modified
Parameter 7: BackN100 Fikid: © Recent L Example.dat 1.5kB 04/15/2016
Parameter 8: BackNO Fit?: | A Home || Example_diff_dir.card 1.7 kB 09/06/2016
Parameter 9: Backx Fit?: (|| | [mDesktop L] Example_mod.card  1.5kB  09/06/2016
- ! D) Documents | | Example_mod_with... 1.6kB 09/06/2016
Parameter 10: scaleConc Fit?: (1} R IR Param_1.mcp 1.8 KB 04/22/2016
b Vv DOWNIO3GS |11 parametersBefore_... 853 bytes 05/04/2016
dd Music mm
’ [3 Pictures :
Compute Model . ' JA ParamFitted_check... 1.8kB 05/07/2016
» H videos Jd ParamFitted_diff n... 1.8kB 05/04/2016
Devices
All Files
F [ 206 GRV v
Cancel Open SN
Submit Reset to default value,, K)

"role" : "input",

"id" : "param choice file anis core shell micelles",
"label" : "LOAD FILE: ",

"type" : "lrfile",

"setinputfromfile" : "whitespaceseparated reverselogic",
"setinputfromfileids": "..list of ids..",

"repeat": "model list box:anis core shell micelles",
"help" : "Load parameters from file"
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Advanced “GenApping”: WillltFit (2)

¢ Advanced Plot2D.output options (save to file, change X-, Y-axis scales independently)

Data/Fit Plot
¥ ¥ 982000000000, [ |Datal
1.0 T [ IData2
o Data3 .
%Dlm jQuery FLOT package
—n http://www.flotchart.org
[EFit2
[Fit3
1 Fit4
g [Fit5
3]
=
= {
= "role" : "output",
"id" : "fit plot",
"label" : "Fit Plot:",
"type" : "plot2d",
"height": "400px",
"width" : "700px",
"pan" : "false",
0.05 0.10 0.15 0.200.25 0.35 "zoom" : "false",
q/[1/A] "backgroundcolor" : "white",
1A l 1A : " 1A
Rownload.pnafile:, plot.png " ziai;:;lcalex" . " E;lj:' ,
.Change X-axis Scale: Log/Lin; X-Log T " S .
Lt M0 g 70 G S — Tt y ge sca 1 ey . true ,
Change Y-axis Scale: Log/Lin Y-Log "savetofile" : "true",
"rotatedylabel" : "true",
"hover" : "true"
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Advanced “GenApping”: MULCh (1)

¢ Reading complex input files, 1rfile.input (nested repeaters, non-numerical fields)

KinA:SDA 2:2 complex in 200mM NacCl, 50mM Tris, 150mM imidazole

7 # Number of contrast points

0.00 0.541 0.002 11.9 # D20 fraction, 1(0), 1(0) error, concentration (arb units.)
0.10 0.352 0.003 11.9

0.20 0.223 0.002 11.9

0.40 0.0745 0.002 26.9

0.80 0.19 0.001 11.9

0.90 0.332 0.002 11.9

1.00 0.537 0.001 11.9

3 # Number of things disolved in water

0.200 M NacCl 0.0 # Conc., M=molecule, formula, volume

0.050 M C4H11INO3 0.0 #" " Tris http://www.jtbaker.com/msds/englishhtml/t7111.htm

0.150 M C3H4N2 00 #" " Imidazole

0.95 # % of the exchangables that are accessible by the solvent

0.0 # % of the non-exch. protons in fragment 1 replaced by deuterons

1 #number of components, (next line) number of molecules, P=protein, sequence, volume

2 P GSHMTEELMLKSEKLSIAGQLAAGIAHEIRNPLTAIKGFLQLMKPTMEGNEHYFDIVFSELSRIELILSELLMLAKVK
EYLNLKKLIGEVSALLETQANLNGIFIRTSYEKDSIYINGDQNQLKQVFINLIKNAVESMPDGGTVDIITEDEHSVHVTVKDE
GEGIPEKVLNRIGEPFLTTKEKGTGLGLHPEKGTAFKISFPKK 0.0

1.00 # % of the exchangables that are accessible by the solvent
0.85 # % of the non-exch. protons in fragment 2 replaced by deuterons
1

2 P GSMRKLSDELLIESYFKATEMNLNRDFIELIENEIKRRSLGHIISVSS 0.0
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Advanced “GenApping”: MULCh (1)

¢ Reading complex input files, 1rfile. input (nested repeaters, non-numerical fields)

Project Title KinA:SDA 2:2 complex in 200mM NaCl, 50mM Tris, 150mM imidazole
Upload Contrast File or [GIUEREE [ ocal: contrast.txt

CONTRAST POINTS

Use Contrast Points? v

Number of Contrast Points: _

fp,0(0-1) I(0) o[I(0)] Protein Conc.
"role" : "input", -
"id" : "contrast file",
"label"™ : "Upload Contrast File",
"type" : "lrfile",
"setinputfromfile":
"whitespace formulchcontrast",
"setinputfromfileids": "title,
contrast points num,
num_ species_solv,
proton frac,
deuter level,

DISSOLVED SPECIES

Number of Dissolved Species in the Solvent

Substance Type: [1] JEEETE

NaCl
Formula Concentration: [1]\“'01u1ne: [1]_

Substance Type: [2] REEESEN
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Advanced “GenApping”: MULCh (2)

¢ Calculated fields (inter-dependent numerical fields)

CONTRAST VALUES (opt)

folq z\l
"-D 1 v ﬂ 5\ l|

CONTRAST POINTS

Upper gR,; limit

g
Number of Contrast Points:
fp,0(0-1) Refine Scale Scale Value Start Point Contrast Data Apa Vol /(Vol; +Vol3)

v 0 IR 1\ file selected. 8.5 7?_5 0.6190476190
v .0 I Mo file selected. l 0.6190476190
] 0 Bl 1o file selected. l 0.6190476190
v .0 TR LN Mo file selected. l 0.6190476190

{
"role" : "input",
"id" : "delta rho 1",
"label" : "Delta rho",
"type" : "float",
"repeat" : "contrast points",
"required" : "true",
"calc" : "rho 1*fd2o0 + rho 2",
}
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Advanced “GenApping”: ParamMD (1,2)

¢ Trajectory Movie generation [.mp4, .webm] ¢ Structure visualization, JSmol
video.output (new type added) atomicstructure.output

Atomistic Model (right click for options):

Trajectory Movie

] .

[1me: 1.

' 19
| B

{
{ "role" : "output",

"role" : "output", "id" : "outputpdb view",
"id" : "vid", "label" : "Atomistic Model",
"type" : "video", "type" : "atomicstructure",
"label"™ : "Trajectory Movie", "jsmoladd" : "hide HOH;spin on",
"width" : 400, "width" : 450,

"height" : 450 "height" : 450

} }
Savelyev er al. Gateways 2ulb @ SUSC — 3 INovember 201o



Advanced “GenApping”: Admin Utilities

¢ Job History, jobs information within specified time frame (PHP, MongoDB)

=3 -\ NAMDrun - Beta 0.1 Logoff alexey

Help on
Job monitor Integrity check Users User manageme

Start Date| 2016-10-10

End Date | z016-11-03

name email duration (h) running finished cancelled
Totals 102.411 1 221 3
alexey alexsav.science(@gmail.com 1.547 1 99 1
amirayuyue amirayuyue@gmail.com 0 0 0 0
cpayne christy.payne@uky.edu 0 0 0 0
danielma danmart us@yahoo.com 0 0 0 0
emre emre@biochem.uthscsa.edu 0.292 0 49 0
graceb gracebrannigan@gmail.com 0 0 0 0
gumbart gumbart@physics.gatech.edu 0 0 0 0
hwang hhwang8@gatech.edu 26.004 0 65 2
Jjvermaas joshua.vermaas(@nrel.gov 44.476 0 8 0
mocohen mocohen@uchicago.edu 0 0 0 0
pcardena pacl3@gatech.edu 0 0 0 0
LL] ' . “homas.joseph@uphs.upenn.edu 0 0 0 0

genapp.rocks
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In closing

0 cience gateways & local GUI apps

aments driven
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"hanks for attending

Juestions: ask now or
At emre@biochem.uthscsa.edu
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