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1. Why publish tools & apps in nanoHUB?
• Tools are publications (DOIs and indexed by Web of Science)
• Share your work with your community (22,000+ annual sim users)

2. Various tool and app types
• Apps, workflows, Jupyter notebooks, commercial codes, X11 GUIs

3. Sim2Ls, FAIR workflows and data
• Develop and publish Sim2Ls

4. Developing Apps
• Connecting Sim2Ls to Jupyter and Web Apps

5. Tool Publication process
• Register, deploy, test, and publish

6. Development environment
• A Unix development environment (Jupyter or Linux desktop)

7. Simulation and data as a service
• Launching tools and querying the ResultsDB



Overview

nanoHUB getting started guide for developers 3

JUPYTER APPS WEB APPS

• Connecting Sim2Ls to Jupyter
• Jupyter Widgets
• sim2lbuilder
• Custom widgets

• Connecting Sim2Ls to Web Apps 
• nanoHUB end points / REST
• nanohub-uidl to create Apps
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JUPYTER APPS

• Connecting Sim2Ls to Jupyter
• Jupyter Widgets
• sim2lbuilder
• Custom widgets



Jupyter Widgets
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 Jupyter widgets tutorial - https://github.com/jupyter-widgets/tutorial

• “A Python widget is an object that represents a control on the front end, like a 
slider. A single control can be displayed multiple times - they all represent the 
same python object”

• There are many widgets distributed with ipywidgets (core widgets)  
(https://ipywidgets.readthedocs.io/en/stable/examples/Widget%20List.html)



Jupyter Widgets - Community
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• Jupyter community has contribute multiple notebook extensions to help with 
data visualization, and GUI development.

https://jupyter.org/widgets



Jupyter Widgets - Layout
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https://ipywidgets.readthedocs.io/en/latest/examples/Widget%20Layout.ht
ml

• Widgets can be grouped on different types of containers and layouts



Jupyter Widgets - Events
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• Changes on a widget (python object state) can be connected to python 
functions.
• New values are passed as parameter to the function

• Special widget “button” has an onclick event.



What are Sim2Ls?
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• Full end-to-end computational workflow
• Input(s) → workflow → output(s)
• Including all pre-processing and post-processing steps

• Simulation as a service. Launch Sim2Ls from:
• From a GUI or App
• From AI/ML or high-throughput workflows
• From inside nanoHUB or outside

Hunt M, Clark S, Mejia D, Desai S, Strachan A (2022) Sim2Ls: FAIR simulation workflows and data. PLoS ONE 17(3): e0264492. 
https://doi.org/10.1371/journal.pone.0264492 
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What is Sim2Lbuilder?
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• GUI builder
• Input(s) + output(s) → Jupyter widgets

• Creates default Layout for a Sim2L
• Only need the simtool name

SIM2LBUILDER



Sim2Lbuilder - Basics
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• Loading libraries
• searchForSimTool - to locate the simtool
• getSimToolInputs - to extract inputs given a simtool path

• Loading default schema
• e.g. “meltingkim” sim2l

nanoHUB Sim2Ls guide for developers



Sim2Lbuilder – Basic App 
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• Create Run Function and assemble the App
• Create a python function, widget with inputs and outputs as parameter
• Connect the function to RunSimTool method
• Assemble the widget
• Display the widget

nanoHUB Sim2Ls guide for developers



What is Sim2Lbuilder?
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SIM2LBUILDER



Sim2Lbuilder – Modifying default schema
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• Schema can be customized to use different types of widgets as inputs or 
outputs, and change widgets parameters

nanoHUB Sim2Ls guide for developers



Sim2Lbuilder – Modifying default schema Images
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SCHEMA  
{
  …
  'outputs': {
    'output1' : { 'type': 'Image' },
    'output2' : { 'type': 'Output' },
    …
  },
  …
}

RUNSIMTOOL FUNCTION
file = open("nanohub.png", "rb")
image = file.read()
widget.outputs["output1"].value = image
 
from IPython.display import Image
widget.outputs["output2"].clear_output()
with widget.outputs["output2"]:
  display(Image(url= "nanohub.png", width=200))

 
 

• Schema can be customized to use different types of widgets as inputs or 
outputs, and change widgets parameters



Sim2Lbuilder – Modifying default schema 2D PLOTS
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SCHEMA
{
…
  'outputs': {
    'output1' : { 
      'type': 'FigureWidget',
      'module' : 'plotly.graph_objects'
    },
    'output2' : { 'type': 'Output' },
    'output3' : { 'type': 'Output' },
    … 
  }
  …
}

RUNSIMTOOL FUNCTION
x = np.linspace(0, 10, 100)
y = np.sin(x)
widget.outputs["output1"].add_trace(go.Scatter(x=x, y=y)
 
with widget.outputs["output2"]:
  fig = plt.figure()
  plt.plot(x, y)
  plt.show(fig)
    
with widget.outputs["output3"]:
  graph = figure()
  graph.line(x, y)
  show(graph)
  bokeh.io.output_notebook() 

• Schema can be customized to use different types of widgets as inputs or 
outputs, and change widgets parameters



Sim2Lbuilder – Modifying default schema 3D PLOTS
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SCHEMA
{
…
  'outputs': {
    'output1' : { 
      'type': 'FigureWidget',
      'module' : 'plotly.graph_objects'
    },
    'output2' : { 'type': 'Output' },
    … 
  }
  …
}

RUNSIMTOOL FUNCTION
x = np.linspace(0, 10, 100)
y = np.sin(x)
z = y*np.sin(x)
 
widget.outputs["output1"].add_trace(go.Scatter3d(x=x, y=y, z=z, 
mode='lines+markers'))
 
with widget.outputs["output2"]:

fig = plt.figure()
ax = plt.axes(projection='3d')
ax.scatter3D(x, y, z, c=x, cmap='Greens');
plt.show(fig) 

• Schema can be customized to use different types of widgets as inputs or 
outputs, and change widgets parameters



Sim2Lbuilder – Modifying default schema SURFACES
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SCHEMA
{
…
  'outputs': {
    'output1' : { 
      'type': 'FigureWidget',
      'module' : 'plotly.graph_objects'
    },
    'output2' : { 
      'type': 'plot',
      'module' : 'k3d'
    },
    … 
  }
  …
}

RUNSIMTOOL FUNCTION
x = np.linspace(xmin, xmax, Nx, dtype=np.float32)
y = np.linspace(ymin, ymax, Ny, dtype=np.float32)
x, y = np.meshgrid(x, y)
f = np.sin(x ** 2 + y ** 2)
 
widget.outputs["output1"].data = []
widget.outputs["output1"].add_trace(go.Surface(z=f))
widget.outputs["output2"].layout.flex= '1'
 
widget.outputs["output2"].objects=[]
widget.outputs["output2"].__iadd__(k3d.surface(f, xmin=xmin, xmax=xmax, 
ymin=ymin, ymax=ymax));
widget.outputs["output2"].layout.flex= '1'

• Schema can be customized to use different types of widgets as inputs or 
outputs, and change widgets parameters



Sim2Lbuilder – Modifying default schema MOLECULES
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SCHEMA
{
…
  'outputs': {
    'output1' : { 
      'type': 'NGLWidget',
      'module' : 'nglview'
    },
    'output2' : { 
      'type': 'Speck',
      'module’ : ipyspeck.speck'
    }, 
    'output3' : {
      'type': Output,
    }
    … 
  }
  …
}

RUNSIMTOOL FUNCTION
obConversion = openbabel.OBConversion()
obConversion.SetInAndOutFormats("pdb", "xyz")
mol = openbabel.OBMol()
obConversion.ReadFile(mol, "1hel.pdb")
co2 = obConversion.WriteString(mol)
 
widget.outputs["output1"].layout.width= '100%'
widget.outputs["output1"].add_component('1hel.pdb')
widget.outputs["output1"].add_representation('ball+stick')
 
widget.outputs["output2"].data=co2
 
widget.outputs['output3'].clear_output()
with widget.outputs["output3"]:
     imolecule.draw("1hel.pdb") 

• Schema can be customized to use different types of widgets as inputs or 
outputs, and change widgets parameters



Sim2Lbuilder – Modifying default schema MAPS
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SCHEMA
{
…
  'outputs': {
    'output1' : { 
      'type': 'Map',
      'module' : 'ipyleaflet'
    }
    … 
  }
  …
}

RUNSIMTOOL FUNCTION
widget.outputs["output1"].center=(40.4237, -86.9212)
widget.outputs["output1"].zoom=15
marker = ipyleaflet.Marker(
  location=(40.4237, -86.9212), 
  draggable=False, 
  title="Purdue University"
)
widget.outputs["output1"].add_layer(marker);

• Schema can be customized to use different types of widgets as inputs or 
outputs, and change widgets parameters



Sim2lbuilder - WidgetConstructor
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SIM2LBUILDER

s = WidgetConstructor(schema, format="file", widget_name="Widget0")
s.RunSimTool = RunSimTool
s.assemble()
…
import Widget0
Widget0.Widget0()

• Widget can be exported as python code, imported later

nanoHUB Sim2Ls guide for developers
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WEB APPS

• Connecting Sim2Ls to Web Apps 
• nanoHUB end points / REST
• nanohub-uidl to create Apps



nanoHUB REST/API
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• The nanoHUB web API uses standard HTTP GET and POST methods
• In order to use the nanoHUB web API you need a nanoHUB account. 
• To host apps outside nanoHUB, you need to register an app 

• https://nanohub.org/developer/api/applications/new.
• Python

• requests library (https://pypi.org/project/requests/)
• Javascript 

• axios library (https://axios-http.com)

OAuth2 is a protocol that lets external applications request authorization to 
private details in a user’s account without getting their password. This is 
preferred over Basic Authentication because tokens can be limited to 
specific types of data, and can be revoked by users at any time.

Authentication (OAuth2)

https://nanohub.org/developer/api/applications/new
https://axios-http.com/


nanoHUB REST/API Getting a token
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User-Password

Current session



nanohub-remote
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• Nanohub-remote is simple sdk to interact with nanoHUB REST/API
• https://nanohub.org/resources/nhremote for more examples

Get schema and  
parameters for a sim2l

https://nanohub.org/resources/nhremote


nanohub-uidl
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• Nanohub-uidl is a library to create javascript code based on a json schema, 
inspired on the concepts of teleporthq
• https://teleporthq.io/repl 

Defining App state
variables



nanohub-uidl / Project
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• A projects is a collection of components, javascript libraries are loaded by 
default from public Content Delivery Network (CDN) repositories, this can be 
changed

Create 
main project



nanohub-uidl / Auxiliary widgets
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 Other components

• Add “loaders” to include visual feedback to user 



nanohub-uidl / sim2l schema
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• The javascript app would need the sim2l schema to submit runs 



nanohub-uidl / App authentication
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• The web app can use two types of authentication:
• Auth.Login() to require user and password 
• Auth.Session() reuse the current session (published on nanoHUB)



nanohub-uidl / Settings + Layout
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• Settings and layout can be extracted from the sim2l parameters
• IDs not included in the layout would be not visible in the app



nanohub-uidl / Settings + Layout types
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• Available setting types:

• IconList, ButtonList, Select, IntegerAsString, Integer, Number, 
NumberAsString, String, Boolean , IntSwitch, DictionaryAsString, 
StringListAsString, NumberListAsString, IntListAsString

• More types of widgets can be added modifying the schema or by creating 
additional components

• Available layout group:

• Tab, group, container



nanohub-uidl / Settings component
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• Settings and layout would be translated as a react component calling endpoint 
to run sim2l and request “outputs”



nanohub-uidl / Getting Results
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• App can callback a javascript function after successfully getting results from the 
sim2l.

• hashkey is the identifier
to recover results
from browser datastore 



nanohub-uidl / Getting Results / Plots
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• refreshViews, loadXY and loadSequence allows developers to visualize and 
customize plots loadXY: creates a single plot using sim2l outputs 

defined in the ”dataset” parameters, it expects sim2l 
output to be a dictionary for X and Y lists 
 
loadSequence: creates multiple plots similarly to 
loadXY, , it expects sim2l output to be a dictionary, 
each key should contain a dictionary for X and Y lists 

layout: customize plotly layout 
(https://plotly.com/javascript/reference/layout/)

parameters: describes the key for X values (position) 
and Y values (function) in the javascript object

normalize: sequence shares the same axis for all 
plots

start_trace: sequence starts on the index of the trace

https://plotly.com/javascript/reference/layout/


nanohub-uidl / Getting Results / Plots
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• Each Key in the dictionary would be represented as a button on the Results 
component



nanohub-uidl / Assembling the app

37nanoHUB Sim2Ls guide for developers

• Customize the App changing the Theme colors
• Add images to customize the AppBar
• buildReact translate the schema to a React App



nanohub-uidl / Publishing the App
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• Customize the App changing the Theme colors (ThemeProvider)
• Add images to customize the Application top header (AppBar)
• buildReact translates the created schema as a React App



More examples
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• https://github.com/denphi/nanohub-uidl/tree/master/examples/tools
• https://nanohub.org/tools/pnjunctionapp
• https://nanohub.org/js_apps/kronig_penney.html

WEB APPS

https://nanohub.org/tools/pnjunctionapp
https://nanohub.org/js_apps/kronig_penney.html
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JUPYTER APPS WEB APPS

• Connecting Sim2Ls to Jupyter
• Jupyter Widgets
• sim2lbuilder
• Custom widgets

• Connecting Sim2Ls to Web Apps 
• nanoHUB end points / REST
• nanohub-uidl to create Apps


