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Summary

Daft is a Python package that uses matplotlib [http://matplotlib.org/]
to render pixel-perfect probabilistic graphical models for publication
in a journal or on the internet. With a short Python script and an intuitive
model-building syntax you can design directed (Bayesian Networks, directed
acyclic graphs) and undirected (Markov random fields) models and save
them in any formats that matplotlib supports (including PDF, PNG, EPS and
SVG).




Installation

Installing the most recent stable version of Daft should be pretty easy
if you use pip [http://www.pip-installer.org]:

pip install daft





Otherwise, you can download the source (tar [https://github.com/daft-dev/daft/tarball/master], zip [https://github.com/daft-dev/daft/zipball/master]) and run:

python setup.py install





in the root directory.

Daft only depends on matplotlib [http://matplotlib.org/] and
numpy [http://numpy.scipy.org]. These are standard components of the
scientific Python stack but if you don’t already have them installed pip
will try to install them for you but sometimes it’s easier to do that part
yourself.




Issues

If you have any problems or questions, open an “issue” on Github [https://github.com/daft-dev/daft/issues].




Authors & Contributions

Daft is being developed and supported by David S. Fulford [https://github.com/dsfulf], Dan Foreman-Mackey [https://dfm.io] and David W. Hogg [http://cosmo.nyu.edu/hogg].

For the hackers in the house, development happens on Github [https://github.com/daft-dev/daft] and we welcome pull requests. In particular,
we’d love to see examples of how you’re using Daft in your work.




License

Copyright 2012-2019 Daft Developers.

Daft is free software made available under the MIT License. For details
see the LICENSE file [https://raw.github.com/daft-dev/daft/master/LICENSE.rst].

If you use Daft in academic projects, acknowledgements are greatly
appreciated.
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API


The PGM Object

All daft scripts will start with the creation of a PGM object. This
object contains a list of Node objects and Edge objects
connecting them. You can also specify rendering parameters and other default
parameters when you initialize your PGM.


	
class daft.PGM(shape=None, origin=None, grid_unit=2.0, node_unit=1.0, observed_style='shaded', alternate_style='inner', line_width=1.0, node_ec='k', directed=True, aspect=1.0, label_params={}, dpi=None)

	The base object for building a graphical model representation.


	Parameters

	
	shape – (optional)
The number of rows and columns in the grid. Will automatically
determine is not provided.


	origin – (optional)
The coordinates of the bottom left corner of the plot. Will
automatically determine if not provided.


	grid_unit – (optional)
The size of the grid spacing measured in centimeters.


	node_unit – (optional)
The base unit for the node size. This is a number in centimeters that
sets the default diameter of the nodes.


	observed_style – (optional)
How should the “observed” nodes be indicated? This must be one of:
"shaded", "inner" or "outer" where inner and
outer nodes are shown as double circles with the second circle
plotted inside or outside of the standard one, respectively.


	alternate_style – (optional)
How should the “alternate” nodes be indicated? This must be one of:
"shaded", "inner" or "outer" where inner and
outer nodes are shown as double circles with the second circle
plotted inside or outside of the standard one, respectively.


	node_ec – (optional)
The default edge color for the nodes.


	directed – (optional)
Should the edges be directed by default?


	aspect – (optional)
The default aspect ratio for the nodes.


	label_params – (optional)
Default node label parameters. See PGM.Node for details.


	dpi – (optional)
Set DPI for display and saving files.









	
add_edge(name1, name2, directed=None, xoffset=0.0, yoffset=0.1, label=None, plot_params={}, label_params={}, **kwargs)

	Construct an Edge between two named Node objects.


	Parameters

	
	name1 – The name identifying the first node.


	name2 – The name identifying the second node. If the edge is directed,
the arrow will point to this node.


	directed – (optional)
Should the edge be directed from node1 to node2? In other
words: should it have an arrow?


	label – (optional)
A string to annotate the edge.


	xoffset – (optional)
The x-offset from the middle of the arrow to plot the label.
Only takes effect if label is defined in plot_params.


	yoffset – (optional)
The y-offset from the middle of the arrow to plot the label.
Only takes effect if label is defined in plot_params.


	plot_params – (optional)
A dictionary of parameters to pass to the
matplotlib.patches.FancyArrow constructor.


	label_params – (optional)
A dictionary of parameters to pass to the
matplotlib.axes.Axes.annotate constructor.













	
add_node(node, content='', x=0, y=0, scale=1.0, aspect=None, observed=False, fixed=False, alternate=False, offset=[0.0, 0.0], fontsize=None, plot_params={}, label_params=None, shape='ellipse')

	Add a Node to the model.


	Parameters

	
	node – The plain-text identifier for the nodeself.
Can also be the Node to retain backward compatibility.


	content – The display form of the variable.


	x – The x-coordinate of the node in model units.


	y – The y-coordinate of the node.


	scale – (optional)
The diameter (or height) of the node measured in multiples of
node_unit as defined by the PGM object.


	aspect – (optional)
The aspect ratio width/height for elliptical nodes; default 1.


	observed – (optional)
Should this be a conditioned variable?


	fixed – (optional)
Should this be a fixed (not permitted to vary) variable?
If True, modifies or over-rides diameter, offset,
facecolor, and a few other plot_params settings.
This setting conflicts with observed.


	alternate – (optional)
Should this use the alternate style?


	offset – (optional)
The (dx, dy) offset of the label (in points) from the default
centered position.


	fontsize – (optional)
The fontsize to use.


	plot_params – (optional)
A dictionary of parameters to pass to the
matplotlib.patches.Ellipse constructor.


	label_params – (optional)
A dictionary of parameters to pass to the
matplotlib.text.Annotation constructor. Any kwargs not
used by Annontation get passed to matplotlib.text.Text.


	shape – (optional)
String in {ellipse (default), rectangle}
If rectangle, aspect and scale holds for rectangle













	
add_plate(plate, label=None, label_offset=[5, 5], shift=0, position='bottom left', fontsize=None, rect_params=None, bbox=None)

	Add a Plate object to the model.


	Parameters

	
	plate – The rectangle describing the plate bounds in model coordinates.
Can also be the Plate to retain backward compatibility.


	label – (optional)
A string to annotate the plate.


	label_offset – (optional)
The x and y offsets of the label text measured in points.


	shift – (optional)
The vertical “shift” of the plate measured in model units. This
will move the bottom of the panel by shift units.


	position – (optional)
One of "{vertical} {horizontal}" where vertical is "bottom"
or "middle" or "top" and horizontal is "left" or
"center" or "right".


	fontsize – (optional)
The fontsize to use.


	rect_params – (optional)
A dictionary of parameters to pass to the
matplotlib.patches.Rectangle constructor.













	
add_text(x, y, label, fontsize=None)

	A subclass of plate to writing text using grid coordinates. Any
**kwargs are passed through to PGM.Plate.


	Parameters

	
	x – The x-coordinate of the text in model units.


	y – The y-coordinate of the text.


	label – A string to write.


	fontsize – (optional)
The fontsize to use.













	
render(dpi=None)

	Render the Plate, Edge and Node objects in
the model. This will create a new figure with the correct dimensions
and plot the model in this area.


	Parameters

	dpi – (optional)
The DPI value to use for rendering.










	
savefig(fname, *args, **kwargs)

	Wrapper on matplotlib.Figure.savefig() that sets default image
padding using bbox_inchaes = tight.
*args and **kwargs are passed to matplotlib.Figure.savefig().


	Parameters

	
	fname – The filename to save as.


	dpi – (optional)
The DPI value to use for saving.













	
show(dpi=None, *args, **kwargs)

	Wrapper on PGM.render() that calls matplotlib.show()
immediately after.


	Parameters

	dpi – (optional)
The DPI value to use for rendering.
















Nodes


	
class daft.Node(name, content, x, y, scale=1.0, aspect=None, observed=False, fixed=False, alternate=False, offset=[0.0, 0.0], fontsize=None, plot_params={}, label_params=None, shape='ellipse')

	The representation of a random variable in a PGM.


	Parameters

	
	name – The plain-text identifier for the node.


	content – The display form of the variable.


	x – The x-coordinate of the node in model units.


	y – The y-coordinate of the node.


	scale – (optional)
The diameter (or height) of the node measured in multiples of
node_unit as defined by the PGM object.


	aspect – (optional)
The aspect ratio width/height for elliptical nodes; default 1.


	observed – (optional)
Should this be a conditioned variable?


	fixed – (optional)
Should this be a fixed (not permitted to vary) variable?
If True, modifies or over-rides diameter, offset,
facecolor, and a few other plot_params settings.
This setting conflicts with observed.


	alternate – (optional)
Should this use the alternate style?


	offset – (optional)
The (dx, dy) offset of the label (in points) from the default
centered position.


	fontsize – (optional)
The fontsize to use.


	plot_params – (optional)
A dictionary of parameters to pass to the
matplotlib.patches.Ellipse constructor.


	label_params – (optional)
A dictionary of parameters to pass to the
matplotlib.text.Annotation constructor. Any kwargs not
used by Annontation get passed to matplotlib.text.Text.


	shape – (optional)
String in {ellipse (default), rectangle}
If rectangle, aspect and scale holds for rectangle.









	
get_frontier_coord(target_xy, ctx, edge)

	Get the coordinates of the point of intersection between the
shape of the node and a line starting from the center of the node to an
arbitrary point. Will throw a SameLocationError if the nodes
contain the same x and y coordinates. See the example of rectangle
below:

_____________
|            |    ____--X (target_node)
|        __--X----
|     X--    |(return coordinate of this point)
|            |
|____________|






	Target_xy

	(x float, y float)
A tuple of coordinate of target node










	
render(ctx)

	Render the node.


	Parameters

	ctx – The _rendering_context object.
















Edges


	
class daft.Edge(node1, node2, directed=True, label=None, xoffset=0, yoffset=0.1, plot_params={}, label_params={})

	An edge between two Node objects.


	Parameters

	
	node1 – The first Node.


	node2 – The second Node. The arrow will point towards this node.


	directed – (optional)
Should the edge be directed from node1 to node2? In other
words: should it have an arrow?


	label – (optional)
A string to annotate the edge.


	xoffset – (optional)
The x-offset from the middle of the arrow to plot the label.
Only takes effect if label is defined in plot_params.


	yoffset – (optional)
The y-offset from the middle of the arrow to plot the label.
Only takes effect if label is defined in plot_params.


	plot_params – (optional)
A dictionary of parameters to pass to the
matplotlib.patches.FancyArrow constructor to adjust
edge behavior.


	label_params – (optional)
A dictionary of parameters to pass to the
matplotlib.axes.Axes.annotate constructor to adjust
label behavior.









	
render(ctx)

	Render the edge in the given axes.


	Parameters

	ctx – The _rendering_context object.
















Plates


	
class daft.Plate(rect, label=None, label_offset=[5, 5], shift=0, position='bottom left', fontsize=None, rect_params=None, bbox=None)

	A plate to encapsulate repeated independent processes in the model.


	Parameters

	
	rect – The rectangle describing the plate bounds in model coordinates.
This is [x-start, y-start, x-length, y-length].


	label – (optional)
A string to annotate the plate.


	label_offset – (optional)
The x- and y- offsets of the label text measured in points.


	shift – (optional)
The vertical “shift” of the plate measured in model units. This will
move the bottom of the panel by shift units.


	position – (optional)
One of "{vertical} {horizontal}" where vertical is "bottom"
or "middle" or "top" and horizontal is "left" or
"center" or "right".


	fontsize – (optional)
The fontsize to use.


	rect_params – (optional)
A dictionary of parameters to pass to the
matplotlib.patches.Rectangle constructor, which defines
the properties of the plate.


	bbox – (optional)
A dictionary of parameters to pass to the
matplotlib.axes.Axes.annotate constructor, which defines
the box drawn around the text.









	
render(ctx)

	Render the plate in the given axes.


	Parameters

	ctx – The _rendering_context object.
















The Rendering Context


	
class daft._rendering_context(**kwargs)

	
	Parameters

	
	shape – The number of rows and columns in the grid.


	origin – The coordinates of the bottom left corner of the plot.


	grid_unit – The size of the grid spacing measured in centimeters.


	node_unit – The base unit for the node size. This is a number in centimeters that
sets the default diameter of the nodes.


	observed_style – How should the “observed” nodes be indicated? This must be one of:
"shaded", "inner" or "outer" where inner and
outer nodes are shown as double circles with the second circle
plotted inside or outside of the standard one, respectively.


	alternate_style – (optional)
How should the “alternate” nodes be indicated? This must be one of:
"shaded", "inner" or "outer" where inner and
outer nodes are shown as double circles with the second circle
plotted inside or outside of the standard one, respectively.


	node_ec – The default edge color for the nodes.


	directed – Should the edges be directed by default?


	aspect – The default aspect ratio for the nodes.


	label_params – Default node label parameters.


	dpi – (optional)
The DPI value to use for rendering.









	
convert(*xy)

	Convert from model coordinates to plot coordinates.
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Astronomical imaging
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Astronomical imaging

This is a model for every pixel of every astronomical image ever
taken.  It is incomplete!

import daft
from matplotlib import rc

rc("font", family="serif", size=12)
rc("text", usetex=True)


pgm = daft.PGM(grid_unit=4.0, node_unit=1.4)

# Start with the plates.
tweak = 0.02
rect_params = {"lw": 2}
pgm.add_plate(
    [1.5 + tweak, 0.5 + tweak, 6.0 - 2 * tweak, 3.75 - 2 * tweak],
    label=r"\Large telescope+camera+filter multiplets",
    rect_params=rect_params,
)
pgm.add_plate(
    [2.5 + tweak, 1.0 + tweak, 4.0 - 2 * tweak, 2.75 - 2 * tweak],
    label=r"\Large images",
    rect_params=rect_params,
)
pgm.add_plate(
    [3.5 + tweak, 1.5 + tweak, 2.0 - 2 * tweak, 1.75 - 2 * tweak],
    label=r"\Large pixel patches",
    rect_params=rect_params,
)
pgm.add_plate(
    [1.0 + tweak, 4.25 + tweak, 3.5 - 2 * tweak, 1.75 - 2 * tweak],
    label=r"\Large stars",
    rect_params=rect_params,
)
pgm.add_plate(
    [5.5 + tweak, 4.25 + tweak, 2.5 - 2 * tweak, 1.75 - 2 * tweak],
    label=r"\Large galaxies",
    rect_params=rect_params,
)

# ONLY pixels are observed
asp = 2.3
pgm.add_node("true pixels", r"~\\noise-free\\pixel patch", 5.0, 2.5, aspect=asp)
pgm.add_node("pixels", r"pixel patch", 4.0, 2.0, observed=True, aspect=asp)
pgm.add_edge("true pixels", "pixels")

# The sky
pgm.add_node("sky", r"sky model", 6.0, 2.5, aspect=asp)
pgm.add_edge("sky", "true pixels")
pgm.add_node("sky prior", r"sky priors", 8.0, 2.5, fixed=True)
pgm.add_edge("sky prior", "sky")

# Stars
pgm.add_node("star patch", r"star patch", 4.0, 3.0, aspect=asp)
pgm.add_edge("star patch", "true pixels")
pgm.add_node("star SED", r"~\\spectral energy\\distribution", 2.5, 4.75, aspect=asp + 0.2)
pgm.add_edge("star SED", "star patch")
pgm.add_node("star position", r"position", 4.0, 4.75, aspect=asp)
pgm.add_edge("star position", "star patch")
pgm.add_node("temperature", r"temperature", 1.5, 5.25, aspect=asp)
pgm.add_edge("temperature", "star SED")
pgm.add_node("luminosity", r"luminosity", 2.5, 5.25, aspect=asp)
pgm.add_edge("luminosity", "star SED")
pgm.add_node("metallicity", r"metallicity", 1.5, 5.75, aspect=asp)
pgm.add_edge("metallicity", "star SED")
pgm.add_edge("metallicity", "temperature")
pgm.add_edge("metallicity", "luminosity")
pgm.add_node("mass", r"mass", 2.5, 5.75, aspect=asp)
pgm.add_edge("mass", "temperature")
pgm.add_edge("mass", "luminosity")
pgm.add_node("age", r"age", 3.5, 5.75, aspect=asp)
pgm.add_edge("age", "temperature")
pgm.add_edge("age", "luminosity")
pgm.add_node("star models", r"star models", 1.0, 4.0, fixed=True)
pgm.add_edge("star models", "temperature")
pgm.add_edge("star models", "luminosity")
pgm.add_edge("star models", "star SED")

# Galaxies
pgm.add_node("galaxy patch", r"galaxy patch", 5.0, 3.0, aspect=asp)
pgm.add_edge("galaxy patch", "true pixels")
pgm.add_node("galaxy SED", r"~\\spectral energy\\distribution", 6.5, 4.75, aspect=asp + 0.2)
pgm.add_edge("galaxy SED", "galaxy patch")
pgm.add_node("morphology", r"morphology", 7.5, 4.75, aspect=asp)
pgm.add_edge("morphology", "galaxy patch")
pgm.add_node("SFH", r"~\\star-formation\\history", 7.5, 5.25, aspect=asp)
pgm.add_edge("SFH", "galaxy SED")
pgm.add_edge("SFH", "morphology")
pgm.add_node("galaxy position", r"~\\redshift\\ \& position", 6.0, 5.25, aspect=asp)
pgm.add_edge("galaxy position", "galaxy SED")
pgm.add_edge("galaxy position", "morphology")
pgm.add_edge("galaxy position", "galaxy patch")
pgm.add_node("dynamics", r"orbit structure", 6.5, 5.75, aspect=asp)
pgm.add_edge("dynamics", "morphology")
pgm.add_edge("dynamics", "SFH")
pgm.add_node("galaxy mass", r"mass", 7.5, 5.75, aspect=asp)
pgm.add_edge("galaxy mass", "dynamics")
pgm.add_edge("galaxy mass", "galaxy SED")
pgm.add_edge("galaxy mass", "SFH")

# Universals
pgm.add_node("extinction model", r"~\\extinction\\model", 5.0, 4.75, aspect=asp)
pgm.add_edge("extinction model", "star patch")
pgm.add_edge("extinction model", "galaxy patch")
pgm.add_node("MW", r"~\\Milky Way\\formation", 4.0, 6.5, aspect=asp)
pgm.add_edge("MW", "metallicity")
pgm.add_edge("MW", "mass")
pgm.add_edge("MW", "age")
pgm.add_edge("MW", "star position")
pgm.add_edge("MW", "extinction model")
pgm.add_node("galaxy formation", r"~\\galaxy\\formation", 5.0, 6.5, aspect=asp)
pgm.add_edge("galaxy formation", "MW")
pgm.add_edge("galaxy formation", "dynamics")
pgm.add_edge("galaxy formation", "galaxy mass")
pgm.add_edge("galaxy formation", "extinction model")
pgm.add_node("LSS", r"~\\large-scale\\structure", 6.0, 6.5, aspect=asp)
pgm.add_edge("LSS", "galaxy position")
pgm.add_node("cosmology", r"~\\cosmological\\parameters", 6.0, 7.0, aspect=asp)
pgm.add_edge("cosmology", "LSS")
pgm.add_edge("cosmology", "galaxy formation")
pgm.add_node("god", r"God", 7.0, 7.0, fixed=True)
pgm.add_edge("god", "cosmology")

# Sensitivity
pgm.add_node("zeropoint", r"~\\zeropoint\\(photocal)", 3.0, 3.0, aspect=asp)
pgm.add_edge("zeropoint", "true pixels")
pgm.add_node("exposure time", r"exposure time", 3.0, 2.5, observed=True, aspect=asp)
pgm.add_edge("exposure time", "zeropoint")

# The PSF
pgm.add_node("WCS", r"~\\astrometric\\calibration", 3.0, 2.0, aspect=asp)
pgm.add_edge("WCS", "star patch")
pgm.add_edge("WCS", "galaxy patch")
pgm.add_node("psf", r"PSF model", 3.0, 3.5, aspect=asp)
pgm.add_edge("psf", "star patch")
pgm.add_edge("psf", "galaxy patch")
pgm.add_node("optics", r"optics", 2.0, 3.0, aspect=asp - 1.2)
pgm.add_edge("optics", "psf")
pgm.add_edge("optics", "WCS")
pgm.add_node("atmosphere", r"~\\atmosphere\\model", 1.0, 3.5, aspect=asp)
pgm.add_edge("atmosphere", "psf")
pgm.add_edge("atmosphere", "WCS")
pgm.add_edge("atmosphere", "zeropoint")

# The device
pgm.add_node("flatfield", r"flat-field", 2.0, 1.5, aspect=asp)
pgm.add_edge("flatfield", "pixels")
pgm.add_node("nonlinearity", r"non-linearity", 2.0, 1.0, aspect=asp)
pgm.add_edge("nonlinearity", "pixels")
pgm.add_node("pointing", r"~\\telescope\\pointing etc.", 2.0, 2.0, aspect=asp)
pgm.add_edge("pointing", "WCS")
pgm.add_node("detector", r"detector priors", 1.0, 1.5, fixed=True)
pgm.add_edge("detector", "flatfield")
pgm.add_edge("detector", "nonlinearity")
pgm.add_node("hardware", r"hardware priors", 1.0, 2.5, fixed=True)
pgm.add_edge("hardware", "pointing")
pgm.add_edge("hardware", "exposure time")
pgm.add_edge("hardware", "optics")

# Noise
pgm.add_node("noise patch", r"noise patch", 5.0, 2.0, aspect=asp)
pgm.add_edge("noise patch", "pixels")
pgm.add_edge("true pixels", "noise patch")
pgm.add_node("noise model", r"noise model", 7.0, 2.0, aspect=asp)
pgm.add_edge("noise model", "noise patch")
pgm.add_node("noise prior", r"noise priors", 8.0, 2.0, fixed=True)
pgm.add_edge("noise prior", "noise model")
pgm.add_node("cosmic rays", r"~\\cosmic-ray\\model", 8.0, 1.5, aspect=asp)
pgm.add_edge("cosmic rays", "noise patch")

# Render and save.
pgm.render()
pgm.savefig("astronomy.pdf")
pgm.savefig("astronomy.png", dpi=150)









          

      

      

    

  

    
      
          
            
  
You can use arbitrarily shitty fonts
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You can use arbitrarily shitty fonts

Any fonts that LaTeX or matplotlib supports can be used. Do not take
this example as any kind of implied recommendation unless you plan on
announcing a huge discovery!

import daft
from matplotlib import rc

# ff = "comic sans ms"
# ff = "impact"
ff = "times new roman"

rc("font", family=ff, size=12)
rc("text", usetex=False)


pgm = daft.PGM(aspect=2.1, dpi=150)
pgm.add_node("confused", r"confused", 3.0, 3.0)
pgm.add_node("ugly", r"ugly font", 3.0, 2.0, observed=True)
pgm.add_node("bad", r"bad talk", 5.0, 2.0, observed=True)
pgm.add_edge("confused", "ugly")
pgm.add_edge("ugly", "bad")
pgm.add_edge("confused", "bad")

pgm.render()
pgm.savefig("badfont.pdf")
pgm.savefig("badfont.png")









          

      

      

    

  

    
      
          
            
  
The Quintessential PGM
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The Quintessential PGM

This is a demonstration of a very common structure found in graphical models.
It has been rendered using Daft’s default settings for all the parameters
and it shows off how much beauty is baked in by default.

import daft
from matplotlib import rc

rc("font", family="serif", size=12)
rc("text", usetex=True)


# Instantiate the PGM.
pgm = daft.PGM()

# Hierarchical parameters.
pgm.add_node("alpha", r"$\alpha$", 0.5, 2, fixed=True)
pgm.add_node("beta", r"$\beta$", 1.5, 2)

# Latent variable.
pgm.add_node("w", r"$w_n$", 1, 1)

# Data.
pgm.add_node("x", r"$x_n$", 2, 1, observed=True)

# Add in the edges.
pgm.add_edge("alpha", "beta")
pgm.add_edge("beta", "w")
pgm.add_edge("w", "x")
pgm.add_edge("beta", "x")

# And a plate.
pgm.add_plate([0.5, 0.5, 2, 1], label=r"$n = 1, \cdots, N$", shift=-0.1)

# Render and save.
pgm.render()
pgm.savefig("classic.pdf")
pgm.savefig("classic.png", dpi=150)









          

      

      

    

  

    
      
          
            
  
Bayesian Deconvolution
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Bayesian Deconvolution

This is Fulford’s model for simultaneous inversion of the constant-rate
pressure function and constant-pressure rate function for variable-rate
variable-pressure fluid flow through porous media.

import daft

scale = 1.6
pgm = daft.PGM()

# Add Nodes
pgm.add_node("beta dP", r"$\beta_{p}$", 1, 1, scale)
pgm.add_node("pwf_cr", r"$\Delta p_{cr}$", 2.25, 1, scale)

pgm.add_node("beta qD", r"$\beta_{q}$", 1, 0, scale)
pgm.add_node("q_cp", r"$q_{cp}$", 2.25, 0.0, scale)

pgm.add_node("pwf_prime_obs", r"$\frac{d}{dt}\,\Delta p$", 2.25, -1, scale, alternate=True)
pgm.add_node("q_prime_obs", r"$\frac{d}{dt}\,q$", 2.25, 2, scale, alternate=True)

pgm.add_node("pwf_conv", r"$\Delta p$", 3.5, 1.5, scale, alternate=True, plot_params={"ec": "red"})

pgm.add_node("q_conv", r"$q$", 3.5, -0.5, scale, alternate=True, plot_params={"ec": "blue"})

pgm.add_node("t_conv", r"$t$", 3.5, 0.5, scale, alternate=True, plot_params={"ec": "orange"})


# Add Plates
pgm.add_plate([1.625 - 0.05, -1.5 - 0.025, 1.25, 2], rect_params={"ec": "blue"})
pgm.add_plate([1.625, -0.5, 1.25, 2], rect_params={"ec": "orange"})
pgm.add_plate([1.625 + 0.05, 0.5 + 0.025, 1.25, 2], rect_params={"ec": "red"})


# Add Connections
pgm.add_edge("beta dP", "pwf_cr")

pgm.add_edge("beta qD", "q_cp")

pgm.add_edge("pwf_prime_obs", "q_conv")
pgm.add_edge("q_prime_obs", "pwf_conv")
pgm.add_edge("pwf_cr", "pwf_conv")
pgm.add_edge("q_cp", "q_conv")

pgm.add_edge("pwf_cr", "t_conv")
pgm.add_edge("q_cp", "t_conv")

# Legend
x0 = -3.75
pgm.add_node("latent", "", x0 - 0.5, -0.4, 1)
pgm.add_text(x0 - 0.225, -0.4 - 0.08, "= latent variable")
pgm.add_node("observed", "", x0 - 0.5, -1.05, 1, alternate=True)
pgm.add_text(x0 - 0.225, -1.05 - 0.08, "= observed variable")

x0 -= 0.24
dx = -0.4
y0 = 1.8
dy = -0.35
pgm.add_text(x0 + dx, y0 + 0 * dy, r"$\beta_{p_{cr}}$")
pgm.add_text(x0, y0 + 0 * dy, "= beta-derivative of constant-rate pressure drop")
pgm.add_text(x0 + dx, y0 + 1 * dy, r"$\beta_{q_{cp}}$")
pgm.add_text(x0, y0 + 1 * dy, "= beta-derivative of constant-pressure drop rate")
pgm.add_text(x0 + dx, y0 + 2 * dy, r"$p_{cr}$")
pgm.add_text(x0, y0 + 2 * dy, "= constant-rate pressure drop function")
pgm.add_text(x0 + dx, y0 + 3 * dy, r"$q_{cp}$")
pgm.add_text(x0, y0 + 3 * dy, "= constant-pressure drop rate function")
pgm.add_text(x0 + dx, y0 + 4 * dy, r"$q$")
pgm.add_text(x0, y0 + 4 * dy, "= production rate")
pgm.add_text(x0 + dx, y0 + 5 * dy, r"$\Delta p$")
pgm.add_text(x0, y0 + 5 * dy, "= pressure drop at sandface")

# Render and save.
pgm.render()
pgm.savefig("deconvolution.pdf")
pgm.savefig("deconvolution.png", dpi=150)









          

      

      

    

  

    
      
          
            
  
The Fergus model of exoplanet detection
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The Fergus model of exoplanet detection

Besides being generally awesome, this example also demonstrates how you can
color the nodes and add arbitrary labels to the figure.

import daft
from matplotlib import rc

rc("font", family="serif", size=12)
rc("text", usetex=True)


# Colors.
p_color = {"ec": "#46a546"}
s_color = {"ec": "#f89406"}

pgm = daft.PGM()

n = daft.Node("phi", r"$\phi$", 1, 3, plot_params=s_color)
n.va = "baseline"
pgm.add_node(n)
pgm.add_node("speckle_coeff", r"$z_i$", 2, 3, plot_params=s_color)
pgm.add_node("speckle_img", r"$x_i$", 2, 2, plot_params=s_color)

pgm.add_node("spec", r"$s$", 4, 3, plot_params=p_color)
pgm.add_node("shape", r"$g$", 4, 2, plot_params=p_color)
pgm.add_node("planet_pos", r"$\mu_i$", 3, 3, plot_params=p_color)
pgm.add_node("planet_img", r"$p_i$", 3, 2, plot_params=p_color)

pgm.add_node("pixels", r"$y_i ^j$", 2.5, 1, observed=True)

# Edges.
pgm.add_edge("phi", "speckle_coeff")
pgm.add_edge("speckle_coeff", "speckle_img")
pgm.add_edge("speckle_img", "pixels")

pgm.add_edge("spec", "planet_img")
pgm.add_edge("shape", "planet_img")
pgm.add_edge("planet_pos", "planet_img")
pgm.add_edge("planet_img", "pixels")

# And a plate.
pgm.add_plate([1.5, 0.2, 2, 3.2], label=r"exposure $i$", shift=-0.1)
pgm.add_plate([2, 0.5, 1, 1], label=r"pixel $j$", shift=-0.1)

# Render and save.
pgm.render()
pgm.savefig("exoplanets.pdf")
pgm.savefig("exoplanets.png", dpi=150)









          

      

      

    

  

    
      
          
            
  
Node Types
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Node Types

There are four default styles of nodes.

import daft

pgm = daft.PGM(aspect=1.5, node_unit=1.75)
pgm.add_node("unobs", r"Unobserved!", 1, 4)
pgm.add_node("obs", r"Observed!", 1, 3, observed=True)
pgm.add_node("alt", r"Alternate!", 1, 2, alternate=True)
pgm.add_node("fixed", r"Fixed!", 1, 1, fixed=True, aspect=1.0, offset=[0, 5])

pgm.render()
pgm.savefig("fixed.pdf")
pgm.savefig("fixed.png", dpi=150)
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An undirected graph
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An undirected graph

This makes the simple point that you don’t have to have directions on
your edges; you can have undirected graphs.  (Also, the nodes don’t
need to have labels!)

import daft
import itertools


# Instantiate the PGM.
pgm = daft.PGM(node_unit=0.4, grid_unit=1, directed=False)

for i, (xi, yi) in enumerate(itertools.product(range(1, 5), range(1, 5))):
    pgm.add_node(str(i), "", xi, yi)


for e in [
    (4, 9),
    (6, 7),
    (3, 7),
    (10, 11),
    (10, 9),
    (10, 14),
    (10, 6),
    (10, 7),
    (1, 2),
    (1, 5),
    (1, 0),
    (1, 6),
    (8, 12),
    (12, 13),
    (13, 14),
    (15, 11),
]:
    pgm.add_edge(str(e[0]), str(e[1]))

# Render and save.
pgm.render()
pgm.savefig("mrf.pdf")
pgm.savefig("mrf.png", dpi=150)









          

      

      

    

  

    
      
          
            
  
Nodes can go free
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Nodes can go free

You don’t need to put ellipses or circles around your node contents,
if you don’t want to.

import daft
from matplotlib import rc

rc("font", family="serif", size=12)
rc("text", usetex=True)


pgm = daft.PGM(node_ec="none")
pgm.add_node("cloudy", r"cloudy", 3, 3)
pgm.add_node("rain", r"rain", 2, 2)
pgm.add_node("sprinkler", r"sprinkler", 4, 2)
pgm.add_node("wet", r"grass wet", 3, 1)
pgm.add_edge("cloudy", "rain")
pgm.add_edge("cloudy", "sprinkler")
pgm.add_edge("rain", "wet")
pgm.add_edge("sprinkler", "wet")

pgm.render()
pgm.savefig("nocircles.pdf")
pgm.savefig("nocircles.png", dpi=150)









          

      

      

    

  

    
      
          
            
  
Alternative Observed Node Styles
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Alternative Observed Node Styles

This model is the same as the classic model but the
“observed” Node is indicated by a double outline instead of shading.
This particular example uses the inner style but outer is also an
option for a different look.

import daft
from matplotlib import rc

rc("font", family="serif", size=12)
rc("text", usetex=True)


pgm = daft.PGM(observed_style="inner")

# Hierarchical parameters.
pgm.add_node("alpha", r"$\alpha$", 0.5, 2, fixed=True)
pgm.add_node("beta", r"$\beta$", 1.5, 2)

# Latent variable.
pgm.add_node("w", r"$w_n$", 1, 1)

# Data.
pgm.add_node("x", r"$x_n$", 2, 1, observed=True)

# Add in the edges.
pgm.add_edge("alpha", "beta")
pgm.add_edge("beta", "w")
pgm.add_edge("w", "x")
pgm.add_edge("beta", "x")

# And a plate.
pgm.add_plate([0.5, 0.5, 2, 1], label=r"$n = 1, \ldots, N$", shift=-0.1)

# Render and save.
pgm.render()
pgm.savefig("nogray.pdf")
pgm.savefig("nogray.png", dpi=150)









          

      

      

    

  

    
      
          
            
  
Recursively generated graph
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Recursively generated graph

Daft is Python, so you can do anything Python can do.  This graph is
generated by recursive code.

from __future__ import division
import daft
from matplotlib import rc

rc("font", family="serif", size=12)
rc("text", usetex=True)


def recurse(pgm, nodename, level, c):
    if level > 4:
        return nodename
    r = c // 2
    r1nodename = "r{0:02d}{1:04d}".format(level, r)
    if 2 * r == c:
        # print("adding {0}".format(r1nodename))
        pgm.add_node(
            r1nodename, r"reduce", 2 ** level * (r + 0.5) - 0.5, 3 - 0.7 * level, aspect=1.9
        )
    pgm.add_edge(nodename, r1nodename)
    if 2 * r == c:
        return recurse(pgm, r1nodename, level + 1, r)


pgm = daft.PGM()

pgm.add_node("query", r'\texttt{"kittens?"}', 3, 6.0, aspect=3.0, plot_params={"ec": "none"})
pgm.add_node("input", r"input", 7.5, 6.0, aspect=3.0)
pgm.add_edge("query", "input")

for c in range(16):
    nodename = "map {0:02d}".format(c)
    pgm.add_node(nodename, str(nodename), c, 3.0, aspect=1.9)
    pgm.add_edge("input", nodename)
    level = 1
    recurse(pgm, nodename, level, c)

pgm.add_node("output", r"output", 7.5, -1.0, aspect=3.0)
pgm.add_edge("r040000", "output")
pgm.add_node(
    "answer", r'\texttt{"http://dwh.gg/"}', 12.0, -1.0, aspect=4.5, plot_params={"ec": "none"}
)
pgm.add_edge("output", "answer")

pgm.render()
pgm.savefig("recursive.pdf")
pgm.savefig("recursive.png", dpi=200)









          

      

      

    

  

    
      
          
            
  
A model for weak lensing
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A model for weak lensing

This is (Daft co-author) Hogg’s model for the observational
cosmology method known as weak gravitational lensing, if that method
were properly probabilistic (which it usually isn’t).  Hogg put the
model here for one very important reason: Because he can.  Oh, and
it demonstrates that you can represent non-trivial scientific projects
with Daft.

import daft
from matplotlib import rc

rc("font", family="serif", size=12)
rc("text", usetex=True)


pgm = daft.PGM()
pgm.add_node("Omega", r"$\Omega$", -1, 4)
pgm.add_node("gamma", r"$\gamma$", 0, 4)
pgm.add_node("obs", r"$\epsilon^{\mathrm{obs}}_n$", 1, 4, observed=True)
pgm.add_node("alpha", r"$\alpha$", 3, 4)
pgm.add_node("true", r"$\epsilon^{\mathrm{true}}_n$", 2, 4)
pgm.add_node("sigma", r"$\sigma_n$", 1, 3)
pgm.add_node("Sigma", r"$\Sigma$", 0, 3)
pgm.add_node("x", r"$x_n$", 2, 3, observed=True)
pgm.add_plate([0.5, 2.25, 2, 2.25], label=r"galaxies $n$")
pgm.add_edge("Omega", "gamma")
pgm.add_edge("gamma", "obs")
pgm.add_edge("alpha", "true")
pgm.add_edge("true", "obs")
pgm.add_edge("x", "obs")
pgm.add_edge("Sigma", "sigma")
pgm.add_edge("sigma", "obs")

pgm.render()
pgm.savefig("weaklensing.pdf")
pgm.savefig("weaklensing.png", dpi=150)









          

      

      

    

  

    
      
          
            
  
Nodes can contain words
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Nodes can contain words

We here at Daft headquarters tend to put symbols (variable
names) in our graph nodes.  But you don’t have to if you don’t
want to.

import daft
from matplotlib import rc

rc("font", family="serif", size=12)
rc("text", usetex=True)


pgm = daft.PGM()
pgm.add_node("cloudy", r"cloudy", 3, 3, aspect=1.8)
pgm.add_node("rain", r"rain", 2, 2, aspect=1.2)
pgm.add_node("sprinkler", r"sprinkler", 4, 2, aspect=2.1)
pgm.add_node("wet", r"grass wet", 3, 1, aspect=2.4, observed=True)
pgm.add_edge("cloudy", "rain", label=r"65\%", xoffset=-0.1, label_params={"rotation": 45})
pgm.add_edge("cloudy", "sprinkler", label=r"35\%", xoffset=0.1, label_params={"rotation": -45})
pgm.add_edge("rain", "wet")
pgm.add_edge("sprinkler", "wet")

pgm.render()
pgm.savefig("wordy.pdf")
pgm.savefig("wordy.png", dpi=150)
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