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PythiaPlotter documentation

PythiaPlotter [https://github.com/raggleton/PythiaPlotter/] plots diagrams of particle decay trees from HEP Monte Carlo (MC) events. It comes in handy to figure out what is actually going on in your MC!
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PythiaPlotter

[image: Supports python 2.7, 3.4, 3.5, 3.6] [image: Travis Build Status]


What Is It

Plots diagrams of particle decay trees from HEP Monte Carlo (MC) events.
Very handy to figure out what is actually going on in your MC!

Click here for an interactive example [https://raggleton.github.io/PythiaPlotter/test_py8.html].

And some snippets from the PDF examples in the example [https://github.com/raggleton/PythiaPlotter/tree/master/example] folder:

[image: _images/snippet_node.png]
[image: _images/snippet_edge.png]



What Can I Give It To Plot?

PythiaPlotter currently supports:


	Pythia 8 STDOUT (i.e. the big particle event table) (e.g. example/example_pythia8.txt [https://github.com/raggleton/PythiaPlotter/tree/master/example/example_pythia8.txt])

	HepMC files (e.g. example/example_hepmc.hepmc [https://github.com/raggleton/PythiaPlotter/tree/master/example/example_hepmc.hepmc])

	LHE files (e.g. example/example_lhe.lhe [https://github.com/raggleton/PythiaPlotter/tree/master/example/example_lhe.lhe])

	ParticleListDrawer STDOUT as output by CMSSW (e.g. example/example_cmssw.txt [https://github.com/raggleton/PythiaPlotter/tree/master/example/example_cmssw.txt])

	Heppy ROOT files - requires a special module to add mother/daughter relationships (e.g. example/example_heppy.root [https://github.com/raggleton/PythiaPlotter/tree/master/example/example_heppy.root])






What Do I Need:


	Currently, both python 2.7 and python >=3.4 are supported (although
the Heppy input is only supported by python 2.7 due to ROOT
limitations)

	graphviz [http://www.graphviz.org] (If the command which dot
returns a filepath, you will be fine)

	PyROOT [https://root.cern.ch/] if you want to parse Heppy ROOT
NTuples. Note that if you are in a virtualenv, you will need to
enable global site packages. If ROOT cannot be found, then the
--inputFormat HEPPY option will be disabled.

	All other required python packages will be installed automatically






How Do I Get It:


	The easiest way is to use pip:



pip install git+https://github.com/raggleton/PythiaPlotter.git






	It can also be cloned from Github and installed locally from the base
directory:



make install






	If you really can’t install it, it is also possible to clone and run it in the main PythiaPlotter directory by doing:



python -m pythiaplotter





However this is the least recommended way, as you must be in the specific PythiaPlotter directory.




How Do I Use It:

Example usage (requires downloading the example input files in the
example [https://github.com/raggleton/PythiaPlotter/tree/master/example] directory)

PythiaPlotter example/example_pythia8.txt --open --inputFormat PYTHIA --printer WEB
PythiaPlotter example/example_hepmc.hepmc --open --inputFormat HEPMC --printer DOT

# to show all options:
PythiaPlotter --help





There are various input (parser) and output (printer) options.
You should specify the input format using --inputFormat
(although it does try to guess), and and output printer using --printer
(defaults to DOT). There are also other options for specifying the
output filename and format.

MC generators often internally make several sequential copies of a
particle, updating it as the event evolves. For our purposes, these are
redundant particles that add no information, and just make things more
complicated. Therefore they are removed by default. To keep these
redundant particles use the --redundants flag.


Advanced: particle representations

Briefly, particles can be represented as nodes (graphically
represented as a dot or blob) or edges (a line). In a generic graph,
edges join together nodes, and may or may not have a direction. Here, we
make use of the directionality of edges.


	Node representation: edges indicate a relationship between
particles, where the direction may be read as “produces” or “decays
into”. For example, a ->- b represents a decaying into b.

	Edge representation: edges represent particles, like in a Feynman
diagram. Nodes therefore join connected particles, such that all
incoming edges into a node may be seen a “producing” or “decaying
into” all outgoing edges.



This difference is that input formats naturally fall into one of the two
representations. Pythia8, LHE, Heppy are all in the node
representation, whilst HepMC is in the edge representation. Included
in this program is the possibility to convert from the default
representation into the other representation using the
-r {NODE, EDGE} option. This can be useful to help elucidate what’s
going on in an event.

Note that redundant particle removal is done after representation
conversion.






Full documentation:

See readthedocs [http://pythiaplotter.readthedocs.io/en/latest/]
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Usage

Running the program requires the user to (1) select a suitable parser for their input, and (2) a printer.

To show all options, do PythiaPlotter -h.


Input Parsers

There are a variety of acceptable input sources. The input format should be specified using the --inputFormat <FORMAT> flag.


Pythia8 STDOUT PYTHIA

This is the full event listing output to screen when running Pythia 8.
The user should pipe this into a file, and then pass that file to PythiaPlotter.




LHE LHE




HepMC HEPMC




CMSSW ParticleListDrawer CMSSW

This is the output from the ParticleListDrawer module used in CMSSW.
The user should pipe the output into a file, and then pass that file to PythiaPlotter.




Heppy HEPPY

This reads in a ROOT file, with branches produced by a custom analyzer module to add in genparticle and mother/daughter info.




Common Parser options


	-n, --eventNumber: specify the index of the event to parse in the input file. By default, it will parse the first event (0).








Output Printers

Currently supported printers (specify via -p, --printer):


dot DOT

This prints a static document using Graphviz.
By default it makes a PDF using the dot layout program, however the user is free to specify the layout program (via --layout <LAYOUT>) and the output format (via --outputFormat <FORMAT>).




web WEB

This creates an interactive webpage using Graphviz + vis.js.
By default, it uses the dot layout program, however the user can change this via the --layout <LAYOUT> flag.




Common Printer Options

There are several options that apply to both printers.


	-O, --output <FILENAME>: specify output filename.

	--open: automatically open the output file once done.

	--title <TITLE>: can optionally put a title on the plot. Note that by default the input file and event number are automatically included.

	--redundants: by default the program removes chains of the same particle that are used internally by the MC generators. To keep these chains, use this flag.

	--saveGraphviz: this allows you to save the graph in a format suitable for parsing by graphviz. The user can then modify settings, etc in the file and ismply run graphviz over it, without having to rerun the entire program.

	-r, --representation {NODE, EDGE}: specify the output particle representation. For more info, see Graphs and representations.








Configuring Parsers & Printers

Although many options can be configured on the command line, some require more
complex settings, or alternatively can be “set-and-forget”.
This is done using a config file.
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Some Theory: Graphs and Particle Representations

This is a brief introduction to graphs, some terminology, and how particle event trees can be represented by a graph.


Basics

A graph is composed of a set of nodes, along with edges which connect those nodes.
An example of a simple graph is shown below.


[image: graph foo {    rankdir="LR";    "Node A" -- "Node B" [label="an edge"];    "Node A" -- "Node C"; }]


Edges may have a direction associated with them; in this case we have a directed graph or digraph.
An example of a digraph is shown below.


[image: digraph foo {    rankdir="LR";    nodesep=1;    A -> B [label="Edge 1"];    A -> C [label="Edge 2"]; }]


A directed edge has an outgoing node (the one it leaves) and an incoming node (the one it is going into).
In the example, Edge 1 has outgoing node A, and incoming node B, whilst Edge 2 has outgoing node A and incoming node C.
This implies some sort of “relationship” between nodes.




Graphs and the Representations of Particles

A particle event is characterised by the production and decay of particles; for example two gluons combine to make a Higgs boson, or a pion decays to two photons.
There are parents (historically “mothers”) such as the gluons or pion, and children (“daughters”), the Higgs or photons, and the parents “produce” the children.
Therefore, there are relationships between these particles, which we can denote using graphs in 2 distinct ways.

Physicists are already used to this concept without realising it: a Feynman diagram (see below) is a graph, where each particle is represented by an edge, and a node with incoming and outgoing particles indicates some interaction (a vertex).


[image: digraph foo {     rankdir="LR";     nodesep=1;     node [shape="point"];     splines="false";     Z -> A [label="H", style="dashed"];     A -> B [label="tau"];     A -> C [label="tau"]; }]


This association of particles to edges is deemed the edge representation.
In this representation, nodes act as endpoints of edges, and a node with several incoming and outgoing particles may be interpreted as “all incoming particles are parents to all outgoing particles (children)”.
That is, the incoming Higgs is parent to the two tau children.

This is not the only possible assignment of particles to a direct graph however.
Whilst natural from a theoretical particle physics persepctive, one can pose an alternate formulation.
If we choose to represent each particle as a node, then each parent-daughter relationships can be denoted with a directed edge.
In the example above of Higgs decaying to a pair of taus, there are two (parent, child) relationships, (Higgs, tau), so we can denote this as:


[image: digraph foo {     rankdir="LR";     H -> tau1;     tau1 [label="tau"];     H -> tau2;     tau2 [label="tau"]; }]


This is the node representation.
Given a list of parent-child relationships, this is the natural representation, and is therefore the default for Pythia8, LHE, Heppy graphs.




Conversion between representations

Naturally, one might ask if it is possible to convert between the two representations.
Spoiler: yes! Although it is sometimes non-trivial.


Edge to Node (easier)

Due to the definition of a node, this conversion is easy:


	On our new graph, for each edge particle, create a node for that particle

	For each vertex, iterate through all combinations of (incoming, outgoing) edges; for each draw a directed line between the corresponding pair of nodes.



And that’s it!

A simple example is shown:




Node to Edge (harder)

Unlike edge to node, this is not always trivial.
Consider the very simple example below.
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Notes for developers


Note

There is a makefile with handy targets for running tests, etc - use make list to show these.




Setup

One should install PythiaPlotter in “editable” mode using pip.
This is easily done using make installe (note the e), or
make reinstalle to uninstall and reinstall.

Developers should install the packages in tests/requirements.txt for
running the tests, and docs/requirements.txt for making the docs:

pip install docs/requirements.txt
pip install tests/requirements.txt








Design Notes

The program is designed to be easy to extend in the event that more support
needs to be added for different input or output formats.
Because of this, there is a strong divide between the parsing
part of the program, and the plotting/printing part.

These two parts communicate by exchanging an Event object,
which contains a NetworkX MultiDiGraph object that holds the graph structure and particles.

In addition, there is a divide between the physical objects in an event,
and the structure that connects them. This offers several advantages:


	uniform way to access particle relationships regardless of input or output mode

	separation of physical particle attributes from graph structure and attributes (e.g. parent nodes, etc)

	separation of visual attributes from physical attributes.



The last point is important: this way, we can easily assign a NodeAttr
object to each node, and an EdgeAttr to each edge, to hold the display
options and decouple the visual attributes from the physical attributes.
By sub-classing those *Attr objects for different output formats,
we can easily implement a new output format without interference with other output formats.




Testing

There are various make targets to run tests easily:


	make test: run unit tests

	make test-examples: run full execution of the program, for a variety of input options

	make cov: run coverage.py and make a HTML report

	make benchmark: run performance metrics (mostly timing of components)



There are also various targets for linting, etc:


	make lint: run pylint

	make lint-py3: run pylint’s python3 checker Note this is not perfect!

	make flake: run flake8



Docs can be made locally by doing make docs.




Conventions / Style

Lines should be < 100 lines, but sometimes going over makes more sense than horrible linebreaks.
Try and fix all linter errors/warnings, but sometimes they are silly.
Use Numpy-style [https://github.com/numpy/numpy/blob/master/doc/HOWTO_DOCUMENT.rst.txt] for docstrings.
All code should be compatible with python 2.7 and >=3.4.
The compatibilty with 2.7 is because a significant proportion of HEP is still
forced to use it, but at the same time we should forsee migration to python 3.
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Submodules





pythiaplotter.printers.dot_config module





pythiaplotter.printers.dot_display_classes module


Classes to describe and generate visual attributes for making the Graphviz description.


Also set particle label in here, see get_particle_label(). Or should this be a
method for the particle?



		
class pythiaplotter.printers.dot_display_classes.DotAttrGenerator(particle_opts=None, label_opts=None)[source]


		Bases: object


Base class for generating particle attr dicts



		
dict_to_gv_str(attr_dict)[source]


		Convert a dict to a graphviz-legal string.









		
get_non_particle_attr(obj, fancy)[source]


		Base method for getting an attribute dict for not a particle.


key:value pairs must be legal graphviz key/values.


The user should override this method.






		Parameters:		
		obj (object) – The object in question.


		fancy (bool) – 









		Returns:		






		Return type:		dict

















		
get_particle_attr(particle, fancy)[source]


		Base method for getting an attribute dict for a particle.


key:value pairs must be legal graphviz key/values.


The user should override this method.






		Parameters:		
		particle (Particle) – 


		fancy (bool) – 









		Returns:		






		Return type:		dict

















		
gv_str(obj, fancy)[source]


		Create attribute string for obj.


If “particle” in obj.keys(), will style it as a Particle,
otherwise will assume it’s a non-Particle.






		Parameters:		
		obj (an object) – Object to create string for


		fancy (bool) – Whether to style plain or fancy




















		
static validate_particle_opt(opt)[source]


		Validate particle options dict















		
class pythiaplotter.printers.dot_display_classes.DotEdgeAttrGenerator(particle_opts, label_opts)[source]


		Bases: pythiaplotter.printers.dot_display_classes.DotAttrGenerator


AttrGenerator specifically for Edges.



		
get_particle_attr(particle, fancy)[source]


		












		
class pythiaplotter.printers.dot_display_classes.DotGraphAttrGenerator(attr)[source]


		Bases: pythiaplotter.printers.dot_display_classes.DotAttrGenerator


Generate Graphviz string with overall graph options



		
gv_str()[source]


		Print graph attributes in dot-friendly format















		
class pythiaplotter.printers.dot_display_classes.DotNodeAttrGenerator(particle_opts, label_opts)[source]


		Bases: pythiaplotter.printers.dot_display_classes.DotAttrGenerator


AttrGenerator specifically for Nodes.



		
get_non_particle_attr(obj, fancy)[source]


		






		
get_particle_attr(particle, fancy)[source]


		












		
pythiaplotter.printers.dot_display_classes.get_particle_label(particle, representation, label_opts, fancy=True)[source]


		Return string for particle label to be displayed on graph.






		Parameters:		
		particle (Particle) – Particle under consideration


		representation ({"NODE", "EDGE"}) – Particle representation


		label_opts (dict) – Dict of labels for different representations and fancy/plain


		fancy (bool) – If True, will use HTML/unicode in labels









		Returns:		Particle label string






		Return type:		str






		Raises:		RuntimeError –
If representation is not one of “NODE”, “EDGE”



















pythiaplotter.printers.dot_printer module


Print graph using Graphviz.


Aim to be fairly generic, so can have particles as edges or nodes. All we
do is attach display attributes to each node/edge, then print these to file.


Several stages:
1. Go through nodes & edges and attach display attributes [add_display_attr()]
2. Write to Graphviz format file [write_gv()]
3. Render to file [print_diagram()]



		
class pythiaplotter.printers.dot_printer.DotPrinter(opts)[source]


		Bases: object


Class to print event to file using Graphviz



		
add_display_attr(event, fancy)[source]


		Add display attribute to graph, nodes & edges






		Parameters:		
		event (Event) – Event to process


		fancy (bool) – If True, will use HTML/unicode in labels




















		
print_event(event)[source]


		Convert the event diagram to Graphivz language, then run the renderer.


Can also optionally save the Graphviz description to file.






		Parameters:		event (Event) – Event to print




















		
pythiaplotter.printers.dot_printer.construct_gv_full(event)[source]


		Turn event graph into Graphviz string in DOT language






		Parameters:		event (Event) – 



		Returns:		



		Return type:		str














		
pythiaplotter.printers.dot_printer.print_diagram(gv_str, output_filename, renderer, output_format)[source]


		Pass graph in DOT language to a Graphviz program to produce a diagram.






		Parameters:		
		gv_str (str) – Graph contents in DOT language


		output_filename (str) – Final diagram filename


		renderer (str) – Graphviz program to use


		output_format (str) – Each has its own advantages, see http://www.graphviz.org/doc/info/output.html



		ps - uses ps:cairo. Obeys HTML tags & unicode, but not searchable


		ps2 - PDF searchable, but won’t obey all HTML tags or unicode.


		pdf - obeys HTML but not searchable















		Returns:		List of commands run to produce diagram from graphviz file






		Return type:		list[str]

















		
pythiaplotter.printers.dot_printer.write_gv(gv_str, gv_filename)[source]


		Write event graph to file in Graphviz format











pythiaplotter.printers.web_config module





pythiaplotter.printers.web_printer module


Print webpage with interactive graph.


This uses vis.js to do all the hard work: http://visjs.org/,
but we still use graphviz to do the layout for (a) parity with the PDF version,
(b) because it is faster, whereas web pages (so far) crash.


Of course if I could find a graphviz-as-as-JS service, that would be cooler...



		
class pythiaplotter.printers.web_printer.VisPrinter(opts)[source]


		Bases: object



		
print_event(event)[source]


		Calculate layout, add to graph nodes, and make website file for this event.






		Parameters:		event (Event) – 




















		
pythiaplotter.printers.web_printer.add_node_positions(graph, raw_json)[source]


		Update graph nodes with their positions, using info in raw_json.






		Parameters:		
		graph (NetworkX.MultiDiGraph) – Graph to be updated


		raw_json (str) – JSON with nodes & their positions




















		
pythiaplotter.printers.web_printer.construct_gv_only_edges(graph, graph_attr=None)[source]


		Create a graph in DOT language with just edges specified.


This is a minimal graph, just used to determine the node positioning.






		Parameters:		
		graph (NetworkX.MultiDiGraph) – 


		graph_attr (dict, optional) – Graph attributes such as rankdir, nodesep









		Returns:		The graph in DOT language






		Return type:		str

















		
pythiaplotter.printers.web_printer.create_vis_dicts(graph)[source]


		Create list of dicts for nodes & edges suitable for input to vis.js


This includes node position, label, hover info, etc






		Parameters:		graph (NetworkX.MultiDiGraph) – 



		Returns:		Lists of dicts corresponding to (nodes, edges)



		Return type:		list[dict], list[dict]














		
pythiaplotter.printers.web_printer.get_dot_json(graphviz_str, renderer='dot')[source]


		Get the JSON output (with co-ords) from running a layout renderer.






		Parameters:		
		graphviz_str (str) – Graph in DOT language.


		renderer (str, optional) – Renderer to use. Default is dot.









		Returns:		JSON string






		Return type:		str

















		
pythiaplotter.printers.web_printer.write_webpage(field_data, output_filename)[source]


		Write webpage using template file and filling with user data.






		Parameters:		
		field_data (dict) – Dict of template {field name: value str} to be replaced


		output_filename (str) – Output HTML filename






















Module contents


Printers take in a NetworkX graph of Particles, then produce an output diagram.



		
pythiaplotter.printers.printer_opts_all


		dict[str, PrinterOption]


Store a record of all printers and their requirements.









		
pythiaplotter.printers.printer_opts_checked


		dict{str: PrinterOption}


Store a record of only those printers available on the user’s system.









		
class pythiaplotter.printers.PrinterOption(description, printer, requires, default_output_fmt)[source]


		Bases: object









		
pythiaplotter.printers.print_printers_requirements(output=<built-in method write of file object>)[source]


		Print program and python package requirements for all printers






		Parameters:		output (function, optional) – The outputmessage is passed as the parameter to this function.
Default is sys.stdout.write()
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Submodules





pythiaplotter.graphers.converters module


Functions to do conversions between particle representations.



		
pythiaplotter.graphers.converters.construct_edges_from_nodes(graph)[source]


		Convert each node (representing a NodeParticle) into a EdgeParticle, with vertex barcodes.


To do this, we have to ensure that a particle’s incoming & outgoing vertices are concistent
with its children & parents. Thus we ask them first for a suitable vertex,
and if none can be found, create a new vertex barcode.






		Parameters:		graph (NetworkX.MultiDiGraph) – 



		Returns:		



		Return type:		list[EdgeParticle]



		Raises:		IndexError –
If there is more than one unique candidate in/out vertex barcode.














		
pythiaplotter.graphers.converters.duplication_needed(graph, parents, children)[source]


		For a set of parent and child nodes in a graph, determine if any duplicate nodes are needed.


This can happen when a subgraph of parent and child nodes has some child nodes that do not
have all the same parents, and therefore duplicate nodes would be required to split the
subgraph into multiple graphs where all the children do have the same parents.


Example


For a graph with edges [(1, 3), (1, 4), (2, 4), (2, 5)], nodes 1 and 2 are the parents,
and nodes 3, 4, 5 are the children. 3 and 5 have one parent each (1 and 2, repsectively),
but 4 has 2 parents. This would cause us issues when inserting edges in lieu of nodes.






		Parameters:		
		graph (NetworkX.MultiDiGraph) – 


		parents (list[int]) – 


		children (list[int]) – 









		Returns:		






		Return type:		bool

















		
pythiaplotter.graphers.converters.edge_to_node(graph)[source]


		Converts graph from edge to node representation.



		Create a node for each particle edge


		Add directed edges between all combinations of incoming & outgoing particles at a vertex





Since there is a 1:1 correspondence between the node and edge particles,
we can use the assign_particles_nodes() function to do this,
so long as we construct our NodeParticles correctly.






		Parameters:		graph (NetworkX.MultiDiGraph) – 



		Returns:		



		Return type:		NetworkX.MultiDiGraph














		
pythiaplotter.graphers.converters.get_all_children(graph, parents)[source]


		Get all unique child nodes of all specified parent nodes in a flattened list.






		Parameters:		
		graph (NetworkX.MultiDiGraph) – 


		parents (list[int]) – 









		Returns:		Child nodes






		Return type:		list[int]

















		
pythiaplotter.graphers.converters.get_all_parents(graph, children)[source]


		Get all unique parents nodes of all specified children nodes in a flattened list.






		Parameters:		
		graph (NetworkX.MultiDiGraph) – 


		children (list[int]) – 









		Returns:		Parent nodes






		Return type:		list[int]

















		
pythiaplotter.graphers.converters.get_related_parents_children(graph, node)[source]


		Returns nodes indices of all children and their parents related to a node.


This includes:



		the children of the node


		all other parents of those children


		all of those childens parents


		all of those parents children


		...





recursviely until we are done. Thus we obtain all nodes in this generation or 1 later, which
are connected without straying outside of those two generations
(ignoring the directionality of edges for a moment)






		Parameters:		
		graph (NetworkX.MultiDiGraph) – Graph to analyze


		node (int) – Node to consider









		Returns:		


		all_parents (list[int]) –
All connected parents


		all_children (list[int]) –
All connected children























		
pythiaplotter.graphers.converters.insert_duplicate_nodes(graph)[source]


		Create a copy of the graph with duplicate parent nodes inserted when child has
non-common shared parentage.


This can happen when a subgraph of parent and child nodes has some child nodes that do not
have all the same parents, and therefore duplicate nodes would be required to split the
subgraph into multiple graphs where all the children do have the same parents.


Duplicate parents have the same Particle as the parent, but with a barcode starting 20xxxx.






		Parameters:		graph (NetworkX.MultiDiGraph) – Graph to analyze



		Returns:		Copy of input graph but with duplicate parent nodes added.



		Return type:		NetworkX.MultiDiGraph














		
pythiaplotter.graphers.converters.node_to_edge(graph)[source]


		Converts graph from node to edge representation.


This conversion is more comples, and there is not always a simple 1:1 correspondence.
Briefly:


1) Determine if certain parent-child relationships require a duplicate parent node to be
inserted inbetween.


2) Turn each node into a directed edge with outgoing and incoming vertices, ensuring that
all particles incoming (parents) & outgoing (children) from the same vertex have the same
vertex barcode.



		Connect all edges together into a graph.





The last step is done by passing a list of EdgeParticle s to assign_particle_edges(), thereby
avoiding duplication.






		Parameters:		graph (NetworkX.MultiDiGraph) – 



		Returns:		



		Return type:		NetworkX.MultiDiGraph
















pythiaplotter.graphers.edge_grapher module


Attaches particles to a NetworkX graph, when EDGES represent particles.


Note about convention:


A particle’s “out” node is the one from which it is outgoing. Similarly, its
“in” node is the one into which it is incoming.
e.g. a –>– b : a is the “out” node, b is the “in” node for this edge.


An “incoming edge” to a node is an edge whose destination node is the node
in question. Similarly, an “outgoing edge” from a node is any edge whose source
is the node in question.
e.g. c —p->– d: here p is an incoming edge to node d, whilst it is also an
outgoing edge for node c.



		
pythiaplotter.graphers.edge_grapher.assign_particles_edges(edge_particles)[source]


		Attach particles to directed graph edges when EDGES represent particles.


The graph itself is a networkx MultiDiGraph: a directed graph, that can have
multiple edges between 2 nodes. We distinguish these via the edge[‘barcode’]
attribute, where the barcode value = particle barcode. We can use
MultiDiGraph.edges(data=True) to correctly iterate over all edges.


Additionally marks particles as initial/final state as necessary, based on
whether they have any parents/children, respectively.






		Parameters:		edge_particles (list[EdgeParticle]) – The Particle in each EdgeParticle will be assigned to a graph edge,
using the vertex information in the EdgeParticle object.



		Returns:		Directed graph with particles assigned to edges, and nodes to represent relationships.



		Return type:		NetworkX.MultiDiGraph














		
pythiaplotter.graphers.edge_grapher.remove_particle_edge(graph, edge)[source]


		Remove a particle edge from the graph.


Rewires the other particles such that the nodes at either end of the edge
essentially merge together into one:
- any children of the edge, are now children of the edge’s parents
- any incoming edges into the edge’s in node are now



incoming to the out node (ie where the parents are incoming to)







		Parameters:		
		graph (NetworkX.MultiDiGraph) – 


		edge ((int, int)) – Outgoing node, incoming node




















		
pythiaplotter.graphers.edge_grapher.remove_redundant_edges(graph)[source]


		Remove redundant particle edges from a graph.


A particle is redundant when:
1) > 0 ‘child’ particles (those outgoing from the particle’s incoming node
- this ensures we don’t remove final-state particles)
2) 1 ‘parent’ particle with same PDGID (incoming into the particle’s
outgoing node - also ensures we don’t remove initial-state particles)
3) 0 ‘sibling’ particles (those outgoing from the particle’s outgoing node)
Note that NetworkX includes an edge as its own sibling, so actually we
require len(sibling_edges) == 1


e.g.:


--q-->-g->-g->-g->--u---->
    |             |
--q->             --ubar->






Remove the middle gluon and last gluon, since they add no information.


These redundants are useful to keep if considering MC internal workings,
but otherwise are just confusing and a waste of space.


Since it loops over the list of graph edges, we can only remove one edge in
a loop, otherwise adding extra/replacement edges ruins the sibling counting
and doesn’t remove redundants. So the method loops through the graph edges
until there are no more redundant edges.


Since we are dealing with MultiDiGraph, we have to be careful about siblings
that actually span the same set of nodes - these shouldn’t be removed.


There is probably a more sensible way to do this, currently brute
force and slow.






		Parameters:		graph (NetworkX.MultiDiGraph) – Graph to remove redundant nodes from.
















pythiaplotter.graphers.node_grapher module


Attaches particles to a NetworkX graph, when NODES represent particles.



		
pythiaplotter.graphers.node_grapher.assign_particles_nodes(node_particles)[source]


		Attach Particles to a directed graph when NODES represent particles via NodeParticles.


NodeParticle objects must have their parent_barcodes specified for this to work.


It automatically attaches directed edges, between parent and child nodes.






		Parameters:		node_particles (list[NodeParticle]) – List of NodeParticles, whose Particle’s will be attached to a graph
with the relationship specified by self.parent_barcodes.



		Returns:		Directed graph with particles assigned to nodes, and edges to represent relationships.



		Return type:		NetworkX.MultiDiGraph














		
pythiaplotter.graphers.node_grapher.remove_isolated_nodes(gr)[source]


		Remove nodes with no parents and no children.






		Parameters:		gr (NetworkX.MultiDiGraph) – 














		
pythiaplotter.graphers.node_grapher.remove_particle_node(graph, node)[source]


		Remove a particle node from the graph









		
pythiaplotter.graphers.node_grapher.remove_redundant_nodes(graph)[source]


		Remove redundant particle nodes from a graph.


i.e. when you have a particles which has 1 parent who has the same PDGID,
and 1 child (no PDGID requirement).


e.g.:


->-g->-g->-g->-






These are useful to keep if considering Pythia8 internal workings,
but otherwise are just confusing and a waste of space.






		Parameters:		graph (NetworkX.MultiDiGraph) – Graph to remove redundant nodes from
















Module contents


Functions to assign particles to a graph, and converting between node & edge representations.



		
pythiaplotter.graphers.assign_particles_to_graph(particles, default_repr, desired_repr=None, remove_redundants=True)[source]


		Wrapper to easily assign particles to graph, change representation, remove redundants.






		Parameters:		
		particles (list[NodeParticle], list[EdgeParticle]) – List of particles to be assigned to a graph. Must include relationship information.


		default_repr ({"NODE", "EDGE"}) – Particle representation for particles


		desired_repr ({"NODE", "EDGE"}, optional) – Desired output representation.


		remove_redundants (bool, optional) – Whether to remove redundant particles from the graph.









		Returns:		






		Return type:		NetworkX.MultiDiGraph
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Submodules





pythiaplotter.utils.common module


Some common functions used throughout, like opening PDFs, file checking.



		
pythiaplotter.utils.common.check_dir_exists(filepath)[source]


		Check if directory exists.









		
pythiaplotter.utils.common.check_dir_exists_create(filepath)[source]


		Check if directory exists. If not, create it.









		
pythiaplotter.utils.common.check_file_exists(filepath)[source]


		Check if file exists. Can do absolute or relative file paths.









		
pythiaplotter.utils.common.check_module_exists(module)[source]


		Test if Python module exists.






		Parameters:		module (str) – Name of module to check



		Returns:		Whether module exists



		Return type:		bool














		
pythiaplotter.utils.common.check_program_exists(program)[source]


		Test if external program can be found.






		Parameters:		program (str) – Program name



		Returns:		Whether program is in PATH



		Return type:		bool














		
pythiaplotter.utils.common.check_representation_str(representation, variable='representation')[source]


		Check the representation string is valid, if not raise KeyError









		
pythiaplotter.utils.common.cleanup_filepath(filepath)[source]


		Resolve any env vars, ~, return absolute path.









		
pythiaplotter.utils.common.generate_repr_str(obj, ignore=None)[source]


		Generate a generic string for use in __repr__, with object fields and their value.


Can optionally ignore chosen fields.






		Parameters:		
		obj (object) – Object to create repr string for


		ignore (list[str], optional) – Optional list of object field names to ignore









		Returns:		The repr string






		Return type:		str

















		
pythiaplotter.utils.common.get_directory(filepath)[source]


		Return absolute, full directory of file.


Resolve any environment vars, ~, sym links(?)









		
pythiaplotter.utils.common.get_terminal_width()[source]


		Get the width of the user’s terminal. Requires tput.









		
pythiaplotter.utils.common.map_columns_to_dict(fields, line, delim=None)[source]


		Split up line into fields, storing them in a dict.


Note that entreis are assumed to start at line[0], and thus
any extra entries in the line are ignored.


>>> line = "123:police:999:Higgs"
>>> fields = ["id", "name", "phone"]
>>> map_columns_to_dict(fields, line, ":")
{'id': '123', 'name': 'abc', 'phone': '999'}










		Parameters:		
		fields (list[str]) – List of field names, MUST be in same order as the entries in line.


		line (str) – Line to be split and mapped into dict.


		delim (str, optional) – Optional delimiter to separate columns. Default is greedy
whitespace, like for split(). For non-greedy whitepsace, use ‘ ‘.









		Returns:		dict {str –
Dict of field names: values






		Return type:		str}

















		
pythiaplotter.utils.common.open_pdf(pdf_filename)[source]


		Open a PDF file using system’s default PDF viewer.











pythiaplotter.utils.logging_config module


Setup logging module here


We use a custom formatter which formats different severity levels differently.



		
class pythiaplotter.utils.logging_config.LevelFormatter(fmt=None, datefmt=None, level_fmts=None)[source]


		Bases: logging.Formatter


Custom message formatter for different severity levels


Taken from: https://stackoverflow.com/questions/28635679/python-logging-different-formatters-for-the-same-log-file



		
format(record)[source]


		












		
pythiaplotter.utils.logging_config.get_logger(name)[source]


		Get a logger with a given name.






		Parameters:		name (str) – 



		Returns:		



		Return type:		logging.Logger
















pythiaplotter.utils.pdgid_converter module


Functions to provide TeX and normal (“raw”) particle names for a given PDGID.


Uses the PDGID for TeX names, and Pythia8 for normal names.


TODO: what if pdgid doesn’t exist?


TODO: deal with tex entries like: 25 h^0 / H_1^0



		
pythiaplotter.utils.pdgid_converter.check_pdgid(pdgid)[source]


		Check if entry corresponding to given pdgid. If not, throw KeyError.









		
pythiaplotter.utils.pdgid_converter.load_pdgid_dict()[source]


		Generate dictionary with PDGIDs and corresponding names e.g. \pi^0, pi0


For each PDGID key, we store the tex and “raw” string names,
for both particle and antiparticle



		Tex names taken from http://cepa.fnal.gov/psm/stdhep/numbers.shtml





Although based on 2006 PDG, so bit out of date!
To add new particles, either add above or in pdg_all.tex



		String names use the ParticleData.xml file from Pythia8/xmldoc.





Have copied it into repo, although should probably ask user to link to it.
Although the original



		it has lots of standard text crap before it


		there are typos where <particle ... ends with />, not > giving error !





So stick with mine for now...









		
pythiaplotter.utils.pdgid_converter.pdgid_to_string(pdgid)[source]


		Convert PDGID to readable string (raw) name e.g. pi0









		
pythiaplotter.utils.pdgid_converter.pdgid_to_tex(pdgid)[source]


		Convert PDGID to TeX-compatible name e.g. \pi^0











Module contents
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Submodules





pythiaplotter.parsers.cmssw_particle_list_parser module


Handle parsing of ParticleListDrawer as output by CMSSW.


Default is NODE representation for particles.


See example/example_cmssw.txt for example input file.


TODO: perhaps this needs a name change...



		
class pythiaplotter.parsers.cmssw_particle_list_parser.CMSSWParticleListParser(filename)[source]


		Bases: object


Main class to parse ParticleListDrawer as output by CMSSW



		
parse()[source]


		Parse contents of the input file, extract particles, and assign to a NetworkX graph.






		Returns:		
		Event –
Event object containing info about the event.


		list[NodeParticle] –
Collection of NodeParticles to be assigned to a graph.




















		
parse_particle_line(line)[source]


		Parse line representing a particle, return a NodeParticle.

















pythiaplotter.parsers.event_classes module


Classes to describe event & physical particles.



		
class pythiaplotter.parsers.event_classes.EdgeParticle(particle, vtx_in_barcode, vtx_out_barcode)[source]


		Bases: object


Class to hold info when particle is represented by an edge.


This contains the physical Particle object, and associated info that
is edge-specific, such as incoming/outgoing vertex barcodes.


Vertex barcodes are ints.



		
barcode


		












		
class pythiaplotter.parsers.event_classes.Event(event_num=0, source=None, title=None, **kwargs)[source]


		Bases: object


Hold event info



		
__str__()[source]


		Print event info in format suitable for use on graph or printout









		
print_stats()[source]


		Print some basic statistics about the event















		
class pythiaplotter.parsers.event_classes.NodeParticle(particle, parent_barcodes)[source]


		Bases: object



		
barcode


		












		
class pythiaplotter.parsers.event_classes.Particle(barcode, pdgid=0, status=0, initial_state=False, final_state=False, **kwargs)[source]


		Bases: object



		
__ge__(other)


		x.__ge__(y) <==> x>=y









		
__gt__(other)


		x.__gt__(y) <==> x>y









		
__le__(other)


		x.__le__(y) <==> x<=y















		
pythiaplotter.parsers.event_classes.convert_px_py_pz(px, py, pz)[source]


		Convert cartesian momentum components \(p_x, p_y, p_z\) into \(p_T, \eta, \phi\)


Notes



		pt (\(p_T\)) is the momentum in the transverse (x-y) plane


		eta (\(\eta\)) is the pseudorapidity, \(\eta = -\ln(\tanh(\theta/2))\)
where \(\theta\) is the angle of the 3-momentum in the x-z plane relative to the z axis


		phi (\(\phi\)) is the angle of the 3-momentum in the x-y plane relative to the x axis





Relationships between \(p_T, \eta, \phi\) and \(p_x, p_y, p_z\):



\[\begin{split}p_x &= p_T * \cos(\phi)\end{split}\]\[\begin{split}p_y &= p_T * \sin(\phi)\end{split}\]\[\begin{split}p_z &= p_T * \sinh (\eta) = p * \cos(\theta)\end{split}\]

Note that if \(p_T = 0\), \(\eta = \mathrm{sign}(p_z) * \infty\).






		Parameters:		py, pz (px,) – Cartesian component of momentum along x, y, z axis, respectively



		Returns:		pt, eta, phi –
Transverse momentum, pseudorapidity, and azimuthal angle (in radians).



		Return type:		float
















pythiaplotter.parsers.generic_text_parser module





pythiaplotter.parsers.hepmc_parser module


Handle parsing of HepMC files.


Default is EDGE representation.


See example/example_hepmc.hepmc for example input file.



		
class pythiaplotter.parsers.hepmc_parser.GenVertex(barcode, n_orphan_in=0)[source]


		Bases: object


Helper class to represent a HepMC GenVertex object.


Vertices have a barcode that is an integer.


Only exists inside this parser module since it is only used for parsing
file and when assigning particles to a NetworkX graph.


Use a namedtuple instead?









		
class pythiaplotter.parsers.hepmc_parser.HepMCParser(filename, event_num=0)[source]


		Bases: object


Main class to parse a HepMC file.


User can pass in an event number to return the event with that ID.
If unassigned, or no events with that event number,
return first event in file.



		
parse()[source]


		Parse contents of the input file, extract particles, and assign to a NetworkX graph.






		Returns:		
		Event –
Event object containing info about the event.


		list[EdgeParticle] –
Collection of EdgeParticles to be assigned to a graph.




















		
parse_event_line(line)[source]


		Parse a HepMC GenEvent line and return an Event object









		
parse_particle_line(line)[source]


		Parse a HepMC GenParticle line and return an EdgeParticle object


Note that the EdgeParticle does not have vtx_out_barcode assigned here,
since we are parsing a line in isolation. The vtx_out_barcode is added
in the main pars() method. We just use a dummy value for now.









		
parse_units_line(line)[source]


		Parse units specification line.






		Parameters:		line (str) – Line to parse



		Returns:		Energy and length units



		Return type:		str, str














		
parse_vertex_line(line)[source]


		Parse a HepMC GenVertex line and return a GenVertex object

















pythiaplotter.parsers.heppy_parser module





pythiaplotter.parsers.lhe_parser module


Handle parsing of LHE files.


Default is NODE representation for particles.


See example/example_lhe.lhe for example input file.



		
class pythiaplotter.parsers.lhe_parser.LHEParser(filename, event_num=0)[source]


		Bases: object


Main class to parse a LHE file.


User can pass in an event number to return that event (first event = 1)
If unassigned, or no events with that event number,
return first event in file.



		
parse()[source]


		Parse contents of the input file, extract particles, and assign to a NetworkX graph.






		Returns:		
		Event –
Event object containing info about the event.


		list[NodeParticle] –
Collection of NodeParticles to be assigned to a graph.




















		
parse_event_line(line, event_num)[source]


		Parse a LHE event info line.






		Parameters:		
		line (str) – Line of text describing the event.


		event_num (int) – Event number, as it is not included in the event line.









		Returns:		Event object with information from the line.






		Return type:		Event

















		
parse_event_text(text)[source]


		Parse the text in a <event>...</event> block


The first line is compulsory event info
Each line after represents a particle.






		Parameters:		text (str) – Event text block to be parsed.



		Returns:		Event object filled with info about the event, as well as NodeParticles in the event.



		Return type:		Event














		
parse_init_text(text)[source]


		Parse the initialisation info. Currently does nothing.


The first line is compulsory process-numer-independent info.
Each line after represents a process






		Parameters:		text (str) – Text in the <init></init> tags.



		Returns:		



		Return type:		None














		
parse_particle_line(line, barcode)[source]


		Parse a line that describes a particle and its mothers from a LHE file.


Need to supply barcode to make Particle obj unique, since not supplied as
part of LHE format






		Parameters:		
		line (str) – Line of text describing a particle


		barcode (int) – Unique barcode for this particle









		Returns:		NodeParticle object that contains the Particle, as well as its mother barcodes.






		Return type:		NodeParticle

























pythiaplotter.parsers.parser_base module





pythiaplotter.parsers.pythia8_parser module


Handle parsing of standalone Pythia 8 screen output.


Default is NODE representation for particles.


See example/example_pythia8.txt for example input file.


TODO: reshuffle blocks - non optimal spreading out atm



		
class pythiaplotter.parsers.pythia8_parser.Pythia8Parser(filename, event_num=0)[source]


		Bases: object


Main class to parse Pythia 8 screen output from a text file.



		
full_evt_end = 'End PYTHIA Event Listing'


		






		
full_evt_start = 'PYTHIA Event Listing  (complete event)'


		






		
hard_evt_end = 'End PYTHIA Event Listing'


		






		
hard_evt_start = 'PYTHIA Event Listing  (hard process)'


		






		
info_end = 'End PYTHIA Info Listing'


		






		
info_start = 'PYTHIA Info Listing'


		






		
parse()[source]


		Parse contents of the input file, extract particles, and assign to a NetworkX graph.






		Returns:		
		Event –
Event object containing info about the event.


		list[NodeParticle] –
Collection of NodeParticles to be assigned to a graph.




















		
stats_end = 'End PYTHIA Event and Cross Section Statistics'


		






		
stats_start = 'PYTHIA Event and Cross Section Statistics'


		












		
class pythiaplotter.parsers.pythia8_parser.PythiaBlock(name, contents=None, parser=None)[source]


		Bases: object



		
parse_block()[source]


		Run the instance parser over contents, and store results.















		
pythiaplotter.parsers.pythia8_parser.parse_event_block(contents)[source]


		Parse Event listing block in Pythia output






		Parameters:		contents (list[str]) – Contents of event block.



		Returns:		NodeParticles extracted from event, with mother barcodes set.



		Return type:		list[NodeParticle]














		
pythiaplotter.parsers.pythia8_parser.parse_info_block(contents)[source]


		Method to parse Info block. Makes Event object to hold particles









		
pythiaplotter.parsers.pythia8_parser.parse_stats_block(contents)[source]


		Method to parse Statistics block. Kept unimplemented.











Module contents


Parsers read the input file, and convert the information into a set of particles.
These can then be attached to a graph.



		
pythiaplotter.parsers.parser_opts


		dict[str, ParserOption]


Dictionary of all available parsers, along with info about each.









		
class pythiaplotter.parsers.ParserOption(description, parser, default_representation, file_extension)[source]


		Bases: object
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Submodules





pythiaplotter.PythiaPlotter module


Main script to run PythiaPlotter.



		
pythiaplotter.PythiaPlotter.choose_parser(opts)[source]


		Choose parser & configure









		
pythiaplotter.PythiaPlotter.main(in_args=None)[source]


		Main entry point to run the whole thing.











pythiaplotter.cli module


Setup commandline interface, process args, and set defaults for those unspecified.



		
pythiaplotter.cli.dump_default_config()[source]


		Produce default config file









		
pythiaplotter.cli.get_args(input_args)[source]


		Get argparse.Namespace of parsed user arguments, with sensible defaults set.









		
pythiaplotter.cli.load_default_user_configs(args)[source]


		Add default and custom user options to main args object









		
pythiaplotter.cli.set_default_input_format(args)[source]


		Set default input format if the user hasn’t.









		
pythiaplotter.cli.set_default_mode(args)[source]


		Set default particle mode (representation) if the user hasn’t.









		
pythiaplotter.cli.set_default_output_settings(args)[source]


		Set default output filenames and stems/dirs











Module contents


Plots diagrams of particle decay trees from HEP Monte Carlo events.
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  Source code for pythiaplotter.PythiaPlotter

#!/usr/bin/env python

"""Main script to run PythiaPlotter."""


from __future__ import absolute_import
import sys
from pythiaplotter.utils.logging_config import get_logger

import pythiaplotter.parsers as parsers
import pythiaplotter.printers as printers
from pythiaplotter.graphers import assign_particles_to_graph
import pythiaplotter.cli as cli
from pythiaplotter.utils.common import open_pdf


log = get_logger(__name__)


[docs]def choose_parser(opts):
    """Choose parser & configure"""

    if opts.inputFormat == "PYTHIA":
        return parsers.Pythia8Parser(filename=opts.input,
                                     event_num=opts.eventNumber)
    elif opts.inputFormat == "HEPMC":
        return parsers.HepMCParser(filename=opts.input,
                                   event_num=opts.eventNumber)
    elif opts.inputFormat == "LHE":
        return parsers.LHEParser(filename=opts.input,
                                 event_num=opts.eventNumber)
    elif opts.inputFormat == "CMSSW":
        return parsers.CMSSWParticleListParser(filename=opts.input)
    elif opts.inputFormat == "HEPPY":
        return parsers.HeppyParser(filename=opts.input,
                                   event_num=opts.eventNumber,
                                   **opts.HEPPY_PARSER_OPTS)
    else:
        raise NotImplementedError("Cannot parse input format %s" % opts.inputFormat)



[docs]def main(in_args=None):
    """Main entry point to run the whole thing."""
    opts = cli.get_args(in_args)
    # Parse input into a set of particles
    parser = choose_parser(opts)
    event, particles = parser.parse()
    event.source = opts.input
    event.event_num = opts.eventNumber
    event.title = opts.title

    # Assign particles to graph
    default_repr = parsers.parser_opts[opts.inputFormat].default_representation
    graph = assign_particles_to_graph(particles, default_repr,
                                      desired_repr=opts.representation,
                                      remove_redundants=(not opts.redundants))
    event.graph = graph
    if opts.stats:
        event.print_stats()

    # Print the graph
    printer = printers.printer_opts_checked[opts.printer].printer(opts)
    printer.print_event(event)
    if opts.open and not opts.noOutput:
        open_pdf(opts.output)

    return 0



if __name__ == "__main__":
    sys.exit(main())
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  Source code for pythiaplotter.graphers

"""Functions to assign particles to a graph, and converting between node & edge representations."""


from __future__ import absolute_import
from pythiaplotter.utils.logging_config import get_logger
from pythiaplotter.graphers.edge_grapher import assign_particles_edges, remove_redundant_edges
from pythiaplotter.graphers.node_grapher import assign_particles_nodes, remove_redundant_nodes
from pythiaplotter.utils.common import check_representation_str
from pythiaplotter.graphers.converters import node_to_edge, edge_to_node


log = get_logger(__name__)


[docs]def assign_particles_to_graph(particles, default_repr, desired_repr=None, remove_redundants=True):
    """Wrapper to easily assign particles to graph, change representation, remove redundants.

    Parameters
    ----------
    particles : list[NodeParticle], list[EdgeParticle]
        List of particles to be assigned to a graph. Must include relationship information.
    default_repr : {"NODE", "EDGE"}
        Particle representation for particles
    desired_repr : {"NODE", "EDGE"}, optional
        Desired output representation.
    remove_redundants : bool, optional
        Whether to remove redundant particles from the graph.

    Returns
    -------
    NetworkX.MultiDiGraph
    """
    check_representation_str(default_repr, "default_repr")
    if default_repr == "NODE":
        graph = assign_particles_nodes(particles)
    elif default_repr == "EDGE":
        graph = assign_particles_edges(particles)
        remove_edges_by_pdgid(graph, 22, True)

    new_repr = default_repr

    if desired_repr and desired_repr != default_repr:
        check_representation_str(desired_repr, "desired_repr")

        new_repr = desired_repr
        if (default_repr, desired_repr) == ("NODE", "EDGE"):
            graph = node_to_edge(graph)
        elif (default_repr, desired_repr) == ("EDGE", "NODE"):
            graph = edge_to_node(graph)

    if remove_redundants:
        if new_repr == "NODE":
            remove_redundant_nodes(graph)
        elif new_repr == "EDGE":
            remove_redundant_edges(graph)

    return graph
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  Source code for functools

"""functools.py - Tools for working with functions and callable objects
"""
# Python module wrapper for _functools C module
# to allow utilities written in Python to be added
# to the functools module.
# Written by Nick Coghlan <ncoghlan at gmail.com>
#   Copyright (C) 2006 Python Software Foundation.
# See C source code for _functools credits/copyright

from _functools import partial, reduce

# update_wrapper() and wraps() are tools to help write
# wrapper functions that can handle naive introspection

WRAPPER_ASSIGNMENTS = ('__module__', '__name__', '__doc__')
WRAPPER_UPDATES = ('__dict__',)
def update_wrapper(wrapper,
                   wrapped,
                   assigned = WRAPPER_ASSIGNMENTS,
                   updated = WRAPPER_UPDATES):
    """Update a wrapper function to look like the wrapped function

       wrapper is the function to be updated
       wrapped is the original function
       assigned is a tuple naming the attributes assigned directly
       from the wrapped function to the wrapper function (defaults to
       functools.WRAPPER_ASSIGNMENTS)
       updated is a tuple naming the attributes of the wrapper that
       are updated with the corresponding attribute from the wrapped
       function (defaults to functools.WRAPPER_UPDATES)
    """
    for attr in assigned:
        setattr(wrapper, attr, getattr(wrapped, attr))
    for attr in updated:
        getattr(wrapper, attr).update(getattr(wrapped, attr, {}))
    # Return the wrapper so this can be used as a decorator via partial()
    return wrapper

def wraps(wrapped,
          assigned = WRAPPER_ASSIGNMENTS,
          updated = WRAPPER_UPDATES):
    """Decorator factory to apply update_wrapper() to a wrapper function

       Returns a decorator that invokes update_wrapper() with the decorated
       function as the wrapper argument and the arguments to wraps() as the
       remaining arguments. Default arguments are as for update_wrapper().
       This is a convenience function to simplify applying partial() to
       update_wrapper().
    """
    return partial(update_wrapper, wrapped=wrapped,
                   assigned=assigned, updated=updated)

def total_ordering(cls):
    """Class decorator that fills in missing ordering methods"""
    convert = {
        '__lt__': [('__gt__', lambda self, other: not (self < other or self == other)),
                   ('__le__', lambda self, other: self < other or self == other),
                   ('__ge__', lambda self, other: not self < other)],
        '__le__': [('__ge__', lambda self, other: not self <= other or self == other),
                   ('__lt__', lambda self, other: self <= other and not self == other),
                   ('__gt__', lambda self, other: not self <= other)],
        '__gt__': [('__lt__', lambda self, other: not (self > other or self == other)),
                   ('__ge__', lambda self, other: self > other or self == other),
                   ('__le__', lambda self, other: not self > other)],
        '__ge__': [('__le__', lambda self, other: (not self >= other) or self == other),
                   ('__gt__', lambda self, other: self >= other and not self == other),
                   ('__lt__', lambda self, other: not self >= other)]
    }
    roots = set(dir(cls)) & set(convert)
    if not roots:
        raise ValueError('must define at least one ordering operation: < > <= >=')
    root = max(roots)       # prefer __lt__ to __le__ to __gt__ to __ge__
    for opname, opfunc in convert[root]:
        if opname not in roots:
            opfunc.__name__ = opname
            opfunc.__doc__ = getattr(int, opname).__doc__
            setattr(cls, opname, opfunc)
    return cls

def cmp_to_key(mycmp):
    """Convert a cmp= function into a key= function"""
    class K(object):
        __slots__ = ['obj']
        def __init__(self, obj, *args):
            self.obj = obj
        def __lt__(self, other):
            return mycmp(self.obj, other.obj) < 0
        def __gt__(self, other):
            return mycmp(self.obj, other.obj) > 0
        def __eq__(self, other):
            return mycmp(self.obj, other.obj) == 0
        def __le__(self, other):
            return mycmp(self.obj, other.obj) <= 0
        def __ge__(self, other):
            return mycmp(self.obj, other.obj) >= 0
        def __ne__(self, other):
            return mycmp(self.obj, other.obj) != 0
        def __hash__(self):
            raise TypeError('hash not implemented')
    return K
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  Source code for pythiaplotter.parsers

"""Parsers read the input file, and convert the information into a set of particles.
These can then be attached to a graph.

Attributes
----------
parser_opts : dict[str, ParserOption]
    Dictionary of all available parsers, along with info about each.
"""


from __future__ import absolute_import
from pythiaplotter.utils.logging_config import get_logger
from pythiaplotter.utils.common import generate_repr_str, check_representation_str
from .pythia8_parser import Pythia8Parser
from .hepmc_parser import HepMCParser
from .lhe_parser import LHEParser
from .cmssw_particle_list_parser import CMSSWParticleListParser


log = get_logger(__name__)


[docs]class ParserOption(object):

    def __init__(self, description, parser, default_representation, file_extension):
        """Basic class to hold info about a parser and associated fields.

        Parameters
        ----------
        description : str
            Brief description about parser

        parser : class
            The Parser class

        default_representation : {'NODE', 'EDGE'}
            Default particle representation of the parser.

        file_extension : str, optional
            Optional file extension to associate with this parser. (no preceeding .)
        """
        self.description = description
        self.parser = parser
        self.file_extension = file_extension
        check_representation_str(default_representation, "default_representation")
        self.default_representation = default_representation

    def __repr__(self):
        return generate_repr_str(self)

    def __str__(self):
        return "{0}({1})".format(self.__class__.__name__, self.description)



# Keys of this dict will be the commandline options for --inputFormat
parser_opts = {

    "PYTHIA": ParserOption(
        description="For screen output from Pythia 8 piped into file",
        parser=Pythia8Parser,
        file_extension=".txt",
        default_representation="NODE"
    ),

    "HEPMC": ParserOption(
        description="For HEPMC files",
        parser=HepMCParser,
        file_extension=".hepmc",
        default_representation="EDGE"
    ),

    "LHE": ParserOption(
        description="For LHE files",
        parser=LHEParser,
        file_extension=".lhe",
        default_representation="NODE"
    ),

    "CMSSW": ParserOption(
        description="For ParticleListDrawer output from CMSSW piped into file",
        parser=CMSSWParticleListParser,
        file_extension=None,
        default_representation="NODE"
    )
}

# Have to wrap the ROOT parts carefully, because it isn't installed easily with pip
try:
    from .heppy_parser import HeppyParser
    parser_opts['HEPPY'] = ParserOption(
        description="For Heppy ROOT files",
        parser=HeppyParser,
        file_extension=None,
        default_representation="NODE"
    )
except ImportError:
    log.warning("Cannot import PyROOT, no interface to Heppy tree")
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  Source code for pythiaplotter.printers.dot_display_classes

"""Classes to describe and generate visual attributes for making the Graphviz description.

Also set particle label in here, see ``get_particle_label()``. Or should this be a
method for the particle?
"""


from __future__ import absolute_import
from pythiaplotter.utils.logging_config import get_logger
from pythiaplotter.utils.pdgid_converter import pdgid_to_string
from pythiaplotter.utils.common import generate_repr_str, check_representation_str


log = get_logger(__name__)


[docs]def get_particle_label(particle, representation, label_opts, fancy=True):
    """Return string for particle label to be displayed on graph.

    Parameters
    ----------
    particle : Particle
        Particle under consideration
    representation : {"NODE", "EDGE"}
        Particle representation
    label_opts : dict
        Dict of labels for different representations and fancy/plain
    fancy : bool
        If True, will use HTML/unicode in labels

    Returns
    -------
    str
        Particle label string

    Raises
    ------
    RuntimeError
        If representation is not one of "NODE", "EDGE"
    """
    check_representation_str(representation)
    style_key = "fancy" if fancy else "plain"
    label = label_opts[representation.lower()][style_key].format(**particle.__dict__)
    if fancy:
        label = label.replace("inf", "&#x221e;")
    return label



[docs]class DotAttrGenerator(object):
    """Base class for generating particle attr dicts"""

    def __init__(self, particle_opts=None, label_opts=None):
        """Create Graphviz attribute str for an object that may or may not correspond to a Particle.

        Parameters
        ----------
        particle_opts : list[dict]
            List of style option dicts for particles, each with `filter` and `attr` fields.
        label_opts : dict
            Dict of label templates, for node/edge and fancy/plain.
        """
        self.particle_opts = particle_opts
        if self.particle_opts:
            for op in self.particle_opts:
                self.validate_particle_opt(op)
        self.label_opts = label_opts

    def __repr__(self):
        return generate_repr_str(self)

    @staticmethod
[docs]    def validate_particle_opt(opt):
        """Validate particle options dict"""
        for key in ['filter', 'attr']:
            if key not in opt:
                raise KeyError("Key '%s' must be in particle options dict" % key)
        for key in ['node', 'edge']:
            if key not in opt['attr']:
                raise KeyError("Key '%s' must be in particle options dict['attr']" % key)


[docs]    def gv_str(self, obj, fancy):
        """Create attribute string for obj.

        If "particle" in obj.keys(), will style it as a Particle,
        otherwise will assume it's a non-Particle.

        Parameters
        ----------
        obj : an object
            Object to create string for
        fancy : bool
            Whether to style plain or fancy
        """
        if 'particle' in list(obj.keys()):
            attr = self.get_particle_attr(obj['particle'], fancy)
        else:
            attr = self.get_non_particle_attr(obj, fancy)
        return self.dict_to_gv_str(attr)


[docs]    def get_particle_attr(self, particle, fancy):
        """Base method for getting an attribute dict for a particle.

        key:value pairs must be legal graphviz key/values.

        The user should override this method.

        Parameters
        ----------
        particle : Particle
        fancy : bool

        Returns
        -------
        dict
        """
        return {}


[docs]    def get_non_particle_attr(self, obj, fancy):
        """Base method for getting an attribute dict for not a particle.

        key:value pairs must be legal graphviz key/values.

        The user should override this method.

        Parameters
        ----------
        obj : object
            The object in question.
        fancy : bool

        Returns
        -------
        dict
        """
        return {}


[docs]    def dict_to_gv_str(self, attr_dict):
        """Convert a dict to a graphviz-legal string."""
        if not attr_dict:
            return ""
        attr_list = ['{0}={1}'.format(*it) for it in attr_dict.items()]
        return "[{0}]".format(", ".join(attr_list))




[docs]class DotEdgeAttrGenerator(DotAttrGenerator):
    """AttrGenerator specifically for Edges."""

    def __init__(self, particle_opts, label_opts):
        super(DotEdgeAttrGenerator, self).__init__(particle_opts, label_opts)

[docs]    def get_particle_attr(self, particle, fancy):
        attr = {"label": get_particle_label(particle, "EDGE", self.label_opts, fancy)}

        for opt in self.particle_opts:
            if opt['filter'](particle):
                attr.update(opt['attr']['edge'])
                break
        return attr



[docs]class DotNodeAttrGenerator(DotAttrGenerator):
    """AttrGenerator specifically for Nodes."""

    def __init__(self, particle_opts, label_opts):
        super(DotNodeAttrGenerator, self).__init__(particle_opts, label_opts)

    def __repr__(self):
        return generate_repr_str(self)

[docs]    def get_particle_attr(self, particle, fancy):
        attr = {"label": get_particle_label(particle, "NODE", self.label_opts, fancy)}

        for opt in self.particle_opts:
            if opt['filter'](particle):
                attr.update(opt['attr']['node'])
                break
        return attr


[docs]    def get_non_particle_attr(self, obj, fancy):
        return {"shape": "point"}




[docs]class DotGraphAttrGenerator(DotAttrGenerator):
    """Generate Graphviz string with overall graph options"""

    def __init__(self, attr):
        self.attr = attr

[docs]    def gv_str(self):
        """Print graph attributes in dot-friendly format"""
        attr_list = ['{0}={1};'.format(*it) for it in self.attr.items()]
        return "\n".join(attr_list)
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  Source code for pythiaplotter.printers.web_printer

"""Print webpage with interactive graph.

This uses vis.js to do all the hard work: http://visjs.org/,
but we still use graphviz to do the layout for (a) parity with the PDF version,
(b) because it is faster, whereas web pages (so far) crash.

Of course if I could find a graphviz-as-as-JS service, that would be cooler...
"""


from __future__ import absolute_import, print_function
import json
from string import Template
from subprocess import PIPE, Popen
from pkg_resources import resource_filename
from pythiaplotter.utils.logging_config import get_logger
from pythiaplotter.utils.common import generate_repr_str
from pythiaplotter.utils.pdgid_converter import pdgid_to_string


log = get_logger(__name__)


[docs]class VisPrinter(object):

    def __init__(self, opts):
        """
        Parameters
        ----------
        opts : Argparse.Namespace
            Set of options from the arg parser.

        Attributes
        ----------
        output_filename : str
            Final web page output filename
        renderer : str
            Graphviz program to use for rendering layout, default is dot since dealing with DAGs
        graph_opts : dict
            Dict of Graphviz attributes for the whole graph (e.g. direction, nodesep)
        """
        self.output_filename = opts.output
        self.renderer = opts.layout
        self.graph_opts = opts.GRAPH_OPTS
        # self.pythia_statusfile = 'particledata/pythia6status.json' if opts.inputFormat == "CMSSW" else

    def __repr__(self):
        return generate_repr_str(self)

[docs]    def print_event(self, event):
        """Calculate layout, add to graph nodes, and make website file for this event.

        Parameters
        ----------
        event : Event
        """

        gv_str = construct_gv_only_edges(event.graph, self.graph_opts)

        raw_json = get_dot_json(gv_str, self.renderer)

        add_node_positions(event.graph, raw_json)

        vis_node_dicts, vis_edge_dicts = create_vis_dicts(event.graph)

        pythia8status_file = resource_filename('pythiaplotter',
                                               'particledata/pythia6status.json')
        with open(pythia8status_file) as f:
            pythia8status = f.read()

        dkwargs = dict(indent=None, sort_keys=True)

        field_data = dict(
            title=event.title,
            inputfile=event.source,
            eventnum=event.event_num,
            nodedata=json.dumps(vis_node_dicts, **dkwargs),
            edgedata=json.dumps(vis_edge_dicts, **dkwargs),
            pythia8status=pythia8status
        )

        # create new webpage
        write_webpage(field_data, self.output_filename)




[docs]def construct_gv_only_edges(graph, graph_attr=None):
    """Create a graph in DOT language with just edges specified.

    This is a minimal graph, just used to determine the node positioning.

    Parameters
    ----------
    graph : NetworkX.MultiDiGraph

    graph_attr : dict, optional
        Graph attributes such as rankdir, nodesep

    Returns
    -------
    str
        The graph in DOT language
    """
    gv_str = ["digraph g{"]
    if graph_attr:
        for k, v in graph_attr.items():
            gv_str.append("{}={};".format(k, v))
    for out_node, in_node in graph.edges_iter(data=False):
        gv_str.append("{0} -> {1};".format(out_node, in_node))
    initial = ' '.join([str(node) for node, node_data
                        in graph.nodes_iter(data=True)
                        if len(graph.predecessors(node)) == 0])
    gv_str.append("{{rank=same; {0} }};".format(initial))
    gv_str.append("}")
    return "".join(gv_str)



[docs]def get_dot_json(graphviz_str, renderer="dot"):
    """Get the JSON output (with co-ords) from running a layout renderer.

    Parameters
    ----------
    graphviz_str : str
        Graph in DOT language.
    renderer : str, optional
        Renderer to use. Default is dot.

    Returns
    -------
    str
        JSON string
    """
    dot_args = [renderer, "-Tjson0"]
    p = Popen(dot_args, stdin=PIPE, stdout=PIPE, stderr=PIPE)
    out, err = p.communicate(input=graphviz_str.encode())
    if p.returncode != 0:
        raise RuntimeError(err)
    return out.decode()



[docs]def add_node_positions(graph, raw_json):
    """Update graph nodes with their positions, using info in `raw_json`.

    Parameters
    ----------
    graph : NetworkX.MultiDiGraph
        Graph to be updated
    raw_json : str
        JSON with nodes & their positions
    """
    gv_dict = json.loads(raw_json)

    # add node positions.
    for obj in gv_dict['objects']:
        # skip not proper nodes
        if 'nodes' in obj:
            continue
        barcode = int(obj['name'])
        x, y = obj['pos'].split(',')
        x, y = float(x), float(y)
        graph.node[barcode]['pos'] = (x, y)



[docs]def create_vis_dicts(graph):
    """Create list of dicts for nodes & edges suitable for input to vis.js

    This includes node position, label, hover info, etc

    Parameters
    ----------
    graph : NetworkX.MultiDiGraph

    Returns
    -------
    list[dict], list[dict]
        Lists of dicts corresponding to (nodes, edges)
    """
    def _generate_particle_opts(particle):
        pd = {
            'label': pdgid_to_string(particle.pdgid),
            'name': pdgid_to_string(particle.pdgid),
            'title': "",  # does tooltip, control in webpage itself
            'group': "default"
        }
        attr = particle.__dict__
        for k, v in attr.items():
            if isinstance(v, float):
                attr[k] = "%.3g" % v
        pd.update(**attr)
        if particle.initial_state:
            pd['group'] = 'initial'
        if particle.final_state:
            pd['group'] = 'final'
        pd['originalGroup'] = pd['group']
        return pd

    node_dicts = []
    for node, node_data in graph.nodes_iter(data=True):
        nd = {
            "id": node,
            "label": "",
            "x": node_data['pos'][0],
            "y": node_data['pos'][1]
        }
        if 'particle' in node_data:
            nd.update(_generate_particle_opts(node_data['particle']))
        node_dicts.append(nd)

    edge_dicts = []
    for out_vtx, in_vtx, edge_data in graph.edges_iter(data=True):
        ed = {"from": out_vtx, "to": in_vtx}
        if 'particle' in edge_data:
            ed.update(_generate_particle_opts(edge_data['particle']))
        edge_dicts.append(ed)

    return node_dicts, edge_dicts



[docs]def write_webpage(field_data, output_filename):
    """Write webpage using template file and filling with user data.

    Parameters
    ----------
    field_data: dict
        Dict of template {field name: value str} to be replaced
    output_filename : str
        Output HTML filename
    """
    template_file = resource_filename('pythiaplotter',
                                      'printers/templates/vis_template.html')
    with open(template_file, "r") as f:
        template = f.read()

    template = Template(template).safe_substitute(field_data)

    with open(output_filename, 'w') as f:
        f.write(template)

    log.info("Webpage written to %s", output_filename)
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  Source code for pythiaplotter.cli

"""Setup commandline interface, process args, and set defaults for those unspecified."""


from __future__ import absolute_import
import logging
import argparse
import os.path
import sys
import shutil
from imp import load_source
from collections import OrderedDict
from pythiaplotter.utils.logging_config import get_logger
import pythiaplotter.utils.common as helpr
from pythiaplotter.parsers import parser_opts
from pythiaplotter.printers import printer_opts_checked, print_printers_requirements
from pythiaplotter import __version__


log = get_logger(__name__)


[docs]def get_args(input_args):
    """Get argparse.Namespace of parsed user arguments, with sensible defaults set."""

    parser = argparse.ArgumentParser(
        prog="PythiaPlotter",
        description="Convert MC event into a particle evolution diagram. "
                    "Requires you to choose an input format, and an output printer.",
        formatter_class=argparse.RawTextHelpFormatter
    )

    #################
    # Input options
    #################
    input_group = parser.add_argument_group('Input Options')

    input_group.add_argument("input",
                             help="Input file")

    parser_help = ["Input formats:"]
    for k, v in parser_opts.items():
        help_str = "{0}: {1}".format(k, v.description)
        if v.file_extension:
            help_str += " (default for files ending in {})".format(v.file_extension)
        parser_help.append(help_str)

    input_group.add_argument("--inputFormat",
                             help="\n".join(parser_help),
                             choices=list(parser_opts.keys()))
    input_group.add_argument("-n", "--eventNumber",
                             help="Select event number to plot, starts at 1.\n"
                                  "For: HEPMC, LHE input formats.\n",
                             type=int,
                             default=0)

    #################
    # Output file options
    #################
    output_group = parser.add_argument_group('Output Diagram Options')

    output_group.add_argument("-O", "--output",
                              help="Output diagram filename "
                                   "(if unspecified, defaults to INPUT.pdf)")
    output_group.add_argument("--outputFormat",
                              help="Output diagram file format (defaults to "
                                   "extension given to --output)")
    output_group.add_argument("--open",
                              help="Automatically open diagram once plotted",
                              action="store_true")

    #################
    # Printer options
    #################
    output_group.add_argument("--noOutput",
                              help="Don't convert Graphviz file to diagram",
                              action="store_true")

    output_group.add_argument("-r", "--representation",
                              help="Particle representation for output diagram, "
                                   "either representated by Nodes or as Edges",
                              choices=helpr.VALID_REPRESENTATIONS)

    layouts = OrderedDict()
    layouts["dot"] = "(Default) Hierarchical drawings of directed graphs."
    layouts["neato"] = "'Spring model' layout by minimizing a global energy function."
    layouts["fdp"] = "'Spring model' layout by reducing forces."
    layouts["sfdp"] = "Multiscale version of fdp for the layout of large graphs."
    layouts["twopi"] = "Radial layout. Nodes are placed on concentric circles " \
                       "depending their distance from a given root node."
    layouts["circo"] = "Circular layout."
    layout_help = ["{}: {}".format(k, v) for k, v in layouts.items()]
    output_group.add_argument("--layout",
                              help=("Algorithm to use for arranging nodes & edges:\n"
                                    + "\n".join(layout_help)),
                              choices=list(layouts.keys()),
                              default="dot")

    output_group.add_argument("--title",
                              help="Title to put on the plot",
                              default="")

    printer_help = ["Printing methods:"]
    printer_help.extend(["{0}: {1}".format(k, v.description)
                         for k, v in printer_opts_checked.items()])
    output_group.add_argument("-p", "--printer",
                              help="\n".join(printer_help),
                              choices=list(printer_opts_checked.keys()),
                              default="DOT" if "DOT" in printer_opts_checked else "WEB")

    output_group.add_argument("--redundants",
                              help="Keep redundant particles (defualt is to remove them)",
                              action="store_true")

    output_group.add_argument("--saveGraphviz",
                              help="Save intermediate GraphViz file (for testing puposes, "
                              "or quick style edits)",
                              action="store_true")

    #################
    # Miscellaneous options
    #################
    misc_group = parser.add_argument_group("Miscellaneous Options")
    dump_config_key = "--dumpConfig"
    misc_group.add_argument(dump_config_key,
                            help="Dump the default config file. User can then modify it, "
                            "and use it via --configFile.")
    misc_group.add_argument("--configFile",
                            help="Configuration file to use")
    misc_group.add_argument("-v", "--verbose",
                            help="Print debug statements to screen",
                            action="store_true")
    misc_group.add_argument("--stats",
                            help="Print some statistics about the event/graph",
                            action="store_true")
    misc_group.add_argument('--version', action='version', version='%(prog)s ' + __version__)

    # Handle the scenario where there are no printers available
    if len(printer_opts_checked) == 0:
        parser.print_help()
        log.info("")
        log.error("None of the required programs or python packages "
                  "for any printing option exist.")
        print_printers_requirements(log.info)
        exit(11)

    # Can generate default config file and exit before doing any parsing
    if dump_config_key in sys.argv:
        dump_default_config()
        exit(0)

    args = parser.parse_args(input_args)

    if args.verbose:
        logging.getLogger().setLevel(logging.DEBUG)

    args.input = helpr.cleanup_filepath(args.input)  # sanitise input

    if not helpr.check_file_exists(args.input):
        raise IOError("No such file: '%s'" % args.input)

    # Post process user args
    set_default_output_settings(args)
    set_default_input_format(args)
    set_default_mode(args)
    load_default_user_configs(args)

    for k, v in args.__dict__.items():
        log.debug("%s: %s", k, v)

    return args



[docs]def set_default_output_settings(args):
    """Set default output filenames and stems/dirs"""
    # TODO: shouldn't be setting args.X here as a side effect!
    stem_name, _ = os.path.splitext(os.path.basename(args.input))
    input_dir = helpr.get_directory(args.input)
    # Set default output format if there is an output filename specified
    if args.output:
        args.output = helpr.cleanup_filepath(args.output)
        if not args.outputFormat:
            args.outputFormat = os.path.splitext(args.output)[1][1:]
            log.info("You didn't specify an output format, "
                     "assuming from output filename that it is %s", args.outputFormat)
    # Set default output filename if not already done
    else:
        # Hmm default hidden here, not good
        if not args.outputFormat:
            args.outputFormat = printer_opts_checked[args.printer].default_output_fmt
            log.info("You didn't specify an output format, defaulted to %s", args.outputFormat)
        filename = "".join([stem_name, "_", str(args.eventNumber), ".", args.outputFormat])
        args.output = os.path.join(input_dir, filename)
        log.info("You didn't specify an output filename, setting it to %s", args.output)



[docs]def set_default_input_format(args):
    """Set default input format if the user hasn't."""
    if not args.inputFormat:
        for pname, popt in parser_opts.items():
            input_extension = os.path.splitext(args.input)[1]
            if input_extension.lower() == popt.file_extension:
                args.inputFormat = pname
                log.info("You didn't set an input format. Assuming %s", args.inputFormat)
                break
        else:
            raise RuntimeError("Cannot determine input format. "
                               "Must be one of {}".format(list(parser_opts.keys())))



[docs]def set_default_mode(args):
    """Set default particle mode (representation) if the user hasn't."""
    default_repr = parser_opts[args.inputFormat].default_representation
    if not args.representation:
        args.representation = default_repr
    if args.representation != default_repr:
        log.info("Will convert from %s -> %s representation", default_repr, args.representation)
    else:
        log.info("Using default %s particle representation", args.representation)



[docs]def dump_default_config():
    """Produce default config file"""
    output = "PythiaPlotter_config.py"
    log.info("Dumping config to %s", output)
    import pythiaplotter.default_config as dc
    shutil.copy(dc.__file__.replace(".pyc", ".py"), output)



[docs]def load_default_user_configs(args):
    """Add default and custom user options to main args object"""
    # Skip any imported keys from future
    import __future__ as ff
    future_keys = dir(ff)
    # Load default settings
    import pythiaplotter.default_config as dc
    default_settings = {k: getattr(dc, k) for k in dir(dc)
                        if k not in future_keys and not k.startswith("_")}
    args.__dict__.update(default_settings)  # argparse.Namespace doesn't like update() or new keys
    # Load user config
    if args.configFile:
        if not helpr.check_file_exists(args.configFile):
            raise IOError("Configuration file %s does not exist" % args.configFile)
        cc = load_source("cc", args.configFile)
        custom_settings = {k: getattr(cc, k) for k in dir(cc)
                           if k not in future_keys and not k.startswith("_")}
        args.__dict__.update(custom_settings)
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  Source code for pythiaplotter.printers

"""Printers take in a NetworkX graph of Particles, then produce an output diagram.

Attributes
----------

printer_opts_all : dict[str, PrinterOption]
    Store a record of all printers and their requirements.

printer_opts_checked : dict{str: PrinterOption}
    Store a record of only those printers available on the user's system.
"""


from __future__ import absolute_import
import sys
from pythiaplotter.utils.common import check_program_exists, check_module_exists, generate_repr_str
from .dot_printer import DotPrinter
from .web_printer import VisPrinter


[docs]class PrinterOption(object):

    def __init__(self, description, printer, requires, default_output_fmt):
        """Basic class to hold info about an output printer.

        Parameters
        ----------
        description : str
            Short description about this printer
        printer : class
            Printer class
        requires : dict
            Dict of program and module lists that are needed for this printer
        default_output_fmt : str
            Default output file extension
        """
        self.description = description
        self.printer = printer
        self.requires = requires
        self.default_output_fmt = default_output_fmt

    def __repr__(self):
        return generate_repr_str(self)

    def __str__(self):
        return self.description



# List of all possible printers and their requirements
printer_opts_all = {
    "DOT": PrinterOption(
        description="Fast, but basic formatting",
        printer=DotPrinter,
        requires={
            "programs": ["dot"]  # assuming that sfdp, neato etc also work...
        },
        default_output_fmt="pdf"
    ),
    "WEB": PrinterOption(
        description="Interactive diagram in your browser",
        printer=VisPrinter,
        requires={
            "programs": ["dot"]
        },
        default_output_fmt="html"
    ),
    # "LATEX": PrinterOption(
    #     description="Slower, but fancier formatting",
    #     printer=None,
    #     requires={
    #         "programs": ['something here'],
    #         "modules": ['py2tex']
    #     }
    # )
}


# Create a similar dict, but only if each printer has
# the necessary programs and py modules available
printer_opts_checked = {}

for pname, popt in printer_opts_all.items():
    required_progs = popt.requires.get('programs', [])
    required_mods = popt.requires.get('modules', [])

    if (all(check_program_exists(prog) for prog in required_progs)
        and all(check_module_exists(mod) for mod in required_mods)):
        printer_opts_checked[pname] = popt


[docs]def print_printers_requirements(output=sys.stdout.write):
    """Print program and python package requirements for all printers

    Parameters
    ----------
    output : function, optional
        The outputmessage is passed as the parameter to this function.
        Default is sys.stdout.write()
    """
    require_str = ["Requirements for each printing option:\n"]
    for pname, popt in printer_opts_all.items():
        require_str.append('{0}:'.format(pname))
        require_str.append('\tPrograms: {0}'.format(popt.requires.get('programs', None)))
        require_str.append('\tPython packages: {0}'.format(popt.requires.get('module', None)))
        require_str.append('\n')
    output("\n".join(require_str))
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  Source code for pythiaplotter.printers.dot_printer

"""Print graph using Graphviz.

Aim to be fairly generic, so can have particles as edges or nodes. All we
do is attach display attributes to each node/edge, then print these to file.

Several stages:
1. Go through nodes & edges and attach display attributes [add_display_attr()]
2. Write to Graphviz format file [write_gv()]
3. Render to file [print_diagram()]
"""


from __future__ import absolute_import
import os
from string import Template
from subprocess import call, PIPE, Popen
from pythiaplotter.utils.logging_config import get_logger
from pythiaplotter.utils.common import generate_repr_str
from .dot_display_classes import DotNodeAttrGenerator, DotEdgeAttrGenerator, DotGraphAttrGenerator


log = get_logger(__name__)


[docs]class DotPrinter(object):
    """Class to print event to file using Graphviz"""

    def __init__(self, opts):
        """

        Parameters
        ----------
        opts : Argparse.Namespace
            Set of options from the arg parser.

        Attributes
        ----------
        output_filename : str
            Final output filename (e.g of the pdf, not the intermediate graphviz file)
        renderer : str, optional
            Graphviz program to use for rendering layout, default is dot since dealing with DAGs
        output_format : str, optional
            Output format for diagram. Defaults to PDF.
        make_diagram : bool, optional
            If True, the chosen renderer converts the Graphviz description to a graph diagram.
        write_gv : bool
            If True, writes Graphviz description to file.
        gv_filename : str
            Filename for intermediate Graphviz file.
        """
        self.output_filename = opts.output
        self.renderer = opts.layout
        self.output_format = opts.outputFormat
        self.make_diagram = not opts.noOutput
        self.write_gv = opts.saveGraphviz
        if self.write_gv:
            self.gv_filename = os.path.splitext(self.output_filename)[0] + ".gv"
        else:
            self.gv_filename = None
        self.graph_attr_gen = DotGraphAttrGenerator(opts.GRAPH_OPTS)
        self.node_attr_gen = DotNodeAttrGenerator(opts.DOT_PARTICLE_OPTS, opts.DOT_LABEL_OPTS)
        self.edge_attr_gen = DotEdgeAttrGenerator(opts.DOT_PARTICLE_OPTS, opts.DOT_LABEL_OPTS)

    def __repr__(self):
        return generate_repr_str(self)

[docs]    def print_event(self, event):
        """Convert the event diagram to Graphivz language, then run the renderer.

        Can also optionally save the Graphviz description to file.

        Parameters
        ----------
        event : Event
            Event to print
        """
        fancy = self.output_format in ["ps", "pdf"]
        self.add_display_attr(event, fancy)
        gv_str = construct_gv_full(event)
        # save gv first incase of parsing errors
        if self.write_gv:
            write_gv(gv_str, self.gv_filename)
        if self.make_diagram:
            run_cmds = print_diagram(gv_str=gv_str,
                                     output_filename=self.output_filename,
                                     renderer=self.renderer,
                                     output_format=self.output_format)
        if self.write_gv:
            log.info("To re-run:")
            log.info('\n'.join(run_cmds))



[docs]    def add_display_attr(self, event, fancy):
        """Add display attribute to graph, nodes & edges

        Parameters
        ----------
        event : Event
            Event to process
        fancy : bool
            If True, will use HTML/unicode in labels
        """
        graph = event.graph
        graph.graph["attr"] = self.graph_attr_gen.gv_str()

        for _, node_data in graph.nodes_iter(data=True):
            node_data["attr"] = self.node_attr_gen.gv_str(node_data, fancy)

        for _, _, edge_data in graph.edges_iter(data=True):
            edge_data["attr"] = self.edge_attr_gen.gv_str(edge_data, fancy)




[docs]def construct_gv_full(event):
    """Turn event graph into Graphviz string in DOT language

    Parameters
    ----------
    event : Event

    Returns
    -------
    str
    """
    graph = event.graph

    # Header-type info with graph-wide settings
    gv_str = ["digraph g {"]
    gv_str.append("{attr}".format(**graph.graph))

    # Write all the nodes to file, with their display attributes
    for node, node_data in graph.nodes_iter(data=True):
        gv_str.append("{0} {attr};".format(node, **node_data))

    # Write all the edges to file, with their display attributes
    for out_node, in_node, edge_data in graph.edges_iter(data=True):
        gv_str.append("{0} -> {1} {attr};".format(out_node, in_node, **edge_data))

    # Set all initial particles to be level in diagram
    initial = ' '.join([str(node) for node, node_data
                        in graph.nodes_iter(data=True)
                        if len(graph.predecessors(node)) == 0])
    gv_str.append("{{rank=same; {0} }}; "
                    "// initial particles on same level".format(initial))
    gv_str.append("}")
    gv_str = "\n".join(gv_str)

    # Fill in template with any data
    gv_str = Template(gv_str).safe_substitute(event.__dict__)

    return gv_str



[docs]def write_gv(gv_str, gv_filename):
    """Write event graph to file in Graphviz format"""

    log.info("Writing Graphviz file to %s", gv_filename)
    with open(gv_filename, "w") as gv_file:
        gv_file.write(gv_str)



[docs]def print_diagram(gv_str, output_filename, renderer, output_format):
    """Pass graph in DOT language to a Graphviz program to produce a diagram.

    Parameters
    ----------
    gv_str : str
        Graph contents in DOT language

    output_filename : str
        Final diagram filename

    renderer : str
        Graphviz program to use

    output_format : str
        Each has its own advantages, see http://www.graphviz.org/doc/info/output.html

        * ps - uses ps:cairo. Obeys HTML tags & unicode, but not searchable
        * ps2 - PDF searchable, but won't obey all HTML tags or unicode.
        * pdf - obeys HTML but not searchable

    Returns
    -------
    list[str]
        List of commands run to produce diagram from graphviz file
    """
    if output_format is None:
        raise RuntimeError("Need an output format for graphviz")

    log.info("Printing diagram to %s", output_filename)
    run_cmds = []

    if output_format == "ps" or output_format == "ps2":
        # Do 2 stages: make a PostScript file, then convert to PDF.
        ps_filename = os.path.splitext(output_filename)[0] + ".ps"

        if output_format == "ps":  # hmm or should we get user to do this
            output_format += ":cairo"

        dot_args = [renderer, "-T" + output_format, "-o", ps_filename]
        run_cmds.append(" ".join(dot_args))
        p = Popen(dot_args, stdin=PIPE, stderr=PIPE)
        out, err = p.communicate(input=gv_str.encode())
        if p.returncode != 0:
            raise RuntimeError(err)

        if output_filename.endswith(".pdf"):
            pdfargs = ["ps2pdf", ps_filename, output_filename]
            run_cmds.append(' '.join(pdfargs))
            call(pdfargs)

            rmargs = ["rm", ps_filename]
            run_cmds.append(' '.join(rmargs))
            call(rmargs)

    elif output_format is not None:
        dot_args = [renderer, "-T" + output_format, "-o", output_filename]
        run_cmds.append(' '.join(dot_args))
        p = Popen(dot_args, stdin=PIPE, stderr=PIPE)
        out, err = p.communicate(input=gv_str.encode())
        if p.returncode != 0:
            raise RuntimeError(err)

    return run_cmds
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  Source code for pythiaplotter.parsers.lhe_parser

"""Handle parsing of LHE files.

Default is NODE representation for particles.

See example/example_lhe.lhe for example input file.
"""


from __future__ import absolute_import
from pprint import pformat
try:
    from lxml import etree as ET  # MegaGainz
except ImportError:
    import xml.etree.ElementTree as ET  # slowwww
from pythiaplotter.utils.logging_config import get_logger
from pythiaplotter.utils.common import map_columns_to_dict, generate_repr_str
from .event_classes import Event, Particle, NodeParticle


log = get_logger(__name__)


[docs]class LHEParser(object):
    """Main class to parse a LHE file.

    User can pass in an event number to return that event (first event = 1)
    If unassigned, or no events with that event number,
    return first event in file.
    """

    def __init__(self, filename, event_num=0):
        """
        Parameters
        ----------
        filename : str
            Input filename.
        event_num : int, optional
            Index of event to parse in input file. (0 = first event)
        """
        self.filename = filename
        self.event_num = event_num
        self.events = []

    def __repr__(self):
        return generate_repr_str(self, ignore=['events'])

    def __str__(self):
        return "LHEParser: %s" % pformat(self.filename)

[docs]    def parse(self):
        """Parse contents of the input file, extract particles, and assign to a NetworkX graph.

        Returns
        -------
        Event
            Event object containing info about the event.
        list[NodeParticle]
            Collection of NodeParticles to be assigned to a graph.
        """
        log.info("Opening event file %s", self.filename)
        tree = ET.parse(self.filename)

        root = tree.getroot()

        # get tags, find index of init block, since there could be any number of
        # program-specific fields before it
        tags = [r.tag for r in root]
        try:
            init_ind = tags.index('init')
        except ValueError:
            log.exception("Cannot find <init> block in LHE file")
            raise
        self.parse_init_text(root[init_ind].text)

        # now get the event the user wanted
        event_ind = init_ind
        try:
            event_ind = tags.index('event', self.event_num)
        except ValueError:
            log.exception("Cannot find the <event> block %d in LHE file", self.event_num)
            raise

        event, node_particles = self.parse_event_text(root[event_ind].text)

        log.debug(node_particles)
        return event, node_particles


[docs]    def parse_init_text(self, text):
        """Parse the initialisation info. Currently does nothing.

        The first line is compulsory process-numer-independent info.
        Each line after represents a process

        Parameters
        ----------
        text : str
            Text in the <init></init> tags.

        Returns
        -------
        None
        """
        pass


[docs]    def parse_event_text(self, text):
        """Parse the text in a <event>...</event> block

        The first line is compulsory event info
        Each line after represents a particle.

        Parameters
        ----------
        text : str
            Event text block to be parsed.

        Returns
        -------
        Event
            Event object filled with info about the event, as well as NodeParticles in the event.
        """
        event = None
        node_particles = []
        # Keep a track of particle barcodes - start at 1, not 0.
        # LHE files do not include a barcode for each particle,
        # so we have to do it manually
        counter = 1
        for line in text.split('\n'):
            line = line.strip()
            if not line or line.startswith('#'):
                continue

            log.debug(line)

            # event info
            if not event:
                event = self.parse_event_line(line, self.event_num)
            else:
                node_particle = self.parse_particle_line(line, barcode=counter)
                node_particles.append(node_particle)
                counter += 1

        return event, node_particles


[docs]    def parse_event_line(self, line, event_num):
        """Parse a LHE event info line.

        Parameters
        ----------
        line : str
            Line of text describing the event.
        event_num : int
            Event number, as it is not included in the event line.

        Returns
        -------
        Event
            Event object with information from the line.
        """
        fields = ["num_particles", "proc_id", "weight", "scale", "aQED", "aQCD"]
        contents = map_columns_to_dict(fields, line)
        log.debug(contents)
        return Event(event_num=int(event_num), source=self.filename)


[docs]    def parse_particle_line(self, line, barcode):
        """Parse a line that describes a particle and its mothers from a LHE file.

        Need to supply barcode to make Particle obj unique, since not supplied as
        part of LHE format

        Parameters
        ----------
        line : str
            Line of text describing a particle
        barcode : int
            Unique barcode for this particle

        Returns
        -------
        NodeParticle
            NodeParticle object that contains the Particle, as well as its mother barcodes.
        """
        fields = ["pdgid", "status", "parent1", "parent2", "col1", "col2",
                  "px", "py", "pz", "energy", "mass", "lifetime", "spin"]
        contents_dict = map_columns_to_dict(fields, line)
        p = Particle(barcode=barcode,
                     pdgid=int(contents_dict["pdgid"]),
                     status=int(contents_dict["status"]),
                     px=float(contents_dict["px"]),
                     py=float(contents_dict["py"]),
                     pz=float(contents_dict["pz"]),
                     energy=float(contents_dict["energy"]),
                     mass=float(contents_dict["mass"]))
        log.debug(contents_dict)
        np = NodeParticle(particle=p,
                          parent_barcodes=list(range(int(contents_dict['parent1']),
                                                     int(contents_dict['parent2']) + 1)))
        return np
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  Source code for pythiaplotter.parsers.event_classes

"""Classes to describe event & physical particles."""


from __future__ import absolute_import, division
import math
import networkx as nx
from pythiaplotter.utils.logging_config import get_logger
from pythiaplotter.utils.common import generate_repr_str, get_terminal_width
from pythiaplotter.utils.pdgid_converter import pdgid_to_string
from functools import total_ordering


log = get_logger(__name__)


[docs]class Event(object):
    """Hold event info"""

    def __init__(self, event_num=0, source=None, title=None, **kwargs):
        self.event_num = int(event_num)
        self.source = source or ""
        self.title = title or ""
        self.graph = None  # to hold NetworkX graph
        self.__dict__.update(**kwargs)

    def __repr__(self):
        ignore = ["graph"]
        return generate_repr_str(self, ignore)

[docs]    def __str__(self):
        """Print event info in format suitable for use on graph or printout"""
        ignore = ["graph"]
        info = [k + ": " + str(v) + "\n" for k, v in self.__dict__.items() if k not in ignore]
        return "Event:\n{0}".format("".join(info))


[docs]    def print_stats(self):
        """Print some basic statistics about the event"""
        log.info("Some statistics:")
        log.info("----------------")
        log.info(nx.info(self.graph))
        log.info("Graph density {}".format(nx.density(self.graph)))
        log.info("Histogram of node degree:")
        # Deal with bin contents larger than the terminal width by scaling bins
        bin_contents = nx.degree_histogram(self.graph)
        tw = get_terminal_width()
        offset = 5  # for bin labels, etc
        if max(bin_contents) > (tw - offset):
            scale = (tw - offset) / max(bin_contents)
            bin_contents = [int(round(b*scale)) for b in bin_contents]
        for i, h in enumerate(bin_contents):
            log.info("{:2d} {}".format(i, "#"*h))




@total_ordering
[docs]class Particle(object):

    def __init__(self, barcode, pdgid=0, status=0,
                 initial_state=False, final_state=False, **kwargs):
        """Hold information about a particle in an event.

        Parameters
        ----------
        barcode : int
            Unique integer for this particle to identify it in an event.
        pdgid : int, optional
            PDGID code for this particle, see PDG
        status : int, optional
            Status code for the particle. NB conventions differ between generators
        initial_state : bool, optional
            Flag initial state particle (no parents)
        final_state : bool, optional
            Flag final state particle (no children)
        kwargs : dict
            Store any other particle attributes, such as px/py/pz/pt/energy/mass

        Attributes
        ----------
        name : str
        pt : float
        eta : float
        phi : float
        px : float
        py : float
        pz : float
        energy : float
        mass : float
        """
        self.barcode = int(barcode)
        self.pdgid = int(pdgid)
        self.name = pdgid_to_string(self.pdgid)
        self.status = int(status)
        self.final_state = final_state
        self.initial_state = initial_state
        # some default fields
        for k in ['pt', 'eta', 'phi', 'px', 'py', 'pz', 'energy', 'mass']:
            self.__dict__[k] = 0.0
        self.__dict__.update(**kwargs)
        if all([k in kwargs for k in ['px', 'py', 'pz']]):
            pt, eta, phi = convert_px_py_pz(float(self.px), float(self.py), float(self.pz))
            self.__dict__['pt'] = pt
            self.__dict__['eta'] = eta
            self.__dict__['phi'] = phi

    def __repr__(self):
        return generate_repr_str(self)

    def __str__(self):
        # Properties to print out - we don't want all of them!
        return "Particle {0}, PDGID {1}".format(self.barcode, self.pdgid)

    def __eq__(self, other):
        return self.barcode == other.barcode

    def __lt__(self, other):
        return self.barcode < other.barcode



[docs]def convert_px_py_pz(px, py, pz):
    """Convert cartesian momentum components :math:`p_x, p_y, p_z` into :math:`p_T, \eta, \phi`

    Notes
    -----
    * pt (:math:`p_T`) is the momentum in the transverse (x-y) plane
    * eta (:math:`\eta`) is the pseudorapidity, :math:`\eta = -\ln(\\tanh(\\theta/2))`
      where :math:`\\theta` is the angle of the 3-momentum in the x-z plane relative to the z axis
    * phi (:math:`\phi`) is the angle of the 3-momentum in the x-y plane relative to the x axis

    Relationships between :math:`p_T, \eta, \phi` and :math:`p_x, p_y, p_z`:

    .. math::

        p_x &= p_T * \cos(\phi)

        p_y &= p_T * \sin(\phi)

        p_z &= p_T * \sinh (\eta) = p * \cos(\\theta)

    Note that if :math:`p_T = 0`, :math:`\eta = \mathrm{sign}(p_z) * \infty`.

    Parameters
    ----------
    px, py, pz : float
        Cartesian component of momentum along x, y, z axis, respectively

    Returns
    -------
    pt, eta, phi : float
        Transverse momentum, pseudorapidity, and azimuthal angle (in radians).
    """
    # transverse momentum
    pt = math.sqrt(math.fsum([math.pow(px, 2), math.pow(py, 2)]))
    # total momentum
    p = math.sqrt(math.fsum([math.pow(pt, 2), math.pow(pz, 2)]))
    if pt != 0:
        eta = math.asinh(pz / pt)
        phi = math.asin(py / pt)
    else:
        eta = math.copysign(float('inf'), pz)
        phi = 0
    return pt, eta, phi



[docs]class NodeParticle(object):

    def __init__(self, particle, parent_barcodes):
        """Class to hold info when particle is represented by a node.

        Parameters
        ----------
        particle : Particle
            The particle of interest
        parent_barcodes : list[int]
            List of parent barcodes
        """
        self.particle = particle
        self.parent_barcodes = parent_barcodes

    def __repr__(self):
        return generate_repr_str(self)

    @property
    def barcode(self):
        return self.particle.barcode



[docs]class EdgeParticle(object):
    """Class to hold info when particle is represented by an edge.

    This contains the physical Particle object, and associated info that
    is edge-specific, such as incoming/outgoing vertex barcodes.

    Vertex barcodes are ints.
    """

    def __init__(self, particle, vtx_in_barcode, vtx_out_barcode):
        self.particle = particle
        self.vtx_in_barcode = int(vtx_in_barcode)
        self.vtx_out_barcode = int(vtx_out_barcode)

    @property
    def barcode(self):
        return self.particle.barcode

    def __repr__(self):
        return generate_repr_str(self)
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  Source code for pythiaplotter.parsers.pythia8_parser

"""Handle parsing of standalone Pythia 8 screen output.

Default is NODE representation for particles.

See example/example_pythia8.txt for example input file.

TODO: reshuffle blocks - non optimal spreading out atm
"""


from __future__ import absolute_import
from pprint import pformat
try:
    from itertools import izip
except ImportError:
    izip = zip
from pythiaplotter.utils.logging_config import get_logger
from pythiaplotter.utils.common import map_columns_to_dict, generate_repr_str
from .event_classes import Event, Particle, NodeParticle


log = get_logger(__name__)


[docs]class PythiaBlock(object):

    def __init__(self, name, contents=None, parser=None):
        """Represent a 'block' in Pythia output e.g. Event Listing

        Parameters
        ----------
        name : str
            Name of the block
        contents : list[str], optional
            Block contents to be parsed
        parser : function, optional
            Function that takes `contents` as argument.

        Attributes
        ----------
        parser_results : list[object]
            Results from the parser function
        """
        self.name = name
        self.contents = contents if contents else []
        self.parser = parser  # method to parser contents
        self.parser_results = None  # to hold output from self.parser

    def __repr__(self):
        return generate_repr_str(self, ignore=['parser_results'])

    def __str__(self):
        return "%s:\n%s" % (self.name, '\n'.join(self.contents))

[docs]    def parse_block(self):
        """Run the instance parser over contents, and store results."""
        log.debug("Parsing block %s", self.name)
        self.parser_results = self.parser(self.contents)




[docs]def parse_event_block(contents):
    """Parse Event listing block in Pythia output

    Parameters
    ----------
    contents : list[str]
        Contents of event block.

    Returns
    -------
    list[NodeParticle]
        NodeParticles extracted from event, with mother barcodes set.
    """
    # These indicate non-particle lines - matches words
    ignore = (("no", "id"), ("Charge", "sum:"), ("0", "90", "(system)"))

    # Store all the NodeParticles in the event
    node_particles = []

    log.debug("start of raw contents")
    log.debug(contents)
    log.debug("end of raw contents")

    for line in contents:
        log.debug(line)

        # first determine if interesting line or not - checks to see if entries
        # in ignore tuple match entries in parts list
        if sum([all([i == p for i, p in izip(ig, line.split())]) for ig in ignore]):
            continue

        # Now assign each field to a dict to make life easier
        fields = ["barcode", "pdgid", "name", "status", "parent1", "parent2",
                  "child1", "child2", "colours1", "colours2",
                  "px", "py", "pz", "energy", "mass"]
        contents_dict = map_columns_to_dict(fields, line)
        log.debug(contents_dict)
        # Create a Particle obj and add to total
        p = Particle(barcode=int(contents_dict['barcode']),
                     pdgid=int(contents_dict['pdgid']),
                     status=int(contents_dict['status']),
                     px=float(contents_dict['px']),
                     py=float(contents_dict['py']),
                     pz=float(contents_dict['pz']),
                     energy=float(contents_dict['energy']),
                     mass=float(contents_dict['mass']))
        # Sometimes parent2 = 0, so set = parent1 if this is the case
        if int(contents_dict['parent2']) == 0:
            contents_dict['parent2'] = contents_dict['parent1']
        np = NodeParticle(particle=p,
                          parent_barcodes=list(range(int(contents_dict['parent1']),
                                                     int(contents_dict['parent2']) + 1)))
        node_particles.append(np)

    return node_particles



[docs]def parse_info_block(contents):
    """Method to parse Info block. Makes Event object to hold particles"""
    return Event()



[docs]def parse_stats_block(contents):
    """Method to parse Statistics block. Kept unimplemented."""
    pass



[docs]class Pythia8Parser(object):
    """Main class to parse Pythia 8 screen output from a text file."""

    # Block types in Pythia output
    # For each, we store:
    # strings that indicate start/end or block;
    # the start/end indices of any blocks;
    # a list of individual block contents;
    # and the parser method to handle this type of block
    info_start = "PYTHIA Info Listing"
    info_end = "End PYTHIA Info Listing"

    full_evt_start = "PYTHIA Event Listing  (complete event)"
    full_evt_end = "End PYTHIA Event Listing"

    hard_evt_start = "PYTHIA Event Listing  (hard process)"
    hard_evt_end = "End PYTHIA Event Listing"

    stats_start = "PYTHIA Event and Cross Section Statistics"
    stats_end = "End PYTHIA Event and Cross Section Statistics"

    def __init__(self, filename, event_num=0):
        """
        Parameters
        ----------
        filename : str
            Input filename.
        event_num : int, optional
            Index of event to parse in input file. (0 = first event)
        """
        self.filename = filename
        self.event_num = event_num

        self.info_blocks = dict(str_start=self.info_start, str_end=self.info_end,
                                ind_start=[], ind_end=[], blocks=[],
                                parser=parse_info_block)

        self.full_evt_blocks = dict(str_start=self.full_evt_start, str_end=self.full_evt_end,
                                    ind_start=[], ind_end=[], blocks=[],
                                    parser=parse_event_block)

        self.hard_evt_blocks = dict(str_start=self.hard_evt_start, str_end=self.hard_evt_end,
                                    ind_start=[], ind_end=[], blocks=[],
                                    parser=parse_event_block)

        self.stats_blocks = dict(str_start=self.stats_start, str_end=self.stats_end,
                                 ind_start=[], ind_end=[], blocks=[],
                                 parser=parse_stats_block)

        # All the different blocks we want to be able to parse, with sensible names
        self.block_types = dict(FullEvent=self.full_evt_blocks,
                                Info=self.info_blocks,
                                HardEvent=self.hard_evt_blocks)

        # store file contents in list to slice up easily
        self.contents = []

    def __repr__(self):
        return generate_repr_str(self, ignore=['contents', 'info_blocks', 'full_evt_blocks',
                                               'hard_evt_blocks', 'stats_blocks', 'block_types'])

    def __str__(self):
        return "Pythia8Parser:\n%s" % pformat(self.block_types)

[docs]    def parse(self):
        """Parse contents of the input file, extract particles, and assign to a NetworkX graph.

        Returns
        -------
        Event
            Event object containing info about the event.
        list[NodeParticle]
            Collection of NodeParticles to be assigned to a graph.
        """
        log.info("Opening event file %s", self.filename)
        with open(self.filename, "r") as f:
            lines = [l.replace("\n", "").strip() for l in list(f)]
            self.contents = [l for l in lines if l]

        # Find all start & end indices for blocks
        for i, line in enumerate(self.contents):
            for block in self.block_types.values():
                if block["str_start"] in line:
                    block["ind_start"].append(i)
                    log.debug("Block starting line: %s", line)
                if block["str_end"] in line:
                    # check that there's at least one ind_start < i
                    if sum([j < i for j in block["ind_start"]]):
                        block["ind_end"].append(i)
                        log.debug("Block ending line: %s", line)

        # Now pull the contents from files & parse
        for name, block in self.block_types.items():
            for pair in izip(block["ind_start"], block["ind_end"]):
                pb = PythiaBlock(name=name, parser=block["parser"],
                                 contents=self.contents[pair[0] + 1: pair[1]])
                pb.parse_block()
                block["blocks"].append(pb)

        if len(self.block_types["FullEvent"]["blocks"]) < self.event_num:
            raise IndexError("Cannot access event number %d, no such event" % self.event_num)

        # Deal with each type
        # Info block: make a blank Event() object in case there's no Info block,
        # assigning grapher (TODO: move elsewhere?)
        event = Event()
        if self.block_types["Info"]["blocks"]:
            event = self.block_types["Info"]["blocks"][self.event_num].parser_results

        event.event_num = self.event_num
        event.source = self.filename

        # Hard event blocks:
        # hard_node_particles = self.block_types["HardEvent"]["blocks"][self.event_num].parser_results

        # Full event blocks:
        full_node_particles = self.block_types["FullEvent"]["blocks"][self.event_num].parser_results

        return event, full_node_particles
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  Source code for pythiaplotter.utils.logging_config

"""Setup logging module here

We use a custom formatter which formats different severity levels differently.
"""


from __future__ import absolute_import
import logging


[docs]class LevelFormatter(logging.Formatter):
    """Custom message formatter for different severity levels

    Taken from: https://stackoverflow.com/questions/28635679/python-logging-different-formatters-for-the-same-log-file
    """

    def __init__(self, fmt=None, datefmt=None, level_fmts=None):
        """
        fmt is the default format.
        datefmt is the default format for dates.
        level_fmts is a dict where logging levels are the keys,
        and the corresponding values is a format string
        """
        self._level_formatters = {}
        if level_fmts:
            for level, fmt_level in level_fmts.items():
                # Could optionally support level names too
                self._level_formatters[level] = logging.Formatter(fmt=fmt_level, datefmt=datefmt)
        # self._fmt will be the default format
        super(LevelFormatter, self).__init__(fmt=fmt, datefmt=datefmt)

[docs]    def format(self, record):
        if record.levelno in self._level_formatters:
            return self._level_formatters[record.levelno].format(record)

        return super(LevelFormatter, self).format(record)




formatter = LevelFormatter(fmt='%(message)s',
                           level_fmts={logging.ERROR: '%(levelname)s: %(message)s',
                                       logging.WARNING: '%(levelname)s: %(message)s',
                                       logging.INFO: '%(message)s',
                                       logging.DEBUG: '%(module)s.%(funcName)s:%(lineno)d: %(message)s'})

console_handler = logging.StreamHandler()
console_handler.setFormatter(formatter)
root = logging.getLogger()
root.addHandler(console_handler)
root.setLevel(logging.INFO)


[docs]def get_logger(name):
    """Get a logger with a given name.

    Parameters
    ----------
    name : str

    Returns
    -------
    logging.Logger
    """
    return logging.getLogger(name)
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  Source code for pythiaplotter.parsers.cmssw_particle_list_parser

"""Handle parsing of ParticleListDrawer as output by CMSSW.

Default is NODE representation for particles.

See example/example_cmssw.txt for example input file.

TODO: perhaps this needs a name change...
"""


from __future__ import absolute_import
from pythiaplotter.utils.logging_config import get_logger
from pythiaplotter.utils.common import map_columns_to_dict
from .event_classes import Event, Particle, NodeParticle


log = get_logger(__name__)


[docs]class CMSSWParticleListParser(object):
    """Main class to parse ParticleListDrawer as output by CMSSW"""

    def __init__(self, filename):
        """
        Parameters
        ----------
        filename : str
            Input filename.
        remove_redundants : bool, optional
            Remove redundant particles from the graph.
        """
        self.filename = filename

[docs]    def parse(self):
        """Parse contents of the input file, extract particles, and assign to a NetworkX graph.

        Returns
        -------
        Event
            Event object containing info about the event.
        list[NodeParticle]
            Collection of NodeParticles to be assigned to a graph.
        """

        log.info("Opening event file %s", self.filename)
        event = Event(source=self.filename)

        with open(self.filename, 'r') as f:
            # Indicates whether to parse current line as a particle or not
            particle_line = False
            node_particles = []

            for line in f:
                line = line.strip()
                if line.startswith('[ParticleListDrawer]'):
                    continue

                if line.startswith('idx'):
                    # the lines after this line are particles, so mark this
                    # and move onto them
                    particle_line = True
                    continue

                if particle_line:
                    # check that this is a particle line - first field should
                    # be a number. If it isn't, we've finished the particle
                    # record for the event.
                    if line.split()[0].isdigit():
                        np = self.parse_particle_line(line)
                        node_particles.append(np)
                    else:
                        particle_line = False
                        break

        return event, node_particles


[docs]    def parse_particle_line(self, line):
        """Parse line representing a particle, return a NodeParticle."""

        log.debug(line)

        # First split by |. This gives us [idx, ID-name, status,
        # parents/children, nParents/Children, pt/eta/phi, px/py/pz/m]
        # parts1 = line.strip().split('|')
        fields = ['idx', 'pdg', 'status', 'family', 'nFamily', '3mom', '4mom']
        contents_dict = map_columns_to_dict(fields, line.strip(), delim='|')

        # Get PDGID - we don't car about the name
        pdgid = contents_dict['pdg'].strip().split()[0]

        # Get mother/daughter IDXs
        family_fields = ['parent1', 'parent2', 'child1', 'child2']
        family_contents = map_columns_to_dict(family_fields, contents_dict['family'])

        # Get pt/eta/phi
        three_mom_fields = ['pt', 'eta', 'phi']
        three_mom_contents = map_columns_to_dict(three_mom_fields, contents_dict['3mom'])

        # Get px/py/pz/m
        four_mom_fields = ['px', 'py', 'pz', 'm']
        four_mom_contents = map_columns_to_dict(four_mom_fields, contents_dict['4mom'])

        p = Particle(barcode=int(contents_dict['idx']),
                     pdgid=int(pdgid),
                     status=int(contents_dict['status']),
                     px=float(four_mom_contents['px']),
                     py=float(four_mom_contents['py']),
                     pz=float(four_mom_contents['pz']),
                     mass=float(four_mom_contents['m']))
        np = NodeParticle(particle=p,
                          parent_barcodes=list(range(int(family_contents['parent1']),
                                                     int(family_contents['parent2']) + 1)))

        log.debug(np)
        return np
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  Source code for pythiaplotter.parsers.hepmc_parser

"""Handle parsing of HepMC files.

Default is EDGE representation.

See example/example_hepmc.hepmc for example input file.
"""


from __future__ import absolute_import, division
from pprint import pformat
from pythiaplotter.utils.logging_config import get_logger
from pythiaplotter.utils.common import map_columns_to_dict, generate_repr_str
from .event_classes import Event, Particle, EdgeParticle


log = get_logger(__name__)


[docs]class HepMCParser(object):
    """Main class to parse a HepMC file.

    User can pass in an event number to return the event with that ID.
    If unassigned, or no events with that event number,
    return first event in file.
    """

    def __init__(self, filename, event_num=0):
        """
        Parameters
        ----------
        filename : str
            Input filename.
        event_num : int, optional
            Index of event to parse in input file. (0 = first event)
        """
        self.filename = filename
        self.event_num = event_num
        self.events = []

    def __repr__(self):
        return generate_repr_str(self, ignore=['events'])

    def __str__(self):
        return "HepMCParser:\n%s" % pformat(self.filename)

[docs]    def parse(self):
        """Parse contents of the input file, extract particles, and assign to a NetworkX graph.

        Returns
        -------
        Event
            Event object containing info about the event.
        list[EdgeParticle]
            Collection of EdgeParticles to be assigned to a graph.
        """
        # Loop through file, line-by-line.
        # Once we reach an event line with the require line number, then
        # we start parsing the particle/vertex lines. Otherwise we eat up all the RAM!

        parse_event = False
        current_event = None
        current_vertex = None
        edge_particles = []
        # since HepMC can output in either MeV or GeV, but we all prefer GeV,
        # this allows conversion to GeV
        energy_multiplier = 1.

        log.info("Opening event file %s", self.filename)
        with open(self.filename) as f:
            for line in f:
                if line.startswith("E") or "END_EVENT_LISTING" in line:
                    # General GenEvent information
                    if current_event:
                        # Do only having read in all particles in an event
                        break

                    if line.startswith("E"):
                        current_event = self.parse_event_line(line)
                        if current_event.event_num == self.event_num:
                            parse_event = True
                        else:
                            current_event = None

                if not parse_event:
                    continue

                if line.startswith("V"):
                    # GenVertex info
                    current_vertex = self.parse_vertex_line(line)
                elif line.startswith("P"):
                    # GenParticle info
                    edge_particle = self.parse_particle_line(line)
                    edge_particle.vtx_out_barcode = current_vertex.barcode
                    log.debug(edge_particle.particle)
                    # If the particle has vtx_in_barcode = 0,
                    # then this is a 'dangling' vertex (i.e. not in the list
                    # of vertices) and we must create one instead.
                    # Use (10000*|particle.vtx_out_barcode|)+particle.barcode
                    # for a unique barcode, since we won't have 10000
                    # particles in an event.

                    def _generate_unique_id(edge_particle):
                        return 10000 * abs(edge_particle.vtx_out_barcode) + edge_particle.barcode

                    # This is a final-state particle
                    if edge_particle.vtx_in_barcode == 0:
                        edge_particle.vtx_in_barcode = _generate_unique_id(edge_particle)
                        edge_particle.particle.final_state = True

                    # If the vtx_in_barcode = vtx_out_barcode, then we have
                    # a cyclical edge. This is normally reserved for an
                    # incoming proton. Need to create a new "out" node, since
                    # other particles will be outgoing from this node
                    if edge_particle.vtx_in_barcode == edge_particle.vtx_out_barcode:
                        edge_particle.vtx_out_barcode = _generate_unique_id(edge_particle)
                        edge_particle.particle.initial_state = True

                    edge_particles.append(edge_particle)
                if line.startswith("U"):
                    # Units info
                    energy, length = self.parse_units_line(line)
                    if energy == "MEV":
                        energy_multiplier = 1. / 1000

        if not current_event:
            raise IndexError("Cannot find an event with event number %d" % self.event_num)

        # Correct units
        for p in edge_particles:
            for attr in ['px', 'py', 'pz', 'mass', 'energy', 'pt']:
                try:
                    val = getattr(p.particle, attr)
                    setattr(p.particle, attr, val * energy_multiplier)
                except AttributeError:
                    pass

        return current_event, edge_particles


[docs]    def parse_event_line(self, line):
        """Parse a HepMC GenEvent line and return an Event object"""
        fields = ["event_num", "num_mpi", "scale", "aQCD", "aQED",
                  "signal_process_id", "signal_process_vtx_id", "n_vtx",
                  "beam1_pdgid", "beam2_pdgid"]
        contents = map_columns_to_dict(fields, line[1:])
        return Event(event_num=contents["event_num"], source=self.filename,
                     signal_process_vtx_id=contents["signal_process_vtx_id"])


[docs]    def parse_vertex_line(self, line):
        """Parse a HepMC GenVertex line and return a GenVertex object"""
        fields = ["barcode", "id", "x", "y", "z", "ctau", "n_orphan_in", "n_out"]
        contents = map_columns_to_dict(fields, line[1:])
        return GenVertex(barcode=abs(int(contents["barcode"])),
                         n_orphan_in=contents["n_orphan_in"])


[docs]    def parse_particle_line(self, line):
        """Parse a HepMC GenParticle line and return an EdgeParticle object

        Note that the EdgeParticle does not have vtx_out_barcode assigned here,
        since we are parsing a line in isolation. The vtx_out_barcode is added
        in the main pars() method. We just use a dummy value for now.
        """
        fields = ["barcode", "pdgid", "px", "py", "pz", "energy", "mass",
                  "status", "pol_theta", "pol_phi", "vtx_in_barcode"]
        contents = map_columns_to_dict(fields, line[1:])
        p = Particle(barcode=int(contents["barcode"]),
                     pdgid=int(contents["pdgid"]),
                     status=contents["status"],
                     px=float(contents["px"]),
                     py=float(contents["py"]),
                     pz=float(contents["pz"]),
                     energy=float(contents["energy"]),
                     mass=float(contents["mass"]))
        log.debug(p)
        ep = EdgeParticle(particle=p,
                          vtx_in_barcode=abs(int(contents['vtx_in_barcode'])),
                          vtx_out_barcode=0)
        return ep


[docs]    def parse_units_line(self, line):
        """Parse units specification line.

        Parameters
        ----------
        line : str
            Line to parse

        Returns
        -------
        str, str
            Energy and length units
        """
        return line.split()[1:]




[docs]class GenVertex(object):
    """Helper class to represent a HepMC GenVertex object.

    Vertices have a barcode that is an integer.

    Only exists inside this parser module since it is only used for parsing
    file and when assigning particles to a NetworkX graph.

    Use a namedtuple instead?
    """

    def __init__(self, barcode, n_orphan_in=0):
        self.barcode = int(barcode)
        self.n_orphan_in = n_orphan_in

    def __repr__(self):
        return generate_repr_str(self)
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  Source code for pythiaplotter.graphers.converters

"""Functions to do conversions between particle representations."""


from __future__ import absolute_import
import copy
import networkx as nx
from pythiaplotter.utils.logging_config import get_logger
from pythiaplotter.parsers.event_classes import NodeParticle, EdgeParticle
from .node_grapher import assign_particles_nodes
from .edge_grapher import assign_particles_edges


log = get_logger(__name__)


[docs]def edge_to_node(graph):
    """Converts graph from edge to node representation.

    1) Create a node for each particle edge
    2) Add directed edges between all combinations of incoming & outgoing particles at a vertex

    Since there is a 1:1 correspondence between the node and edge particles,
    we can use the assign_particles_nodes() function to do this,
    so long as we construct our NodeParticles correctly.

    Parameters
    ----------
    graph : NetworkX.MultiDiGraph

    Returns
    -------
    NetworkX.MultiDiGraph
    """
    node_particles = []
    for out_node, in_node, edge_data in graph.edges_iter(data=True):
        particle = edge_data['particle']
        parent_barcodes = [data['particle'].barcode for _, _, data
                           in graph.in_edges_iter(out_node, data=True)]
        np = NodeParticle(particle, parent_barcodes)
        node_particles.append(np)
    return assign_particles_nodes(node_particles)



[docs]def node_to_edge(graph):
    """Converts graph from node to edge representation.

    This conversion is more comples, and there is not always a simple 1:1 correspondence.
    Briefly:

    1) Determine if certain parent-child relationships require a duplicate parent node to be
    inserted inbetween.

    2) Turn each node into a directed edge with outgoing and incoming vertices, ensuring that
    all particles incoming (parents) & outgoing (children) from the same vertex have the same
    vertex barcode.

    3) Connect all edges together into a graph.

    The last step is done by passing a list of EdgeParticle s to assign_particle_edges(), thereby
    avoiding duplication.

    Parameters
    ----------
    graph : NetworkX.MultiDiGraph


    Returns
    -------
    NetworkX.MultiDiGraph
    """

    graph_with_duplicates = insert_duplicate_nodes(graph)
    edge_particles = construct_edges_from_nodes(graph_with_duplicates)
    graph_edge = assign_particles_edges(edge_particles)

    return graph_edge



[docs]def insert_duplicate_nodes(graph):
    """Create a copy of the graph with duplicate parent nodes inserted when child has
    non-common shared parentage.

    This can happen when a subgraph of parent and child nodes has some child nodes that do not
    have all the same parents, and therefore duplicate nodes would be required to split the
    subgraph into multiple graphs where all the children do have the same parents.

    Duplicate parents have the same Particle as the parent, but with a barcode starting 20xxxx.

    Parameters
    ----------
    graph : NetworkX.MultiDiGraph
        Graph to analyze

    Returns
    -------
    NetworkX.MultiDiGraph
        Copy of input graph but with duplicate parent nodes added.
    """
    nodes_done = []
    graph_copy = graph.copy()

    for node in graph.nodes_iter():
        if node in nodes_done or len(graph.successors(node)) == 0:
            continue

        log.debug("Doing node %d", node)

        parents, children = get_related_parents_children(graph, node)

        if duplication_needed(graph, parents, children):
            # For each shared parent, add a duplicate node between
            # it and a child with shared parentage
            for pa in parents:
                log.debug("Parent %d", pa)
                these_children = graph.successors(pa)
                # Skip if only 1 child
                if len(these_children) <= 1:
                    continue

                for ch in these_children:
                    log.debug("Child %d", ch)

                    # Skip children with only 1 parent - no shared parentage, no duplication needed
                    if len(graph.predecessors(ch)) <= 1:
                        log.debug("Skipping %d", ch)
                        continue

                    # remove parent - child connection
                    graph_copy.remove_edge(pa, ch)
                    parent_particle = graph.node[pa]['particle']

                    # create duplicate particle and add it in with a new unique barcode
                    dupl_particle = copy.deepcopy(parent_particle)
                    new_barcode = 20000 + parent_particle.barcode  # assumes graph has <20K nodes...
                    # do a check for uniqueness
                    while new_barcode in graph_copy:
                        new_barcode += 1
                    dupl_particle.barcode = new_barcode

                    graph_copy.add_node(new_barcode, particle=dupl_particle,
                                        initial_state=False, final_state=False)
                    graph_copy.add_edge(pa, new_barcode)
                    graph_copy.add_edge(new_barcode, ch)

                    log.debug("Adding duplicate %d", new_barcode)
                    log.debug("Adding %d -> %d -> %d", pa, new_barcode, ch)

        nodes_done.extend(parents)

    return graph_copy



[docs]def get_related_parents_children(graph, node):
    """Returns nodes indices of all children and their parents related to a node.

    This includes:

    - the children of the node
    - all other parents of those children
    - all of those childens parents
    - all of those parents children
    - ...

    recursviely until we are done. Thus we obtain all nodes in this generation or 1 later, which
    are connected without straying outside of those two generations
    (ignoring the directionality of edges for a moment)

    Parameters
    ----------
    graph : NetworkX.MultiDiGraph
        Graph to analyze
    node : int
        Node to consider

    Returns
    -------
    all_parents : list[int]
        All connected parents
    all_children : list[int]
        All connected children

    """
    all_children = graph.successors(node)
    all_parents = [node]
    log.debug("start related parents: %s", all_parents)
    log.debug("start related children: %s", all_children)
    # iterative algo to get all unique parents and children
    while (set(all_parents) != set(get_all_parents(graph, all_children))
           or set(all_children) != set(get_all_children(graph, all_parents))):

        all_parents.extend(list(set(get_all_parents(graph, all_children)) - set(all_parents)))
        all_children.extend(list(set(get_all_children(graph, all_parents)) - set(all_children)))

    log.debug("end related parents: %s", all_parents)
    log.debug("end related children: %s", all_children)
    return all_parents, all_children



[docs]def get_all_parents(graph, children):
    """Get all unique parents nodes of all specified children nodes in a flattened list.

    Parameters
    ----------
    graph : NetworkX.MultiDiGraph
    children : list[int]

    Returns
    -------
    list[int]
        Parent nodes
    """
    return list(set([p for c in children for p in graph.predecessors(c)]))



[docs]def get_all_children(graph, parents):
    """Get all unique child nodes of all specified parent nodes in a flattened list.

    Parameters
    ----------
    graph : NetworkX.MultiDiGraph
    parents : list[int]

    Returns
    -------
    list[int]
        Child nodes
    """
    return list(set([c for p in parents for c in graph.successors(p)]))



[docs]def duplication_needed(graph, parents, children):
    """For a set of parent and child nodes in a graph, determine if any duplicate nodes are needed.

    This can happen when a subgraph of parent and child nodes has some child nodes that do not
    have all the same parents, and therefore duplicate nodes would be required to split the
    subgraph into multiple graphs where all the children do have the same parents.

    Example
    -------
    For a graph with edges [(1, 3), (1, 4), (2, 4), (2, 5)], nodes 1 and 2 are the parents,
    and nodes 3, 4, 5 are the children. 3 and 5 have one parent each (1 and 2, repsectively),
    but 4 has 2 parents. This would cause us issues when inserting edges in lieu of nodes.

    Parameters
    ----------
    graph : NetworkX.MultiDiGraph
    parents : list[int]
    children : list[int]

    Returns
    -------
    bool
    """
    return any([len(graph.predecessors(c)) != len(parents) for c in children])



[docs]def construct_edges_from_nodes(graph):
    """Convert each node (representing a NodeParticle) into a EdgeParticle, with vertex barcodes.

    To do this, we have to ensure that a particle's incoming & outgoing vertices are concistent
    with its children & parents. Thus we ask them first for a suitable vertex,
    and if none can be found, create a new vertex barcode.

    Parameters
    ----------
    graph : NetworkX.MultiDiGraph

    Returns
    -------
    list[EdgeParticle]

    Raises
    ------
    IndexError
        If there is more than one unique candidate in/out vertex barcode.
    """
    edge_particles = []
    vtx_barcodes = set()

    def _find_outgoing_vtx_barcode(graph, node):
        """Find a suitable outgoing vertex, using parent's incoming if possible."""
        parent_nodes = graph.predecessors(node)
        if len(parent_nodes) != 0:
            parent_in = set([graph.node[p]['in_vtx'] for p in parent_nodes
                             if 'in_vtx' in graph.node[p]])
            sibling_out = set([graph.node[s]['out_vtx']
                               for s in get_all_children(graph, graph.predecessors(node))
                               if 'out_vtx' in graph.node[s]])
            vtx = parent_in | sibling_out
            if len(vtx) > 1:
                raise IndexError("Too many possibilities for outgoing barcode")
            elif len(vtx) == 1:
                return vtx.pop()
        return None

    def _find_incoming_vtx_barcode(graph, node):
        """Find a incoming vertex, using children's outgoing if possible."""
        child_nodes = graph.successors(node)
        if len(child_nodes) != 0:
            children_out = set([graph.node[c]['out_vtx'] for c in child_nodes
                                if 'out_vtx' in graph.node[c]])
            sibling_in = set([graph.node[s]['in_vtx']
                              for s in get_all_parents(graph, graph.successors(node))
                              if 'in_vtx' in graph.node[s]])
            vtx = children_out.union(sibling_in)
            if len(vtx) > 1:
                raise IndexError("Too many possibilities for incoming barcode")
            elif len(vtx) == 1:
                return vtx.pop()
        return None

    for node, data in graph.nodes_iter(data=True):
        log.debug("Constructing EP for node %d", node)
        # Figure out the outgoing vertex barcode, use parent's incoming one if there is a parent,
        # or any sibling outgoing one. Otherwise create unique one.
        ob = _find_outgoing_vtx_barcode(graph, node) or len(vtx_barcodes)
        vtx_barcodes.add(ob)

        # Figure out the incoming vertex barcode, use children's outgoing one if there are any,
        # or any sibling incoming one. Otherwise create unique one.
        ib = _find_incoming_vtx_barcode(graph, node) or len(vtx_barcodes)
        vtx_barcodes.add(ib)

        # store the particles in/out vertex barcode to connect other children to parents later
        graph.node[node]['out_vtx'] = ob
        graph.node[node]['in_vtx'] = ib
        ep = EdgeParticle(particle=data['particle'], vtx_in_barcode=ib, vtx_out_barcode=ob)
        log.debug("Adding EdgeParticle %s", ep)
        edge_particles.append(ep)

    return edge_particles
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  Source code for pythiaplotter.graphers.node_grapher

"""Attaches particles to a NetworkX graph, when NODES represent particles."""


from __future__ import absolute_import
from pythiaplotter.utils.logging_config import get_logger
import networkx as nx


log = get_logger(__name__)


[docs]def assign_particles_nodes(node_particles):
    """Attach Particles to a directed graph when NODES represent particles via NodeParticles.

    NodeParticle objects must have their parent_barcodes specified for this to work.

    It automatically attaches directed edges, between parent and child nodes.

    Parameters
    ----------
    node_particles : list[NodeParticle]
        List of NodeParticles, whose Particle's will be attached to a graph
        with the relationship specified by self.parent_barcodes.

    Returns
    -------
    NetworkX.MultiDiGraph
        Directed graph with particles assigned to nodes, and edges to represent relationships.
    """

    gr = nx.MultiDiGraph()

    # assign a node for each Particle obj
    for np in node_particles:
        gr.add_node(np.particle.barcode, particle=np.particle)

    # get the barcode of the system to avoid useless edges
    # and non-existent particles. 0 for Pythia8, -1 for CMSSW, but easiest
    # is to check in the list of nodes (since node barcode = particle barcode)
    system_barcode = -1 if 0 in gr.nodes() else 0

    # assign edges between Parents/Children
    for np in node_particles:
        if np.parent_barcodes:
            if np.parent_barcodes[0] == system_barcode and np.parent_barcodes[-1] == system_barcode:
                continue
            for i in np.parent_barcodes:
                gr.add_edge(i, np.particle.barcode)

    # Set initial_state and final_state flags, based on number of parents
    # (for initial_state) or number of children (for final_state)
    # This should be the only place it is done, otherwise confusing!
    for node, data in gr.nodes_iter(data=True):

        if len(gr.predecessors(node)) == 0:
            data['particle'].initial_state = True

        if len(gr.successors(node)) == 0:
            data['particle'].final_state = True

    # log.debug("Graph nodes after assigning: %s" % gr.node)

    remove_isolated_nodes(gr)

    return gr



[docs]def remove_particle_node(graph, node):
    """Remove a particle node from the graph"""
    # rewire - ensure all it's parents decay to all it's children
    for child in graph.successors(node):
        for parent in graph.predecessors(node):
            graph.add_edge(parent, child)
    graph.remove_node(node)  # also removes the relevant edges



[docs]def remove_isolated_nodes(gr):
    """Remove nodes with no parents and no children.

    Parameters
    ----------
    gr : NetworkX.MultiDiGraph
    """
    nodes = gr.nodes()[:]
    for np in nodes:
        if len(gr.predecessors(np)) == 0 and len(gr.successors(np)) == 0:
            gr.remove_node(np)



[docs]def remove_redundant_nodes(graph):
    """Remove redundant particle nodes from a graph.

    i.e. when you have a particles which has 1 parent who has the same PDGID,
    and 1 child (no PDGID requirement).

    e.g.::

        ->-g->-g->-g->-

    These are useful to keep if considering Pythia8 internal workings,
    but otherwise are just confusing and a waste of space.

    Parameters
    ----------
    graph : NetworkX.MultiDiGraph
        Graph to remove redundant nodes from
    """
    graph_new = graph.copy()  # use copy to avoid modifying the thing we're iterating over
    removed_nodes = []  # need to keep track of things we've removed
    for node, data in graph_new.nodes_iter(data=True):
        if node in removed_nodes:
            continue
        children = graph.successors(node)
        parents = graph.predecessors(node)
        if len(children) == 1 and len(parents) == 1:
            p = data['particle']
            parent = graph.node[parents[0]]['particle']
            child = graph.node[children[0]]['particle']
            if parent.pdgid == p.pdgid:
                log.debug("Removing (%d) %s", node, data['particle'])
                remove_particle_node(graph, node)
                removed_nodes.append(node)
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  Source code for pythiaplotter.utils.pdgid_converter

"""Functions to provide TeX and normal ("raw") particle names for a given PDGID.

Uses the PDGID for TeX names, and Pythia8 for normal names.

TODO: what if pdgid doesn't exist?

TODO: deal with tex entries like: ``25 h^0 / H_1^0``
"""


from __future__ import absolute_import
import re
import xml.etree.ElementTree as ET
from pkg_resources import resource_string


[docs]def load_pdgid_dict():
    """Generate dictionary with PDGIDs and corresponding names e.g. ``\pi^0, pi0``

    For each PDGID key, we store the tex and "raw" string names,
    for both particle and antiparticle

    - Tex names taken from http://cepa.fnal.gov/psm/stdhep/numbers.shtml

    Although based on 2006 PDG, so bit out of date!
    To add new particles, either add above or in pdg_all.tex

    - String names use the ParticleData.xml file from Pythia8/xmldoc.

    Have copied it into repo, although should probably ask user to link to it.
    Although the original

    - it has lots of standard text crap before it

    - there are typos where <particle ... ends with />, not > giving error !

    So stick with mine for now...
    """
    pdgid_dict = {}

    # get latex names
    # decode() necessary as "The resource is read in binary fashion, such that the returned
    # string contains exactly the bytes that are stored in the resource."
    particle_tex = resource_string('pythiaplotter', "particledata/pdg_all.tex").decode('utf-8')
    for line in particle_tex.split('\n'):
        (pid, tex) = line.split(" ", 1)
        tex = tex.strip()
        # Generate anti-particle latex
        tex_anti = ""
        if "+" in tex:
            tex_anti = tex.replace('+', '-')
        elif "-" in tex:
            tex_anti = tex.replace("-", "+")
        else:
            # Only want the bar over the main bit of text - ignore _ or ^
            pattern = re.compile(r"[_\^]")
            stem = pattern.search(tex)
            if stem:
                tex_anti = "\\overline{%s}%s" % (tex[:stem.start()],
                                                 tex[stem.end() - 1:])
            else:
                tex_anti = "\\overline{%s}" % tex
        # add entry into dictionary, defaults for raw names = tex names
        pdgid_dict[int(pid)] = dict(tex=tex, raw=tex,)
        pdgid_dict[-1 * int(pid)] = dict(tex=tex_anti, raw=tex_anti)

    # get raw string names
    particle_data = resource_string('pythiaplotter', "particledata/PythiaParticleData.xml")
    root = ET.ElementTree(ET.fromstring(particle_data)).getroot()  # nasty hack...
    for child in root:
        pid = int(child.get('id'))
        name = child.get('name')
        # if no antiparticle name, use particle name
        anti_name = child.get('antiName') if child.get('antiName') else name
        if pid in list(pdgid_dict.keys()):
            pdgid_dict[pid]["raw"] = name
            pdgid_dict[-1 * pid]["raw"] = anti_name
        else:
            # add new entry, use raw names as defaults for tex names
            pdgid_dict[pid] = dict(tex=name, raw=name)
            pdgid_dict[-1 * pid] = dict(tex=anti_name, raw=anti_name)

    # These are for the CMSSW Pythia6 interface
    pdgid_dict[88] = dict(latex='junction', latex_anti='junction',
                          raw='junction', raw_anti='junction')
    pdgid_dict[92] = dict(latex='string', latex_anti='string',
                          raw='string', raw_anti='string')

    return pdgid_dict



# Dictionary, where PDGID is key, and value is a dictionary with fields for
# latex and raw string names. Separate entries for particle & antiparticle
PDGID_NAME_DICT = load_pdgid_dict()

# Add in custom particles e.g.
# PDGID_NAME_DICT[999] = dict(latex="I^0", latex_anti="\\overline{I}^0",
#                             raw="I0", raw_anti="I0")


[docs]def check_pdgid(pdgid):
    """Check if entry corresponding to given pdgid. If not, throw KeyError."""

    if int(pdgid) not in list(PDGID_NAME_DICT.keys()):
        raise KeyError("%r not in list of valid particle names/PDGIDs. Please "
                       "add custom entry in pdgid_converter.py" % pdgid)



[docs]def pdgid_to_tex(pdgid):
    """Convert PDGID to TeX-compatible name e.g. ``\pi^0``"""

    check_pdgid(pdgid)
    return PDGID_NAME_DICT[int(pdgid)]["tex"]



[docs]def pdgid_to_string(pdgid):
    """Convert PDGID to readable string (raw) name e.g. ``pi0``"""

    check_pdgid(pdgid)
    return PDGID_NAME_DICT[int(pdgid)]["raw"]
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  Source code for pythiaplotter.utils.common

"""Some common functions used throughout, like opening PDFs, file checking. """


from __future__ import absolute_import
import os
import imp
# https://github.com/PyCQA/pylint/issues/73
from distutils.spawn import find_executable  # pylint: disable=import-error,no-name-in-module
from subprocess import call, check_output
from sys import platform as _platform
try:
    from itertools import izip
except ImportError:
    izip = zip


[docs]def open_pdf(pdf_filename):
    """Open a PDF file using system's default PDF viewer."""
    if _platform.startswith("linux"):
        # linux
        call(["xdg-open", pdf_filename])
    elif _platform == "darwin":
        # OS X
        call(["open", pdf_filename])
    elif _platform == "win32":
        # Windows
        call(["start", pdf_filename])



[docs]def cleanup_filepath(filepath):
    """Resolve any env vars, ~, return absolute path."""
    return os.path.abspath(os.path.expandvars(os.path.expanduser(filepath)))



[docs]def get_directory(filepath):
    """Return absolute, full directory of file.

    Resolve any environment vars, ~, sym links(?)
    """
    return os.path.dirname(cleanup_filepath(filepath))



[docs]def check_file_exists(filepath):
    """Check if file exists. Can do absolute or relative file paths."""
    return os.path.isfile(cleanup_filepath(filepath))



[docs]def check_dir_exists(filepath):
    """Check if directory exists."""
    return os.path.isdir(cleanup_filepath(filepath))



[docs]def check_dir_exists_create(filepath):
    """Check if directory exists. If not, create it."""
    if not check_dir_exists(filepath):
        os.makedirs(cleanup_filepath(filepath))



[docs]def map_columns_to_dict(fields, line, delim=None):
    """Split up line into fields, storing them in a dict.

    Note that entreis are assumed to start at line[0], and thus
    any extra entries in the line are ignored.

    >>> line = "123:police:999:Higgs"
    >>> fields = ["id", "name", "phone"]
    >>> map_columns_to_dict(fields, line, ":")
    {'id': '123', 'name': 'abc', 'phone': '999'}

    Parameters
    ----------
    fields: list[str]
        List of field names, MUST be in same order as the entries in line.

    line: str
        Line to be split and mapped into dict.

    delim: str, optional
        Optional delimiter to separate columns. Default is greedy
        whitespace, like for split(). For non-greedy whitepsace, use ' '.

    Returns
    -------
    dict {str:str}
        Dict of field names: values
    """
    parts = line.strip().split(delim)[0:len(fields) + 1]
    return {k: v.strip() for k, v in izip(fields, parts)}



[docs]def check_program_exists(program):
    """Test if external program can be found.

    Parameters
    ----------
    program : str
        Program name

    Returns
    -------
    bool
        Whether program is in PATH
    """
    return bool(find_executable(program))



[docs]def check_module_exists(module):
    """Test if Python module exists.

    Parameters
    ----------
    module : str
        Name of module to check

    Returns
    -------
    bool
        Whether module exists
    """
    try:
        imp.find_module(module)
    except ImportError:
        return False
    return True



[docs]def generate_repr_str(obj, ignore=None):
    """Generate a generic string for use in __repr__, with object fields and their value.

    Can optionally ignore chosen fields.

    Parameters
    ----------
    obj : object
        Object to create repr string for
    ignore : list[str], optional
        Optional list of object field names to ignore

    Returns
    -------
    str
        The repr string
    """
    ignore = ignore or []
    args_str = ["%s=%s" % (k, repr(obj.__dict__[k])) for k in obj.__dict__ if k not in ignore]
    return "{}({})".format(obj.__class__.__name__, ", ".join(args_str))



[docs]def get_terminal_width():
    """Get the width of the user's terminal. Requires tput."""
    return int(check_output(['tput', 'cols']))



VALID_REPRESENTATIONS = ["NODE", "EDGE"]


[docs]def check_representation_str(representation, variable="representation"):
    """Check the representation string is valid, if not raise KeyError"""
    if representation not in VALID_REPRESENTATIONS:
        raise KeyError('%s must be one of %s' % (variable, keys))
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  Source code for pythiaplotter.graphers.edge_grapher

"""Attaches particles to a NetworkX graph, when EDGES represent particles.

Note about convention:

A particle's "out" node is the one from which it is outgoing. Similarly, its
"in" node is the one into which it is incoming.
e.g. a -->-- b : a is the "out" node, b is the "in" node for this edge.

An "incoming edge" to a node is an edge whose destination node is the node
in question. Similarly, an "outgoing edge" from a node is any edge whose source
is the node in question.
e.g. c ---p->-- d: here p is an incoming edge to node d, whilst it is also an
outgoing edge for node c.
"""


from __future__ import absolute_import
from pythiaplotter.utils.logging_config import get_logger
import networkx as nx


log = get_logger(__name__)


[docs]def assign_particles_edges(edge_particles):
    """Attach particles to directed graph edges when EDGES represent particles.

    The graph itself is a networkx MultiDiGraph: a directed graph, that can have
    multiple edges between 2 nodes. We distinguish these via the edge['barcode']
    attribute, where the barcode value = particle barcode. We can use
    MultiDiGraph.edges(data=True) to correctly iterate over *all* edges.

    Additionally marks particles as initial/final state as necessary, based on
    whether they have any parents/children, respectively.

    Parameters
    ----------
    edge_particles: list[EdgeParticle]
        The Particle in each EdgeParticle will be assigned to a graph edge,
        using the vertex information in the EdgeParticle object.

    Returns
    -------
    NetworkX.MultiDiGraph
        Directed graph with particles assigned to edges, and nodes to represent relationships.
    """

    gr = nx.MultiDiGraph(attr=None)  # placeholder attr for later in printer

    # assign an edge for each Particle object, preserving direction
    # note that NetworkX auto adds nodes when edges are added
    for ep in edge_particles:
        gr.add_edge(ep.vtx_out_barcode, ep.vtx_in_barcode,
                    barcode=ep.barcode, particle=ep.particle)
        log.debug("Add edge %s > %s for %s", ep.vtx_out_barcode, ep.vtx_in_barcode, ep.particle)

    # Get in-degree for nodes so we can mark the initial state ones
    # (those with no incoming edges) and their particles
    for node, degree in gr.in_degree_iter(gr.nodes()):
        if degree == 0:
            for _, _, edge_data in gr.out_edges_iter(node, data=True):
                edge_data['particle'].initial_state = True

    # Do same for final-state nodes/particles (nodes which have no outgoing edges)
    for node, degree in gr.out_degree_iter(gr.nodes()):
        if degree == 0:
            for _, _, edge_data in gr.in_edges_iter(node, data=True):
                edge_data['particle'].final_state = True

    log.debug("Edges after assigning: %s", gr.edges())
    log.debug("Nodes after assigning: %s", gr.nodes())

    return gr



[docs]def remove_particle_edge(graph, edge):
    """Remove a particle edge from the graph.

    Rewires the other particles such that the nodes at either end of the edge
    essentially merge together into one:
    - any children of the edge, are now children of the edge's parents
    - any incoming edges into the edge's in node are now
      incoming to the out node (ie where the parents are incoming to)

    Parameters
    ----------
    graph: NetworkX.MultiDiGraph
    edge : (int, int)
        Outgoing node, incoming node
    """
    # rewire: ensure all incoming parents and all outgoing children use same vtx
    out_node, in_node = edge

    parents = graph.predecessors(out_node)
    if (len(parents) == 0 and len(graph.successors(out_node)) == 0):
        graph.remove_node(out_node)
        return

    children = graph.successors(in_node)
    if (len(children) == 0 and len(graph.predecessors(in_node)) == 1):
        graph.remove_node(in_node)
        return

    for child in children:
        these = graph[in_node][child]
        for x in these:  # since Multi DiGraph
            log.debug("Adding %d %d %s", out_node, child, these[x])
            graph.add_edge(out_node, child, **these[x])

    # incoming edges to the in_node
    for out_e, in_e, edge_data in graph.in_edges(in_node, data=True):
        if (out_e, in_e) == (out_node, in_node):
            continue  # ignore the original edge itself!
        log.debug("Adding %d %d %s", out_e, out_node, **edge_data)
        graph.add_edge(out_e, out_node, **edge_data)

    graph.remove_node(in_node)



[docs]def remove_redundant_edges(graph):
    """Remove redundant particle edges from a graph.

    A particle is redundant when:
    1) > 0 'child' particles (those outgoing from the particle's incoming node
    - this ensures we don't remove final-state particles)
    2) 1 'parent' particle with same PDGID (incoming into the particle's
    outgoing node - also ensures we don't remove initial-state particles)
    3) 0 'sibling' particles (those outgoing from the particle's outgoing node)
    Note that NetworkX includes an edge as its own sibling, so actually we
    require len(sibling_edges) == 1

    e.g.::

        --q-->-g->-g->-g->--u---->
            |             |
        --q->             --ubar->


    Remove the middle gluon and last gluon, since they add no information.

    These redundants are useful to keep if considering MC internal workings,
    but otherwise are just confusing and a waste of space.

    Since it loops over the list of graph edges, we can only remove one edge in
    a loop, otherwise adding extra/replacement edges ruins the sibling counting
    and doesn't remove redundants. So the method loops through the graph edges
    until there are no more redundant edges.

    Since we are dealing with MultiDiGraph, we have to be careful about siblings
    that actually span the same set of nodes - these shouldn't be removed.

    There is probably a more sensible way to do this, currently brute
    force and slow.

    Parameters
    ----------
    graph : NetworkX.MultiDiGraph
        Graph to remove redundant nodes from.
    """

    done_removing = False
    while not done_removing:

        done_removing = True

        for out_node, in_node, edge_data in graph.edges_iter(data=True):

            # get all incoming edges to this particle's out node (parents)
            parent_edges = graph.in_edges(out_node, data=True)
            # get all outgoing edges from this particle's out node (siblings)
            sibling_edges = graph.out_edges(out_node)
            # get all outgoing edges from this particle's in node (children)
            child_edges = graph.out_edges(in_node)

            if len(parent_edges) == 1 and len(child_edges) != 0 and len(sibling_edges) == 1:
                parent_out, parent_in, parent_data = parent_edges[0]

                # Do removal if parent PDGID matches
                if parent_data["particle"].pdgid == edge_data["particle"].pdgid:
                    log.debug("Doing edge: %d %d", out_node, in_node)
                    log.debug("Parent edges: %s", parent_edges)
                    log.debug("Child edges: %s", child_edges)

                    done_removing = False

                    log.debug("Removing redundant edge (%d, %d) %s", out_node, in_node, edge_data)
                    remove_particle_edge(graph, (out_node, in_node))

                    break
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