Introduction to Twedit++-CC3D

Maciej Swat



Why use Twedit++-CC3D

e CompuCell3D customized version of twedit++
programmer’s editor

 Simplifies development of simulations by
providing Simulation wizard, Python and CC3DML
code assistants

e Speeds-up significantly development of CC3D C++
extension modules (plugins and steppables). It
sometimes makes sense to replace slow Python
steppable with fast C++ counterpart
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Simulation Wizard

* In simulation wizard you specify cell types,
diffusing fields, cell properties etc...

e |f you forget something, do not worry,
Twedit++-CC3D code assistants will help you
put everything you need into your simulation
code



Double-clicking on project name
opens all project files in
Twedit++

ﬁ D:Program Files {#86)"COMPUCF_L3D_3.6.2_install’ Demos',Sorting' Simulation’.SortingSteppables.py - Twed - IEllil
CC30 C4++ CC3DML QO30 Project/f CC30 Python File  Edit Search  Wiew  Language  Configuration Help

123 a"f/l“(ﬂuﬂ CavidepF || /A

3D Project T X B sorting. sl |:| I E sorting. oy |:| ﬁ SartingSteppables. py [ |

CC3D Simulation / | 1

EI"' Sorking.cc3d z from Py3teppables ilmport *

E}t. Main Python Scripk g import CompuCell

E| -_-SX?\:IEIHSQCJE 4 import sys

- Sorting.ml 5 [Eelass dortingSteppable(SteppableBasePy):

=- *. Python 3

- SortingSteppables. py 7 def  init  ({self, simulator, freguency=10}:

B SteppableBasePy. _ init  {(self, simulator, freguenc
9 def starti{self):
10 # any code in the start function runs before MCS=0
11 pass

def step(self, mcs):
#itype here the code that will run every _fregquency
for cell in self.celllist:
print "oell.id=",cell.id
def finish(self):
# Finish Function gets called after the last Mo
pass

o e e S T Sy
o =1 oy 0 o= L [
e lUer el bl ==

[
w0

K1 — G|

|Lenath : 590 lnes: 19 bt 0 Col: 0 lasci 2




CC30 O+ | CC3DML
H ’ e Plugins
N—r Patts

C

@Froject

F

Cell behaviors can be added after completing wizard-based
simulation autogeneration. Here we add ExternalPotential
plugin which exerts a force on cells. Most CC3D modules are
covered. If a plugin is missing from pull down menu it can
be added to Twedit pretty easily. Please let us know and we
will do it for you.
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Adding/removing cell types is most hated operation because it requires modification of many
simulation components. Twedit++ makes this operation pretty painless and it does so without
using sedatives:

Go to CC3DML->Plugins->CellType and insert
new type.
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Changing plugin definition which list cell types is relatively easy . Most plugins are supported
although occasionally you may need to do some typing:

For Contact plugin go to CC3DML->Plugins->Contact and you will get a choice of either
replacing or commenting out existing code (if the code for contact is already there)

ﬁ D:'.®vogram Files {x86)"\ COMPUCELL3D_3.6.2_install' Demos", Sorting® Simulation’, Sorting.xml - Twedit+

Search View Language Configuration Help

i P2

d e |/

rting.xn’d@ | ﬁ Sorking. py

| ESDrtingSteppables.py

CC3D C4++ C30ML CC3D Project  CC3D Python File  Edik
JJ * e riugins AdhesionFle: B
#Project Potts + BoundaryPixelTracker
oo - Steppables * CellType
C.CSD Simulation cellTypeManitor bt
n Snrting:cc3d : CenterOfilass 3
E i' ;l?::?np;;:m acript Chemataxis ;
EI = ;g:lt_i:crlpnlill Conneckivity ‘
o ‘- Pytho?ﬂl onnectivityGIobaI 7
" SartingSteppables. I —— 8
ContackComparkmenk =]
ContactInternal 3]
ContactlocalProduct 1 B
Elasticity 2 [
ElasticityTracker &
ExternalPokential i §
FocalPointPlaskicity ¥
LengthCaonstraint 17
MeighborTracker =)
PizelTracker 19
Secretion il
Surface bl
Yolume 2 I
23 H
a4
a5
56 H
57
58
59
&0
K1 —

ﬁ Contact module already defined

<l-- External force applied to cell. Each cell type has
<l-- For more flexible specification of the constraint

ﬂﬂ sEas

Contack module is already defined, Would wou like to replace Contact using cell-type-
\_‘:r/ based definition? Or would wou like ko comment out the existing code and add new code?
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w= "
g" b

Cancel |

<Plugin MName="Contact's=
<l-- dpecification of adhesion energies --=

<Energy Typel="Medium" TypeZ="Medium">10.0</Energy>

<Energy Typel="Medium" TypeiZ="Condensing">10.0</Ener
<Energy Typel="Medium" TypeiZ="NonCondensing"=10.0</E
<Energy Typel="Condensing" Typei="Condensing"=10.0</
<Energy Typel="Condensing" Typei="NonCondensing"=10.
<Energy Typel="NonCondensing" TypeZ="NonCondensing's=.

“<Neighbhororder>1</Neighbororders>
</Plugin>

<g8teppable Type="BElobInitializer™»

<l-- Initial layout of cells in the form of spherica
<Region*
<Center x="50" y="50" =z="0"/=
<Radius*zZ0</Radius>
=Gapr0</Gap>
<Width»3</Width>
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New code for contact includes new types we have defined but contact energy values between
types present in the old simulation code are preserved — less typing for you
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490 ! <Energy Typel="NonCondensing” Tvpef="NonCondensing "]
50 <l-- <NeighhorCrder>l</Neighbororder> -->
51 <l-- FPlugin= --=
52 HkPlugin Hale="Contact":
53 <l-- gpecification of adhesion energies --=
54 <Energy Typel="Medium" Typez="Mediwn">=10.0</Energy=
55 <Energy Typel="Medium™ Typef="Condensing">10.0</Energy>
56 <Energy Typel="Medium™ Typei="NonCondensing"=10.0</Energy>
57 <Energy Typel="Medium™ Typef="CondensingDiff"=10.0</Energy>
58 <Energy Tvpel="Condensing” TypeZ="Condensing">4.0</Energy=
59 <Energy Typel="Condensing"™ Typef="HonCondensing">Z.0</Energy:—
&0 <Energy Tvpel="Condensing” TypeZ="CondensingDiff"=10.0</Enerc
61 <Energy Typel="NonCondensing" TypeZ="NonCondensing">1.0</Ene:
= <Energy Tvyvpel="HonCondensing" TypeZ="CondensingDiff"=10.0</Er
63 <Energy Typel="CondensingDiff" Typei="CondensingDiff">10.0</F
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Python CC3D code assistant inserts code snippets for the most common CC3D tasks. Here
we add iteration over cell neighbors
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I ﬁ Sorking. py H SortingSteppables.py @ |

rom PySteppakles import *

port Compulell

port sys

lass SortingSteppable{dteppableBasePy):

def  dinit ({self, simulator, freguency=10}:
dteppableBasePy.  init ({self, simulator, freguency)

def start(self):
# any code in the start function runs before MO3=0
pass

def step({self,mes):

all Calle b g the code that will run every _fregquency MC3

in self.celllist:

all Cells OF Given Type "aell.id=", cell.id

Cell Boundary Pixels
Cell Meighbors 1£):

Cell Fizels Function gets called after the last MCS

pass

I
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Cell neighbor iteration snippet. We usually have to do small
edits to adapt it to our simulation
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Q30 Simulation P 3 [lelass sorting8teppable (3teppableBasePy): =]
=8 i Sorking, cc3d
‘_. Main Pythan Scripk = def  init (self, simulator, fregquency=10):
& uiﬂflljsgcfpi I' SteppableBasePy.  init  (self, simulator, frequency)
- Sarking, xml def start{self):
E‘t Pythan 10 # any code in the start function runs before MC3=0
- SortingSteppables. py 11 pass
1z H def step(self,mas):
13 | #type here the code that will run every _freguency MCE
14 =] for @ell in self.celllist:
15 print "cell.id=",cell.id
1&
17 # Make sure NeighborTracker Plugin is loaded
18 cellNeighborlist=self.getlellNeighbors({cell) # gene
13 o for neighborfurfacebata in cellNeighborList:
20 # neighborfurfacelata.neighboraddress 15 a poir
21 HIMEORTANT: cell may have Medium (NULL pointer)
Zzz o if neighbor8urfaceData.neighboriddress:
23 print "neighbor.id", neighborsurfaceData.nei
=4 B
25 # for Medium we cannot access ID, type etc - 1
Za = else:
27 print "Medium commonfurfaceirea=", neighbors
28
23 B def finish{self):
30 # Finish Function gets called after the last MCSH
31 pase
32 = —
w
d | il
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And we also must make sure that we insert NeighborTracker plugin in CC3DML:
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CellTypeMonitor F1l H<Plugin MName="Contact"s> =]
CenterGiMass i <l-- @fpecification of adhesion energies --=
I — ] <Energy Typel="Medium" Typei="Mediwm">10.0</Energy>
Connectivity ik <Energy Typel="Medium"” TypeZ="Condensing">10.0</Energy>
h5 <Energy Typel="Medium" TypeZ="HNonCondensing">10.0</Energy>
ol el el h 5 <Energy Typel="Mediuwn" TypeZ="CondensingDiff">10.0</Energy>
ontact i <Energy Typel="Condensing" TypeZ="Condensing">4.0</Energy>
ContactComparkment B8 <Energy Typel="Condensing" TypeZ="NonCondensing"=Z.0</Energy:
ContactInternal h 9 <Energy Typel="Condensing" TypeZ="CondensingDiff"=10.0</Enerc
ContactlocalPraduct B0 =Energy Typel="NonCondensing" TypeZ="NonCondensing">1.0</Ene:
Elasticiky h1 <Energy Typel="NonCondensing"” TypeZ="Condensinghiff"=10.0</Er
ElasticityTracker 3 <Energy Typel="CondensingDiff" Typel="CondensingDiff"=10.0</F
ExternalPotential 53 <:I\IEJ:.ghbDrOrder>l<:fNeighbDrOrder>
FocalPoinkPlaskicity ;g L <=/Blugin>
LengthConstraint e H <Plugin Wame="NeighhorTracker ™=
a0
PixelTracker =] <l-- Module tracking neighboring cells of esach cell --»
Secretion 3= </Plugins
Surface i
Yolume i1 B
72 H <@teppable Type="BlohInitializer"=
73
74 <l-- Initial layout of cells in the form of spherical (ciz
75 H <Reglon>
76 <Center x="50" yw="50" Z="0"/ > =
77 <Radius=Z0</Radius>
75 <Gap>0</Gap>
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One-click conversion of CC3DML to equivalent Python syntax

Right-click (in the CC3D Simulation panel) on the .xml file you wish to convert and choose
‘Convert XML to Python’. There are two things worth noticing here:

1. One-click solutions in reality require multiple clicks

2. configureSimulation function gets generated as a new tab. You may need to copy code

from here and paste it in other document.
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CC3D0 Project 2 X | B sorting.xml | B sorting.py | B scrtingsteppables. py & mew Document 4 |
CC30 Simulation | 1 =
E}& Sorting.cc3d 2 Edef configureSimulation{sim) :
E} i- Main Python Script 3 import CompuCellSetup
i e Sorking.py 4 from XMLUtils import ElementCC3D
E| XML ScriEt 5
6 CompuCell3DElmnt=ElementCC3D [ "Compule 113D, { ™rersion™ "3, 6.271)
= i‘ SP;’rtt:f”Ste Open In Editar 7 PottsE lmnt=CompuCel13DE lmnt . E lement CC3D ("Fotes™)
AR Properties =1 FottsElmnt,ElementCC3D ("Diwensions™, { "™ "100%, Tyrorioom, farir1Th)
=] PottsElmnt.ElementCC3D("Steps™, {31, T1000™)
10 PottsElmnt.ElementCC3D [ "Tewmperature™, {3, "10.0™)
t' Save CC3D Project 11 PottsElmnt . .ElementCC3D ("NeighborOrder™, {1, 2™
] sz, oo 12 PluginElwmnt=CompuCell3DElmnt.ElementCC3D (P lugin®, { "Name " "Ce l 1 Type
- 13 FluginElmnt.ElementCC3D ("CellType™, {"TypeId™:"0", "Typelame": "Hediu
k) Remave Resources 14 PluginElwnt.ElementCC3D ("CellType™, {"TypeIdT:"1", "Typellam=": "Condet
Close Praject 15 PluginElmnt.ElementCC3D ("CellType™, {"TypeId™ 2", "TypelName": "NonCor
16 PluginElwnt.ElementCC3D ("CellType™, {"TypeId™: 3", "Typelama": "Condet
17 PluginElwnt 1=CompuCell3DElwnt.ElementCC3D ("Plugin®, { "Mawe"™: "Wo lune
15 PluginElwnt 1.ElementCC3D("VolumeEnergyParameters”, {"CellType™:"Cor
139 PluginElmnt_ 1.ElementCC3D ("VolumeEnergyParameters™, {"CellType': "Not
20 CompuZell3DElmnt . ElementCC3D ("FPlugin®, { "Name™: "CenterOfMass"})) e
21 PluginElmnt Z=CompuCell3DElmnt.ElementCC3D ("Plugin®, {"Name™: "Exter:
22 PluginElmnt 2 .ElementCC3D ("Algorithm™,{},"PixelBased")
23 PluginElwnt 2.ElewmentCC3D ("ExternalPotentialParamsters", {"CellType’
=24 PluginElmnt 2.ElementCC3D ("ExternalPotentialParameters", {"CellType’
25 PluginElwnt 3=CowpuCell3DElwnt.ElementCC3D ("Plugin™, { "Name': "Contac
Z6 PluginElmnt 3 .ElementcC3D ("Energy”, {"Typel™:"Medium", "Type ": "Hedil
27 PluginElwnt 3.ElementCC3D ("Energy”, {"Typel™:"Medium™, "Typez ": "Conde
28 PluginElmnt 3 .ElementcC3D ("Energy”, {"Typel™:"Medium", "Type ": "NonCe
=9 PluginElmwnt 3.ElementCC3D ("Energy”, {"Typel™:"Medium™, "Typez ": "Conde
30 PluginElmnt_3.ElementCC3D ("Energy”, {"Typel":"Condensing™, "Typea": "t _
- e e ST e _>I_I
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Generating CC3D C++ extension modules using Twedit++

e Writing plugin or steppable code in C++ is often a
mechanistic process — at least when you being. It can be
also very tedious

 Up to 10 files need to be generated or modified

e Twedit++ autogenerates a working plugin or steppable
for you freeing you from error-prone manual process

e Twedit++ has C++ code assistant which is not as
comprehensive as Python or CC3DML assistants but we
can certainly change it. Your input is greatly appreciated

e C++ Code Generated in Twedit can be then edited in any
editor you wish including Twedit++



Generating CC3D C++ extension module

After clicking OK on the Generate CC3D C++ Module dialog box Twedit++ will
generate/modify about 10 files and open them as separate tabs.

Go to CC3D C++ menu and choose Generate New Module
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g X EEmpty Document@ |
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Module Setup 4
AL il B
Pick appropriate directory for the Madie CoreNae [poarcion
pp p y . ___________-—$°d""e Directory | DACODE_TAITY3.6.2\corelCompuCel3Diplugins
module — here we develop plugin _— G Modide Tyos
so we pick ‘plugins’ subdirectory (“" e e P
. Plugin Functionality
In the CC3D SOU rce tree v QyFunckion [ LatticeMoritor [~ sStepper
V¥ attach cell attribute
You can attach extra cell
attributes and make your
module Python callable o .
Create new C++ CC3D module
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Autogenerated CC3D C++ plugin code

ﬁ D:CODE_TGIT'3.6.2" core’,CompuCell3D% plugins'Polarization',PolarizationPlugin.cpp - Twedit++ - |EI|5|
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CC3D Project B X o bt x| I B FalarizationPlugin.h x| | B FalarizationPluginProsy. cpp % | I B PalarizationDLLSpecifier.h x| & PolarizationPlugin.cpp x| | B rolarizationData.h x| I Ll s
CC3D Simulation | 37 sim=simulator; |

38 potts=simulator->getPotts();

39 cellField& = (WatchableField3D<Cell *> *)potts-rgetCellFieldE();

40

41 pUtils=sim->getParalleluUtils();

4z lockPtr=new ParallelUtilsOpenMP:: CpenMELock_t;

43 pUtils-=initLock (lockPtr);

44

45 update (xnllata, truel;

46

47 potts-rgetCellFactoryGroupPtr () ->*registerclass(&polarizationDatadccessar);

48 potts-rFregisterEnergyFunctionWithMName (this, "Folarization");

49

a0

51

52 simulator-rregisterSteerablechjectithis);

53 ;

54 =

55 [Hwoid PolarizationPlugin::extralnit{8imulator *simulator)

5é

57 )

a8

]

a0

61 =

62 [Hdouble PolarizationPlugin::changeEnergy{const Point3D &pt, const CellG *newCell, const Cells *

53

&4 double energy = 0; _Ij

1I I »
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