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Chapter 1. Introduction

What is E-Cell

The E-Cell Simulation Environment is a software environment for simulation of
various cellular phenomena.

Organization of This Manual

This manual has the following chapters.

. Introduction -- you are here
. Getting Started

. Modeling with E-Cell

. Modeling Tutorial

. Scripting E-Cell

o O~ WN P

. Creating New Object Classes
7. Standard Dynamic Module Library

If you are just to start using E-Cell Simulation Environment Version 3 as auser,
read chapters 2, 3, 4, and try it in your project. Continue rea dinging other chapters if
you feel it is necessary. Especially you may especially wish to browse chapter 7 for
information about the classes which are available to create your model. If you cannot
nd what you need in that chapter, you may want to develop your  own module by
reading chapter 6. Reading chapter 5 will help you to automat e your simulation runs.
If you are a frontend module developef E-Cell Simulation Environment written in
Python, read mainly chapter 5. You may also want to read chapt ers 2 and 3 if you are
not already familiar with how the system is organized and use d. If you are a C++
Dynamic Module developgffor example, to create a new algorithm module) you need
to read at least the chapter 6. Read chapters 2 and 3 if you are rot already familiar
with E-Cell. Also, you may want to read the chapter 7 to know ho w existing classes
are designed.
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By reading this chapter, you can get information about the fo llowing items.

What types of les are needed to run the simulator.
How to prepare the les needed to run the simulator.
How to run the simulation with  E-Cell Simulation Environment

Preparing Simulation

To start the simulation, you need to have these types of les:

« A model le in EML format.

- (optionally) shared object les (.so in Linux operating sys tem), if you are using
special classes of object in the model le which is not provid ed by the system by
default.

- (optionally) a script le (E-Cell Session Script, or ESS) to automate the simulation
session.

Converting EM to EML

Simulation models for E-Cell is often written in EM format. T o convert EM (.em) les
to EML (.eml) les, type the following command.

ecell3-em2eml filename.em

Compiling C++ Dynamic Modules

If may have your own classes (Dynamic Modules, or DM) de ned f  or the simulation
model in form of C++ source code les. Those les must be compi led before using.

Use the ecell3-dmc command as the DM compiler.
ecell3-dmc [options]  filename.cpp  [compiler options]

The arguments given before the le name ( [command options]  are interpreted as
options to the ecell3-dmc command itself.

The arguments after the le name are passed to a backend compiler (such as g++)
as-is. The backend compiler used is the same as that used to buld the system itself.

To inspect what the command actually does inside, enable verbose mode by specify-
ing -v option.

To get a full list of available ecell3-dmc options, invoke the command with -h option,
and without the input le. Here is the help message given by ecedll3-dmc -h .

Compile dynamic modules for E-Cell Simulation Environment Version 3.
Usage:
ecell3-dmc [ ecell3-dmc options ] sourcefile [ compiler opt ions ]
ecell3-dmc -h|--help

ecell3-dmc options:

--no-stdinclude Don't set standard include file path.

--no-stdlibdir Don't set standard include file path.
--ldflags=[ldflags] Specify options to the linker.

--cxxflags=[cxxflags] Override the default compiler opti ons.
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--dmcompile=[path] Specify dmcompile path.
-v or --verbose Be verbose.
-h or --help Print this message.

Starting E-Cell Simulation Environment

You can start E-Cell Simulation Environment either in scripting mode or in GUI
mode.

GUI mode

To start E-Cell Simulation Environment in GUI mode, type the following command.
ecell3-session-monitor &

This will invoke an instance of the simulator with E-Cell Session Monitor

tached as a GUI frontend.

Scripting mode

To start E-Cell Simulation Environment in scripting mode, type the following com-

mand, then press Return:

ecell3-session [ filename.ess ]

where filename.ess  is the name of the Python script le you want to execute.

If filename.ess  is omitted, the interpreter starts up in interactive mode.
See chapter 5 about scripting.

Other Commands

Getting An EM File From EML

Use the ecell3-eml2em command to convert an EML le to an EM le.

ecell3-eml2em -- convert eml to em

Usage:
ecell3-eml2em [-h] [-f] [-0 outfile] infile
Options:
-h or --help :  Print this message.
-f or --force . Force overwrite even if outfile already exist
-0 or --outfile=: Specify output file name. '-' means stdout
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By reading this chapter, you can get information about:

How an E-Cell's simulation model is organized.

How to create a simulation model.
How to write a model le in EM format.

Objects In The Model

E-Cell's simulation model is fully object-oriented. That i s, the simulation model is
actually a set of objectsconnected each other. The objects haveproperties which de-
termine characteristics of the objects (such as a reaction ate constant if the object
represent a chemical reaction) and relationships between the objects.

Types Of The Objects

A simulation model of E-Cell Simulation Environment consists of the following
types of objects.

- Usually more than one Entity objects
- One or more Stepper object(s)

Entity objects de ne the structure of the simulation model a nd represented phenom-
ena (such as chemical reactions) in the model. Stepper objets implement specic
simulation algorithms.

Entity objects
The Entity class has three subclasses:

- Variable

This class of objects represent state variables. A Variableobject holds a scalar real-
number value. The set of values of all Variable objects in a simulation model de nes
the state of the model at a each moment moment in time.

- Process

This class of objects represent phenomena in the simulation model that result in
changes in the values of one or more Variable objects. Variable values can be be
updated in either discrete or continuous fashion.

. System

This class of objects de ne the overall structure of the mode I. A System object can
contain sets of these three types of Entity, Variable, Process, and System objects. A
System can contain other Systems, and forms a tree-like structure.

Stepper objects

A model must have one or more Stepper object(s). Each Processand System object
must be connected with a single Stepper object in the same model. In other words,
Stepper objects in the model have non-overlapping sets of Process and System ob-
jects.
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Stepper is a class which implement a speci ¢ simulation algo rithm. If the model has

more than one Stepper objects the system conducts a multi-siepper simulation. In

addition to the lists of Process and System objects, a Steppe has a list of Variable
objects that can be read or written by its Process objects. Italso has a time step interval
as a positive real-number. The system schedules Stepper obg¢cts according to the step
intervals, and updates the current time.

When called by the system, a Stepper object integrates values of related Variable ob-
jects to the current time (if the model has a differential com ponent), calls zero, one,
or more Process objects connected with the Stepper in an orde determined by its

implementation of the algorithm, and determines the nextti me step interval. See the
following chapters for details of the simulation procedure

Object Identi ers

E-Cell Simulation Environment uses several types of identi er strings to specify
the objects, such as the Entity and Stepper objects, in a simdation model.

ID (Entity ID and Stepper ID)

Every Entity and Stepper object has an ID. ID is a character string of arbitrary length
starting with an underscore(’_"), or alphabetical charect or, and with succeeding al-
phabet, ' ', and numeric characters. E-Cell Simulation Environment treats IDs in
a case-sensitive way.

If an ID is used to indicate a Stepper object, it is called a Stepper ID. If an ID points to
an Entity object, it is refered to as an Entity ID, or, simply, anID.

Examples:_P3, ATP, GlucoKinase

SystemPath;

The SystemPath identi es a speci ¢ System from the tree-lik e hierarchy of System
objects in a simulation model. It has a form of Entity ID strin gs joined by a character
'I' (slash). As a special case, the SystemPath of the root sygem is / . For instance, if
there is a SystemA, and A has a subsystemB, a SystemPath/A/B speci es the System
objectB. It has three parts: (1) the root system (/ ), (2) the SystemA directly under the
root system, and (3) the SystemB just under A.

A SystemPath can be relative. However, a relative SystemPath does not point to a
System object unless the current System is given. A SystemP#h is relative if (1) it
does not start with the leading / (the root system), or (2) it contains '. ' (the current
system) or'.. ' (the super-system).

Examples:/A/B ,../A ,.,ICELL/ER1/./CYTOSOL

FulllD

A FulllD (FULLy quali ed IDenti er) identi es a unique Enti ty object in a simulation
model. A FulllD comprises three parts, (1) a EntityType, (2) a SystemPath, and (3) an
Entity ID, joined by a character ' : ' (colon).

EntityType : SystemPath : ID
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The EntityType is one of the following class names:

« System
« Process
- Variable

For example, the following FulllD points to a Process object whose Entity ID is' P, in
the System 'CELL' immediately under the root system ( /).

Process:/CELL:P

FullPN

FullPN (FULLy quali ed Property Name) speci es a unique  property (see the next
section) of an Entity object in the simulation model. It has a form of a FulllD and the
name of the property joined by a character ' : ' (colon).

FulllD : property_name
or,

EntityType : SystemPath : ID : property_name

The following FullPN points to 'Value' property of the Varia ble object
Variable:/CELL:S

Variable:/CELL:S:Value

Object Properties

Entity and Stepper objects have propertiesA property is an attribute of a certain object
associated with a name. Its value can be get from and set to the object.

Types of object properties
A value of a property has a type which is one of the followings.

+ Real number
(ex.3.33e+10 ,1.0)

- Integer number
(ex.3,100)

« String

String has two forms: quoted and not quoted. A quoted String ¢ an contain any
ASCII characters except the quotation characters (* or *). Quotations can be omitted

7
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if the string has a form of a valid object identi er (Entity ID , Stepper ID, System-
Path, FulllD, or FullPN).

If the String is triple-quoted (by ™ or ™ ), it can contain new-line characters.

(ex. _C10_A, Process:/A/B:P1 , "It can include spaces if
double-quoted.” , 'single-quote is available too, if you want to use
"double-quotes" inside.’ )

List

The list can contain Real, Integer, and String values. This list can also contain other
lists, that is, the list can be nested. A list must be surround ed by brackets ([ and ),
and the elements must be separated by space characters. In sme cases outermost
brackets are omitted (such as in EM les, see below).

(ex.[ A 10 [ 1.0 "a string" 1e+10 ] ] )

Dynamic type adaptation of property values

The system will automatically convert the type of a property value if it is different
from what an object in the simulator (such as Process and Variable) expects to get.
That is, the system does not necessary raise an error if the type of the given value
differs from the type the backend object accepts. The systemtries to convert the type
of the value given in the model le to the requested type by the objects in the simula-
tor. The conversion is done by the objects in the simulator, w hen they get a property
value. See also the following sections.

The conversion is done in the following manner.

How property value type adaptation is conducted

From a numeric value (Real or Integer)
. Toa String

The number is simply converted to a character string. For example, a number
12.3 is converted to a String'12.3'

. Toalist

A numeric value can be converted to a length-1 list which has t hat number as
the rstitem. For example, 12.3 is equivalentto [ 12.3]'.

From a String
- To a numeric value (Real or Integer)

The initial portion of the String is converted to a numeric va lue. The number can
be represented either in a decimal form or a hexadecimal form . Leading white
space characters are ignored. 'INF' and 'NAN' (case-insensitive) are converted
to an in nity and a NaN (not-a-number), respectively. If the initial portion of the
String cannot be converted to a numeric value, it is interpre ted as a zero (0.0 or
0). This conversion procedure is equivalent to C functions strtol  and strtod
according to the destined type.

. Toalist

A String can be converted to a length-1 list which has that Str ing as the rstitem.
For example, 'string' is equivalent to [ 'string' ]'.

From a list
- To a numeric or a String value
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It simply takes the rst item of the list. If necessary the tak en value is further
converted to the destined types.

Over ow and under ow when converting a property value: When converting from a
Real number to an Integer, or from a String to a numeric value, over ow and under ow
can occur during the conversion. In this case an exception is raised when the backend
object attempts the conversion.

E-Cell Model (EM) File Basics

Now you know an E-Cell simulation model consists of certaint ypes of objects, and
that these objects have properties. The next thing to understand is how the simula-
tion model is organized: the structure of the model. As a piec e of advice, learning the
syntax of the E-Cell model (EM) langauge, the language in whi ch E-Cell model les
are written, before proceeding to the next section would hel p very much in under-
standing the details of the structure of the model, because most of the examples in
the rest of this chapter and manual is written in the EM langua ge.

What Is EM?

In E-Cell Simulation Environment , the standard le format of model description
and exchange is XML-based EML (E-Cell Model description Lan guage). Although
EML is an ideal means of integrating E-Cell with other softwa re components such as
GUI model editors and databases, it is very tedious for human users to write and edit
by hand.

E-Cell Model (EM) is a le format with a programming language -like syntax and
a powerful embedded empy preprocessor, which is designed to be productive and
intuitive especially when handled by text editors and other text processing programs.
Semantics of EM and EML les are almost completely equivalen t to each other, and
going between these two formats is meant to be possible with n o loss of information
(some exceptions are comments and directions to the preprocessor in EM). The le
suf x of EM lesis ".em".

Why and when use EM?

Although E-Cell Modeling Environment (which is under development) will pro-
vide means of more sophisticated, scalable and intelligent model construction on the
basis of EML, learning the syntax and semantics of EM may help give you the idea
of how the object model inside E-Cell is organized and how it i s driven to conduct
simulations. Furthermore, owing to the nature of the plain p rogramming language-
like syntax, EM can be used as a simple and intuitive tool to co mmunicate with other
E-Cell users. In fact, this manual uses EM to illustrate how t he model is constructed
in E-Cell

EM les can be viewed as EML generator scripts.
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EM At A Glance

Before getting into the details of EM syntax, let's have a loo k at a tiny example. It's
very simple, but you do not need to understand everything att he moment.

Example 3-1. A tiny EM example

Stepper ODEStepper( ODE_1 )

# no property

5}
System System( /)
{
StepperID ODE_1;
10
Variable Variable( SIZE )
{
Value le-18;
}
15
Variable Variable( S )
{
Value 10000;
}
20
Variable Variable( P )
{
Value  0;
}
25
Process MassActionFluxProcess( E )
{
Name "A mass action from S to P."
k 1.0;
30
VariableReferencelList [ SO :.:S -1 ]
[ PO ::P 1 7;
}
35 }

This example is a model of a mass-action differential equati on. In this example, the
model has a Stepper ODE_10f class ODEStepper , which is a generic ordinary differ-
ential equation solver. The model also has the root system (/). The root sytem has a
StepperlD property, and four Entity objects, Variables SIZE, S and P, and the Process
E. SIZE is a special name for a Variable, that determines the size of the compart-
ment. If the compartment is three-dimensional, it means the volume of the compart-
ment in [L] (liter). That value is used to calculate concentr ations of other Variables.
These Entity objects have their property values of several different types. For exam-
ple, StepperlD of the root system is the string without quotes ( ODE_J). The initial
value given to Value property of the Variable Sis an integer number 10000 (and this
is automatically converted to a real number 10000.0 when the Variable gets it be-
cause the type of the Value property is Real). Name property o f the ProcessE is the
guoted string "A mass action from S to P" , and 'k’ of it is the real number 1.0 .
VariableReferencelList property of Eis the list of two lists, which contain strings (such
as S0), and numbers (such as-1). The list contain relative FulllDs (such as :.:S )
without quotes.
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General Syntax Of EM

Basically an EM is (and thus an EML is) a list of just one type of directives: object
instantiation. As we have seen, E-Cell's simulation models have only two ty pes of
'objects'; Stepper and Entity. After creating an object, pr operty values of the object
must be set. Therefore the object instantiation has two steps: (1) creating the object
and (2) setting properties.

General form of object instantiation statements
The following is the general form of de nition (instantiati  on) of an object in EM:

TYPE CLASSNAME( ID )
""" INFO ( optional )™

PROPERTY_NAME_1 PROPERTY_VALUE_1;
PROPERTY_NAME_2 PROPERTY_VALUE_2;

PROPERTY NAME_n PROPERTY VALUE_n:

where:

- TYPE
The type of the object, which is one of the followings:
- Stepper
- Variable
- Process
- System

- ID

This is a StepperlIDif the object type is Stepper. If it is a System, put a SystemPah
here. Fill in with an Entity ID if it is a Variable or a Process.

+ CLASSNAME

The classname of this object. This class must be a subclass ahe baseclass de ned
by TYPE. For example, if the TYPE is Process,CLASSNAME must be a subclass of
Process, such asviassActionFluxProcess

+ INFO

An annotation for this object. This eld is optional, and is n ot used in the simu-
lation. A quoted single-line ("string") or a multi-line str ing (""'multi-line string""™)
can be put here.

« PROPERTY
An object de nition has zero or more properties.

The property starts with an unquoted property name string, f ollowed by a prop-
erty value, and ends with a semi-colon ( ;). For example, if the property name is
Concentration and the value is 10.0 , it may look like:

Concentration 10.0;

Real, Integer, String, and List are the allowable property v alue types (See the Object
Properties section above).

11
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If the value is a List, outermost brackets are omitted. For ex ample, to put the list

[ 10 "string" [ LIST ] ]
into a property slot Foo, write a line in the object de nition like this:

Foo 10 "string" [ LIST J;

Why can the outermost brackets can be ommited?: All property values are lists,
even if it is a scalar Real number. Remember a number '1.0" is interconvertible with
a length-1 list '[ 1.0 ]'. Therefore the system can correctly interpret property values
without the brackets.

In other words, if the property value is bracketed, for example, the following property
value

Foo [ 10 [ LIST 1 ];
is interpreted by the system as a length-1 List

[[20[LST]]]
of which the rstitemis a list

[ 10 [ LIST 1]
This may or may not be what you intend.

Macros And Preprocessing

Before converting to EML, ecell3-em2eml command invokes the empy program to
preprocess the given EM le.

By using empy, you can embed any Python expressions and statements after ‘@' in
an EM le. Put a Python expression inside '@( python expression ', and the macro
will be replated with an evaluation of the expression. If the expression is very simple,
'()' can be ommited. Use '@{python statements  } to embed Python statements. For
example, the following code:

@(AA="10)
@AA

is expanded to:
10
Of course the statement can be multi-line. This code
{
def f( str ):
return str + ' is true.'
}
@f( 'Video Games Boost Visual Skills' )

is expanded to

Video Games Boost Visual Skills is true.

empy can also be used to include other les. The following lin e is replaced with the
content of the le foo.em immediately before the EM le is converted to an EML:
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@include( 'foo.em' )

Use the -E option of ecell3-em2eml command to see what happens during the pre-
processing. With this option, it outputs the result of the pr eprocessing to standard
output and stops without creating an EML le.

It has many more nice features. See the appendix A for the full description of the
empy program.

Comments

The comment character is a sharp '#'. If a line contains a '#' outside a quoted-string,
anything after the character is considered a comment, and not processed by the
ecell3-em2eml command.

This is processed differently from the empy comments (@#). This comment character
is processed by the empy as a usual character, and does not hae an effect on the
preprocessor. Thatis, the part of the line after '#' is notig nored by empy preprocessor.
To comment out an empy macro, the empy comment (@#) must be usel.

Structure Of The Model

Top Level Elements

Usually an EM has one or more Stepper and one or more System staements. These
statements are top-level elements of the le. General structure of an EM le may look

like this:

STEPPER_0O

STEPPER_1

STEPPER n

SYSTEM_O # the root system ( /')
SYSTEM_1

SYSTEM_m

STEPPER_?s a Stepper statement andSYSTEM_7s a System statement.

Systems

The root system

The model must have a System with SystemPath '/ '. This System is called the root
systemof the model.

System System( / )
{

# ..

The class of the root system is always System , no matter what class you specify. This
is because the simulator creates the root sytem when it starts up, before loading the

13
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model le. That s, the statement does not actually create th e root system object when
loading the EML le, but just set its property values. Conseq uently the class name
speci ed in the EML is ignored. The model le must always have this root system
statement, even if you have no property to set.

Constructing the system tree

If the model has more than one System objects, it must form a tr ee which starts from
the root system (/). For example, the following is nota valid EM.

System System( / )
{

}

System System( /CELLO/MITOCHONDRIONO )

{
}

This is invalid because these two System objects,/ and /CELLO/MITOCHONDRIONOare
not connected to each other, nor form a single tree. Adding an other System, /CELLO ,
makes it valid.

System System( / )

}
System System( /CELLO )
{

}

System System( /CELLO/MITOCHONDRIONO )

{
}

Of course a System can have arbitrary number of sub-systems.

System System( / )
{
}

System System( /CELL1 ) {}
System System( /CELL2 ) {}
System System( /CELL3 ) {}
# ..

Planned support for model composition: In future versions, the system will support
composing a model from multiple model les (EMs or EMLS). Thi s is not the same as the
EM's le inclusion by empy preprocessor.

Sizes of the Systems

If you want to de ne the size of a System, create a Variable wit h an ID 'SIZE". If the
System models a three-dimensional compartment, the SIZE here means the volume
of that compartment. The unit of the volume is [L] (liter). In  the next example, size of
the root system is le-18 .

System System( / )
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Variable Variable( SIZE ) # the size (volume) of this compart ment
{

Value le-18;
}

If a System has no 'SIZE' Variable, then it shares the SIZE Variable with its

supersystem. The root system always has a SIZE Variable. If it is not explicitly

de ned by the model le, then the simulator automatically cr eates it with the

default value 1.0. The following example has four System obj ects, and two of them
(/ and /ICOMPARTMENThave their own SIZE variables. Remaining two (/SUBSYSTEM
and its subsystem /SUBSYSTEM/SUBSUBSYSTBMhare the SIZE Variable with the

root system.

System System( / ) # SIZE == 1.0 (default)
{
# no SIZE
}
System System( /COMPARTMENT ) # SIZE == 2.0e-15

Variable Variable( SIZE )

Value 2.0e-15
}
}
System System( /SUBSYSTEM ) # SIZE == SIZE of the root sytem
{
# no SIZE
}

System System( /SUBSYSTEM/SUBSUBSYSTEM ) # SIZE == SIZE of t he root system

# no SIZE

SIZE must be a positive real number:  Behavior of the system when zero or negative
number is set to SIZE is unde ned.

Unit of the size: Currently, the unit of the SIZE is (10 cm)~d, where d is dimension of the
System. If d is 3, it is (10 cm)"3 == liter. This speci cation i s still under discussion, and is
subject to change in future versions.

Variables And Processes

A System statement has zero, one, or more Variable and Proces statements in addi-
tion to its properties.

System System( /)
{

# ... properties of this System itself comes here..

15
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Variable Variable( VO ) {}
Variable Variable( V1 ) {}
# ..

Variable Variable( Vn ) {}

Process SomeProcess( PO ) {}
Process SomeProcess( P1 ) {}
#o..

Process OtherProcess( Pm ) {}

}

Do not nest one System statement inside another.

Connecting Steppers With Entity Objects

Each Process and Variable object in the model must be conneced with a Stepper by
setting its StepperID property. If the StepperID of a Process is omitted, it defaults
to that of its supersystem (the System the Process belongs t9. StepperID of System
cannot be omitted.

In the following example, the root sytem is connected to the S tepper STEPPERQ and
the ProcessP0 and P1 belong to Steppers STEPPERGand STEPPER1 respectively.

Stepper SomeClassOfStepper( STEPPERO ) {3
Stepper AnotherClassOfStepper( STEPPER1 ) {}

System System( / ) # connected to STEPPERO
{

StepperID STEPPERQO;

Process AProcess( PO ) # connected to STEPPERO
# No StepperlD specified.

}

Process AProcess( P1 ) # connected to STEPPER1

StepperID STEPPER1,

Connections between Steppers and Variables are automaticdly determined by the
system, and cannot be speci ed manually. See the next section.

Connecting Variable Objects With Processes

A Process object changes values of Variable object(s) accating to a certain procedure,

such as the law of mass action. What Variable objects the Proess works on cannot be
determined when it is programmed, but it must be specied by t he modeler when

the Process takes part in the simulation. VariableReferenceList property of the Process
relates some Variable objects with the Process.

VariableReferencelList is a list of VariableReference#\ VariableReference, in turn, is
usually a list of the following four elements:

[ reference_name FulllD coefficient accessor_flag ]
The last two elds can be omitted:

[ reference_name FulllD coefficient ]
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or,
[ reference_name FulllD ]

These elements have the following meanings.

1. Reference name

This eld gives a local name inside the Process to this Variab leReference. Some
Process classes use this name to identify particular instances of VariableRefer-
ence.

Currently, this reference name must be set for all VariableR eferences, even if
the Process does not use the name at all.

Lexical rule for this eld is the same as the Entity ID; leadin g alphabet or '
with trailing alphabet, ' ', and numeric characters.

2. FulllD
This FulllD speci es the Variable that this VariableRefere nce points to.

The SystemPath of this FulllD can be relative. Also, EntityT ype can be omitted.
That is, writing like this is allowed:

.:S0

instead of

Variable:/CELL:SO
, if the Process exists in the Systen/CELL .

3. Coef cient ( optiona)

This coef cient is an integer value that de nes weight of the connection be-
tween the Process and the Variable that this VariableReference points to.

If this value is a non-zero integer, then this VariableRefer ence is said to be a
mutator VariableReferencand the Process can change the value of the Variable.
If the value is zero, this VariableReference is not a mutator, and the Process
should not change the value of the Variable.

If the Process represents a chemical reaction, this value isusually interpreted
by the Process as a stoichiometric constant. For example, ifthe coef cient is -1,
the value of the Variable is decreased by 1 in a single occurence of the forward
reaction.

If omitted, this eld defaults to zero
4.isAccessorag ( optiona)

This is a binary ag; set either 1 (true) or O (false). If this isAccessorag is false,
it indicates that the behavior of Process is not affected by the Variable that this
VariableReference points to. That is, the Process never reds the value of the
Variable. The Process may or may not change the Variable regadless of the
value of this eld.

Some Process objects automatically sets this information, if it knows it never
changes the value of the Variable of this VariableReference. Care should be
taken when you set this ag manually, because many Process classes do not
check this ag when actually read the value of the Variable.

The default is 1 (true)This eld is often omitted.

How isAccessor ag is used in the simulation: In multi-stepper simulations, this
information sometimes helps the system to run ef ciently. | f the system knows, for
example, all Process objects in the Stepper A do not change any Variable con-
nected to the other Stepper B, it can give B more chance to have larger stepsizes,

17
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rather than always checking whether Stepper A changed some of the Variable ob-
jects. This ag is mainly used when there are more than one Ste ppers.

Consider a reaction Process in the root system, R, consumes the Variable S and pro-
duces the Variable P, taking E as the enzyme. This class of Process requires to give
the enzyme as a VariableReference of nameENZYMEAII the Variable objects are in the
root system. In EM, VariableReferencelList of this Process may appear like this:

System System( /)
{

#o..

Variable Variable( S ) {}
Variable Variable( P ) {}
Variable Variable( E ) {}

Process SomeReactionProcess( R )
{
# ..
VariableReferencelList [ SO S -1 ]
[ PO P10
[ ENZYME :E 0 [

Modeling Schemes

18

E-Cell is a multi-algorithm simulator. It can run any kind of ~ simulation algorithms,
both discrete and continuous, and these simulation algorit hms can be used in any
combination. This section exlains how you can nd appropria te set of object classes
for your modeling and simulation projects. This section doe s not give a complete
list of available object classes nor detailed usage of thoseclasses. Read the chapter
"Standard Dynamic Module Library" for more info.

Discrete Or Continuous ?

E-Cell can model both discrete and continuous processes, ard these can be mixed in
simulation. The system models discrete and continuous systems by discriminating

two different types of Process and Stepper objects: discrete Process / Stepper and
continuous Process / Stepper.

Variable is discrete and continous:  Variable and System do not have special discrete
and continuous classes. The base Variable class supports both discrete and continous
operations, because it can be connected to any types of Process and Stepper objects.
System objects do not do any computation that needs to discriminate discrete and con-
tinuos.
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Discrete classes

A Process object that models discrete changes of one or more \ariable objects is called
adiscrete Procesand it must be used in conjunction with a discrete SteppeA discrete
Process directly changes thevaluesof related Variable objects when its Stepper re-
guests to do so.

There are two types of discrete Process / Stepper classes: décrete and discrete event.

- Discrete

A discrete Process changes values of connected Variable olgcts (i.e. appear in its
VariableReferencelList property) discretely. In the curre nt version, there is no spe-
cial class namedDiscreteProcess  , because the base Process class is already a dis-
crete Process by default. The manner of the change of Variabk values is determined
from values of its accessor VariableReferences, its propety values, and sometimes
the current time of the Stepper. Unlike discrete event Proce ss, which is explained in
the next item, it does not necessary specify when the discrete changes of Variable
values occur. Instead, it is unilaterally determined and r ed by a discrete Stepper.

A Stepper that requires all Process objects connected be disrete Process
objects is called a discrete Stepper. The current version ha no special class
DiscreteStepper  , because the base Stepper class is already discrete.

- Discrete event
Discrete event is a special case of discreteness. The systemprovides

DiscreteEventStepper and DiscreteEventProcess classes for discrete-event
modeling. In addition to the ordinary ring method ( fire())  method) of the base
Process class, theDiscreteEventProcess de nes a method to calculate whenthe

next occurrence of the event occurs (the discrete change of \ariable values that
this discrete event Process models) from values of its accesor VariableReferences,
its property values, and the current time of the Stepper. DiscreteEventStepper
uses information given by this method to determine when each of discrete event
Process should be red. DiscreteEventStepper is instantiatable. See the
chapter Standard Dynamic Module Library for more detailed d escription of how
DiscreteEventStepper works.

Continuous classes

On the other hand, a Process that calculates continuous charges of Variable objects
is called a continuous Proces®nd is used in combination with a continuous Stepper
Continuous Process objects simulate the phenomena they represent by setting veloc-
ities of connected Variable objects, rather than directly changing their values in the
case of discrete Process objects. A continuous Stepper intgrates the values of Vari-
able objects from the velocities given by the continuous Pro cess objects, and deter-
mines when the velocities should be recalculated by the Process objects. A typical
application of continuous Process and Stepper objects is to implement differential
equations and differential equation solvers, respectivel y, to form a simulation system
of the system of differential equations.

Some Available Discrete Classes
Followings are some available discrete classes.

DiscreteEventStepper and GillespieProcess (Gillespie-G  ibson pair)

An example of discrete-event simulation method provided by E-Cell is a variant of
Gillespie's stochastic algorithm, the Next Reaction Metho d, or Gillespie-Gibson al-
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gorithm. The DiscreteEventStepper class implements this algorithm. When this
Stepper is used in conjunction with GillespieProcess objects, which is a subclass
of DiscreteEventProcess and calculates a time of the next occurence of the reaction
using Gillespie's reaction probability equation and a rand om number, E-Cell con-
ducts a Gillespie-Gibson stochastic simulation of elementary chemical reactions.

Usage of this pair of classes of objects is simple: just set tte StepperID, VariableRef-
erencelist and the rate constant property k of those GillespieProcess objects.

DiscreteTimeStepper

A type of discrete Stepper that is provided by the system is DiscreteTimeStepper

This class of Stepper, when instantiated, calls all discrete Process objects with a xed

user-speci ed time-interval. For example, if the model has a DiscreteTimeStepper

with 0.001 (second) of Steplinterval property, it res all of its Process objects every
milli-second. DiscreteTimeStepper is discrete time because it does not have time
between steps; it ignores a signal from other Stepper objects (Stepper interruptiof
that noti es a change of system state (values of Variable objects) that may affect its

Process objects. Such a change is re ected in the next step.

PassiveStepper

Another class of discrete Stepper is PassiveStepper . This can partially be seen as
a Discrete TimeStepper with an in nite Steplinterval, but there is a difference. Un-
like DiscreteTimeStepper , this does not ignore Stepper interruptions, which notify
change in the system state that may affect this Stepper's Pracess objects.

This Stepper is used when some special procedures (coded in dscrete Process objects)
must be invoked when other Stepper object may have changed a value or a velocity
of at least one Variable that this Stepper's Process objectsaccesses.

PythonProcess
PythonProcess allows users to script a Process object in full Python syntax.

initialize () and fire () methods can be scripted with InitializeMethod and
FireMethod properties, respectively.

PythonProcess can be either discrete or continuous. This 'operation mode' can be
speci ed by setting IsContinuous property. The default is f alse (0), or discrete. To
switch to the continuous mode, set 1 to the property:

Process PythonProcess( PY1 )

IsContinuous 1;

In addition to regular Python constructs, the following obj ects, methods, and
attributes are available in both of the method properties (I nitializeMethod and
FireMethod):

- Properties

PythonProcess accepts arbitrary names of properties. For example, the following
code creates two new properties.

Process PythonProcess( PY1 )
{

NewProperty "new property";
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KK 3.0;

}
These properties can be use in Python methods:

Process PythonProcess( PY1 )

{
# ... NewProperty and KK are set

InitializeMethod "print NewProperty";

FireMethod ™
KK += 1.0
print KK

}

A new property can also be created within Python methods.
InitializeMethod "A = 3.0"; # A is created

FireMethod "print A * 2" # A can be used here
These properties are treated as global variables.
« Objects
.« self

This is the Process object itself. This has the following attributes:
« Activity

The current value of Activity property of this Process.
« addValue (value )

Add to each VariableReference the value multiplied by the coef cient of the
VariableReference.

Using this method implies that this Process is discrete. Check that IsContinu-
ous property is false.

. getSuperSystem ()

This method gets the super system of this Process. See belowdr the attributes
of System objects.

Priority
The Priority property of this Process.
« setFlux (value )

Add to each VariableReference's velocity the value multiplied by the coef -
cient of the VariableReference.

Using this method implies that this Process is continuous. C heck that IsCon-
tinuous property is true.

. StepperlD
StepperID of this Process.

. VariableReference

VariableReference instances given in the VariableRefererceList property of this
Process can be used in the Python methods. Each instance hashte following
attributes:

« addFlux (value )

Multiply the value by the Coef cient of this VariableReference, and add that
to the Variable's velocity.

. addvalue (value )

21
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Add the value to the Value property of the Variable.

« addVelocity (value )

Add the value to the Velocity property of the Variable.

. Coef cient

The coef cient of the VariableReference

. getSuperSystem ()

Get the super system of the Variable. A System object is returned.

. MolarConc

The concentration of the Variable in Molar [M].

- Name

The name of the VariableReference.

« NumberConc

The concentration in number [ num / size of the Variable's sup er system. ]

. IsFixed

Zero if the Fixed property of the Variable is false. Otherwis e a non-zero integer.

. IsAccessor

Zero if the IsAccessor ag of the VariableReference is false. Otherwise a non-
zero integer.

. TotalVelocity

The total current velocity. Usually of no use.

- Value

The value of the Variable

- Velocity

The provisional velocity given by the currently stepping St epper. Usually of
no use.

- System
A System object has the following attributes.
. getSuperSystem ()

Get the super system of the System. A System object is returned.

. Size

The size of the System.

. SizeN_A

Equivalentto Size * N_A where N_Ais a Avogadro's number.

- StepperlD

The StepperID of the System.

Here is an example uses of PythonProcess
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Example 3-2. An assignment rule by using PythonProcess
Process PythonProcess( PY1 )
# IsContinuous 0O; -- default

FireMethod "S1.Value = S2.Value + S3.Value";
VariableReferenceList [(S1)] [(S2)] [(S3)];

}

PythonEventProcess

This class enables users Python scripting of time-events. In addition to initialize 0
and fire (), updateStepinterval () method can be scripted with this class. Use Up-

dateSteplintervalMethod property to set this.

In addition to those of PythonProcess ,the self object of PythonEventProcess  has
some more attributes:

. Steplnterval

The most recent Steplnterval calculated by the updateStepinterval () method.
- DependentProcessList

This attribute holds a tuple of IDs of dependent Processes of this Process.

This class of objects must be used with aDiscreteEventStepper

Other discrete classes

Stepper classes for tau leaping have been developed. These lasses,
TauLeapStepper can be used an alternative stepper for a GillespieProcess . When

a TauLeapStepper is used with a GillespieProcess , the simulation is accelerated
using a Poisson approximation to leap over sequences of non-critical events. Use the
epsilon of the TauLeapStepper to control the maximum error a llowable. (larger

values give greater approximations)

A ux-distribution method for hybrid dynamic/static simul ation of biochemical
pathways is available with the following classes: FluxDistributionStepper ,
FluxDistributionProcess , QuasiDynamicFluxProcess Using these Processes will
provide a ux distribution as the solution of a mass balance e quation without the
need for rate equations and kinetic parameters. In this way systems containing
unknowns can be simulated and analysed without complete inf ormation.
For further discussion of the theory and use of these Processes, please see
http://www.tbiomed.com/content/2/1/42, for the paper "H ybrid Dynamic/Static
Method for large-scale simulation of metabolism”, by Yugi, Nakayama, Kinoshita,
and Tomita, which will iluminate these techniques further

Some Available Continuous Classes

E-Cell supports both Ordinary Differential Equation (ODE) and
Differential-Algebraic Equation (DAE) models, and has Ste pper classes for each
type of formalisms.

Also, the system is shipped with some continuous Process classes. For example,
MassActionFluxProcess calculates a reaction rate according to the law of mass ac-
tion. ExpressionFluxProcess allows users to describe arbitrary rate equations in
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model les. PythonProcess and PythonFluxProcess  are used to script Process ob-
jects in Python. Some enzyme kinetics rate laws are also avalable.

Generic ordinary differential Steppers

If your model is a system of ODEs, then in this version of the so ftware (version
3.1.105) the recommended choice iSODEStepper . This Stepper is a high-performance
repacement for previous versions, which is able to accuratl y solve stiff systems while
maintaining excellent performance in non-stiff regions of the system.

ODEStepper is implemented by automatically detecting stiffness of the system and
adaptively switching between implicit methods that work be st for stiff systems, in
this case Radau IlIA, and explicit methods that work best in no n-stiff regions, in this
case Dormand-Prince.

MassActionFluxProcess

MassActionFluxProcess is a class of Process for simple mass-actions. This class cal
culates a ux rate according to the rules of irreversible mas s-action. Use a property k
to specify a rate constant.

ExpressionFluxProcess

ExpressionFluxProcess is designed for easy and ef cient representations of con-
tinuous ux rate equations.

Expression property of this class accepts a plain text rate expression. The expres-
sion must be evaluated to give a ux rate in [ number / second ]. (Note that this
is a number per second, not concentration per second.) Here is an example use of
ExpressionFluxProcess

Process ExpressionFluxProcess( P1 )

k 0.1;
Expression "k * S.Value";

VariableReferenceList [ S ::S -1 ] [ P :(:P 1 ];

Compared to PythonProcess or PythonFluxProcess below, it runs signi cantly
faster with sacri ce of some exibility in scripting.

The following shows elements those can be used in the Expresson property. The set
of available arithmetic operators and mathematical functi ons are meant to be equiv-
alent to SBML level 2, except control structures.

. Constants

Numbers (e.g. 10, 10.33, 1.33e-5)ue , false (equivalent to zero), pi (Pi), NaN
(Not-a-Number), INF (In nity), N_A(Avogadro's number), exp (the base of natural
logarithms).

- Arithmetic operators
+,-,*,/,” (power,; this can equivalently be written as pow( x, y ) ).
+ Built-in functions

abs, ceil , exp, *fact , floor , log , logl0 , pow sqrt , *sec, sin , cos, tan , sinh ,
cosh , tanh , coth , *csch , *sech , *asin , *acos , *atan , *asec , *acsc , *acot , *asinh
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*acosh , *atanh , *asech , *acsch , *acoth . (Functions with astarisk "' are currently
not available on the Windows version.)

All functions but pow are unary functions. pow is a binary function.
- Properties

Similar to PythonProcess , ExpressionFluxProcess accepts arbitrary name prop-
erties in the model. Unlike PythonProcess , however, these properties of this class
can hold only Real values.

« Objects
. self

This Process object itself. This has the following attribut e which is a sub set of
that of PythonProcess

. getSuperSystem ()

. VariableReference

VariableReference instances given in the VariableRefererceList property of this
Process can be used in the expression. Each instance has theoflowing set of
attributes, which is a sub set of that of PythonProcess

« Value
MolarConc
NumberConc

. TotalVelocity

« Velocity

. System
A System object has the following two attributes.
Size
SizeN_A

Below is an example of the basic Michaelis-Menten reaction programmed with the
ExpressionFluxProcess

Example 3-3. Michaelis-Menten reaction with ExpressionFl uxProcess

Process ExpressionFluxProcess( P )

{
Km 1.0;
Kcat 10;
Expression "E.Value * Kcat * S.MolarConc / ( S.MolarConc + Km )"
VariableReferenceList [ S ::S -1 ] [P P 1 ][ E ::E 0],
}
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Some pre-de ned reaction rate classes

See the standard dynamic module library reference for avail ability of some enzyme
kinetics Process classes.

PythonFluxProcess

PythonFluxProcess  is almost the same asPythonProcess , except that (1) it takes
just a Python expression (instead of statements) to its Expression property, and (2)
similar to ExpressionFluxProcess , the evaluated value of the expression is implic-
itly passed to the setFlux () method.

Generic differential-algebraic Steppers

For DAE models, use DAEStepper . The model must form a valid index-1 DAE sys-
tem. When a DAE Stepper detects one or more discrete Process bjects, it assumes
that these are algebraic Processbjects. Thus, all discrete Process objects in a DAE
Stepper must be algebraic. Look below for the de nition of an algebraic Process.

DAE Stepper objects can be used for ODE systems: Because it can be viewed that
ODE is a special case of DAE problems which does not have a algebraic equations, but
only differential equations, a DAE Stepper can be used to run an ODE model. However,
ODE Steppers are specialized for ODE problems, in terms of both the selection of integra-
tion algorithms and implementation issues, and generally use of an ODE Stepper bene ts
in performance when the model is a system of ODEs.

Those properties of ODE Stepper classes described above (soh as the Tolerance
property) are also available for DAE Stepper classes.

Algebraic Processes

This is a type of discrete Process, but placed here because itis used with a DAE
Stepper, which is continuous.

In principle, continuous Process objects must always be connected with continu-
ous Stepper instances, and a discrete Stepper is assumed toake only discrete Pro-
cess objects. However, there are some exceptions. One Isuclis the algebraic processes
Strangely enough, in DAE simulations, seemingly discrete a lgebraic equations are
solved continuously in conjunction with other differentia | equations.

Algebraic equations in E-Cell have the following form:
0=g9g(t x)

where tis the time and x is a vector of variable references.

The DAE solver system of E-Cell uses Activity property of Pro cess objects to repre-
sent the value of the algebraic function g( t, x ) . An algebraic Process must not
change values of Variable objects explicitly. The DAE Stepper does the job of nding

a point where the equation g() holds.

When modeling, be careful about coef cients of VariableRef erences of an algebraic
Process. In most cases, simply set unities. The solver respets these numbers when
solving the system. For example, if the coef cient of Ais zero, it does not change the
variable when trying to nd the solution, while it is used int  he calculation of the
equation.
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As a means of describing algebraic equations, ExpressionAlgebraicProcess is
available. The usage is the same asExpressionFluxProcess , except that the
evaluation of its expression is interpreted as the value of t he algebraic function g() .

The following examble describes an equation

a* A+B =10, a=15

Example 3-4. A simple algebraic equation using ExpressionA IgebraicProcess
Stepper DAEStepper( DAEL1 ) {}
Process ExpressionFluxProcess( P )

StepperlD DAEL;

a 1.5;

Expression "( a * A+ B) - 10"

VariableReferenceList [ A ;A 1 ][ B B 1],

To use C++ or PythonProcess  for algebraic equations, call setActivity () method to
set the value of the equation. The following is an example wit h a PythonProcess

Example 3-5. A simple algebraic equation using PythonProce ss

Process PythonProcess( PY )

{
a 1.5;
FireMethod "self.setActivity( ( a * A+ B)-10)"
VariableReferenceList [ A ;A 1 ][ B .:B 1]

}

Power-law canonical DEs (S-System and GMA)

ESSYNSStepper supports S-System and GMA simulations by using the ESSYNS al-
gorithm. A ESSYNSStepper must be connected with either a SSystemProcess or a
GMAProcess. Use SSystemMatrix or GMAMatrix property to set the system p arame-
ters.

Both these processes simulate various types of cellular phenomena that can be mod-
eled using power-law canonical differential equations. Bo th the SSystem and Gen-
eralized Mass Action(GMA) take a matrix which consists of th e set of SSystem or
Generic Mass Action coordinates as either a SSystem or GMASystemMatrix Prop-

erty, respectively. See doc/sample for more examples.
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Modeling Convensions
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Units

In E-Cell Simulation Environment , the following units are used. This standard is
meant only for the simulator's internal representation, an d any units can be used in
the process of modeling. However, they must be converted to t hese standard units
before loaded by the simulator.

« Time
s (second)
« \Volume
L (liter)
- Concentration

Molar concentration (M, or molar per L (liter), used for exam ple in MolarConc
property of a Variable object) or,

Number concentration (number per L (liter), NumberConc pro perty of Variable
has this unit).
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This chapter is a simple modeling tutorial using E-Cell.

Running the model

All the examples in this section can be run by the following pr ocedure.

1. Create and save the model le (for example, simple-gillespie.em ) with a
text editor.

2. Convertthe EM letoan EML le by ecell3-em2eml command.
$ ecell3-em2eml simple-gillespie.em
3. Runitin GUI mode with ecell-session-monitor command.

$ ecell-session-monitor -f simple-gillespie.eml
or, in the script mode with ecell3-session command (see the following chap-
ter):

$ ecell3-session -f simple-gillespie.eml

Using Gillespie algorithm

E-Cell Simulation Environment comes with a set of classes for simulations using
Gillespie's stochastic algorithm.

A Trivial Reaction System

Atthe very rst, let us start with the simplest possible stab le system of elementary re-
actions, which has two variables (in this case the numbers of molecules of molecular
species) and a couple of elementary reaction processes. Beause elementary reactions
are irreversible, at least two instances of the reactions are needed for the system to be
stable. The reaction system looks like this:

-~ P1 ->
S1 S2
<-- P2 --

S1and S2 are molecular species, andP1 and P2 are reaction processes. Rate constants
of both reactions are the same: 1.0 [1/s]. Initial numbers of molecules of S1and S2 are
1000 and 0, respectively. Because rate constants are the saej the system has a steady
state atS1 == S2 == 500.

Specifying the Next Reaction method

DiscreteStepper class implements Gibson's ef cient variation of the Gilles pie algo-
rithm, or the Next Reaction (NR) method.

To use the DiscreteEventStepper in your simulation model, write like this in your
EM le:

Stepper DiscreteEventStepper( DS1 )

# no property
29
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}

In this example, the DiscreteEventStepper has the StepperID 'DS1. For now, no
property needs to be speci ed for this object.

De ning the compartment

Next, de ne a compartment, and connect it to the Stepper DSL1 Because this model
has only a single compartment, we use the root sytem (/). Although this model does
not depend on size of the compartment because all reactions are rst order, it is a
good idea to always de ne the size explicitly rather than let ting it defaults to 1.0 .
Here we set itto 1e-15 [L].

System System( / )
{
StepperID DS1;
Variable Variable( SIZE ) { Value 1le-15; }

# ..

De ning the variables

Now de ne the main variables S1 and S2. Use 'Value' properties of the objects to set
the initial values.

System System( /)
{
# ..

Variable Variable( S1 )

Value 1000;

}

Variable Variable( S2 )
Value  0;

}

# ..

De ning reaction processes

Lastly, create reaction process instancesP1 and P2. GillespieProcess class works
together with the DiscreteEventStepper to simulate elementary reactions.

Two different types of properties, k and VariableReference List, must be set for each
of the GillespieProcess object. k is the rate constant parameter in [1/sec] if the
reaction is rst-order, or [1/sec/M] if it is a second-order  reaction. (Don't forget to
de ne SIZE Variable if there is a second-order reaction.) Set VariableReferenceList
properties so that P1 consumesS1 and produce S2, and P2 usesS2 to create S1.

System System( / )
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# the reaction S1 --> S2

# the rate constant

# the reaction S2 --> S1

{
#o..
Process GillespieProcess( P1 )
VariableReferenceList [ S :.:S1 -1 ]
[P ::S2 17
k 1.0;
}
Process GillespieProcess( P2 )
VariableReferenceList [ S :.:S2 -1 ]
[P:S1 1]
k 1.0;
}
}

Putting them together

Here is the complete EM of the model that really works. Run thi s model with gecell
and open a TracerWindow to plot trajectories of S1 and S2. You will see those two
Variables immediately reaching the steady state around 500.0. If you zoom around
the trajectories, you will be able to see stochastic uctuat ions.

Example 4-1. The simplest Gillespie-Gibson model
Stepper DiscreteEventStepper( DS1 )

# no property
}

System System( /)
{

StepperID DS1;
Variable Variable( SIZE ) { Value le-15; }

Variable Variable( S1 )

# the reaction S1 --> S2

# the rate constant

# the reaction S2 --> S1

Value  1000;
}
Variable Variable( S2 )
Value 0;
}
Process GillespieProcess( P1 )
VariableReferenceList [ S :.:S1 -1 ]
[P ::S2 17
k 1.0;
}
Process GillespieProcess( P2 )
VariableReferenceList [ S :.:S2 -1 ]
[P:S1 17

k 1.0;
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Using Deterministic Differential Equations
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The previous section described how to create a model that run s with the stochastic
Gillespie's algorithm. E-Cell is a multi-algorithm simula  tor, and different algorithms
can be used to run the model. This section explains a way to use a deterministic
differential equation solver to run the system of simple mas s-action reactions.

Choosing Stepper and Process classes

In the current version, we recommend ODEStepper class as a general-purpose Step-
per for differential equation systems. This Stepper implem ents an explicit fourth or-
der numerical integration algorithm with a fth-order erro  r control.

MassActionFluxProcess is the continuous differential equation conterpart
of the discrete-event  GillespieProcess . Unlike GillespieProcess ,
MassActionFluxProcess does not have limitation in the order of the reaction

mechanism. For example, it can handle the reaction like this: SO + S1 + 2 S2 -->
PO + P1.

Converting the model

Converting the trivial reaction system model for Gillespie to use differential equa-
tions is very easy; just replace DiscreteEventStepper with ODEStepper , and change
the classname ofGillespieProcess to MassActionFluxProcess

The following is the model of the trivial model that runs on th e differential
ODEStepper . You will get similar simulation result than the stochastic model in
the previous section. However, if you zoom, you would notice that the stochastic
uctuation can no longer be observed because the model is tur ned from stochastic
to deterministic.

Example 4-2. A simple deterministic mass-action model

Stepper ODEStepper( ODE1 )

{

# no property
}

System System( / )

{ StepperID ODEZ1,
Variable Variable( SIZE ) { Value le-15; }
Variable Variable( S1 )

Value 1000;
}

Variable Variable( S2 )

Value 0;
}

Process MassActionFluxProcess( P1 )

VariableReferenceList [ SO :.:S1 -1 ]
[ PO ::S2 17
k 1.0;
}

Process MassActionFluxProcess( P2 )
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VariableReferenceList [ SO :.:S2 -1 ]
[ PO ::S1 17
k 1.0;

Making the Model Switchable Between Algorithms

Fortunately, at least as far as the model has only elementary reactions,

switching between these stochastic and deterministic algorithms is just

to switch between DiscreteEventStepper / GillespieProcess pair and

ODEStepper / MassActionFluxProcess pair of classnames. Both Process classes
takes the same property 'k' with the same unit.

Some use of empy macros makes the model generic. In the following example, setting
the Python variable TYPEto ODEmakes it run in deterministic differential equation
mode, and setting TYPEto NRturns it stochastic.

Example 4-3. simple-switchable.em

@{ALGORITHM='ODE"}

@{

if ALGORITHM == 'ODE"
STEPPER='ODEStepper’
PROCESS='MassActionFluxProcess'

elif ALGORITHM == 'NR":
STEPPER='DiscreteEventStepper’
PROCESS='GillespieProcess'

else:
raise 'unknown algorithm: %s' % ALGORITHM

}

Stepper @(STEPPER)( STEPPER1 )
{

# no property
}

System System( / )

{ StepperID STEPPER1,
Variable Variable( SIZE ) { Value 1le-15; }
Variable Variable( S1 )

Value 1000;
}

Variable Variable( S2 )

Value 0;
}

Process @(PROCESS)( P1 )
VariableReferenceList [ SO :.:S1 -1 ]

[ PO ::S2 17
k 1.0;
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Process @(PROCESS)( P2 )

VariableReferenceList [ SO :.:S2 -1 ]
[ PO ::S1 17
k 1.0;

A Simple Deterministic / Stochastic Composite Simulation

34

E-Cell can drive a model with multiple Stepper objects. Each Stepper can implement
different simulation algorithms, and have different time s cales. This framework of
multi-algorithm, multi-timescale simulation is quite gen eric, and virtually any com-
bination of any number of different types of sub-models is po ssible. This section ex-
empli es a tiny model of coupled ODE and Gillespie reactions

A tiny multi-timescale reactions model

Consider this tiny model of four Variables and six reaction P rocesses:

~ P1 > ~- P4 >
s1 S2 - P3 --> S3 s4
A< P2 - <- P5 - |

I I
\ P6 /

Although it may look complicated at rst glance, this system consists of two instances
of the 'trivial' system we have modeled in the previous secti ons coupled together:

Sub-model 1:
- P1 >

S1 S2
<-- P2 --

and

Sub-model 2:
- P4 >

S3 S4
<-- P5 --

These two sub-models are in turn coupled by reaction processesP3 and P6. Because
time scales of P3 and P6 are determined by S2 and S4, respectively, P3 belongs to the
sub-model 1, and P6 is a part of the sub-model 2.

Sub-model 1: S2 -- P3 --> S3
S1 <-- P6 --> S4 :Sub-model 2

Rate constants of the main reactions,P1, P2, P4, and P5 are the same as the previous
model: 1.0 [1/sec]. But the 'bridging’ reactions are slower than the ma in reactions:

le-1 for P3and 1e-3 for P6. Consequently, sub-models 1 and 2 would have approx-

imately 1e-1 / 1le-3 == 1e-2  times different steady-state levels. Because the rate
constants of the main reactions are the same, this implies time scale of both sub-
models are different.
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Writing model le

The following code implements the multi-time scale model. T he rsttwo lines specify
algorithms to use for those two parts of the model. ALGORITHM¥ariable speci es the
algorithm to use for the sub-model 1, and ALGORITHMAs for the sub-model 2. Values
of these variables can either be'NR' or 'ODE' .

For example, to try pure-stochastic simulation, set these variables like this:

@{ALGORITHM1='NR"}
@{ALGORITHM2='NR"}

Setting ALGORITHM1to 'NR' and ALGORITHM2o 'ODE would be an ideal con gura-
tion. This runs a magnitude faster than the pure-stochastic con guration.

@{ALGORITHM1="NR'}
@{ALGORITHM2="ODE"}

Also try pure-deterministic run.

@{ALGORITHM1='ODE'}
@{ALGORITHM2='ODE'}

In this particular model, this con guration runs very fast b ecause the system easily
reaches the steady-state and stiffness of the model is low. However, this does not nec-
essary mean pure-ODE is always the fastest. Under some situgions NR/ODE com-
posite simulation exceeds both pure-stochastic and pure-deterministic (reference?).

Example 4-4. composite.em

@{ALGORITHM1= [NR' or 'ODE}
@{ALGORITHM2= [NR' or 'ODE}

# a function to give appropriate class names.
@{
def getClassNamesByAlgorithm( anAlgorithm ):
if anAlgorithm == 'ODE"
return 'ODEStepper’, 'MassActionFluxProcess'
elif anAlgorithm == 'NR"
return 'DiscreteEventStepper, 'GillespieProcess'
else:
raise 'unknown algorithm: %s' % ALGORITHM1

}

# get classnames

@{

STEPPER1, PROCESS1
STEPPER2, PROCESS?2
}

# create appropriate steppers.
# stepper ids are the same as the ALGORITHM.
@('Stepper %s ( %s ) {}' % ( STEPPER1, ALGORITHM1 ))

getClassNamesByAlgorithm( ALGORITH M1 )
getClassNamesByAlgorithm( ALGORITH M2 )

# if we have two different algorithms, one more stepper is nee ded.
@(ALGORITHM1 = ALGORITHM2 ? 'Stepper %s( %s ) {}' % ( STEPPER 2, ALGORITHM2 ))

System CompartmentSystem( / )
StepperlD @(ALGORITHM1);

Variable Variable( SIZE ) { Value le-15; }
35



Chapter 4. Modeling Tutorial

36

Variable Variable( S1 )

{
Value 1000;
}
Variable Variable( S2 )
Value 0;
}
Variable Variable( S3 )
{
Value 1000000;
}

Variable Variable( S4 )

Value 0;

Process @(PROCESS1)( P1 )

VariableReferenceList [ SO :.:

k 1.0;
}

Process @(PROCESS1)( P2 )

VariableReferenceList [ SO :.

k 1.0;
}

Process @(PROCESS1)( P3 )

VariableReferenceList [ SO :.:

k le-1;
}

Process @(PROCESS2)( P4 )
{

StepperlD @(ALGORITHM2);

VariableReferenceList [ SO :.:

k 1.0;
}

Process @(PROCESS2)( P5 )
{

StepperlD @(ALGORITHM2);

VariableReferenceList [ SO :.

k 1.0;
}

Process @(PROCESS2)( P6 )
{

StepperlD @(ALGORITHM2);

VariableReferenceList [ SO :.

k le-4;

S1

S2

S2

S3

S4

S4

110

111

111

110

111

111

PO :.:

PO .

1.:S2

.81

S3

.54

S3

.81

17

17

17

17

17

17
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Custom equations

Complex ux rate equations

The simplest way to script custom rate equations is to use ExpressionFluxProcess
Here is an example taken from the Drosophila sample model. In this expression, Size
* N_A of the supersystem of the Process is used to keep the unit of the expression [
num / second ].

Example 4-5. A differential equation in the Drosophila mode |

Process ExpressionFluxProcess( R_toyl )

{
VS 0.76;
Kl 1;
Expression "(vs  xKl) / (KI + CO.MolarConc ~ 3)
* self.getSuperSystem().SizeN_A";
VariableReferenceList [ PO ::M 1 ][ CO :.:Pn 0 ;
}

Algebraic equations

Use of ExpressionAlgebraicProcess is the easiest method to describe algebraic
equations.

Be careful about the coef cients of the VariableReferences. (Usually just set unities.)
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Chapter 5. Scripting A Simulation Session

By reading this chapter, you can get information about the fo llowing items:

What is E-Cell Session Script (ESS).
How to run ESS in scripting mode.

How to use ESS in GUI mode.
How to automate a simulation run by writing an ESS le.

How to write frontend software components for E-Cell in Pyth  on.

Session Scripting

An E-Cell Session Script (ESS) is a Python script which is loaded by a E-Cell Session
object. A Session instance represents a single run of a simuation.

An ESS is used to automate a single run of a simulation session. A simple simulation
run typically involves the following ve stages:

1. Loading a model le.
Usually an EML le is loaded.
2. Pre-simulation setup of the simulator.

Simulator and model parameters, such as initial values of Va riable objects and
property values of Process objects, are set and/or altered. Also, data Loggers
may be created during this phase.

3. Running the simulation.
The simulation is run for a certain length of time.
4. Post-simulation data processing.

In this phase, the resulting state of the model after the simu lation and the data
logged by the Logger objects are examined. The simulation result may be nu-
merically processed. If necessary, go back to the previous dep and run the
simulation for more seconds.

5. Data saving.
Finally, the processed and raw simulation result data are saved to les.

An ESS le usually has an extension '.py .

Running E-Cell Session Script

There are three ways to execute ESS;

- Execute the script from the operating system's command line (the shell prompt).
- Load the script from frontend software such as Osogo Session Monitor.

- Use SessionManager to automate the invokation of the simulation sessions itself.
This is usually used to write mathematical analysis scripts , such as parameter tun-
ing, which involves multiple runs of the simulator.
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Running ESS in command line mode

An ESS can be run by using ecell3-session command either in batch moder in inter-
active mode

Batch mode

To execute an ESS le without user interaction, type the foll owing command at the
shell prompt:

$ ecell3-session [-f model.eml] [-e] ess.py

ecell3-sessioncommand creates a simulation Session object and executes th ESS le
ess.py on it. The option [-e] can be omitted. Optionally, if [-f mode l.eml] is given,
the EML le model.eml isloaded immediately before executing the ESS.

Interactive mode

To run the ecell3-session in interactive mode, invoke the command without an ESS
le.

$ ecell3-session [-f model.eml]

ecell3-session [ for E-Cell SE Version 3.1.105 Python Versi on 2.4.2 ]
Copyright (C) 1996-2005 Keio University.

Copyright (C) 2005 The Molecular Sciences Institute

More info: http://www.e-cell.org/software

ecell3-session>>>

The banner and the prompt shown here may vary according to the version you are
using. If the option [-f model.eml] is given, the EML le  model.eml is loaded imme-
diately before prompting.

Giving parameters to the script

Optionally session parametecsn be given to the script. Given session parameters can
be accessible from the ESS script as global variables (see #nfollowing section).

To give the ESS parameters from the ecell3-session command, use either -D or
--parameters=  option.

$ ecell3-session -DNAME*VALUE1 -DNAME2VALUEZ2..
$ ecell3-session --parameters="  {' NAME® VALUEl' NAME2 VALUEZ2...}"

Both ways, -D and --parameters , can be mixed.

Loading ESS from Osogo Session Monitor
To manually load an ESS le from the GUI, use File->loadScript menu button.

ecell3-session-monitor command accepts-e and -f options in the same way as the
ecell3-sessioncommand.
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Using SessionManager

Using the E-Cell Session Manager, users can script executiom of multiple simulation
sessions, using E-Cell's SessionManager class to execut®ps in either single-process
workstations, shared-memory multiprocessor(SMP) machin es, workstation cluster,
or computational grid evironments.

Sets of simulation runs are executed using the ecell3-session-manager command.
This can be run in interactive mode, or using an .esm le scrip t by specifying a -e
option.

In order to access SessionManger's ability to assign jobs toprocessors on a single-
processor workstation, a multi-processor workstation, co mputers on a cluster or grid,
use the --environment and --concurrency ~ options. --environment  can take valus
of Local, SGE, or Globus2, and has a value of Local by default.--concurrency  takes
a positive integer, and has a value of 1 by default.

Three types of les are needed to run E-Cell Session Manager. (1) a model le, (2)
a session script le, and (3) a Session Manager script le (EM S). Typically, in an
EMS, jobs will be registered using the registerEcellSessia() with arguments of ses-
sion script(ESS) to be executed, optional parameters, and hput les to the script, and

then run the job.

In the following example, an EMS calls an ESS with different v alues of Variable:/:S.

MODEL_FILE='model.eml'
ESS_FILE=runsession.py
# Register Jobs

aJobIDList = []

for S_VALUE in range(0,100):
aParameterDict = {MODEL_FILE:MODEL_FILE, 'VALUE_OF_S “S_VALUE}
#  registerEcellSession(theScript, parameters, files tha t the ESS uses)
aJoblD = registerEcellSession(ESS_FILE, aParameterDict , [MODEL_FILE])

aJoblIDList.append(aJoblID)

# Run the registered jobs
run()

#Examine the results
for aJobIlD in aJoblIDList:
print getStdout(aJobID)

And a corresponding ESS le:

loadModel( MODEL_FILE )

S = createEntityStub('Variable:/:S")
S['Valuel = VALUE_OF_S
run(200)

message(S['Value')

Writing E-Cell Session Script

The syntax of ESS is a full set of Python language with some convenient features.
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Using Session methods

General rules

In ESS, an instance of Session is given, and any methods de nel in the class can be
used as if it is de ned in the global namespace.

For example, to run the simulation for 10 seconds, use run method of the Session
object.

self.run( 10 )

where self.  points to the current Session object given by the system. Alternatively,
you can usetheSession in place of self

theSession.run( 10 )

Unlike usual Python script, you can omit the object on which t he method is called if
the method is for the current Session.

run( 10 )

Loading a model

Let's try this in the interactive mode of the ecell3-session command. On the prompt
of the command, load an EML le by using loadModel () method.

ecell3-session>>> loadModel( 'simple.eml' )
Then the prompt changes from ecell3-session>>> to model_name, t= current
time >>>

simple.eml, t=0>>>

Running the simulation
To advance the time by executing the simulation, step () and run () methods are used.

simple.eml, t=0>>> step()
simple.eml, t=0>>> step()
simple.eml, t=7.67306e-07>>> run( 10 )

simple.eml, t=10.0032>>>

step (n) conducts n steps of the simulation. The default value of nis 1.

Note: In above example you may notice that the rst call of step () does not cause the time
to change. The simulator updates the time at the beginning of the step, and calculates a
tentative step size after that. The initial value of the step size is zero. Thus it needs to
call step () twice to actually proceed the time. See chapter 6 for details of the simulation
mechanism.
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To execute the simulation for some number of seconds, call run method with a du-
ration in seconds. (e.g.run ( 10 ) for 10 seconds.)run method steps the simulation
repeatedly, and stops when the time is proceeded for the give n seconds. In other
words, the meaning of run (10 ) is to run the simulation at leastl0 seconds. This func-
tion always overruns the speci ed length of time by some amou nt less than the time
step of step().

The system supports run without an argument to run forever, if and only if both  event
checkeand event handlerre set. If not, it raises an exception. SeesetEventChecker ()
in the method list of Session class.

Getting current time
To get the current time of the simulator, getCurrentTime () method can be used.

simple.eml, t=10.0032>>> getCurrentTime()
10.003221620379463

Printing messages

You may want to print some messages in your ESS. Usemessage ( message ) method,
where message argument is a string to be outputed.

By default the message is handled in a way the same as the Pythan's print ~ statement;
it is printed out to the standard out with a trailing new line.  This behavior can be
changed by using setMessageMethod () method.

An example of using Session methods

Here is a tiny example of using Session methods which loads a model, run a hundred
seconds, and prints a short message.

Example 5-1. A simple ESS example.

loadModel( 'simple.eml’ )
run( 100 )
message( 'stopped at %f seconds.' % getCurrentTime() )

Getting Session Parameters.

Session parameters are given to an ESS as global variables.erefore usage of the ses-
sion parameters is very simple. For example, if you can assume a session parameter
MODELFILEIs given, just use it as a variable:

loadModel( MODELFILE )

To check what parameters are given to ESS, usalir () or globals () built-in functions.

Session parameters are listed as well as other available mehods and variables. To
check if a certain ESS parameter or a global variable is given, write an if statement
like this:
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if 'MODELFILE' in globals():
# MODELFILE is given
else:
# not given

Note: Currently there is no way to distinguish the Session parameters from other global
variables from ESS.

Observing and Manipulating the Model with ObjectStubs

What is ObjectStub?

ObjectStub is a proxy object in the frontend side of the system which corresponds to
an internal object in the simulator. Any operations on the si mulator's internal objects
should be done via the ObjectStub.

There are three types of ObjectStub:

- EntityStub
. StepperStub
- LoggerStub

These correspond to the Entity, Stepper, and Logger classesin the simulator, respec-
tively.

Why ObijectStub is needed

ObjectStub classes are actually thin wrappers over the ecell.emc.Simulator class
of the E-Cell Python Library, which provides object-orient ed appearance to the at
procedure-oriented API of the class. Although Simulator ob ject can be accessed di-
rectly via theSimulator ~ property of Session class, use of ObjectStub is encouraged.

This backend / frontend isolation is needed because the life times of the backend
objects are not the same as those of the frontend objects, nomre their state transitions
necessarily synchronous. If the frontend directly manipul ates the internal objects of
the simulator, consistency of the lifetime and the state of t he objects can easily be
violated, which must not happen, without some complicated a nd tricky software
mechanism.

Creating an ObjectStub by ID

To get an ObjectStub object, createEntityStub (), createStepperStub (), and
createLoggerStub () methods of Session class are used.

For example, to get an EntityStub, call the createEntityStub () method with a FulllD
string:

anADPStub = createEntityStub( 'Variable:/CELL/MT1:ADP' )

Similarly, a StepperStub object and a LoggerStub object canbe retrieved with a Step-
perlD and a FullPN, respectively.

aStepperStub = createStepperStub( 'STEPPER_01' )
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aloggerStub = createLoggerStub( ‘Variable:/CELL/MT1:GLUCOSE:Concentration' )

Creating and checking existence of the backend object

Creating an ObjectStub does not necessarily mean a correspading object in the simu-

lator backend exists, or is created. In other words, creation of the ObjectStub is purely
a frontend operation. After creating an ObjectStub, you may want to check if the

corresponding backend object exists, and/or to command the backend to create the
backend object.

To check if a corresponding object to an ObjectStub exists in the simulator, use
exists () method. For example, the following if statement checks if a Stepper whose
ID is STEPPER_0lexists:

aStepperStub = createStepperStub( 'STEPPER_01' )
if aStepperStub.exists():

# it already exists
else:

# it is not created yet

To create the backend object, just callcreate () method.

aStepperStub.create() # Stepper 'STEPPER_O01' is created here

Getting the name and a class name from an ObjectStub
To get the name (or an ID) of an ObjectStub, usegetName () method.

To get the class name of an EntityStub or a StepperStub, callgetClassname () method.
This operation is not applicable to LoggerStub.

Setting and getting properties

As described in the previous chapters, Entity and Stepper ob jects havepropertiesThis
section describes how to access the object properties via OlfectStubs. This section is
not applicable to LoggerStubs.

To get a property value from a backend object by using an Entit yStub or a Stepper-
Stub, invoke getProperty () method or access an object attribute with a property
name:

aValue = aStub.getProperty( 'Activity' )

or equivalently,

aValue = aStub[ 'Activity’ ]

To set a new property value to an Entity or a Stepper, call setProperty () method or
mutate an object attribute with a property name and the new va lue:

aStub.getProperty( 'Activity’, aNewValue )
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or equivalently,

aStub[ 'Activity' ] = aNewValue

List of all the properties can be gotten by using getPropertyList method, which
returns a list of property names as a Python tuple containing string objects.

aStub.getPropertyList()

To know if a property is getable (accessible) or setable (mutable), call
getPropertyAttributes () with the name of the property. The method returns a
Python tuple whose rst element is true if the property is set able, and the second
element is true if it is getable. Attempts to get a value from a n inaccessible property
and to set a value to a immutable property result in exception s.

aStub.getPropertyAttribute( 'Activity' )[0] #true if setable
aStub.getPropertyAttribute( 'Activity' )[1] #true if getable

Getting Logger data
To get logged data from a LoggerStub, use getData () method.

getData () method has three forms according to requested range and time resolution
of the data:

- getData()
Get the whole data.
. getData(starttime [, endtime ])

Get a slice of the data from starttime  to endtime . If endtime is omitted, the slice
includes the tail of the data.

. getData(starttime ,endtime ,interval )

Get a slice of the data from starttime ~ to endtime . This omits data points if a time
interval between two datapoints is smaller than interval . This is not suitable for
scienti ¢ data analysis, but optimized for speed.

getData () method returns a rank-2 (matrix) array object of Numeric P ython module.
The array has either one of the following forms:

[ [ time value average min max ]
[ time value average min max ]

-]

or

[ [ time value ]
[ time value ]

-]

The rst ve-tuple data format has ve values in a single data  point:



Chapter 5. Scripting A Simulation Session

. time

The time of the data point.
+ value

The value at the time point.
- average

The time-weighted average of the value after the last data po int to the time of this
data point.

+ min

The minimum value after the last data point to the time of this data point.
+ max

The maximum value after the last data point to the time of this data point.
The two-tuple data format has only time and value.

To know the start time, the end time, and the size of the logged data before get-
ting data, use getStartTime (), getEndTime (), and getSize () methods of LoggerStub.
getSize () returns the number of data points stored in the Logger.

Getting and changing logging interval

Logging interval of a Logger can be checked and changed by using
getMinimuminterval () and setMinimuminterval ( interval ) methods of
LoggerStub.interval  must be a zero or positive number in second. If interval isa
non-zero positive number, the Logger skips logging if a simu lation step occurs
before interval ~ second past the last logging time point. If interval is zero, the
Logger logs at every simulation step.

An example usage of an EntityStub

The following example loads an EML le, and prints the value o f ATP Variable in
System/CELL every 10 seconds. If the value is below 1000, it stops the simuation.

Example 5-2. An ESS to check ATP level every 10 seconds
loadModel( 'simple.eml’ )
ATP = createEntityStub( 'Variable:/CELL:ATP' )
5 while 1:
ATPValue = ATP[ 'Value' ]

message( 'ATP value = %s' % ATPValue )

10
if ATPValue <= 1000:
break
run( 10 )
15

message( 'Stopped at %s." % getCurrentTime() )

a7
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About ECD le

E-Cell SE uses ECD (E-Cell Data) le format to store simulati on results. ECD is a
plain text le, and easily handled by user-written and third -party data processing
and plotting software such as gnuplot.

An ECD le can store a matrix of oating-point numbers.

ecell. ECDDataFile class can be used to save and load ECD les. A ECDDataFile
object takes and returns a rank-2 array of Numeric Python. A" rank-2' array is a ma-
trix, which means that Numeric.rank( ARRAY ) and len( Numeric.shape( ARRAY

) ) returns'2'.

Importing ECDDataFile class
To import the ECDDataFile class, import the whole ecell module,

import ecell
or import ecell.ECDDataFile module selectively.

import ecell. ECDDataFile

Saving and loading data

To save data to an ECD le, say, datafile.ecd , instantiate an ECDDataFile object
and use save () method.

import ecell
aDataFile = ecell. ECDDataFile( DATA )
aDataFile.save( 'datafile.ecd’ )

here DATAIs a rank-2 array of Numeric Python or an equivalent object. T he data can

also be set by using setData () method after the instantiation. If the data is already
set, it is replaced.

aDataFile.setData( DATA )

Loading the ECD le is also straightforward.

aDataFile = ecell. ECDDataFile()
aDataFile.load( 'datafile.ecd' )
DATA = aDataFile.getData()

The getData () method extracts the data from the ECDDataFile object as an array.

ECD header information

In addition to the data itself, an ECD le can hold some inform ation in its header.

- Data name
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The name of data. Setting aFullPN may be a good idea. UsesetDataName ( name)
and getDataName () methods to set and get this eld.

. Label

This eld is used to name axes of the data. Use setLabel (labels )and getLabel ()
methods. These methods takes and returns a Python tuple, and stored in the le as
a space-separated list. The default value of this eldis: ( 't, ‘value', ‘'avg,
'min’, 'max’ )

+ Note

This is a free-format eld. This can be a multi-line or a singl e-line string. Use
setNote (note ) and getNote ().

The header information is stored in the le like this.

#DATA:

#SIZE: 5 1010

#LABEL: t value avg min max
#NOTE:

001010101

Each line of the header is headed by a sharp (#) character. The#SIZE:' line is au-
tomatically set when saved to show size of the data. This eld is ignored in loading.
The header ends with '#----...'

Using ECD outside E-Cell SE

For most cases Numeric Python will offer any necessary funct ionality for scienti c
data processing. However, using some external software can enhance usability.

ECD les can be used as input to any software which supports wh ite space-separated
text format, and treats lines with heading sharps (#) as comm ents.

GNU gnuplot is a scienti c presentation-quality plotting s oftware with a sophisti-
cated interactive command system. To plot an ECD le from gnu plot, just use plot
command. For example, this draws a time-value 2D-graph:

gnuplot>  plot 'datafile.ecd' with lines
Use using modi er to specify which column to use for the plotting. The f  ollowing
example makes a time-average 2D-plot.

gnuplot>  plot 'datafile.ecd' using 1:3 with lines

Another OpenSource software useful for data processing is G NU Octave. Loading an
ECD from Octave is also simplest.

octave:1> load datafile.ecd

Now the data is stored in a matrix variable with the same name a s the le without
the extension (datafile ).

octave:2>  mean(datafile)
ans =
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5.0663 51.7158 51.7158 51.2396 52.2386

Binary format

Currently loading and saving of the binary le format is not s upported. However,
Numeric Python has an ef cient, platform-dependent way of e xporting and import-
ing array data. See the Numeric Python manual.

Manipulating Model Files

This section describes how to create, modify, and read EML | es with the EML mod-
ule of the E-Cell Python library.

Importing EML module

To import the EML module, justimport ecell module.
import ecell

And ecel.Eml class is made available.

Other Methods

50

Getting version numbers

getLibECSVersion () method of ecellecs = module gives the version of the C++
backend library (libecs) as a string. getLibECSVersioninfo () method of the module
gives the version as a Python tuple. The tuple contains three numbers in this order: (
MAJOR_VERSIONMINOR_VERSIONMICRO_VERSION

ecell3-session>>> import ecell

ecell3-session>>> ecell.ecs.getLibECSVersion()
'3.1.1005'

ecell3-session>>> ecell.ecs.getLibECSVersionInfo()
(3, 1, 105)

DM loading-related methods

The search path of DM les can be specied and retrieved by usi ng
setDMSearchPath () and getDMSearchPath () methods. These methods gets and
returns a colon (:) separated list of directory names. The search path can also be
specied by using ECELL3 _DM_PATH environment variable. Se e the previous
section for more about DMsearch path.

ecell3-session>>> import ecell
ecell3-session>>> ecell.ecs.setDMSearchPath( '~/dm:~/test/dm' )
ecell3-session>>> ecell.ecs.getDMSearchPath()

'~/dm:~/test/dm’
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A list of built-in and already loaded DM classes can be gotten with getDMinfo ()
method of ecell.emc.Simulator class. The Simulator instance is available to Ses-
sion as theSimulator ~ variable. The method returns a nested Python tuple in the
form of (( TYPEL, CLASSNAMEL, PATH1), (TYPE2, CLASSNAME2, PATH2), ...).
TYPE is one of 'Process' , 'Variable' ,'System' , or 'Stepper’ . CLASSNAME is
the class name of the DM. PATH is the directory from which the D M is loaded. PATH
is an empty string () if it is a built-in class.

ecell3-session>>> theSimulator.getDMInfo()

(('Process', 'GillespieProcess', 'lusr/lib/ecell/3.2/ GillespieProcess.so'),
(‘Stepper’, 'DiscreteTimeStepper', "),

(‘Stepper’, 'NRStepper', 'lusr/lib/ecell/3.2/NRSteppe r.so’), ... )

Advanced Topics

How ecell3-session runs

ecell3-session command runs on an ecell3-python interpreter command.

ecell3-python command is a thin wrapper to the Python interpreter. ecell3-python

command simply invokes a Python interpreter command speci ed at compile time.

Before executing Python, ecell3-python sets some environment variables to ensure
that it can nd necessary E-Cell Python extension modules an d the Standard DM

Library. After processing the commandline options, ecell3-sessioncommand creates
an ecell.ecs.Simulator object, and then instantiates a ecell.Session object for
the simulator object.

Thus basically ecell3-python is just a Python interpreter, and frontend components of
E-Cell SE run on this command. To use the E-Cell Python Library from ecell3-python
command, use

import ecell

statement from the prompt:

$ ecell3-python

Python 2.4.2 (#1, Feb 12 2006, 19:13:11)

[GCC 4.1.0 20060210 (Red Hat Linux 4.1.0-0.2)] on linux2

Type "help”, “"copyright", "credits" or "license" for more i nformation.
>>> import ecell

>>>

or, (on UNIX-like systems) execute a le starting with:

#!/usr/bin/env ecell3-python
import ecell

(]

Getting information about execution environment

To get the current con guration of ecell3-python command, invoke ecell3-python
command with a -h option. This will print values of some variables as well as us age
of the command.

$ ecell3-python -h
51
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(-]

Configurations:
PACKAGE = ecell
VERSION = 3.1.105
PYTHON = /usr/local/bin/python
PYTHONPATH = /usr/local/lib/python2.4/site-packages:
DEBUGGER = gdb
LD _LIBRARY_PATH = /ust/lib:/url/local/lib:
prefix = Jusr
pythondir = /usr/local/lib/python2.4/site-packages

ECELL3 DM_PATH =
[.]

The 'PYTHON =line gives the path of the Python interpreter to be used.

Debugging

To invoke ecell3-python command in debugging mode, set ECELL_DEBUG environ-
ment variable. This runs the command on a debugger software. If found, GNU gdb is

used as the debugger. ECELL_DEBUG can be used for any command which run on
ecell3-python , including ecell3-sessionand ecell3-session-monitor . For example, to
run ecell3-sessionin debug mode on the shell prompt:

$ ECELL_DEBUG=1 ecell3-session -f foo.eml
gdb --command=/tmp/ecell3.0mIQyE /usr/bin/python
GNU gdb Red Hat Linux (5.3post-0.20021129.18rh)
Copyright 2003 Free Software Foundation, Inc.

GDB is free software, covered by the GNU General Public Licen se, and you are
welcome to change it and/or distribute copies of it under cer tain conditions.
Type "show copying" to see the conditions.

There is absolutely no warranty for GDB. Type "show warranty " for details.

This GDB was configured as "i386-redhat-linux-gnu"...

[New Thread 1074178112 (LWP 7327)]

ecell3-session [ E-Cell SE Version 3.2.0, on Python Version 222 ]
Copyright (C) 1996-2003 Keio University.

Send feedback to Koichi Takahashi <shafi@e-cell.org>

<foo.eml, t=0>>> Ctrl+C

Program received signal SIGINT, Interrupt.

[Switching to Thread 1074178112 (LWP 7327)]

0xffffe002 in ?? ()

(gdb)

It automatically runs the program with the commandline opti  ons with ' --command="
option of gdb. The gdb prompt appears when the program crashe s or interrupted by
the user by pressing Ctrl +C.

ECELL_DEBUG runs gdb, which is operates at the level of C++ code. For debugging
of Python layer scripts, see Python Library Reference Manual for Python Debugger.

Pro ling

It is possible to run ecell3-python command in pro ling mode, if the operating sys-
tem has GNU sprof command and its C library supports LD_PROFI LE environmen-
tal variable. Currently it only supports per-shared object pro ling. (See GNU C Li-
brary Reference Manual)

To run ecell3-python in pro ling mode, set the ECELL_PROFILE environment vari-
able to SONAME of the shared object. SONAME of a shared object le can be found
by using objdump command, with, for example, -p option.
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For example, the following commandline takes a performance pro le of Libecs:

$ ECELL_PROFILE=libecs.s0.2 ecell3-session [...]

After running, it creates a pro ling data le with a lename SONAME.profile  in the
current directory In this case, it is libecs.so.2.profile . The binary pro ling data
can be converted to a text format by using sprof command. For example:

$ sprof -p libecs.so.2 libecs.so.2.profile

E-Cell Python Library API

This section provides a list of some commonly used classes in E-Cell Python library
and their APIs.

Session Class API

Methods of Session class has the following ve groups.

« Session methods

« Simulation methods
- Stepper methods

« Entity methods

- Logger methods

Table 5-1. Methods and properties of Session class

Session class methods

Synopsis Return
Description

Session methods

loadModel ( file ) None

Load an EML le, and create a cell model as described in the le .
file can be either a lename or a le object.

loadScript  ( filename ) None
Load a ESS le. Usually this is not used in ESS.
message( message ) None

Output message. By default the message is printed to stdout.

The way the message is handled can be changed by usingsetMessageMethod
method. For example, GUI frontend software may give a method to steal the mes-
sage for its message printing widget.

saveModel ( file ) None
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Session class methods

Synopsis Return
Description

Save the current model in memory as an EML le. File may be eith er a lename or
a le object.

setMessageMethod ( method ) None

This method changes what happens when message method is called.
method must be a Python callable object which takes just one string parameter.

See alsomessage

restoreMessageMethod () None

This method undoes saveMessageMethod, by restoring the default
MessageMethod for the Session.

plainMessageMethod () The default
message method
belonging to
message .

This method undoes saveMessageMethod, by restoring the default

MessageMethod for the Session.

Simulation methods

getCurrentTime () The current time as
a oat

This method returns the current time of the simulator.

getNextEvent () A Python 2-tuple (
oat, string )

This method returns the next scheduled event as a Python 2-tuple consisting of a
scheduled time and a StepperID. The event will be processed in the next time whe
step () or run () is called.

The time is usually different from one that getCurrentTime () returns. This method
returns the scheduled time of the next event, while getCurrentTime () returns the
time of the last event. These methods can return the same number if more than one
events are scheduled at the same point in time.

run ( [ sec] ) None

Run the simulation for sec seconds.

When this method is called, the simulator internally calls step () method repeat-

edly until the equation tament > tsar + sec holds. That means, the simulator

stops immediately after the simulation step in which the tim e exceeds the speci-
ed point. The time can be far after the speci ed time point if  all step sizes taken
by Stepper s inthe model are very long.

If event checker event handtdsject are set,sec can be omitted.

See alsosetEventChecker  and setEventHandler

setEventChecker ( eventchecker ) None
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Session class methods

Synopsis Return
Description

If the event checkeand an event handleare correctly set, and therun method is
called with or without time duration, the simulator checksi fthe event checker
returns true once in n simulation steps , where n is a positive integer number set
by using setEventCheckinterval (default n= 20 steps). If it happens, the
simulator then calls the event handlerlf the event handlecalls stop  method of
Session , the simulator stops before the next step. This is the only way to quit
from the simulation loop when run is called without an argument.

This mechanism is used to implement, mainly but not limited t o, GUI frontend
components to the Session class.

event checker and event handler must be Python callable objects. event
checker must return an object which can be evaluated as either true or false

setEventCheckinterval ( n) None

SeesetEventChecker .
This method is NOT IMPLEMENTED YET.

setEventHandler  ( eventhandler ) None
SeesetEventChecker
step ( [ numsteps | ) None

Perform a step of the simulation. If the optional integer numsteps parameter is
given, the simulator steps that number. If it is omitted, it s teps just once.

stop () None

Stop the simulation. Usually this is called from the event handleror other
methods called by the event handler.
See alsosetEventChacker |, setEventHandler

initialize 0 None

Do preparation of the simulation. Usually there is no need to call this method
because this is automatically called before executing step and run .

Stepper methods
getStepperList () A Python tuple of
ID strings.

This method returns a Python tuple which contains ID strings of Stepper objects
in the simulator.

createStepperStub  ( id ) A new
StepperStub
object

This method returns a StepperStub  object bound to this Session object and the
given id .

Entity methods

getEntityList ( entitytype , systempath ) A Python tuple of
FulllD  strings.
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Session class methods

Synopsis Return
Description

This method returns a Python tuple which contains FulllD  strings of Entity
objects of entitytype existing in the System pointed by the systempath

argument

entitytype must be one of "Variable", "Process", or "System"VARIABLE, PROCESS

or SYSTEMde ned in ecell.ECS module. systempath must be a valid SystemPath
string.

createEntityStub ( fullid ) A new EntityStub
object

This method returns an EntityStub ~ object bound to this Session object and the
given fullid

Logger methods

getLoggerList () A Python tuple of
FullPN strings.

This method returns a Python tuple which contains FullPN strings of all the
Logger objects in the simulator.

createLoggerStub  ( fullpn ) A new LoggerStub
object

This method returns a LoggerStub  object bound to this Session object and the

given fullpn

fullpn  must be a valid FullPN string.

savelLoggerData ( fullpn , aSaveDirectory , aSaveDirectory , aSaveDirectory , aSaveDirectory

This saves all logger data associated with logger fullpn to
aSaveDirectory. If fullpn is not speci ed, all loggers are
dumped by this method. If a fullpn is provided, than that
logger alone will be dumped. aSaveDirectory speci es the
directory for saving the dump les; if left blank it defaults  to
./Data. Within no start times, interval increments, or nis h
times, this function will print out all data, however, any of
these can be given in seconds as a parameter.

Session class properties

Name Type
Description
theSimulator Simulator

theSimulator  variable holds this Session 's Simulator  object.

Usually ESS users should rarely have need to get into details of the Simulator
class because almost all simulation jobs can be done with the Session API
and the ObjectStub  classes, which were in fact developed to make it eas-
ier by providing a simple and consistent object-oriented ap pearance to the
lower level at Simulator API. For the details of Simulator class, consult E-

Cell C++ library reference manuand the sourcecode of the system, especially
ecell3/ecell/libemc/Simulator.hpp
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Session class properties

Name Type
Description
theMainWindow MainWindow

theMainwindow variable may exist when the Session is executed within Osogo
Session Monitor . This variable is optional, and it should be checked if this e xists
before using.

ObjectStub Classes API

There are three subclasses of ObjectStub

« EntityStub

. StepperStub

- LoggerStub

Some methods are common to these subclasses.

Table 5-2. ObjectStub classes method list

Methods of ObjectStub classes.

Synopsis Return
Description

Common methods of EntityStub , StepperStub , and LoggerStub

create () None

Create the object. For example, if this is aStepperStub , it attempts to create a
Stepper object with the name speci ed when this ObjectStub is created.

exists () boolean

This method returns true if the object this ObjectStub  points to exists, or false
otherwise.

getName () The name as a
string

This method returns the name of the object this ObjectStub  points to. The name is
typically a string identi er used inside the simulator.  EntityStub  returns a FulliD,
StepperStub  returns a StepperlD and LoggerStub  returns a FullPN the Logger is
recording.

Methods common tBntityStub ~ and StepperStub

getClassName () The classname as a
string

This method can be used to get the classname of theEntity or the Stepper .

getProperty ( propertyname ) A property value
as one of int, oat,
string, or a Python
tuple of these types
mixed.
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Methods of ObjectStub classes.

Synopsis Return
Description

This method returns a value of the Entity or the Stepper object's property of
name propertyname

The value can be either an int, a oat, a string, or a tuple of th ese types mixed. The
tuple can be nested.

This method is also available via __getitem__  special method, which means that;
value = stub.getProperty( propertyname )

and
value = stub[ propertyname ]

have the same consequence.

getPropertyAttributes ( propertyname ) Attributes as a
Python tuple.

This method returns property attributes of the property nam ed propertyname as
a Python 4-tuple. Currently the contents of the tuple are fou r boolean values
which mean ( setablegetablg), savable, and loadable. For example, if you get a
tuple ( falsetrue, true, true), the property is read-only.

Attempts to set a value to a read-only propertiy and to get a va lue from a write-
only property raise exceptions.

getPropertyList 0 Names of
properties of the
Entity or the
Stepper asa
Python tuple.

This method is used to get the list of all the properties of the Entity or the
Stepper object.

setProperty ( propertyname , value ) None

Set the property propertyname  of the Entity  or Stepper object to value .
The value can be an object of one of int, oat, string, a Python tuple, or a Python
list. These types can be mixed in the sequence types.

This method can be used via __setitem__ special method. That is;
stub.setProperty( propertyname, value )

and
stub[ propertyname ] = value

are equivalent.

Methods available only inoggerStub

getData ( [ starttime ], [ endtime ], [ interval ] ) A Numeric array
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Methods of ObjectStub classes.

Synopsis Return
Description

This method is used get the data of the Logger . Returned data is a rank-2 array
object of Numeric Python. Each row of the data can be either a 5-tuple or a
2-tuple. A row of the data represents a logged data point or a | ogged time inteval.
The 5-tuple format has the following form: ( time, valug averagemin, max), and
the 2-tuple format has the form of: ( time, value). timeis the time when the last
data point is logged, valueis the value of the last data logged in this data interval,
averages an weighted average of the value of this data interval igno ring
zero-intervals, and min and maxare the minimum and the maximum values in
this data interval. The data interval is either an aggregati on of data points or a
data point. (see setMinimuminterval () for data point aggregation.) If the data
aggregation is disabled, averagemin, and maxhave the same value asvaluein the
5-tuple data format.

If this method is called without an argument, (i.e. getData() ), it returns whole
data stored in the Logger .

If this method is called only with starttime , (i.e. getData( starttime ) ), it re-
turns a slice of the data at and after starttime

If this method is called with starttime and endtime , (i.e. getData( starttime,
endtime ) ), itreturns a slice of the data in an interval [ starttime , endtime .

If this method is called with all the optional parameters starttime , endtime and
interval , (i.e. getData( starttime, endtime, interval ) ), it returns a slice
of the data in an interval [ starttime , endtime ]. It omits a data interval d(n)
if |d(n-1)-d(n+1)| > interval . Be careful about using this feature because the
returned data can differ even with the same interval , if starttime  is different.
Therefore this is not suitable for scienti ¢ data analysis, but can be useful for real-
time GUI frontends.

getStartTime () A oat

This method returns the time when the Logger is created, or the time the rst data
is logged by the Logger , either one later. Usually these two times are the same.

getEndTime () A oat
This method returns the last time when data is appended to the Logger .
getSize () A oat

This method is used to get the number of data points this Logger .

getMinimuminterval () A oat

Get the current minimum logging interval of the Logger object.
SeesetMinimuminterval

setMinimuminterval ( interval ) None
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Methods of ObjectStub classes.
Synopsis

Return
Description

Theinterval ~ must be a zero or positive real number.

If zero is set, the Logger logs data at every simulation step. In this case data point
aggregation is disabled.

If a positive number is set, the Logger can perform datapoint aggregation logging
interval is shorter than the speci ed interval

getLoggerPolicy () (mimimumStepCount,

minimumTimeln-
terval,
diskUsagePaolicy,
maxAllocat-
edSpace)

This function returns the Logger Policy for this Logger. Thi s is a 4-tuple of four
values. The rst number is the minimum step count. The second is the mimimum
time interval. The third number is the policy when disk space or allocated storage
is used: 0 will throw an exception and 1 will overwrite old dat a. Finally, the fourth
number is the max allocated space by this logger in kilobytes .

setLoggerPolicy  ( aLoggingPolicy ) None

This function sets the Logger Policy. It takes a 4-tuple corr esponding to the
description in getLoggerPolicy

ECDDataFile Class API

ECDDataFile class has the following set of methods.

Table 5-3. ECDDataFile class method list

ECDDataFile methods.

Synopsis Return
Description
ECDDataFile ( data = None) None

Constructor. data must be a rank-2 array object of Numeric Python or an
equivalent object. If data is not given, an empty matrix ( [[J] ) is set.

getData ()

An array
This method returns the data as a rank-2 array of Numeric Pyth on.
getDataName ()

A string

This method returns a name of the data. The default value of th e name is an
empty string ().

getFileName ()

A string

If either loading or saving of the data from a le is succeeded , this method returns
the name of the le. Otherwise this method returns an empty st ring ().

getLabel ()

A tuple
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ECDDataFile methods.

Synopsis Return
Description

This method returns the list of axis names as a tuple containi ng string objects. The
default value is ( 't, 'value', 'avg', 'min', 'max' )

getNote () A string

This method returns a note eld of this ECDDataFile object. The return value is
either a single line or a multiline string object.

load ( filename ) None

This method loads data from a le filename

save ( filename ) None

This method saves the data to a le filename

setData ( data ) None

This method replaces the data of this ECDDataFile object by data . data must be a
rank-2 array of Numeric Python or an equivalent object.

setDataName ( name ) None

This method sets the name of this data. name must be a string without a newline.

setLabel ( labels ) None

This method names axes of the data.labels must be a Python Sequence
containing the name of the axes as strings.

setNote ( note ) None

This method sets the note eld of this ECDDataFile object.note must be a string
object. It can be either a single- or multi-line.
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This section describes how to de ne your own object classes for use in the simulation.

About Dynamic Modules

Dynamic Module (DM) is a le containing an object class, espe cially C++ class,
which can be loaded and instantiated by the application. E-Cell Simulation
Environment uses this mechanism to provide users a way of de ning and addi ng
new classes to appear in simulation models without recompil ing the whole system.
Because the classes are de ned in forms of native codes, thisis the most ef cient
way of adding a new code or object class in terms of space and speed.

In E-Cell Simulation Environment , subclasses of Process, Variable, System and
Stepper classes can be dynamically loaded by the system.

In addition to standard DMs distributed with  E-Cell Simulation Environment
user-de ned DM les can be created from C++ source code les ( '.cpp' les) with the
ecell3-dmc command. The compiled les usually take a form of shared libr ary ('.s0")
les.

De ning a new class

A new object class can be de ned by writing a C++ source code | e with some special
usage of C++ macros.

Here is a boilarplate template of a DM le, with which you shou Id feel familiar if
you have a C++ experience. ReplaceDMTYPECLASSNAMEand BASECLASSaccording
to your case.

Example 6-1. CLASSNAME.cpp; a boilarplate DM template.
#include <libecs/libecs.hpp>
#include <libecs/ BASECLASShpp>
5 USE_LIBECS;
LIBECS_DM_CLASS( CLASSNAME BASECLASS)
{
public:
10
LIBECS_DM_OBJECT( CLASSNAME DMTYPE)
/I ( Property definition of this class comes here. )

15

CLASSNAME {}/ A constructor without an argument
~CLASSNAM@ {}// A destructor

h

LIBECS_DM_INIT( CLASSNAME DMTYPE);

20
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DMTYPECLASSNAMENd BASECLASS

First of all you have to decide basic attributes of the class you are going to de ne;
such as a DM type (Process, Variable, System, or Stepper), alass name, and a base
class.

« DMTYPE

DMTYPHSs one of DM base classes de ned in E-Cell Simulation Environment
Process, Stepper, Variable, and System.

« CLASSNAME
CLASSNAMIES a name of the object class.

This must be a valid C++ class name, and should end with the DMTYPEname. For
example, if you are going to de ne a new Process class and want to name it Foo,
the class name may look like FooProcess .

- BASECLASS
The class your class inherits from.

This may or may not be the same as the DMTYPE, depending on whether it is a
direct descendant of the DM base class.

Filename

The name of the source le must be the same as the CLASSNAMEwith a trailing
".cpp' suf x. For example, if the CLASSNAMEHS FooProcess , the le name must be
FooProcess.cpp

The source code can be divided into header and source les (such asFooProcess.hpp
and FooProcess.cpp ), but at least the LIBECS_DM_INIT macro must be placed in the
source le of the class (FooProcess.cpp ).

Include Files

At least the libecs header le ( libecs/libecs.hpp )and a header le of the base class
(such aslibecs/ BASECLASShpp ) must be included in the head of the le.

DM Macros

You may naotice that the template makes use of some special magos: USE_LIBECS,
LIBECS DM_CLASSLIBECS DM_OBJECTand LIBECS DM _INIT .

USE_LIBECS declares use of libecs library, which is the core library of E-Cell
Simulation Environment ,in this le after the line.

LIBECS_DM_CLASS

LIBECS_DM_OBJECT(DMTYPE CLASSNAME) should be placed on the top of the class
de nition part (immediately after '{' of the class). This ma cro declares that this is a
DM class. This macro makes it dynamically instantiable, and automatically de nes
getClassName () method. Note that this macro speci es public: eld inside , and thus
anything comes after this is placed in public. For clarity it is a good idea to always
write public: explicitly after this macro.

LIBECS_DM_OBJECT( DMTYPE, CLASSNAME )
public:
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LIBECS_DM_INIT( DMTYPE CLASSNAME) exports the classCLASSNAMES a DM class
of type DMTYPEThis must come after the de nition (not just a declaration) of the class
to be exported with a LIBECS_DM_OBJECTall.

Constructor And Destructor

DM objects are always instantiated by calling the construct or with no argument. The
destructor is de ned virtual in the base class.

Types And Declarations

Basic types

The following four basic types are available to be used in you r code if you included
libecs/libecs.hpp header le and called the USE_LIBECSmacro.

+ Real

A real number. Usually implemented as a double precision oa ting point number.
It is a 64-bit oat on Linux/IA32/gcc platform.

- Integer
A signed integer number. This is a 64-bit long int on Linux/IA  32/gcc.
- Unsignedinteger

An unsigned integer number. This is a 64-bit unsigned long int on
Linux/IA32/gcc.

. String
A string equivalent to std::string class of the C++ standard library.
- Polymorph

Polymorph is a sort of universal type (actually a class) whic h can *become* and *be
made from* any of Real, Integer, String, and PolymorphVecto r, which is a mixed
list of these three types of objects. See the next section fordetails.

These types are recommended to be used over other C++ standad types such as
double, int and char*.

Pointer and reference types
For each types, the following typedefs are available.

« TYPEPtr
Pointer type. (== TYPE¥)
- TYPECptr
Const pointer type. (== const TYPE¥)
« TYPERef
Reference type. (== TYPE&)
« TYPECref
Const reference type. (== const TYPE&)
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For example, RealCref is equivalent to write const Real&. Using these typedefs is
recommended.

To declare a new type, use DECLARE_TYPHEnacro. For example,
DECLARE_TYPE( double, Real );

is called inside the system so that RealCref can be used as cost double&.
Similary, DECLARE_CLASS can be used to enable the typedefs br a class. Example:

DECLARE_CLASS( Process );

enables ProcessCref ProcessPtr etc.. Most classes de nedhilibecs have these type-
defs.

Limits and other attributes of types

To get limits and precisions of these numeric types, use std::numeric_limits<>
template class in the C++ standard library. For instance, to get a maximum value that
can be represented by the Real type, use the template class ke this:

#include <limits>
numeric_limits<Real>::max();

See the C++ standard library reference manual for more.

Polymorph class

A Polymorph object can be constructed from and converted to a ny of Real, Integer,
String, types and PolymorphVector class.

Construct a Polymorph

To construct a Polymorph object, simply call a constructor w ith a value:
Polymorph anintegerPolymorph( 1 );

Polymorph aRealPolymorph( 3.1 );
Polymorph aStringPolymorph( "2.13e2" );

A Polymorph object can be constructed (or copied) from a Poly morph:

Polymorph aRealPolymorph2( aRealPolymorph );

Getting a value of a Polymorph

The value of the Polymorph objects can be retrieved in any typ e by using as<>()
template method.

anintegerPolymorph.as<Real>(); /I == 1.0
aRealPolymorph.as<String>(); // == "3.1"
aStringPolymorph.as<integer>(); // == 213

Note: If an over ow occurs when converting a very big Real value to | nteger, a ValueError
exception is thrown.
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Examining and changing the type of Polymorph

Use getType (), to return the value of Type of a Polymorph and changeType (Type
aType) to change the type of a Polymorph

PolymorphVector
PolymorphVector is a list of Polymorph objects.

Other C++ statements

The only limitation is the DM_INIT macro, which exports a class as a DM class, can
appear only once in a compilation unit which forms a single sh ared library le.

Except for that, there is no limitation as far as the C++ compi ler understands it.
There can be any C++ statements inside and outside of the class de nition includ-
ing; other class de nitions, nested classes, typedefs, static functions, namespaces, and
even template<>.

Be careful, however, about namespace corruptions. You may want to use private C++
namespaces and static functiont when a class or a function declared outside the DM
class is needed.

PropertySlot

What is PropertySlot

PropertySlot is a pair of methods to access (get) and mutate (set) an object property
associated with the name of the property. Values of the object property can either be
stored in a member variable of the object, or dynamically cre ated when the methods
are called.

All of the four DM base classes, Process, Variable, System au Stepper can have a set
of PropertySilots, or object propertiesin other words, these classes inherit PropertyIn-
terface common base class.

What is PropertySlot for?

PropertySlots can be used from model les (such as EM les) as a means of giving
parameter values to each objects in the simulation model (such as Entity and Stepper
objects). It can also be ways of dynamic communications between objects during the
simulation.

Type of PropertySlot
A type of a PropertySlot is any one of these four types:

+ Real
- Integer
. String
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- Polymorph

How to de ne a PropertySlot
To de ne a PropertySlot on an object class, you have to:

1. De ne set and/or get method(s).
2. If necessary, de ne a member variable to store the property value.
3. Register the method(s) as a PropertySlot.

Set method and get method

A PropertySilot is a pair of object methods, set metho@nd get methodassociated with a
property name. Either one of the methods can be ommited. If th ere is a set method de-
ned for a PropertySlot, the PropertySlot is said to be setablelf there is a get method,

itis getable.

A set method must have the following signature to be recogniz ed by the system.
void CLASS:: = ( const T&)

And a get method must look like this:

const T CLASS:: = ( void ) const

where T is a property type and CLASS is the object class that the PropertySlot belongs

to.

Don't worry, you don't need to memorize these prototypes. Th e following four ma-
coros can be used to declare and de ne set/get methods of a specic type and a
property name.

« SET_METHOD(TYPE, NAME)
- Expansion:
void set NAME const TYPE&value )

- UsageSET_METHOIacro is used to declare or de ne a property set method, of
which the property type is TYPEand the property name is NAME in a class scope
(class de nition). The given property value is available as the value argument
variable.

- Example:

This code:
class HogeProcess

SET_METHOD( Real, Flux )

theFlux = value;

}

Real theFlux;
I3
is expanded to the following valid C++ program.
class HogeProcess
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void setFlux( const Real&value )

theFlux = value;

}

Real theFlux;
I3
In this example, the given property value is stored in the mem ber variable
theFlux

« GET_METHOD(TYPE, NAME)
Expansion:
const TYPE get NAME) const

UsageGET_METHOMacro is used to declare or de ne a property get method, of
which the property type is TYPEand the property name is NAME in a class scope
(class de nition). De nition of the method must returnthe v alue of the property
as aTYPEobject.

Example:

This code:
class HogeProcess

GET_METHOD( Real, Flux )

return theFlux;

}

Real theFlux;

is expanded to the following valid C++ program.
class HogeProcess

const Real getFlux() const

return theFlux;

}

Real theFlux;
5

- SET_METHOD_DEF(TYPE NAME CLASSNAME)
Expansion:
void CLASSNAMESet NAME const TYPE&value )

Usage:SET_METHOD_DE#macro is used to de ne a property set method outside
class scope.

Example:

SET_METHOD_DEmacro is usually used in conjunction with SET_METHOacro.
For instance, the following code declares a property get met hod in the class scope
by using SET_METHOpand de nes the procedure of the method after the class

de nition with SET_METHOD_DEHn this example, the method is virtual.
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class HogeProcess
virtual SET_METHOD( Real, Flux );

Real theFlux;
5

SET_METHOD_DEF( Real, Flux, HogeProcess )

return theFlux;

}

. GET_METHOD_DEF{IYPE, NAME CLASSNAME)
Expansion:
const TYPE CLASSNAMHEet NAME) const

Usage'GET_METHOD_DBEmRacro is used to de ne a property get method outside
class scope.

ExampleSee the example of SET_METHOD_DE&bove.

If the property is both setable and getable, and is simply sto red in a member variable,
the following macro can be used.

SIMPLE_SET_GET_METHODWNAME TYPE )

This assumes there is a variable with the same name as the progerty name (NAME,
and expands to a code that is equivalent to:

SET_METHOD(NAME TYPE )

{
NAME = value;
}
GET_METHODNAME TYPE )
{
return  NAME
}

Registering PropertySlots

To register a PropertySlot on a class, one of these macros in he LIBECS_DM_OBJECT
macro of the target class:

« PROPERTYSLOT_SET_GETKAME TYPE )

Use this if the property is both setable and getable, which me ans that the class
de nes both set method and get method.

For example, to de ne a property 'Flux' of type Real on the HogeProcess class,
write like this in the public area of the class de nition:

public:
LIBECS_DM_OBJECT( HogeProcess , Process )

{
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PROPERTYSLOT _SET_GETElux , Real );

This registers these methods:

void HogeProcess::setFlux( const Real& );
and

const Real HogeProcess::getFlux() const;

as the set and get methods of 'Flux' property of the class HogeProcess , respec-
tively. Signatures of the methods must match with the protot ypes de ned in the

previous section. LIBECS_DM_OBJECTcan have any number of properties. It can
also be empty.

« PROPERTYSLOT_SETNAME TYPE )

This is almost the same asPROPERTYSLOT_SET_GEIMut this does not register get
method. Use this if only a set method is available.

- PROPERTYSLOT_GETNAME TYPE )

This is almost the same asPROPERTYSLOT_SET_GEIut this does not register set
method. Use this if only a get method is available.

- PROPERTYSLOT(NAME TYPE, SET_METHOP GET_METHOD)

If the name of either get or set method is different from the de fault format
(setNAME) or getNAME)), then use this macro with explicitly specifying the
pointers to the methods.

For example, the following use of the macro registers setFlux2 () and
anotherGetMethod () methods of Flux property of the class HogeProcess :

PROPERTYSLOT( Flux, Real,
&HogeProcess::setFlux2,
&HogeProcess::anotherGetMethod );

If more than one PropertySlots with the same name are created on an object, the last
is taken.

Load / save methods

In addition to set and get methods, load and save methods can be de ned. Load
methods are called when the model is loaded from the model le . Similarly, save
methods are called when the state of the model is saved to a le by saveModel ()
method of the simulator.

Unless otherwise speci ed, load and save methods default to set and get methods.
This default de nition can be changed by using the following some macros.

- PROPERTYSLOT_LOAD_SAVENAME TYPE SET_METHOD GET_METHOD
LOAD_METHQD SAVE_METHOD)

This macros is the most generic way to set the property methods; all of
set method, get method, load method ans save method can be speied
independently. If the LOAD_METHOI3 NOMETHQL! is said to be not loadableand it
is not savabléf SAVE_ METHOB NOMETHQD

. PROPERTYSLOT_NO_LOAD_SAVEAME TYPE SET METHOD GET METHOD)

Usage of this macro is the same asPROPERTYSLOIN the previous section, but this
sets bothLOAD_METHO&and SAVE_METHOR NOMETHQD

That is, this macro is equivalent to writing:
PROPERTYSLOT_LOAD_SAVENAME TYPE, SET_METHOP GET_METHODNOMETHOD, NOMETHOD )
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« PROPERTYSLOT_SET_GET_NO_LOAD_SAWHME TYPE, SET_METHOP GET_METHOD
)

PROPERTYSLOT_SET_NO_LOAD_SAVEAME TYPE SET METHOD)
PROPERTYSLOT_GET_NO_LOAD_SAVEAME TYPE GET METHOD)

Usage of these macros are the same as: PROPERTYSLOT_SET _GET
PROPERTYSLOT_SE®Nd PROPERTYSLOT_GEExcept that load and save methods
are not set instead of default to set and get methods.

Inheriting properties of base class

In most cases you may also want to use properties of base class To inherit the
baseclass properties, use INHERIT_PROPERTIES( PROPERTY_BASECLAS$ macro.
This macro is usually placed before any property de nition m acros (such as
PROPERTY_SET_GET().

LIBECS_DM_OBJECT( CLASSNAME DMTYPE)
INHERIT_PROPERTIES( PROPERTY_BASECLASS;

PROPERTYSLOT_SET_GETKAME TYPE );
}

Here PROPERTY_BASECLASS usually the same asBASECLASSAN exception is when
the BASECLASSdoes not make use of LIBECS _DM_OBJECT() macro. In this case,
choose the nearest baseclass in the class hierarachy that wes LIBECS_DM_OBJECT()
for PROPERTY_BASECLASS

Using PropertySlots In Simulation

(1) Static direct access (using native C++ method) bypassirg the PropertySlot, (2)
dynamically-bound access via a PropertySlot object, (3) dynamically-bound access
via PropertyInterface.

De ning a new Process class

72

To de ne a new Process class, at leastfire()  and initialize() methods must be
de ned.

VariableReference, VariableReferenceVector

Example 6-2. SimpleProcess.cpp

#include "libecs.hpp"

#include "Process.hpp"

#include "PropertySlotMaker.hpp"
5

USE_LIBECS;

LIBECS_DM_CLASS( SimpleProcess, Process )
{

public:

10
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LIBECS_DM_OBJECT( SimpleFluxProcess, Process )

PROPERTYSLOT_SET_GET( Real, k );
}

SimpleProcess()
k( 0.0 )

; /I do nothing
}

SIMPLE_SET_GET_METHOD( Real, k );

virtual void initialize()

{
Process::initialize();
SO0 = getVariableReference( "S0" );

}
virtual void fire()

setFlux( k * S0.getConcentration() );
}

protected:

Real k;
VariableReference SO;

LIBECS_DM_INIT( SimpleProcess, Process );

De ning a new Stepper class

De ning a new Variable class

De ning a new System class
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Chapter 7. Standard Dynamic Module Library

This chapter overviews:

An incomplete list of classes available as the Standard Dynamic Module Library, and,
Some usage the classes in the Standard Dynamic Module Library.

This chapter brie y describes the Standard Dynamic Module L ibrary distributed
with E-Cell Simulation Environment . If the system is installed correctly, the
classes provided by the library can be used without any speci al procedure.

This chapter is not meant to be a complete reference. To know more about the classes
de ned in the library, see the E-Cell3 Standard Dynamic Modu le Library Reference
Manual (under preparation).

Steppers

There are three direct sub-classes of Stepper:

DifferentialStepper
DiscreteEventStepper
DiscreteTimeStepper

DifferentialSteppers

General-purpose DifferentialStepper classes

The following Stepper classes implement general-purpose ordinary differential equa-
tion solvers. Basically these classes must work well with an y simple continuous Pro-
cess classes.

- ODEStepper

This Stepper is currently the recommended Steppers for virt ually all applications.
ODEStepper adaptive stwiches beween Dormand-Prince 5(4)7M algorithm and
4th-order Runge-Kutta depending on the stiffness of the system of equations at
the current state point.

- ODEA45Stepper
This Stepper implements Dormand-Prince 5(4)7M algorithm f or ODE systems.
In most cases this Stepper is the best general purpose solverfor ODE models.

- ODE23Stepper
This Stepper implements Fehlberg 2(3) algorithm for ODE systems.

Try this Stepper if other part of the model has smaller timesc ales. This Stepper can
be used for a moderately stiff systems of differential equat ions.

» FixedODE1Stepper

A DifferentialStepper without adaptive stepsizing mechanism. The solution of
this Stepper is rst order.

This stepper calls process () method of each Process just once in a single step.

Although this Stepper is not suitable for high-accuracy sol ution of smooth contin-
uous systems of differential equations, its simplicity of t he algorithm is sometimes
useful.
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S-System and GMA Steppers
FIXME: need description here.

DiscreteEventSteppers

- DiscreteEventStepper

This Stepper is used to conduct discrete event simulations. This Stepper should be
used in combination with subclasses of DiscreteEventProcess

This Stepper uses its Process objects as event generators.HE procedure of this
Stepper for initialize () method is like this:

1. updateStepinterval () method of its all DiscreteEventProcess objects.

2. Find a Process with the leastscheduled timéop process). The scheduled time
is calculated as: ( current time ) + ( Stepinterval of the proc ess ).

3. Reschedule itself to the scheduled time of the top process
step () method of this Stepper is as follows:

1. Call process () method of the current top process.

2. Calls updateSteplnterval () method of the top process and all dependent
processesf the top process, and update scheduled times for those processes
to nd the new top process.

3. Lastly the Stepper reschedule itself to the scheduled time of the new top
process.

The procedure for interrupt () method of this class is the same as that for
initialize 0.

DiscreteTimeStepper

- DiscreteTimeStepper

This Stepper steps with a xed interval. For example, Stepln terval property of this
Stepper is set t00.1 , this Stepper steps every 0.1 seconds.

When this Stepper steps, it calls process () of all of its Process instances. To change
this behavior, create a subclass.

This Stepper ignores incoming interruptions from other Ste ppers.

PassiveStepper

- PassiveStepper

This Stepper never steps spontaneously (step interval =in nity). Instead, this Step-
per steps upon interruption. In other words, this Stepper st eps everytime immedi-
ately after a dependent Stepper steps.
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When this Stepper steps, it calls process () of all of its Process instances. To change
this behavior, create a subclass.

Process classes

Continuous Process classes

Differential equation-based Process classes

The following Process classes are straightforward impleme ntations of differential
equations, and can be used with the general-purpose DifferentialSteppers such
as ODE45Stepper , ODE23Stepper , and FixedODE1Stepper

In the current version, most of the classes represent certan reaction rate equations.
Of course it is not limited to chemical and biochemical simul ations.

» DecayFluxProcess

A DecayFluxProcess is a FluxProcess which calculates mass-action decay pro-
cesses with a half-time T. To use, de ne the property T, and set Variable References.

« MassActionProcess

A MassActionProcess  is a standard mass action process. To use it, assign a rate-
constant k property and set a VariableReferencelList.

« MichaelisUniUniFluxProcess
This process has properties KmS, KmP, KcF, KcR
« PingPongBiBiFluxProcess

PingPongBiBiFluxProcess has properties KcF, KcR, Keq, KmS0, KmS1, KmPO,
KmP1, KiSO0, KiP1.

Other continuous Process classes

» PythonFluxProcess

PythonFluxProcess  takes a single Python expression in an Expression property,
and sets the evaluated expression of that property to setFlux().

» SSystemProcess

SSystemProcess takes a VariableReference list, an n-ranked matrix called SSys-
temMatrix, where n is the number of variables, and an order pr operty.

Process SSystemProcess( SSystem )

Name "SSystemPProcess";

Order 3;

SSystemMatrix

[650 O O O O 060020 0O 0 ]
[0.7010O0O 0 O 0 0200 02020 ]
[050 010 010 0400 0 0 02]
[ 020 010 O 0 0900 020 0 ]
[010 070 O 0 0500 O 0o 0 I
VariableReferencelList

[ PO Variable:/CELL/CYTOPLAS 1]
[ P1 Variable:/CELL/CYTOPLAS 1]

<Z

A
‘B
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P2 Variable:/CELL/ICYTOPLASM:C 1 ]
P3 Variable:/CELL/ICYTOPLASM:D 1 ]
P E 1

[
[
[ P4 Variable:/CELL/CYTOPLASM: I
}

Discrete Process classes

« GillespieProcess

This Process must be used with a DiscreteProcessStepper. Tis process takes one
property, k, and simulates its variables according to a stoc hastic Gillespie process.

Other Process classes

» PythonProcess
See complete description in chapter 3.

Variable classes

 Variable
A standard class to represent a state variable.
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Notes

E-Cell Simulation Environment was written by Koichi  Takahashi
(<shafi@e-cell.org >). To nd more information about E-Cell Simulation
Environment , please visit the E-Cell Project Web pagé.

To report a bug or make a suggestion regarding this applicati on or this manual, fol-
low the directions in the webpage.

This program is distributed under the terms of slightly modi  ed version of the GNU
General Public license version 2 as published by the Free Sofware Foundation. See
the COPYING le distributed with the package.

1. http://www.e-cell.org
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empy
Summary

A powerful and robust templating system for Python.

Overview

EmPy is a system for embedding Python expressions and statem
in template text; it takes an EmPy source file, processes it,
produces output. This is accomplished via expansions, whic
special signals to the EmPy system and are set off by a special
prefix (by default the at sign, '@'). EmPy can expand arbitra
Python expressions and statements in this way, as well as a
variety of special forms. Textual data not explicitly delim

in this way is sent unaffected to the output, allowing Python

be used in effect as a markup language. Also supported are
callbacks via hooks, recording and playback via diversions
dynamic, chainable filters. The system is highly configura
command line options and embedded commands.

Expressions are embedded in text with the '@(...)' notation
variations include conditional expressions with ‘@(...?.

and the ability to handle thrown exceptions with '@(...$...

a shortcut, simple variables and expressions can be abbrevi

‘@variable’, '@object.attribute’, '@function(argument s),

‘@sequence’ [index], and combinations. Full-fledged stat

are embedded with '@{...}. Control flow in terms of conditi

or repeated expansion is available with '@[..]. A '@' foll

by a whitespace character (including a newline) expands to
nothing, allowing string concatenations and line continua
Comments are indicated with '@# and consume the rest of the |
up to and including the trailing newline. '@%' indicate
"significators,” which are special forms of variable assig

intended to specify per-file identification information i

format which is easy to parse externally. Context name and i
number changes can be done with '@?' and '@!" respectively.
'@<...>' markups are customizeable by the user and can be use
any desired purpose. Escape sequences analogous to those in
be specified with '@\..., and finally a '@@' sequence expan

a single literal at sign.

Getting the software
The current version of empy is 3.3.

The latest version of the software is available in a tarball h
"http://www.alcyone.com/software/empy/empy-latest.t

The official URL for this Web site is
"http://www.alcyone.com/software/empy/",
http://www.alcyone.com/software/empy/.

Requirements

EmPy should work with any version of Python from 1.5.2 onward
has been tested with all major versions of CPython from 1.5 up
and Jython from 2.0 up (using Java runtimes 1.3 and 1.4). The
included test script is intended to run on Unix-like systems

a Bourne shell.

License

This code is released under the "LGPL",
http://www.gnu.org/copyleft/lesser.html.

Mailing lists

There are two EmPy related mailing lists available. The firs
a receive-only, very low volume list for important announce
(including releases). To subscribe, send an email to
"empy-announce-list-subscribe@alcyone.com®,
mailto:empy-announce-list-subscribe@alcyone.com.

The second is a general discussion list for topics related to
EmPy, and is open for everyone to contribute; announcements
related to EmPy will also be made on this list. The author of
EmPy (and any future developers) will also be on the list, so i
can be used not only to discuss EmPy features with other users
but also to ask questions of the author(s). To subscribe, sen
email to "empy-list-subscribe@alcyone.com”,
mailto:empy-list-subscribe @alcyone.com.

Basics

EmPy is intended for embedding Python code in otherwise
unprocessed text. Source files are processed, and the resul
written to an output file. Normal text is sent to the output
unchanged, but markups are processed, expanded to their res
and then written to the output file as strings (that is, with t

ar.gz",
http://www.alcyone.com/software/empy/empy-latest.ta r.gz.
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'str' function, not ‘repr). The act of processing EmPy sour ce
and handling markups is called “expansion."

Code that is processed is executed exactly as if it were enter ed
into the Python interpreter; that is, it is executed with the

equivalent of ‘eval' (for expressions) and 'exec' (for

statements). EmPy is intended to be a very thin (though power ful)
layer on top of a running Python system; Python and EmPy files can
be mixed together (via command line options) without

complications.

By default the embedding prefix is the at sign ('@'), which

appears neither in valid Python code nor commonly in arbitra ry
texts; it can be overridden with the -p option (or with the

‘empy.setPrefix' function). The prefix indicates to the Em Py
interpreter that a special sequence follows and should be

processed rather than sent to the output untouched (to indic ate a

literal at sign, it can be doubled as in '‘@@).

When the interpreter starts processing its target file, no m odules
are imported by default, save the 'empy' pseudomodule (see b elow),
which is placed in the globals; the 'empy’ pseudomodule is

associated with a particular interpreter -- in fact, they ar e the

same object -- and it is important that it not be removed from

that interpreter's globals, nor that it be shared with other

interpreters running concurrently (a name other than ‘empy ' can be
specified with the -m option). The globals are not cleared or

reset in any way. It is perfectly legal to set variables or

explicitly import modules and then use them in later markups s
*e.g. *, '‘@{import time} ... @time.time()'. Scoping rules are as

in normal Python, although all defined variables and object s are
taken to be in the global namespace.

Indentation is significant in Python, and therefore is also

significant in EmPy. EmPy statement markups (@{...}), wh en
spanning multiple lines, must be flush with the left margin. This
is because (multiline) statement markups are not treated sp ecially
in EmPy and are simply passed to the Python interpreter, wher e

indentation is significant.

Activities you would like to be done before any processing of the
main EmPy file can be specified with the -I, -D, -E, -F, and -P

options. - imports modules, -D executes a Python variable

assignment, -E executes an arbitrary Python (not EmPy) stat ement,
-F executes a Python (not EmPy) file, and -P processes an EmPy

(not Python) file. These operations are done in the order the y

appear on the command line; any number of each (including, of
course, zero) can be used.

Expansions

The following markups are supported. For concreteness belo w, '@
is taken for the sake of argument to be the prefix character,
although this can be changed.

* '@# COMMENT NEWLINE -- A comment. Comments, including the
trailing newline, are stripped out completely. Comments sh ould
only be present outside of expansions. The comment itself is
not processed in any way: It is completely discarded. This

allows '@# comments to be used to disable markups. *Note: * As
special support for "bangpaths” in Unix-like operating sys tems,

if the first line of a file (or indeed any context) begins with

#!', and the interpreter has a 'processBangpaths' option s et to
true (default), it is treated as a '@# comment. A '#'

sequence appearing anywhere else will be handled literally and

unaltered in the expansion. Example:

@# This line is a comment.
@# This will NOT be expanded: @x.

*
*

'‘@? NAME NEWLINE* -- Set the name of the current context to be
the given string. Variables are not allowed here; the name is

treated as a literal. (If you wish to use arbitrary

expressions, use the ‘empy.setContextName' function inst ead.)
Example::

@?NewName
The context name is now @empy.identify()[0] (NewName).

¥

‘@' INTEGER NEWLINE'» -- Set the line number of the current

context to be the given integer value; this is similar to the

‘#line' C preprocessor directive. This is done in such a way

that the  *next = line will have the specified numeric value, not

the current one. Expressions are not allowed here; the numbe r
must be a literal integer. (If you wish to use arbitrary

expressions, use the 'empy.setContextLine' function inst ead.)
Example::

@!100
The context line is now @empy.identify()[1] (100).

*
*

'@ WHITESPACE* -- A '@' followed by one whitespace character

(a space, horizontal tab, vertical tab, carriage return, or

newline) is expanded to nothing; it serves as a way to

explicitly separate two elements which might otherwise be

interpreted as being the same symbol (such as '‘@name@ s' to me an
‘@(name)s' -- see below). Also, since a newline qualifies as

whitespace here, the lone '@' at the end of a line represents a

line continuation, similar to the backslash in other langua ges.
Coupled with statement expansion below, spurious newlines can be
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eliminated in statement expansions by use of the '@{..}@'
construct.  Example::

This will appear as one word: salt@ water.
This is a line continuation; @
this text will appear on the same line.

+ '@\ ESCAPE_CODE** -- An escape code. Escape codes in EmPy are
similar to C-style escape codes, although they all begin wit h
the prefix character. Valid escape codes include:

'‘@\0' -- NUL, null

'‘@\a' -- BEL, bell

'‘@\b' -- BS, backspace

‘@\d" -- three-digital decimal code DDD
‘@\e' -- ESC, escape

‘@\f" -- FF, form feed

‘@\h' - DEL, delete

‘@\n' - LF, linefeed character, newline
'@\0000" -- three-digit octal code OOO
'‘@\qQQQQ" -- four-digit quaternary code QQQQ
‘@\r' -- CR, carriage return

'‘@\s' -- SP, space

'@\t -- HT, horizontal tab

'‘@\v' -- VT, vertical tab

'@\xHH' -- two-digit hexadecimal code HH
'‘@\z' -- EOT, end of transmission

'‘@"X' -- the control character "X

Unlike in C-style escape codes, escape codes taking some num ber
of digits afterward always take the same number to prevent
ambiguities.  Furthermore, unknown escape codes are treate d as
parse errors to discourage potential subtle mistakes. Note
that, while '@\0" represents the NUL character, to represen t an

octal code, one must use '@\o..., in contrast to C. Example:

This embeds a newline.@\nThis is on the following line.
This beeps!@\a

There is a tab here:@\tSee?

This is the character with octal code 141: @\o141.

= '@@"% -- A literal at sign (@'). To embed two adjacent at
signs, use '@@@@', and so on. Any literal at sign that you wish
to appear in your text must be written this way, so that it will
not be processed by the system. *Note: = If a prefix other than
‘@' has been chosen via the command line option, one expresse s
that literal prefix by doubling it, not by appending a ‘@'
Example::

The prefix character is @@.
To get the expansion of x you would write @@x.

*
*

‘@), '@], '@} # -- These expand to literal close parentheses,
close brackets, and close braces, respectively; these are
included for completeness and explicitness only. Example:

This is a close parenthesis: @).

= '@"..", '@".."", etc. + -- These string literals expand
to the literals themselves, so '@"test” expands to ‘test'.
Since they are inherently no-operations, the only reason fo r

their use is to override their behavior with hooks.

+ '@( EXPRESSION )" # -- Evaluate an expression, and expand with

the string (via a call to 'str') representation evaluation o f
that expression. Whitespace immediately inside the parent heses
is ignored; '@( expression )' is equivalent to '@(expressio ny.

If the expression evaluates to ‘None', nothing is expanded i n

its place; this allows function calls that depend on side

effects (such as printing) to be called as expressions. (If y ou
really »do* want a 'None' to appear in the output, then use the

Python string "None™.) +*Note: * If an expression prints

something to 'sys.stdout' as a side effect, then that printi ng
will be spooled to the output +before * the expression's return

value is. Example:

2+ 2is @2 + 2).

4 squared is @(4 * 2).

The value of the variable x is @(x).
This will be blank: @(None).

w '@( TEST ? THEN (! ELSE) opt ($ EXCEPT) opt ) w - A special
form of expression evaluation representing conditional an d
protected evaluation. Evaluate the "test" expression; if i t
evaluates to true (in the Pythonic sense), then evaluate the
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“then" section as an expression and expand with the 'str' of

that result. If false, then the "else" section is evaluated a nd
similarly expanded. The "else" section is optional and, if

omitted, is equivalent to 'None' (that is, no expansion will

take place). +Note *: For backward compatibility, the "else"

section delimiter, "', may be expressed as a . This

behavior is supported but deprecated.

If the "except" section is present, then if any of the prior

expressions raises an exception when evaluated, the expans ion
will be replaced with the evaluation of the except expressio n.
(If the "except" expression itself raises, then that except ion
will be propagated normally.) The except section is optiona |
and, if omitted, is equivalent to 'None' (that is, no expansi on
will take place). An exception (cough) to this is if one of

these first expressions raises a SyntaxError; in that case t he
protected evaluation lets the error through without evalua ting
the "except" expression. The intent of this construct is to

except runtime errors, and if there is actually a syntax erro r
in the "try" code, that is a problem that should probably be

diagnosed rather than hidden. Example::

What is x? x is @(x ? "true" ! “false").

Pluralization: How many words? @x word@(x != 1 ? 's).
The value of foo is @(foo $ “undefined").

Division by zero is @(x/0 $ "illegal").

'@ SIMPLE_EXPRESSION%* -- As a shortcut for the '@(...)'
notation, the parentheses can be omitted if it is followed by a
"simple expression." A simple expression consists of a name
followed by a series of function applications, array
subscriptions, or attribute resolutions, with no interven ing
whitespace. For example:

- a name, possibly with qualifying attributes ( *e.g. *,
‘@value’, '@os.environ').

- a straightforward function call ( *e.g. *, '‘@min(2, 3),
‘@time.ctime()’), with no space between the function name
and the open parenthesis.

- an array subscription ( *e.g. *, '@array[index],
‘@os.environ[name]’, with no space between the name and
the open bracket.

any combination of the above ( *xe.g. *,
‘@function(args).attr[sub].other(i](foo)").

In essence, simple expressions are expressions that can be

written ambiguously from text, without intervening space. Note
that trailing dots are not considered part of the expansion

(*e.g. *, '@x.' is equivalent to '@(x)., not '@(x.)’, which

would be illegal anyway). Also, whitespace is allowed withi n
parentheses or brackets since it is unambiguous, but not bet ween
identifiers and parentheses, brackets, or dots. Explicit

'‘@(...)" notation can be used instead of the abbreviation wh en
concatenation is what one really wants ( *e.g. *, '@(word)s' for
simple pluralization of the contents of the variable ‘word' ).

As above, if the expression evaluates to the '‘None' object,

nothing is expanded. Note that since a curly appearing where

EmPy would expect an open parenthesis or bracket in is

meaningless in Python, it is treated as a parse error ( *e.g. *
'‘@x{1, 2} results in an error). Example:

The value of x is @x.

The ith value of a is @ali].

The result of calling f with q is @f(q).

The attribute a of x is @x.a.

The current time is @time.ctime(time.time()).

The current year is @time.localtime(time.time())[0].

These are the same: @min(2,3) and @min(2, 3).

But these are not the same: @min(2, 3) vs. @min (2, 3).
The plural of @name is @(name)s, or @name@ s.

+ '@ EXPRESSION ™+ -- Evaluate a expression, and expand with
the ‘repr' (instead of the 'str' which is the default) of the
evaluation of that expression. This expansion is primarily
intended for debugging and is unlikely to be useful in actual
practice. That is, a '@"..." is identical to '@(repr(...)) "
Example::

The repr of the value of x is @'x".
This print the Python repr of a module: @'time".
This actually does print None: @ None’.

+ '@: EXPRESSION : DUMMY :+ -- Evaluate an expression and then
expand to a '@:', the original expression, a "', the evaluat ion
of the expression, and then a "'. The current contents of the
dummy area are ignored in the new expansion. In this sense it
is self-evaluating; the syntax is available for use in
situations where the same text will be sent through the EmPy
processor multiple times. Example:

This construct allows self-evaluation:
@:2 + 2:this will get replaced with 4:

+ '@{ STATEMENTS }# -- Execute a (potentially compound)

statement; statements have no return value, so the expansio n is
not replaced with anything. Multiple statements can either be
separated on different lines, or with semicolons; indentat ion is

significant, just as in normal Python code. Statements,
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however, can have side effects, including printing; output to
‘'sys.stdout' (explicitly or via a 'print' statement) is

collected by the interpreter and sent to the output (unless t his
behavior is suppressed with the -n option). The usual Python

indentation rules must be followed, although if the stateme nt
consists of only one statement, leading and trailing whites pace

is ignored ( *e.g. *, '‘@{ print time.time() } is equivalent to
‘@{print time.time()}'). Example::

@{x = 123}

@{a =1 b =2}

@{print time.time()}

@# Note that extra newlines will appear above because of the
@# newlines trailing the close braces. To suppress them

@# use a @ before the newline:

@{
for i in range(10):
print "i is %d" % i

@
@{print "Welcome to EmPy."}@

¥

'‘@% KEY (WHITESPACE VALUE) opt NEWLINE#* -- Declare a

significator. ~ Significators consume the whole line (inclu ding
the trailing newline), and consist of a key string containin g no
whitespace, and than optional value prefixed by whitespace . The
key may not start with or contain internal whitespace, but th e
value may; preceding or following whitespace in the value is

stripped.  Significators are totally optional, and are inte nded
to be used for easy external (that is, outside of EmPy)

identification when used in large scale environments with m any
EmPy files to be processed. The purpose of significators is t o
provide identification information about each file in a spe cial,
easy-to-parse form so that external programs can process th e
significators and build databases, independently of EmPy.

Inside of EmPy, when a significator is encountered, its key,

value pair is translated into a simple assignment of the form

' KEY__ = VALUE' , where " KEY__" is the key string with two
underscores on either side and "VALUE" is a Python expressio n.
Example::

@%title "Gravitation"

@%author "Misner", "Thorne", "Wheeler"

@%publisher "W.H. Freeman and Company"

@%pages 1279

@%keywords  'physics', 'gravity', 'Einstein’, 'relativit y
@%copyright 1970, 1971

¥

‘@< CONTENTS >+ -- Invoke a custom markup. The custom markup

is a special markup reserved for use by the user; it has no

prescribed meaning on its own. If ‘contents' is a string

representing what appears in between the angle brackets, th en
expanding this markup is equivalent to

‘empy.invokeCallback(contents)'. See the "Custom markup

section for more information.

Control

EmPy version 3 and above includes the ability to direct

conditional and repeated expansion of blocks of EmPy code wi th
control markups (the obsolescent "substitution” markups a re
unavailable as of version 3.0). Control markups have analog s to
control flow structures in Python such as ‘if/eliflelse’, ' for', and
‘while'.  Control markups are set off with the '@[...]' notat ion.
Control markups are designed to be used in precisely the same way
that their internal Python analogues are used, except that t he
control markups are intended to be used where there is much mo re

markup than control structure.

Some control markups are considered "primary," ( xe.g. , i,

‘for', ‘while') as they begin a control markup. Others are

considered "secondary," since they can only appear inside c ontrol
flow markups delineated by primary markups ( *xe.g. *, ‘elif,

‘else’, ‘continue’, 'break’).

Since EmPYy, unlike Python, cannot use indentation to determ ine
where control structures begin and end, all primary control

markups *must* be followed by a corresponding terminating control
markup::

@[PRIMARY ...]..@[end PRIMARY]
(where 'PRIMARY" represents one of the primary keywords). T he end
markup is mandatory, as is the space between the 'end' and the
starting keyword. For instance::

@# If "person’ is alive, show their age.

@person.name is @

@[if person.isAlive]@person.age@][else]dead@[end if].

All primary markups must be terminated in this way, and the

keyword appearing in the appropriate 'end’ markup must matc h the
primary markup it corresponds to; if either of these conditi ons
are not satisfied, the result is a parse error. Everything

between the starting control flow marker (@[PRIMARY ..]' ) and
the ending marker (@[end PRIMARY]) -- including other mar kups,
even control markups -- is considered part of the markup. Con trol

markups can be nested:

@# Print all non-false elements on separate lines.
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@[for elem in elements]@[if elem]@elem@\n@[end ifl@[end f or]
Three major types of primary control markups are available:
conditional ( *e.g. *, 'if, 'try’), looping ( *xe.g. *, ‘for,
‘while), and definitional ( *e.g. *, 'def, discussed below).
Conditional control markups conditionally expand their co ntents,
whereas looping control markups repeatedly expand their co ntents.
The third type, definitional markups, will define new objec ts in
the globals relating to their contents. Conditional and loo ping
markups also differ in one substantial respect: Looping con structs
support '@[continue]' and '@[break]’ markups which, like t heir
Python equivalents, continue with the next iteration or bre ak out
of the innermost looping construct, respectively (‘@[cont inue]'
and '@[break] markups have no meaning inside conditional m arkups
and are an error). Also like their Python equivalents,
'‘@[continue]' and '@[break]’ may appear inside nested mark ups, so

long as they ultimately are contained by at least one looping
control markup::

@# Walk a long a linked list, printing each element.
@[while 1]@

@node

@{node = node.next}@

@[if not node]@[break]@[end ifj@

@l[end while]
The provided markups are designed to mimic the internal Pyth on
control structures as closely as possible. The supported co ntrol
markups are (the phrases in all uppercase are intended to sig nify

user-selectable patterns):

@[if CONDITION1]...@[elif CONDITIONZ]...@[else]..@[e nd if]
@[try]...@[except ..]..@[except ..]...@[end try]
@[try]...@[finally]...@[end try]
@[for VARIABLE in SEQUENCE]...@[else]...@[end for]
@[while CONDITION]...@l[else]...@[end while]
@[def SIGNATURE]...@[end def]

All recognizable forms behave like their Python equivalent s; if'
can contain multiple ‘elif secondary markups within it; th e
‘else’ markups are optional (but must appear at the end), the

‘try' form with the 'except' clause can contain multiple one s
which are handled in sequence, the 'try’ form can either cont ain
one or more 'except’ clauses or one ‘finally’ clause (but not

both), and the ‘for' and ‘while' structures can contain 'con tinue'
or 'break' clauses internally (even if contained within oth er
markups).

The third type of primary control markup is "definitional," in
that they create objects in the globals for later use ( *e.g. *,
‘def). This allows the definition of a callable object whic h,
when called, will expand the contained markup (which can in t urn,
of course, contain further markups). The argument to the mar kup
can be any legal Python function signature::

@[def f(x, y, z=2, *args, * keywords)]..@[end def]

would define a function in the globals named 'f' that takes th e
given arguments. A macro markup of the form '‘@[def
SIGNATURE]CODE@[end def]' is equivalent to the Python code

def SIGNATURE:
r""CODE™ # so it is a doc string
empy.expand(r"*"CODE"", locals())

That is, it creates a Python function with the same name and

function arguments, whose docstring is the contents of the E mPy
markup that will be expanded when called. And, when called, i t
will expand those contents, with the locals passed in.

Unicode support

EmPy version 3.1 and above includes intrinsic Unicode suppo .
EmPy's Unicode support defers to Python's internal Unicode

support, available in Python 2.0 and up, in order to allow

seamless and transparent translation of different encodin gs to the
native Python Unicode format.

Knowledge of Python's Unicode support is expected, althoug h not
completely required, to gain full benefit of EmPy's Unicode

features. To enable Unicode support, start EmPy with the

-u/--unicode option. EmPy will then transparently encode f rom the
input stream, process markups internally with native Unico de, and
then decode transparently to the output stream.

By default, Python sets 'sys.stdin' and 'sys.stdout' with a

default encoding which is accessible via

'sys.getdefaultencoding()’; encodings are represented b y string
names. These streams have encodings set by the system and

*cannot * be changed.

However, encodings for newly created files (files to be read when
specified on the command line, and/or files to be written whe n
used with the -0 and -a arguments) can be specified for EmPy vi a
command line options. The --unicode-encoding option

simultaneously indicates the encoding to be used for both in put
and output, whereas the --unicode-input-encoding and

--unicode-output-encoding options can each be used to spec ify
different encodings for both input and output. (If an encodi ng is
not explicitly indicated, it resorts to the system default i n



'sys.getdefaultencoding()’, which is locale dependent.)

Python's Unicode implementation has the concept of error ha

registered with the ‘codecs’ module, which can be specified

determine what action should take place if input cannot be de
EmPy
these same “errors,” as they are called, and can be specified
The three most common error handlers a

into Unicode, or Unicode cannot be encoded into output.

command line options.
‘ignore’, where invalid sequences are simply ignored; 'rep
where invalid sequences are replaced with an encoding-spec
indicator, usually a question mark; and 'strict, where inv
sequences raise an error. The --unicode-errors command lin

option specifies the same error handler to be used for both in

and output, and the --unicode-input-errors and
--unicode-output-errors options can specify different er
handlers for input and output. If an error handler is not
explicitly specified, the 'strict handler (which will rai
errors) is used.

Remember, to specify input encodings or errors that will tak
effect, one cannot take input from 'sys.stdin' and must expl
specify an EmPy file to process on the command line.
for output encodings or errors, 'sys.stdout' cannot be used
explicit output file must be specified with the -o or -a optio
It is perfectly valid to enable the Unicode subsystem (-u opt
while using 'sys.stdin' and 'sys.stdout, but the encoding
errors of these preexisting streams cannot be changed.

Combined with the --no-prefix option, which disables all ma

processing, EmPy can act merely as an encoding translator, r

on Python's Unicode facilities::

em.py --no-prefix \
--unicode-input-encoding=utf-8 \
--unicode-output-encoding=latin-1 \
-o filename.Latin-1 filename.UTF-8

Significators

Significators, introduced in EmPy version 1.2, are intende

represent special assignment in a form that is easy to extern
For instance, if one has a system that contains many Em

parse.
files, each of which has its own title, one could use a 'itle'
significator in each file and use a simple regular expressio
find this significator in each file and organize a database o
EmPy files to be built.
instance, attempting to grep for a normal Python assignment
(inside a '@{...} expansion) of the desired variable.

Significators look like the following::

@%KEY VALUE

including the trailing newline, where "key" is a name and "va
is a Python expression, and are separated by any whitespace.

is equivalent to the following Python code::
__KEY. = VALUE

That is to say, a significator key translates to a Python vari

consisting of that key surrounded by double underscores on e

This is an easier proposition than, fo

Similarl

side. The value may contain spaces, but the key may not. So:
@%title "All Roads Lead to Rome"

translates to the Python code:
_ title_ = "All Roads Lead to Rome"

but obviously in a way that easier to detect externally than i

this Python code were to appear somewhere in an expansion. Si

significator keys are surrounded by double underscores,
significator keys can be any sequence of alphanumeric and
underscore characters; choosing '123' is perfectly valid f
significator (although straight), since it maps to the name

' 123 ' which is a legal Python identifier.

Note the value can be any Python expression.
omitted; if missing, it is treated as 'None'.

Significators are completely optional; it is completely le

a EmPy file or files to be processed without containing any
significators. ~ Significators can appear anywhere within a
outside of other markups, but typically they are placed near

The value can be

top of the file to make them easy to spot and edit by humans.

A regular expression string designed to match significator
the default prefix) is available as 'empy.SIGNIFICATOR_RE
and also is a toplevel definition in the 'em' module itself.

Diversions

EmPy supports an extended form of diversions, which are a

mechanism for deferring and recalling output on demand, sim

the functionality included in m4. Multiple "streams" of out
can be diverted (deferred) and undiverted (recalled) in thi

manner.

immutable object such an integer or string.

A diversion is identified with a name, which is any
When recalled,
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diverted code is +not » resent through the EmPy interpreter
(although a filter could be set up to do this).

By default, no diversions take place. When no diversion is in
effect, processing output goes directly to the specified ou

file. This state can be explicitly requested at any time by
calling the 'empy.stopDiverting' function. It is always le

call this function.

When diverted, however, output goes to a deferred location w
can then be recalled later. Output is diverted with the
‘empy.startDiversion' function, which takes an argument t

the name of the diversion. If there is no diversion by that nam
a new diversion is created and output will be sent to that
diversion; if the diversion already exists, output will be

appended to that preexisting diversion.

Output send to diversions can be recalled in two ways. The fir
is through the ‘empy.playDiversion' function, which takes

name of the diversion as an argument. This recalls the named
diversion, sends it to the output, and then erases that

diversion. A variant of this behavior is the
‘empy.replayDiversion’, which recalls the named diversio

not eliminate it afterwards; ‘empy.replayDiversion’ can b
repeatedly called with the same diversion name, and will rep
that diversion repeatedly. ‘empy.createDiversion' creat

diversion without actually diverting to it, for cases where

tput

gal to

hich

hat is

st
the

n but does
e

lay
ea

you

want to make sure a diversion exists but do not yet want to send

anything to it.

The diversion object itself can be retrieved with
‘empy.retrieveDiversion'.  Diversions act as writable
file-objects, supporting the usual ‘write’, ‘writelines'

, 'flush’,

and ‘close’ methods. The data that has been diverted to them c an

be retrieved in one of two ways; either through the 'asString
method, which returns the entire contents of the diversion a
single strong, or through the ‘asFile' method, which return
contents of the diversion as a readable (not writable) file-
object.

Diversions can also be explicitly deleted without recallin
with the 'empy.purgeDiversion’ function, which takes the d
diversion name as an argument.

Additionally there are three functions which will apply the
operations to all existing diversions: ‘empy.playAllDive
‘empy.replayAllDiversions', and ‘empy.purgeAllDiversi

three will do the equivalent of a ‘empy.stopDiverting' call
they do their thing.

The name of the current diversion can be requested with the
‘empy.getCurrentDiversion' function; also, the names of a
existing diversions (in sorted order) can be retrieved with
‘empy.getAllDiversions'.

When all processing is finished, the equivalent of a call to
‘empy.playAllDiversions' is done.

Filters

EmPy also supports dynamic filters, introduced in version 1
Filters are put in place right "before" the final output file

so are only invoked after all other processing has taken plac
(including interpreting and diverting). Filters take inpu

it, and then send it to the output.

The current filter can be retrieved with the 'empy.getFilte
function. The filter can be cleared (reset to no filter) with
‘empy.resetFilter'’ and a special "null filter" which does n
any output at all can be installed with 'empy.nullFilter. A
custom filter can be set with the 'empy.setFilter' function
convenience, specialized shortcuts for filters preexist a
used in lieu of actual 'empy.Filter' instances for the
‘empy.setFilter' or ‘empy.attachFilter' argument:

‘None' is a special filter meaning "no filter"; when instal
no filtering whatsoever will take place. ‘empy.setFilter(
is equivalent to 'empy.resetFilter()'.

‘0" (or any other numeric constant equal to zero) is another
special filter that represents the null filter; when instal
no output will ever be sent to the filter's sink.

A filter specified as a function (or lambda) is expected to t
one string argument and return one string argument; this fil
will execute the function on any input and use the return valu
as output.

A filter that is a string is a 256-character table is
substituted with the result of a call to 'string.translate’
using that table.

- A filter can be an instance of a subclass of 'empy.Filter'.
This is the most general form of filter. (In actuality, it can
be any object that exhibits a 'Filter' interface, which woul
include the normal file-like ‘write', 'flush’, and 'close’
methods, as well as 'next, 'attach', and 'detach’ methods f
filter-specific behavior.)

- Finally, the argument to 'empy.setFilter' can be a Python |
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consisting of one or more of the above objects. In that case,
those filters are chained together in the order they appear i
the list. An empty list is the equivalent of ‘None'; all

filters will be uninstalled.

Filters are, at their core, simply file-like objects (minim
supporting ‘write’, ‘flush’, and ‘close’ methods that beha

the usual way) which, after performing whatever processing
need to do, send their work to the next file-like object or fil
in line, called that filter's "sink." That is to say, filters

be "chained" together; the action of each filter takes place
sequence, with the output of one filter being the input of the
next. Additionally, filters support a '_flush' method (not
leading underscore) which will always flush the filter's
underlying sink; this method should be not overridden.

Filters also support three additional methods, not part of t
traditional file interface: 'attach’, which takes as an arg
file-like object (perhaps another filter) and sets that as t
filter's "sink" -- that is, the next filter/file-like objec

line. ‘'detach’ (which takes no arguments) is another method
flushes the filter and removes its sink, leaving it isolated
Finally, 'next' is an accessor method which returns the filt
sink -- or ‘None', if the filter does not yet have a sink
attached.

To create your own filter, you can create an object which supp
the above described interface, or simply derive from the
‘empy.Filter' class and override its ‘write’ and possibly '
methods. You can chain filters together by passing them as
elements in a list to the '‘empy.setFilter' function, or you c
chain them together manually with the ‘attach’ method::

firstFilter.attach(secondFilter)
empy.setFilter(firstFilter)

or just let EmPy do the chaining for you:
empy.setFilter([firstFilter, secondFilter])

In either case, EmPy will walk the filter chain and find the en
and then hook that into the appropriate interpreter stream;
need not do this manually. The function 'empy.attachFilter

be used to attach a single filter (or shortcut, as above) to th
end of a currently existing chain. Note that unlike its cousi
‘empy.setFilter', one cannot pass a sequence of filters (or
shortcuts) to 'empy.attachFilter'.  (If there is no existin

filter chain installed, ‘empy.attachFilter' will behave t

as 'empy.setFilter'.)

Subclasses of 'empy.Filter' are already provided with the a
null, function, and string functionality described above;
‘NullFilter’, 'FunctionFilter’, and 'StringFilter', res

In addition, a filter which supports buffering, 'BufferedF

is provided. Several variants are included: 'SizeBuffered
a filter which buffers into fixed-sized chunks,
‘LineBufferedFilter, a filter which buffers by lines, and
‘MaximallyBufferedFilter', a filter which completely buf

input.

Hooks

The EmPy system allows for the registry of hooks with a runnin
EmPy interpreter.  Originally introduced in version 2.0 and
improved in 3.2, hooks are objects, registered with an
interpreter, whose methods represent specific callbacks.

number of hook objects can be registered with an interpreter
when a callback is invoked, the associated method on each one
those hook objects will be called by the interpreter in seque

Hooks are simply instances, nominally derived from the ‘emp
class. The 'empy.Hook' class itself defines a series of meth
with the expected arguments, which would be called by a runni
EmPy interpreter. This scenario, much improved from the pri
implementation in 2.0, allows hooks to keep state and have mo
direct access to the interpreter they are running in (the
‘empy.Hook' instance contains an ‘interpreter' attribute

To use a hook, derive a class from ‘empy.Hook' and override th
desired methods (with the same signatures as they appear in t
base class). Create an instance of that subclass, and then
register it with a running interpreter with the ‘empy.addHo
function.  (This same hook instance can be removed with the
‘empy.removeHook' function.)

More than one hook instance can be registered with an interpr
in such a case, the appropriate methods are invoked on each
instance in the order in which they were registered. To adjus
this behavior, an optional 'prepend' argument to the

‘empy.addHook’ function can be used dictate that the new hoo
should placed at the
than at the end (which is the default).

All hooks can be enabled and disabled entirely for a given
interpreter; this is done with the 'empy.enableHooks' and
‘empy.disableHooks' functions. By default hooks are enabl
obviously if no hooks have been registered no hook callbacks
be made.
by calling '‘empy.areHooksEnabled'. To get a (copy of) the li
registered hooks, call ‘'empy.getHooks'. Finally, to invok

Whether hooks are enabled or disabled can be determi
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manually, use ‘empy.invokeHook'.

For a list of supported hook callbacks, see the ‘empy.Hook' c lass
definition.

As a practical example, this sample Python code would print a
pound sign followed by the name of every file that is included
with ‘empy.include":

class IncludeHook(empy.Hook):
def beforelnclude(self, name, file, locals):
print "# %s" % name

empy.addHook(IncludeHook())

Custom markup

Since version 3.2.1, the markup '@<...>' is reserved for

user-defined use. Unlike the other markups, this markup has no
specified meaning on its own, and can be provided a meaning by the
user. This meaning is provided with the use of a "custom

callback,” or just “callback,” which can be set, queried, or reset
using the pseudomodule function.

The custom callback is a callable object which, when invoked , s
passed a single argument: a string representing the content s of
what was found inside the custom markup '@<...>"

To register a callback, call 'empy.registerCallback’. To r emove
one, call 'empy.deregisterCallback’. To retrieve the call back (if
any) registered with the interpreter, use ‘empy.getCallba ck'.
Finally, to invoke the callback just as if the custom markup w ere
encountered, call ‘empy.invokeCallback'. For instance, * @<This
text>' would be equivalent to the call '@empy.invokeCallba ck("This
text")'.

By default, to invoke a callback (either explicitly with

‘empy.invokeCallback' or by processing a '@<...>' custom m arkup)
when no callback has been registered is an error. This behavi or

can be changed with the 'CALLBACK_OPT' option, or the
--no-callback-error command line option.

Pseudomodule

The 'empy' pseudomodule is available only in an operating Em Py
system. (The name of the module, by default ‘empy’, can be

changed with the -m option or the 'EMPY_PSEUDO' environment

variable). It is called a pseudomodule because it is not actu ally
a module, but rather exports a module-like interface. In fac t,
the pseudmodule is actually the same internal object as the

interpreter itself.

The pseudomodule contains the following functions and obje cts (and
their signatures, with a suffixed ‘opt' indicating an optio nal
argument):

First, basic identification:

*

*
*

*
*

*
*

*
*

o

'VERSION' »+ -- A constant variable which contains a
string representation of the EmPy version.

'SIGNIFICATOR_RE_STRING' # -- A constant variable representing a
regular expression string (using the default prefix) that c an be
used to find significators in EmPy code.

'SIGNIFICATOR_RE_SUFFIX' * -- The portion of the significator

regular expression string excluding the prefix, so that tho se
using non-standard prefix can build their own custom regula r
expression string with 'myPrefix + empy.SIGNIFICATOR_RE_ SUFFIX".
‘interpreter' * -- The instance of the interpreter that is

currently being used to perform execution. +Note:  This is now
obsolete; the pseudomodule is itself the interpreter. Inst ead

of using ‘empy.interpreter’, simply use ‘empy'.

‘argv’ = -- A list consisting of the name of the primary EmPy
script and its command line arguments, in analogue to the
‘'sys.argv' list.

‘args' = -- A list of the command line arguments following the
primary EmPy script; this is equivalent to 'empy.argv[1:]

‘identify() -> string, integer' + -- Retrieve identification

information about the current parsing context. Returns a

2-tuple consisting of a filename and a line number; if the fil e
is something other than from a physical file ( *e.g. *, an

explicit expansion with 'empy.expand’, a file-like object within
Python, or via the -E or -F command line options), a string

representation is presented surrounded by angle brackets. Note
that the context only applies to the *EmPy context, not the

Python context.

‘atExit(callable)' ++ -- Register a callable object (such as a

function) taking no arguments which will be called at the end of
a normal shutdown. Callable objects registered in this way a re
called in the reverse order in which they are added, so the

first callable registered with 'empy.atExit' is the last on e to
be called. Note that although the functionality is related t o

hooks, ‘empy.atExit' does no work via the hook mechanism, an d
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you are guaranteed that the interpreter and stdout will be in a
consistent state when the callable is invoked.

Context manipulation:

+ 'pushContext(name_opt, line_opt)' # -- Create a new context with
the given name and line and push it on the stack.

++ 'popContext()' * -- Pop the top context and dispose of it.

+ 'setContextName(name)' # -- Manually set the name of the current
context.

+ 'setContextLine(line)' # -- Manually set the line number of the
current context; line must be a numeric value. Note that
afterward the line number will increment by one for each newl ine
that is encountered, as before.

Globals manipulation:

+ 'getGlobals()’ + -- Retrieve the globals dictionary for this
interpreter.  Unlike when calling ‘globals()' in Python, th is
dictionary +*can* be manipulated and you *can* expect changes you
make to it to be reflected in the interpreter that holds it.

¥

‘setGlobals(globals) + -- Reseat the globals dictionary
associated with this interpreter to the provided mapping ty pe.

+ 'updateGlobals(globals)' + -- Merge the given dictionary into
this interpreter's globals.

¥

‘clearGlobals(globals_opt)* #+ -- Clear out the globals

(restoring, of course, the 'empy' pseudomodule). Optional ly,
instead of starting with a refresh dictionary, use the

dictionary provided.

*
*

‘'saveGlobals(deep=True)' # -- Save a copy of the globals onto an
internal history stack from which it can be restored later. T he
optional 'deep' argument indicates whether or not the copyi ng
should be a deep copy (default) or a shallow one. Copying is

done with 'copy.deepcopy’ or 'copy.copy', respectively.

*
*

‘restoreGlobals(destructive=True)' * -- Restore the most

recently saved globals from the history stack to as the curre nt
globals for this instance. The optional 'destructive’ argu ment
indicates whether or not the restore should remove the resto red
globals from the history stack (default), or whether it shou Id
be left there for subsequent restores.

Types:

+ 'Interpreter' +x -- The actual interpreter class.

The following functions allow direct execution; optional ' locals'
arguments, if specified, are treated as the locals dictiona ry in
evaluation and execution:

+ 'defined(name, locals_opt)' + -- Return true if the given name

is defined either in the (optional) locals or the interprete r
globals; return false otherwise.

*
*

‘evaluate(expression, locals_opt)' + -- Evaluate the given
expression.

*
*

‘serialize(expression, locals_opt)' * -- Serialize the

expression, just as the interpreter would: If it is not None,

convert it to a string with the 'str' builtin function, and th en
write out the result. If it evaluates to None, do nothing.

+ 'execute(statements, locals_opt)' * -- Execute the given
statement(s).
+ 'single(source, locals_opt)' + - Interpret the "single" source

code, just as the Python interactive interpreter would.

+ 'import_(name, locals_opt)' * -- Import a module.
+ 'atomic(name, value, locals_opt)' + -- Perform a single, atomic
assignment. In this case name is the string denoating the nam e

of the (single) variable to be assigned to, and value is a
Python object which the name is to be bound to.

+ 'assign(name, value, locals_opt)' + -- Perform general
assignment. This decays to atomic assignment (above) in the
normal case, but supports "tuple unpacking" in the sense tha tif
name string contains commas, it is treated as a sequence of
names and memberwise assignment with each member of the valu e

(still a Python object, but which must be a sequence). This

function will raise a 'TypeError' or 'ValueError' just like

Python would if tuple unpacking is not possible (that is, if t he
value is not a sequence or is of an incompatible length,

respectively). This only supports the assignment of Python

identifiers, not arbitrary Python Ivalues.

+ 'significate(key, value_opt, locals_opt)' # -- Do a manual
signification.  If 'value' is not specified, it is treated as
‘None'.

The following functions relate to source manipulation:

+ 'include(file_or_filename, locals_opt)' +x -- Include another

91



Appendix A. Empy Module Manual

92

EmPy file, by processing it in place. The argument can either

be a filename (which is then opened with ‘open' in text mode) o r
a file object, which is used as is. Once the included file is
processed, processing of the current file continues. Inclu des
can be nested. The call also takes an optional locals
dictionary which will be passed into the evaluation functio n.

+ 'expand(string, locals_opt)' -> string + -- Explicitly invoke
the EmPy parsing system to process the given string and retur n

its expansion. This allows multiple levels of expansion,

*e.g. *, '@(empy.expand("@(2 + 2)"). The call also takes an

optional locals dictionary which will be passed into the

evaluation function. This is necessary when text is being

expanded inside a function definition and it is desired that the
function arguments (or just plain local variables) are avai lable
to be referenced within the expansion.

*
*

‘quote(string) -> string' * -- The inverse process of

‘empy.expand’, this will take a string and return a new strin g
that, when expanded, would expand to the original string. In

practice, this means that appearances of the prefix charact er
are doubled, except when they appear inside a string literal

+ 'escape(string, more_opt) -> string' * -- Given a string, quote
the nonprintable characters contained within it with EmPy
escapes. The optional 'more’ argument specifies additiona |
characters that should be escaped.

* 'flush()' + -- Do an explicit flush on the underlying stream.

+ 'string(string, name_opt, locals_opt)' + -- Explicitly process a
string-like object. This differs from 'empy.expand’ in tha t the
string is directly processed into the EmPy system, rather th an

being evaluated in an isolated context and then returned as a
string.

Changing the behavior of the pseudomodule itself:

+ 'flatten(keys_opt)' + - Perform the equivalent of 'from empy
import ..." in code (which is not directly possible because
‘empy' is a pseudomodule). If keys is omitted, it is taken as
being everything in the 'empy' pseudomodule. Each of the
elements of this pseudomodule is flattened into the globals

namespace; after a call to 'empy.flatten’, they can be refer red
to simple as globals, *e.g. *, '@divert(3)" instead of

‘@empy.divert(3)'. If any preexisting variables are bound to
these names, they are silently overridden. Doing this is

tantamount to declaring an ‘from ... import ..." which is oft en

considered bad form in Python.
Prefix-related functions:
+ 'getPrefix() -> char' + -- Return the current prefix.

+ 'setPrefix(char)' +# -- Set a new prefix. Immediately after this
call finishes, the prefix will be changed. Changing the pref ix
affects only the current interpreter; any other created
interpreters are unaffected. Setting the prefix to None or t he
null string means that no further markups will be processed,
equivalent to specifying the --no-prefix command line argu ment.

Diversions:

+ 'stopDiverting()' + -- Any diversions that are currently taking
place are stopped; thereafter, output will go directly to th e
output file as normal. It is never illegal to call this
function.

*
*

‘createDiversion(name)' * -- Create a diversion, but do not

begin diverting to it. This is the equivalent of starting a

diversion and then immediately stopping diversion; it is us ed in
cases where you want to make sure that a diversion will exist

for future replaying but may be empty.

+ 'startDiversion(name)’ + - Start diverting to the specified
diversion name. If such a diversion does not already exist, i t
is created; if it does, then additional material will be
appended to the preexisting diversions.

+ 'playDiversion(name)' + -- Recall the specified diversion and
then purge it. The provided diversion name must exist.
+ 'replayDiversion(name)’ + -- Recall the specified diversion
without purging it. The provided diversion name must exist.
+ 'purgeDiversion(name)’ + -- Purge the specified diversion
without recalling it. The provided diversion name must exis t.
+ 'playAllDiversions()' # -- Play (and purge) all existing

diversions in the sorted order of their names. This call does
an implicit 'empy.stopDiverting' before executing.

*
*

‘replayAllDiversions()' # -- Replay (without purging) all
existing diversions in the sorted order of their names. This
call does an implicit ‘empy.stopDiverting' before executi ng.

*
*

‘purgeAllDiversions()' # - Purge all existing diversions
without recalling them. This call does an implicit
‘empy.stopDiverting' before executing.

+ 'getCurrentDiversion() -> diversion' + -- Return the name of the



current diversion.

+ 'getAllDiversions() -> sequence' + -- Return a sorted list of
all existing diversions.

Filters:

+ 'getFilter() -> filter' + -- Retrieve the current filter.
‘None' indicates no filter is installed.

+ 'resetFilter()’ ++ -- Reset the filter so that no filtering is
done.

+ 'nullFilter()’ # -- Install a special null filter, one which

consumes all text and never sends any text to the output.

+ 'setFilter(shortcut)' # .- Install a new filter. A filter is
‘None' or an empty sequence representing no filter, or '0' fo
null filter, a function for a function filter, a string for a
string filter, or an instance of 'empy.Filter' (or a workali
object). If filter is a list of the above things, they will be
chained together manually; if it is only one, it will be
presumed to be solitary or to have already been manually chai
together. See the "Filters" section for more information.

+ 'attachFilter(shortcut)' # -- Attach a single filter (sequences
are not allowed here) to the end of a currently existing filte
chain, or if there is no current chain, install it as
‘empy.setFilter' would. As with 'empy.setFilter’, the sho
versions of filters are also allowed here.

Hooks:

+ 'areHooksEnabled()' + -- Return whether or not hooks are
presently enabled.

*
*

‘enableHooks()' ++ -- Enable invocation of hooks. By default
hooks are enabled.

*
*

‘disableHooks()' + - Disable invocation of hooks. Hooks can
still be added, removed, and queried, but invocation of hook

will not occur (even explicit invocation with

‘empy.invokeHook").

*
*

‘getHooks()' # - Get a (copy of the) list of the hooks
currently registered.

+ 'clearHooks()' #+ -- Clear all the hooks registered with this
interpreter.

+ 'addHook(hook, prepend_opt)' # -- Add this hook to the hooks
associated with this interpreter. By default, the hook is
appended to the end of the existing hooks, if any; if the
optional insert argument is present and true, it will be
prepended to the list instead.

+* ‘removeHook(hook)' ++ -- Remove this hook from the hooks
associated with this interpreter.

+ 'invokeHook(_name, ...)' + -- Manually invoke a hook method.

The remaining arguments are treated as keyword arguments an
resulting dictionary is passed in as the second argument to t
hooks.

Custom markup callback:

+ 'getCallback() -> callback' + -- Retrieve the current callback
associated with this interpreter, or 'None' if it does not ye
have one.

+ 'registerCallback(callback) ++ -- Register a callback to be

called whenever a custom markup ('@<...>") is encountered.
encountered, 'invokeCallback' is called.

+ 'deregisterCallback()' + - Clear any callback previously
registered with the interpreter for being called when a cust
markup is encountered.

¥

‘invokeCallback(contents)' + - Invoke a custom callback. This
function is called whenever a custom markup (@<...>) is
encountered. It in turn calls the registered callback, with

single argument, ‘contents', which is a string representin

the contents of the custom markup.

Invocation

Basic invocation involves running the interpreter on an EmP
and some optional arguments. If no file are specified, or the
file is named -, EmPy takes its input from stdin. One can
suppress option evaluation (to, say, specify a file that beg

with a dash) by using the canonical '--' option.

# '-h'/'--help’ * - Print usage and exit.

+ '-H'/--extended-help' # - Print extended usage and exit.
Extended usage includes a rundown of all the legal expansion
escape sequences, pseudomodule contents, used hooks, and
supported environment variables.

* '-v'['--verbose' + -- The EmPy system will print all manner of
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details about what it is doing and what it is processing to

stderr.
-V'/'--version' * - Print version and exit.
-a'--append’ (filename) + -- Open the specified file for

append instead of using stdout.

"-b'/--buffered-output' # - Fully buffer processing output,

including the file open itself. This is helpful when, should an
error occur, you wish that no output file be generated at all

(for instance, when using EmPy in conjunction with make). Wh en

specified, either the -0 or -a options must be specified, and
the -b option must precede them. This can also be specified

through the existence of the 'EMPY_BUFFERED_OUTPUT' envir onment
variable.

-f/'--flatten’ + -- Before processing, move the contents of

the 'empy' pseudomodule into the globals, just as if

‘empy.flatten()’ were executed immediately after startin g the
interpreter.  That is, *e.g. *, 'empy.include’ can be referred to
simply as ‘include’ when this flag is specified on the comman d

line. This can also be specified through the existence of the
'EMPY_FLATTEN' environment variable.

"-i'/-interactive’' + -- After the main EmPy file has been
processed, the state of the interpreter is left intact and
further processing is done from stdin. This is analogous to t he

Python interpreter's -i option, which allows interactive

inspection of the state of the system after a main module is

executed. This behaves as expected when the main file is stdi n
itself. ~This can also be specified through the existence of t he
'EMPY_INTERACTIVE' environment variable.

"-k'/'--suppress-errors' # -- Normally when an error is

encountered, information about its location is printed and the
EmPy interpreter exits. With this option, when an error is

encountered (except for keyboard interrupts), processing stops
and the interpreter enters interactive mode, so the state of

affairs can be assessed. This is also helpful, for instance,

when experimenting with EmPy in an interactive manner. -k

implies -i.

"-n’/--no-override-stdout' # -- Do not override 'sys.stdout'

with a proxy object which the EmPy system interacts with. If

suppressed, this means that side effect printing will not be

captured and routed through the EmPy system. However, if thi s
option is specified, EmPy can support multithreading.

-0'/--output’ (filename) + -- Open the specified file for
output instead of using stdout. If a file with that name
already exists it is overwritten.

-p'/--prefix'  (prefix) + -- Change the prefix used to detect
expansions. The argument is the one-character string that w il
be used as the prefix. Note that whatever it is changed to, the

way to represent the prefix literally is to double it, so if '$ !
is the prefix, a literal dollar sign is represented with '$$'

Note that if the prefix is changed to one of the secondary

characters (those that immediately follow the prefix to ind icate
the type of action EmPy should take), it will not be possible t o
represent literal prefix characters by doubling them ( xe.g. *, if
the prefix were inadvisedly changed to '# then '## would

already have to represent a comment, so '## could not repres ent

a literal '#). This can also be specified through the
'EMPY_PREFIX' environment variable.

-r'/--raw-errors' # -- Normally, EmPy catches Python
exceptions and prints them alongside an error notation
indicating the EmPy context in which it occurred. This optio n

causes EmPy to display the full Python traceback; this is

sometimes helpful for debugging. This can also be specified

through the existence of the 'EMPY_RAW_ERRORS' environmen t
variable.

"-u'/--unicode' + -- Enable the Unicode subsystem. This option

only need be present if you wish to enable the Unicode subsyst em
with the defaults; any other Unicode-related option (start ing

with --unicode...) will also enable the Unicode subsystem.

-D'/'--define’ (assignment) + -- Execute a Python assignment of

the form ‘variable = expression'. If only a variable name is

provided ( =*i.e. =*, the statement does not contain an '=' sign),

then it is taken as being assigned to None. The -D option is

simply a specialized -E option that special cases the lack of an
assignment operator. Multiple -D options can be specified.

-E'/--execute’ (statement) + -- Execute the Python (not EmPYy)
statement before processing any files. Multiple -E options can
be specified.

-F'['--execute-file' (filename) + -- Execute the Python (not

EmPy) file before processing any files. This is equivalent t o
-E execfile("filename")' but provides a more readable con text.

Multiple -F options can be specified.

"-I'/'--import’ (module) + - |mports the specified module name
before processing any files. Multiple modules can be specif ied
by separating them by commas, or by specifying multiple -I

options.
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+ '-P'['--preprocess’ (filename) ++ -- Process the EmPy file before
processing the primary EmPy file on the command line.

+ '--binary' + -- Treat the file as a binary file, and read in
chunks rather than line by line. In this mode, the "line"
indicator represents the number of bytes read, not the numbe r of
lines processed.

*
*

"--no-prefix’ + - Disable the prefixing system entirely; when
specified, EmPy will not expand any markups. This allows EmP y
to merely act as a Unicode encoding translator..

*
*

"--pause-at-end' + - |f present, then 'raw_input' will be
called at the end of processing. Useful in systems where the
output window would otherwise be closed by the operating
system/window manager immediately after EmPy exited.

*
*

"--relative-path’ # -- \When present, the path the EmPy script

being invoked is contained in will be prepended to 'sys.path A
This is analogous to Python's internal handling of 'sys.pat h'
and scripts. If input is from stdin (-' for a filename or no

filename is specified), then nothing is added to the path.

»* '--no-callback-error' ** -- Do not consider it an error if the
custom markup is invoked '@<...>' and there is no callback
function registered for it.

# '--chunk-size' (chunk) + -- Use the specific binary chunk size
rather than the default; implies --binary.

+ '--unicode-encoding' (encoding) ++ -- Specify the Unicode
encoding to be used for both input and output.

+ '--unicode-input-encoding’ (encoding) # -- Specify the Unicode
encoding to be used for input.

*
*

"--unicode-output-encoding’ (encoding) + - Specify the Unicode
encoding to be used for output.
# '--unicode-input-errors (errors) # -- Specify the Unicode error
handling to be used for input.
+ '--unicode-errors (errors) + -- Specify the Unicode error
handling to be used for both input and output.
# '--unicode-output-errors (errors) + -- Specify the Unicode error
handling to be used for output.

Environment variables

EmPy also supports a few environment variables to predefine

certain behaviors. The settings chosen by environment vari ables
can be overridden via command line arguments. The following

environment variables have meaning to EmPy:

+ 'EMPY_OPTIONS's+ -- If present, the contents of this environment
variable will be treated as options, just as if they were
entered on the command line, +before * the actual command line
arguments are processed. Note that these arguments are *not *
processed by the shell, so quoting, filename globbing, and t he

like, will not work.

*
*

'EMPY_PREFIX' #* -- If present, the value of this environment
variable represents the prefix that will be used; this is
equivalent to the -p command line option.

*
*

'EMPY_PSEUDO#** -- If present, the value of this environment

variable represents the name of the pseudomodule that will b e
incorporated into every running EmPy system; this is equiva lent
to the -m command line option.

*
*

'EMPY_FLATTEN's+ - If defined, this is equivalent to including
-f on the command line.

+» 'EMPY_RAW_ERROR®* -- If defined, this is equivalent to
including -r on the command line.

¥

'EMPY_INTERACTIVE' #+ -- If defined, this is equivalent to
including -i on the command line.

+ 'EMPY_BUFFERED_OUTPU® - If defined, this is equivalent to
including -b on the command line.

+ 'EMPY_UNICODE's+ -- If defined, this is equivalent to including
-u on the command line.

*
*

'EMPY_UNICODE_INPUT_ENCODING* -- If present, the value of this
environment variable indicates the name of the Unicode inpu t
encoding to be used. This is equivalent to the

--unicode-input-encoding command line option.

*
*

'EMPY_UNICODE_OUTPUT_ENCODIN&' -- If present, the value of
this environment variable indicates the name of the Unicode
output encoding to be used. This is equivalent to the
--unicode-output-encoding command line option.

*
*

'EMPY_UNICODE_INPUT_ERRORS* -- If present, the value of this
environment variable indicates the name of the error handle r to
be used for input. This is equivalent to the

--unicode-input-errors command line option.
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+ 'EMPY_UNICODE_OUTPUT_ERRORS' -- If present, the value of this
environment variable indicates the name of the error handle r to
be used for output. This is equivalent to the
--unicode-output-errors command line option.

Examples and testing EmPy

See the sample EmPy file 'sample.em' which is included with t he
distribution. Run EmPy on it by typing something like::

Jem.py sample.em

and compare the results and the sample source file side by sid e.
The sample content is intended to be self-documenting, and e ven an
introduction to the basic features of EmPy while simultaneo usly

exercising them.

The file 'sample.bench’ is the benchmark output of the sampl e.
Running the EmPy interpreter on the provided 'sample.em’ fi le
should produce precisely the same results. You can run the

provided test script to see if your EmPy environment is behav ing

as expected (presuming a Unix-like operating system):
Jtest.sh

By default this will test with the first Python interpreter
available in the path; if you want to test with another
interpreter, you can provide it as the first argument on the
command line, *e.g. *:

Jtest.sh python2.1

Jtest.sh Jusr/bin/python1.5

Jtest.sh jython
A more comprehensive test suite and set of real-world exampl es is
planned for a future version.

Embedding EmPy

For atomic applications, the ‘expand’ function is provided (the
extra keyword arguments passed in are treated as locals):

import em
print em.expand("@x + @y is @(x + y).", x=2, y=3)

One can specify a globals dictionary and all the other interp reter
options (below) as well. One can specify a globals dictionar y
that will be used if one wants persistence::

import em

g=4{
em.expand("@{x = 10}", g)
print em.expand("x is @x.", g)

The standalone ‘expand' function, however, creates and des troys an
‘Interpreter' instance each time it is called. For repeated
expansions, this can be expensive. Instead, you will probab ly

want to use the full-fledged features of embedding. An EmPy
interpreter can be created with as code as simple as:

import em

interpreter = em.Interpreter()

# The following prints the results to stdout:
interpreter.string("@{x = 123}@x\n")

# This expands to the same thing, but puts the results as a
# string in the variable result:

result = interpreter.expand("@{x = 123}@x\n")

# This just prints the value of x directly:

print interpreter.globals['x’]

# Process an actual file (and output to stdout):
interpreter.file(open(‘/path/to/some/file"))
interpreter.shutdown() # this is important; see below

One can capture the output of a run in something other than std out
by specifying the *output * parameter::

import em, StringlO

output = StringlO.StringlO()

interpreter = em.Interpreter(output=output)
# Do something.
interpreter.file(open(‘/path/to/some/file"))

interpreter.shutdown() # again, this is important; see bel ow
print output.getvalue() # this is the result from the sessio n
When you are finished with your interpreter, it is important to

call its shutdown method::

interpreter.shutdown()
This will ensure that the interpreter cleans up all its overh ead,
entries in the 'sys.stdout' proxy, and so forth. It is usuall y
advisable that this be used in a try...finally clause::

interpreter = em.Interpreter(...)
try:

finally:
interpreter.shutdown()
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The ‘em.Interpreter' constructor takes the following argu

all are optional. Since options may be added in the future, it
highly recommended that the constructor be invoked via keyw
arguments, rather than assuming their order. The arguments

*output * -- The output file which the interpreter will be sending
all its processed data to. This need only be a file-like objec
it need not be an actual file. If omitted, 'sys._ stdout ' i
used.

*argv * -- An argument list analogous to 'sys.argv', consisting of
the script name and zero or more arguments. These are availab
to executing interpreters via 'empy.argv'’ and 'empy.args'
omitted, a non-descript script name is used with no argument

«prefix * -- The prefix (a single-character string). Defaults to
'‘@'. It is an error for this to be anything other than one
character.

+*pseudo * -- The name (string) of the pseudmodule. Defaults to
‘empy".

+options * -- A dictionary of options that can override the default
behavior of the interpreter. The names of the options are
constant names ending in '_OPT' and their defaults are given
‘Interpreter. DEFAULT_OPTIONS".

+globals * -- By default, interpreters begin with a pristine
dictionary of globals (except, of course, for the ‘empy'
pseudomodule).  Specifying this argument will allow the glo
to start with more.

+hooks * -- A sequence of hooks (or ‘None' for none) to register
with the interpreter at startup. Hooks can, of course, be add
after the fact, but this allows the hooks to intercept the
‘atStartup' event (otherwise, the startup event would alre

have occurred by the time new hooks could be registered)..

Many things can be done with EmPy interpreters; for the full
developer documentation, see the generated documentation
‘em' module.

Interpreter options
The following options (passed in as part of the options dicti
to the Interpreter constructor) have the following meaning
defaults are shown below and are also indicated in an
‘Interpreter. DEFAULT_OPTIONS' dictionary.

+ 'BANGPATH_OPT%* -- Should a bangpath (#!) as the first line
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of an EmPy file be treated as if it were an EmPy comment? Note

that '#!' sequences starting lines or appearing anywhere el
the file are untouched regardless of the value of this option
Default: true.

¥

'‘BUFFERED_OPT*+ -- Should an ‘abort' method be called upon
failure? This relates to the fully-buffered option, where a
output can be buffered including the file open; this option o

relates to the interpreter's behavior +after * that proxy file

object has been created. Default: false.

*
*

(that is, the exception is allowed to propagate through to th
toplevel so that the user gets a standard Python traceback)?
Default: false.

*
*

'‘EXIT_OPT' % -- Upon an error, should execution continue
(although the interpreter stacks will be purged)? Note that
even in the event this is set, the interpreter will halt upon
receiving a 'Keyboardinterrupt'. Default: true.

+ 'FLATTEN_OPT' #x -- Upon initial startup, should the ‘empy'
pseudomodule namespace be flattened, *i.e. *, should
‘empy.flatten' be called? Note this option only has an effec
when the interpreter is first created; thereafter it is
ignored.  Default: false.

+ 'OVERRIDE_OPT'#+ -- Should the 'sys.stdout' object be overridden

with a proxy object? If not, side effect output cannot be
captured by the EmPy system, but EmPy will support
multithreading.  Default: true.

+* 'CALLBACK_OPT'#+ -- If a callback is invoked when none has yet

been registered, should an error be raised or should the
situation be ignored? Default: true.
Data flow
+ input -> interpreter -> diversions -> filters -> output
Here, in summary, is how data flows through a working EmPy sys

1. Input comes from a source, such an .em file on the command
line, or via an 'empy.include' statement.

2. The interpreter processes this material as it comes in,
expanding EmPy expansions as it goes.

'RAW_OPT'++ -- Should errors be displayed as raw Python errors

onary
The

se in

nly

tem:
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3. After interpretation, data is then sent through the diver sion
layer, which may allow it directly through (if no diversion i s
in progress) or defer it temporarily. Diversions that are
recalled initiate from this point.

4. Any filters in place are then used to filter the data and
produce filtered data as output.

5. Finally, any material surviving this far is sent to the out put
stream. That stream is stdout by default, but can be changed
with the -0 or -a options, or may be fully buffered with the -b
option (that is, the output file would not even be opened unti
the entire system is finished).

Author's notes

| originally conceived EmPy as a replacement for my "Web

templating system”, http://www.alcyone.com/max/info/m 4.html which
uses "m4", http://www.seindal.dk/rene/gnu/ (a general

macroprocessing system for Unix).

Most of my Web sites include a variety of m4 files, some of whic h
are dynamically generated from databases, which are then sc anned
by a cataloging tool to organize them hierarchically (so tha t,
say, a particular m4 file can understand where it is in the

hierarchy, or what the titles of files related to it are witho ut
duplicating information); the results of the catalog are th en
written in database form as an m4 file (which every other m4 fi le
implicitly includes), and then GNU make converts each m4 to a n
HTML file by processing it.

As the Web sites got more complicated, the use of m4 (which | ha d
originally enjoyed for the challenge and abstractness) rea Iy
started to become an impediment to serious work; while I am ve ry
knowledgeable about m4 -- having used it for for so many years -
getting even simple things done with it is awkward and diffic ult.
Worse yet, as | started to use Python more and more over the

years, the cataloging programs which scanned the m4 and buil t m4
databases were migrated to Python and made almost trivial, b ut
writing out huge awkward tables of m4 definitions simply to m ake
them accessible in other m4 scripts started to become almost

farcical -- especially when coupled with the difficulty in g etting
simple things done in m4.

It occurred to me what | really wanted was an all-Python solut ion.
But replacing what used to be the m4 files with standalone Pyt hon
programs would result in somewhat awkward programs normall y
consisting mostly of unprocessed text punctuated by small p ortions
where variables and small amounts of code need to be substitu ted.
Thus the idea was a sort of inverse of a Python interpreter: a

program that normally would just pass text through unmolest ed, but
when it found a special signifier would execute Python code i n a
normal environment. | looked at existing Python templating

systems, and didn't find anything that appealed to me -- | wan ted
something where the desired markups were simple and unobtru sive.
After considering between choices of signifiers, | settled on '@
and EmPy was born.

As | developed the tool, | realized it could have general appe al,
even to those with widely varying problems to solve, provide d the
core tool they needed was an interpreter that could embed Pyt hon
code inside templated text. As | continue to use the tool, | ha ve
been adding features as unintrusively as possible as | see ar eas

that can be improved.

A design goal of EmPy is that its feature set should work on

several levels; at each level, if the user does not wish or nee d
to use features from another level, they are under no obligat ion
to do so. If you have no need of diversions, for instance, you

are under no obligation to use them. |If significators will no t
help you organize a set of EmPy scripts globally, then you nee d
not use them. New features that are being added are whenever

possible transparently backward compatible; if you do not n eed
them, their introduction should not affect you in any way. Th e
use of unknown prefix sequences results in errors, guarante eing
that they are reserved for future use.

Glossary
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+ control = -- A control markup, used to direct high-level control
flow within an EmPy session. Control markups are expressed w ith
the '@[...]' notation.

+ diversion * -- A process by which output is deferred, and can be
recalled later on demand, multiple times if necessary.

+ document # -- The abstraction of an EmPy document as used by a
processor.

++ escape » -- A markup designed to expand to a single (usually
non-printable) character, similar to escape sequences in C or

other languages.

+ expansion * -- The process of processing EmPy markups and
producing output.

* expression s -- An expression markup represents a Python
expression to be evaluated, and replaced with the 'str' of it s
value. Expression markups are expressed with the '@(...)'
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notation.

« filter % -- A file-like object which can be chained to other
objects (primarily the final stream) and can buffer, alter, or
manipulate in any way the data sent. Filters can also be
chained together in arbitrary order.

+* globals * -- The dictionary (or dictionary-like object) which

resides inside the interpreter and holds the currently-def ined
variables.
+ hook* -- A callable object that can be registered in a
dictionary, and which will be invoked before, during, or aft er
certain internal operations, identified by name with a stri ng.
* interpreter + -- The application (or class instance) which

processes EmPy markup.

*
*

markup = -- EmPy substitutions set off with a prefix and
appropriate delimeters.

+ output * -- The final destination of the result of processing an

EmPy file.
+ prefix » -- The ASCII character used to set off an expansions.
By default, '@'".
** processor * -- An extensible system which processes a group of
EmPy files, usually arranged in a filesystem, and scans them for
significators.

+ pseudomodule * -- The module-like object named ‘empy' which is
exposed internally inside every EmPy system.

*
*

shortcut * -- A special object which takes the place of an

instance of the 'Filter' class, to represent a special form o f
filter. These include O for a null filter, a callable (functi on
or lambda) to represent a callable filter, or a 256-characte r
string which represents a translation filter.

+ significator # -- A special form of an assignment markup in EmPy
which can be easily parsed externally, primarily designed f or
representing uniform assignment across a collection of fil es.

Significators are indicated with the '@%' markup.

*
*

statement *x -- A line of code that needs to be executed;
statements do not have return values. In EmPy, statements ar e
set off with '@{...}.
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Known issues and caveats

EmPy was primarily intended for static processing of docum ents,
rather than dynamic use, and hence speed of processing was no t
the primary consideration in its design.

EmPy is not threadsafe by default. This is because of the nee d
for EmPy to override the 'sys.stdout' file with a proxy objec t

which can capture effects of 'print' and other spooling to

stdout. This proxy can be suppressed with the -n option, whic h
will result in EmPy being unable to do anything meaningful wi th
this output, but will allow EmPy to be threadsafe.

- To function properly, EmPy must override 'sys.stdout' wit h a
proxy file object, so that it can capture output of side effec ts
and support diversions for each interpreter instance. It is
important that code executed in an environment *not * rebind

'sys.stdout', although it is perfectly legal to invoke it

explicitly ( *e.g. *, '@sys.stdout.write("Hello world\n")’). If

one really needs to access the "true" stdout, then use

'sys.__stdout__ ' instead (which should also not be rebound ).
EmPy uses the standard Python error handlers when exception s are
raised in EmPy code, which print to 'sys.stderr'.
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Due to Python's curious handling of the 'print' statement - -
particularly the form with a trailing comma to suppress the

final newline -- mixing statement expansions using prints i nline
with unexpanded text will often result in surprising behavi or,
such as extraneous (sometimes even deferred!) spaces. This is a
Python "feature,” and occurs in non-EmPy applications as we I,
for finer control over output formatting, use 'sys.stdout. write'

or 'empy.interpreter.write' directly.

The 'empy' "module” exposed through the EmPy interface ( *e.g. *,
‘@empy’) is an artificial module. It cannot be imported with

the ‘'import' statement (and shouldn't -- it is an artifact of

the EmPy processing system and does not correspond to any

accessible .py file).

- For an EmPy statement expansion all alone on a line, *e.g. *,
‘@{a = 1}, note that this will expand to a blank line due to
the newline following the closing curly brace. To suppress t his

blank line, use the symmetric convention '‘@{a = 1}@"

- When using EmPy with make, note that partial output may be
created before an error occurs; this is a standard caveat whe n
using make. To avoid this, write to a temporary file and move
when complete, delete the file in case of an error, use the -b
option to fully buffer output (including the open), or (with GNU
make) define a 'DELETE_ON_ERROR' target.

- 'empy.identify’ tracks the context of executed *EmPy code, not
Python code. This means that blocks of code delimited with ‘@ {
and '} will identify themselves as appearing on the line at
which the '} appears, and that pure Python code executed via
the -D, -E and -F command line arguments will show up as all tak ing
place on line 1. |If you're tracking errors and want more
information about the location of the errors from the Python
code, use the -r command line option, which will provide you
with the full Python traceback.

The conditional form of expression expansion '@(...?..
allows the use of a colon instead of an exclamatlon pomt
*e.g. *, '@(..7 . This behavior is supported for
backward compatlblllty but is deprecated Due to an oversi ght,
the colon was a poor choice since colons can appear legally in

expressions (  *e.g. *, dictionary literals or lambda expressions).

The '@ltry]' construct only works with Python exceptions d erived
from 'Exception’. It is not able to catch string exceptions.

The '@Ifor]' variable specification supports tuples for t uple
unpacking, even recursive tuples. However, it is limited in

that the names included may only be valid Python identifiers s
not arbitrary Python Ivalues. Since the internal Python

mechanism is very rarely used for this purpose ( xe.g. *, ‘for (x,
I[0], g.a) in sequence’), it is not thought to be a significan t
limitation.

Wish list

Here are some random ideas for future revisions of EmPy. If an y
of these are of particular interest to you, your input would b e
appreciated.

Some real-world examples should really be included for

demonstrating the power and expressiveness of EmPy first-h and.

- More extensive help (rather than a ridiculously long READM E),
probably inherently using the EmPy system itself for buildi ng to
HTML and other formats, thereby acting as a help facility and a

demonstration of the working system.

A "trivial" mode, where all the EmPy system does is scan for

simple symbols to replace them with evaluations/execution s,
rather than having to do the contextual scanning it does now.

This has the down side of being much less configurable and

powerful but the upside of being extremely efficient.

- A "debug" mode, where EmPy prints the contents of everythin g
it's about to evaluate (probably to stderr) before it does?

- The ability to funnel all code through a configurable 'RExe c
for user-controlled security control.  This would probably
involve abstracting the execution functionality outside o f the

interpreter.  [This suggestion is on hold until the
rexec/Bastion exploits are worked out.]

Optimized handling of processing would be nice for the
possibility of an Apache module devoted to EmPy processing.

An EmPy emacs mode.

An optimization of offloading diversions to files when the y
become truly huge. (This is made possible by the abstraction of
the 'Diversion' class.)

Support for mapping filters (specified by dictionaries).

Support for some sort of batch processing, where several Em Py
files can be listed at once and all of them evaluated with the

same initial (presumably expensive) environment.

‘empy.saveGlobals' and ‘empy.restoreGlobals' have been
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introduced as a partial solution, but they need to be made mor e
robust.

- A more elaborate interactive mode, perhaps with a prompt an d
readline support.

- A StructuredText and/or reStructuredText filter would be quite
useful, as would SGML/HTML/XML/XHTML, s-expression, Pyth on,

etc. auto-indenter filters.

An indexing filter, which can process text and pick out
predefined keywords and thereby setup links to them.

The ability to rerun diverted material back through the

interpreter.  (This can be done, awkwardly, by manually crea ting
a filter which itself contains an interpreter, but it might b e
helpful if this was an all-in-one operation.)

A caching system that stores off the compilations of repeat ed

evaluations and executions so that in a persistent environm ent

the same code does not have to be repeatedly evaluated/execu ted.
This would probably be a necessity in an Apache module-based

solution. Perhaps caching even to the point of generating pu re
PyWM bytecode?

- An option to change the format of the standard EmPy errors in a
traceback.

- Support for some manner of implicitly processed /etc/lempy rc
and/or ~/.empyrc file, and of course an option to inhibit its
processing. This can already be accomplished (and with grea ter
control) via use of EMPY_OPTIONS, though.

- More uniform handling of the preprocessing directives (- , -D,
-E, -F, and -P), probably mapping directly to methods in the
‘Interpreter’ class.

Support for integration with mod_python.

In simple expressions, a ‘{..}' suffix has no meaning in Py thon
(*e.g. *, in Python, '@x(...) is a call, '@x[...]" is

subscription, but '@x{...}' is illegal). This could be

exploited by having a ‘{..}' suffix in a simple expression

representing an encapsulation of an expanded string; *e.g. *,
‘@bullet{There are @count people here}' would be equivalen t to
‘@bullet(empy.expand("There are @count people here",

locals()))}.

A tool to collect significator information from a hierarch y of
.em files and put them in a database form available for

individual scripts would be extremely useful -- this tool sh ould
be extensible so that users can use it to, say, build ordered

hierarchies of their EmPy files by detecting contextual

information like application-specific links to other EmPy

documents.

Extensions of the basic EmPy concepts to projects for other
interpreted languages, such as Java, Lua, Ruby, and/or Perl

Ignore 'SystemExit" when doing error handling, letting th e
exception progagate up? So far no one seems to worry about

this; deliberately exiting early in a template seems to be an

unlikely occurrence. (Furthermore, there are the 'os.abor t and
‘os._exit' faciliies for terminating without exception

propagation.)

A new markup which is the equivalent of '$......$' in sourc e
control systems, where the left-hand portion represents a

keyword and the right-hand portion represents its value whi ch is
substituted in by the EmPy system.

The ability to obtain the filename (if relevant) and mode of the
primary output file.

The ability to redirect multiple streams of output; not

diversions, but rather the ability to write to one file and th en
another.  Since output would be under the EmPy script's contr ol,
this would imply a useful --no-output option, where by defau It
no output is written. This would also suggest the usefulness of
all the output file delegates (diversions, filters, abstra ct
files, etc.) passing unrecognized method calls all the way d own
to underlying file object.

- In addition to the em.py script, an additional support libr ary
(non-executable) should be included which includes ancill ary

functionality for more advanced features, but which is not
necessary to use EmPy in its basic form as a standalone
executable. Such features would include things like
significator processing, metadata scanning, and advanced
prompting systems.

Release history

- 3.3; 2003 Oct 27. Custom markup '@<...>'; remove separate
pseudomodule instance for greater transparency; deprecat e
‘interpreter' attribute of pseudomodule; deprecate auxil iary
class name attributes associated with pseudomodule in
preparation for separate support library in 4.0; add
--no-callback-error and --no-bangpath-processing comma nd line
options; add ‘atToken' hook.
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3.2; 2003 Oct 7. Reengineer hooks support to use hook
instances; add -v option; add --relative-path option; reve

PEP 317 style; modify Unicode support to give less confusing
errors in the case of unknown encodings and error handlers;
relicensed under LGPL.

3.1.1; 2003 Sep 20. Add literal '‘@"..." markup; add
--pause-at-end command line option; fix improper globals
collision error via the 'sys.stdout’ proxy.

3.1; 2003 Aug 8. Unicode support (Python 2.0 and above); add
Document and Processor helper classes for processing
significators; add --no-prefix option for suppressing all

markups.

3.0.4; 2003 Aug 7. Implement somewhat more robust Ivalue
parsing for '@[for] construct (thanks to Beni Cherniavsky
inspiration).

3.0.3; 2003 Jul 9. Fix bug regarding recursive tuple unpack
using ‘@[for]; add ‘empy.saveGlobals', ‘empy.restoreGl
and 'empy.defined’ functions.

3.0.2; 2003 Jun 19. '@?' and '@!" markups for changing the
current context name and line, respectively; add ‘update’ m
to interpreter; new and renamed context operations,
‘empy.setContextName', ‘empy.setContextLine’,
‘empy.pushContext’, ‘empy.popContext'.

3.0.1; 2003 Jun 9. Fix simple bug preventing command line
preprocessing directives (-, -D, -E, -F, -P) from executin
properly; defensive PEP 317 compliance [defunct].

3.0; 2003 Jun 1. Control markups with '@][...]; remove
substitutions (use control markups instead); support
'@(...?...!1...)" for conditional expressions in addition
now-deprecated '@(.. ' variety; add acknowledg

and glossary section: documentation; rename buffering o
back to -b; add -m option and 'EMPY_PSEUDO' environment vari
for changing the pseudomodule name; add -n option and
'EMPY_NO_OVERRIDE' environment variable for suppressing
'sys.stdout' proxy; rename main error class to 'Error; add
standalone ‘expand’ function; add --binary and --chunk-si
options; reengineer parsing system to use Tokens for easy
extensibility; safeguard curly braces in simple expressio
(meaningless in Python and thus likely a typographical erro
making them a parse error; fix bug involving custom Interpre
instances ignoring globals argument; distutils support.

2.3; 2003 Feb 20. Proper and full support for concurrent and
recursive interpreters; protection from closing the true s

file object; detect edge cases of interpreter globals or
'sys.stdout' proxy collisions; add globals manipulation

functions ‘empy.getGlobals', '‘empy.setGlobals’, and
‘empy.updateGlobals' which properly preserve the ‘empy'
pseudomodule; separate usage info out into easily accessib
lists for easier presentation; have -h option show simple us
and -H show extened usage; add ‘NullFile' utility class.

2.2.6; 2003 Jan 30. Fix a bug in the 'Filter.detach’ method
(which would not normally be called anyway).

2.2.5; 2003 Jan 9. Strip carriage returns out of executed co
blocks for DOS/Windows compatibility.

2.2.4; 2002 Dec 23. Abstract Filter interface to use method
only; add '@[noop: ..]' substitution for completeness and
commenting [defunct].

2.2.3; 2002 Dec 16. Support compatibility with Jython by
working around a minor difference between CPython and Jytho
string  splitting.

2.2.2; 2002 Dec 14. Include better docstrings for pseudomo
functions; segue to a dictionary-based options system for
interpreters; add ‘empy.clearAllHooks' and ‘empy.clearG
include a short documentation section on embedding interpr
fix a bug in significator regular expression.

2.2.1; 2002 Nov 30. Tweak test script to avoid writing
unnecessary temporary file; add ‘Interpreter.single’ met
expose ‘evaluate’, 'execute’, 'substitute’ [defunct], an
‘single’ methods to the pseudomodule; add (rather obvious)
'EMPY_OPTIONS' environment variable support; add
‘empy.enableHooks' and ‘empy.disableHooks'; include opt
to transparently disable hooks until they are actually used

2.2; 2002 Nov 21. Switched to -V option for version
information; 'empy.createDiversion' for creating initia
diversion; direct access to diversion objects with
‘empy.retrieveDiversion’; environment variable support

--raw long argument (use --raw-errors instead); added quat
escape code (well, why not).

2.1; 2002 Oct 18. ‘empy.atExit' registry separate from hoo
allow for normal interpreter support; include a benchmark s
and test.sh verification script; expose ‘empy.string' dir

-D option for explicit defines on command line; remove
ill-conceived support for '@else:' separator in '@I[if ...]
substitution [defunct] ; handle nested substitutions prop
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[defunct] ; ‘@[macro ...]' substitution for creating recal
expansions [defunct].

2.0.1; 2002 Oct 8. Fix missing usage information; fix
after_evaluate hook not getting called; add ‘empy.atExit'
to register values.

2.0; 2002 Sep 30. Parsing system completely revamped and
simplified, eliminating a whole class of context-related b
builtin support for buffered filters; support for register

hooks; support for command line arguments; interactive mod
-i; significator value extended to be any valid Python
expression.

- 1.5.1; 2002 Sep 24. Allow '@]' to represent unbalanced clos
brackets in '@[...]' markups [defunct].

- 1.5; 2002 Sep 18. Escape codes (‘@\...); conditional and
repeated expansion substitutions [defunct] ; replaced wit
markups]; fix a few bugs involving files which do not end in
newlines.

- 1.4; 2002 Sep 7. Fix bug with triple quotes; collapse
conditional and protected expression syntaxes into the sin
generalized '@(...)' notation; ‘empy.setName' and ‘empy.
functions [deprecated] ; true support for multiple concurr
interpreters with improved sys.stdout proxy; proper suppo
‘empy.expand' to return a string evaluated in a subinterpre
as intended; merged Context and Parser classes together, an
separated out Scanner functionality.

- 1.3; 2002 Aug 24. Pseudomodule as true instance; move towar
more verbose (and clear) pseudomodule functions; fleshed o
diversion model; filters; conditional expressions; prote
expressions; preprocessing with -P (in preparation for
possible support for command line arguments).

- 1.2; 2002 Aug 16. Treat bangpaths as comments; 'empy.quote
the opposite process of 'empy.expand’; significators (‘(@%
sequences); -l option; -f option; much improved documentat

1.1.5; 2002 Aug 15. Add a separate ‘invoke' function that ca
called multiple times with arguments to simulate multiple r

1.1.4; 2002 Aug 12. Handle strings thrown as exceptions
properly; use getopt to process command line arguments; cle
file buffering with AbstractFile; very slight documentati

code cleanup.

- 1.1.3; 2002 Aug 9. Support for changing the prefix from with
the ‘empy' pseudomodule.

1.1.2; 2002 Aug 5. Renamed buffering option [defunct], add
option for interpreting Python files from the command line,
fixed improper handling of exceptions from command line opt
(-E, -F).

- 1.1.1; 2002 Aug 4. Typo bugfixes; documentation clarifica

- 1.1; 2002 Aug 4. Added option for fully buffering output
(including file opens), executing commands through the com
line; some documentation errors fixed.

- 1.0; 2002 Jul 23. Renamed project to EmPy. Documentation an
sample tweaks; added 'empy.flatten’. Added -a option.

- 0.3; 2002 Apr 14. Extended "simple expression" syntax,
interpreter abstraction, proper context handling, better
handling, explicit file inclusion, extended samples.

- 0.2; 2002 Apr 13. Budfixes, support non-expansion of Nones
allow choice of alternate prefix.

- 0.1.1; 2002 Apr 12. Budfixes, support for Python 1.5, add
option.

- 0.1; 2002 Apr 12. |Initial early access release.

Author

This module was written by "Erik Max Francis",
http://www.alcyone.com/max/.  If you use this software, ha
suggestions for future releases, or bug reports, "I'd love t
about it", mailto:software@alcyone.com.

Even if you try out EmPy for a project and find it unsuitable, |
like to know what stumbling blocks you ran into so they can
potentially be addressed in a future version.

Version

Version 3.3 $Date: 2003/10/27 $ $Author: max $
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