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Warning

Thisiswork in progress; this document has not yet been reviewed and approved.

Introduction

How can the The Meta-Environment be adjusted or extended? This document describes what the
extension points of The Meta-Environment are and how they are used in typical applications. Each
type of extension points may have several goals.

Goals of Extensions
Extensions may have different goals (from less to more ambitious):
» Temporarily extending The Meta-Environment with user-defined menu options:

« Constructing a prototype of an IDE for a domain specific language.
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Automating repetitive or otherwise cumbersome GUI interaction for large software analysis or
transformation projects.

Connecting third-party command line toals.

» Permanently extending (or expanding) The Meta-Environment with language independent tools:

Adding version management support.
Adding generic visualizations.

Adding ...

» Permanently extending (or building on top of) the Meta-Environment with language specific tools:

Instantiating an IDE for adomain specific language.
Building an extension to the SDF Meta-Environment.

Building an extension to the ASF+SDF Meta-Environment.

Some of these goals can be achieved by adding some configuration information and some scripting,
others require full-fledged software development.

Types of Extensions

There are various types of extension points to achieve these goals. For some of these goals, more than
one type of extension point should be considered. We distinguish:

* New (extension) packages:

Depend on other (Meta-Environment) packages.
Use C and Java libraries and Tool Bus scripts from the other packages.
Are separately compilable and distributable.

Preferably, the share the configuration, build and install interface of other Meta-Environment
packages.

Introduce a start-up shell script for loading the Meta-Environment and the new extensions.

Contain implementations of the following extension points. Explain this better: following?

 Configuration scripts (i.e., fileswith the. act i ons extension):

Can add menu options to MetaStudio.

Can load other configuration scripts.

Can load additional ToolBus scripts.

Can add syntactic categories for syntax highlighting.

Can add workspace locations and library locations to the file dialog plugins of MetaStudio.

e ToolBusscripts(i.e, fileswith the . t b extension):

Can use any existing Tool Bus scriptsthat make generic tools of The M eta-Environment available.

Can connect any tool to the ToolBus.
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 Can implement the behavior for new menu options.
< Can instantiate language specific, syntax highlighting, text editors.
« Caninstantiate alanguage specific module manager and module browser.
» Any new tools (optional):
« Arewritten in languages that we provide a stable ToolBus adapter for (C, Java, ASF+SDF), or
 Provide their own ToolBus adapter.
» MetaStudio plugins written in Java (optional):

¢ Can (dynamically) load new jarsinto the virtual machine of the MetaStudio GUI.

Can add and coordinate new tabs to the collection of viewable windows in MetaStudio.
« Can add new menu options to MetaStudio.
« Can send events and receive eval uation requests from Tool Bus scripts.

» TIDE adapters (optional)
e Can instantiate a language specific debugger with source browser and stack viewer.

« Can add new visualizations to TIDE (written as MetaStudio plugins with a more specialized
interface).

Step-by-Step Guide

Firstly, the source code for a particular extension needs to be organized in a new package. Secondly,
this new package needs a configuration script. Then, we need new ToolBus scripts, new tools and
new MetaStudio GUI plugins that implement the extension and coordinate its behavior with the rest
of the system. Finally, if the extension represents an executable language, a debugging adapter may
be included.

To make the above a bit more explicit, we describe the steps that are needed to build an IDE for a
domain specific language on top of the Meta-Environment:

1. Create a new package with a GNU style build environment (make, configure, etc):
» The package should at least depend on the et a package.
» The package usually also depends on the at er mpackage or the at er m j ava package.

» Make directories for the source code new tools, ToolBus scripts, Configuration Files, GUI
Plugins, and the like.

e The implementation of a single extension may be spread over severa packages (i.e., for
separating data representation, coordination, computation and user-interaction from each other).

See Adding a new package.
2. Add a configuration script:
» Import the standard net a. act i ons configuration script.

* Add menu options with the names of ToolBus processes to be executed when the button is
pressed, i.e., Compile program, Run program, etc.
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See Adding a configuration script .
3. Add ToolBus scripts:

» For each menu option there needs to be at least one ToolBus process to handle it (i.e,
Conpi | eActi on, RunActi on).

« Dispatch the work to other ToolBus processes that already exist from the met a package (i.e.,
ShowFi | eDi al 0Q)

 Or, write new ToolBus processes that call possibly new tools (i.e., CompileDSLFile).
» For each new kind of file that can be edited by the IDE, a ToolBus script must be added that
binds a language specific parse-table to the file extension, and binds editor specific actions to

editor events (file saving, editing, menu options).

* If you are building an IDE for a modular language, you should instantiate the module manager
by initializing it, and registering module event note listeners.

See Adding ToolBus scripts.
4. Implement (or generate) new tools:
» Writethetool in C, Javaor ASF+SDF (i.e., aDSL compiler).
» WriteaToolBus process as an API for the tool.
See Adding ToolBus scripts.
5. Implement (in Java) the GUI extensions:
e Implement the St udi oPl ugi n interface.
* Implement several St udi oConrponent interfaces (windows).
» Write aToolBus process for dynamically loading the jar into the MetaStudio.
See Adding GUI extensions.
6. Implement asmall shell script for starting the ToolBus with the appropriate scripts.
See Adding a start-up script .

For some extensions not al of the above steps are necessary. The IDE construction goal is the most
demanding extension, while the other goals will require less effort.

Disclaimer

The Meta-Environment has many extension points, and some of them are till in flux. Still, this
document provides an overview of the more stable extension points, and a brief explanation of how to
usethem. Itisafirst attempt at making these APIs more widely usable (meaning outside of the Meta-
Environment development team).

When this document does not provide you with enough detailed information, please refer to the
following ToolBus scripts:

» meta/tbscripts/*.th

* sdf-metaltbscripts/™.th
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* asfsdf-meta/tbscripts/* .tb
 any .idef files as found by the following command: find . -name " *.idef.src"

These files implement or directly control all extension points of the Meta-Environment, since they
control all features of The Meta-Environment.

Note that all ToolBus scripts (.tb and .idef.src) files can be found online viathe onl i ne Met a-
Envi ronnent APl reference, athought the syntax highlighting and linking does not work
correctly for thesefiles.

Adding a new Package

Extensions are to be separated from the rest of the Meta-Environment. This promotes configurability,
maintainability, understandability, and independence of the extensions. All Meta-Environment
packages have a similar package structure. For extensions, we advise to reuse this design. This
will enable easy integration and deployment of your extension. For details regarding the build tools
for Meta-Environment package see the Meta-Environment Build Environment document [http://
homepages.cwi.nl/~daybuild/daily-docs/project/build-environment.html].

Every package correspondsto amodulein aversion control system, and containsat |east the following
files.

* reconf

 configure.ac

* <packagename>.pc.in

 Standard directories: src,li b,tbscripts,spec,utils,scripts
* Makefile.am

e ChangelLog

» Standard files: COPYI NG, AUTHORS, READVE, NEWS

Setting-up the Build Environment with r econf

For each new package you have to set-up the build environment. This is done as follows in the . /
reconf file

#! [/ bin/sh
meta-build || ("Please nake sure neta-build is in your PATH' && false)

Thisfilebootstrapsthe build environment of apackage. Maker econf executable and run the command
Jreconf, and the meta-build command runs the appropriate tools like automake, libtool, aclocal,
and autoconf to set up the package's configure script and makefiles. These tools generate files, and
create several soft linksin the working directory for later use.

Configuring the Build Environment with
configure. ac

A major issue in software development is how to configure the software to compile and run on as
many computing platforms as possible. Typical issuesare: Whereisthe C compiler? Which command
line options does it accept? How do | run the Java compiler? How do | build libraries? Where should
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the binaries or documentation beinstalled? And so on and so forth. We use an extended version of the
autoconf system to achieve this. Consider the following example of conf i gur e. ac:

ACINIT
META SETUP
META_C_SETUP
META _JAVA SETUP
AC_PROG LI BTOOL
AC_OUTPUT

This file is used by autoconf to generate a configure script. The example file here prepares the
package for C and Java code. The C code will use dynamically linked libraries. Conf i gur e. ac
must at least contain (in this order): AC | NI T, META _SETUP, and AC_QUTPUT. It may contain
META C SETUP, or META JAVA SETUP, or both. Furthermore, any autoconf macros are allowed
if your package needs more detailed configuration. Please read the autoconf manua [http://
www.gnu.org/software/autoconf/manual/autoconf-2.57/autoconf.html] for details.

Note that the macros with the prefix META take care of inter-package dependencies, see the
<packagename>.pc.infile.

Defining the Package with <packagenane>. pc. i n

Having set-up the build environment, it is now timeto define the properties of the new package such as
its name, version, required packages and the like. Here is a skeleton that also contains some example
information:

prefix=@refi x@

Mai nt ai ner s=j urgenv@w . nl , economop@wi . nl

Nane: <packagenane>

Ver si on: <packagever si on>

Descri ption: <packagedescri ption>

Requi res: <dependencyl>, <dependency2>, <...>

Cflags: -1${prefix}/include

Libs: -L${prefix}/lib -I<librarynanel> -I<libraryname2> <...>

#uninstall ed Libs: -L@bs top_builddir@lib -I<librarynamel> \
-1 <l'i braryname2> <...>

#uninstal l ed Cflags: -1@bs top_builddir@lib

Tool BusFl ags=-1${ prefi x}/shar e/ <packagenane>

Jar Fi | e=<packagenane>. j ar

Jars=${prefix}/share/ ${JarFi | e}

Mai nCl ass=<mmi ncl assnanme>

#uni nstal | ed Uni nstal |l edJars=@bs_top_srcdir@${JarFil e}

Packages=<j avapackagenanes>

Test Cl ass=<t opt est cl assnane>

For a package with name <packagenane> the package description file has the name
<packagename>. pc. i n after, of course, replacing <packagenane> by the actual name, e.g.,
sglr.pc.in or neta. pc.in. This file declares al there is to know about a package. This
information is typically used by the reconf script, by continuous integration toolkits, by package
managers, and other deployment and product composition tools.

Before using the package definition file, it isinstantiated by substituting all variableslike @r ef i x@
@bs_t op_bui | ddi r @by their actual, installation-dependent, values. Thefirst line regarding the
prefi x variable is an obligatory implementation detail. The #uni nst al | ed variables are used
for compiling compositions of packages before they are installed (packages may refer to the source
locations instead of the installed locations using this information).

The Requi r es field isvery important. It declares the dependencies on other packages. The package
definition file given above supports three different programming languages (C, Java and ToolBus
scripts). If apackage contains any of these, the associated variables are needed, otherwise not.
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C packages that export libraries use Cf | ags, Li bs and their uninstalled variants. This information
is used by the makefiles of other packages. Namely, for each package they depend on those variables
will be made available. Example: If your package depends onthe at er mpackage, then you will have
ATERM CFLAGS, and ATERM LI BS at your disposal in the makefiles.

Java packages export jar files, and have a test interface. From this information a full ant build
configuration is created. This assumes that the source code is located in the subdirectory sr c. The
other variables explain where the jar file should be installed and which packages should be included.
The MainClass variable is used to properly instantiate a jar file manifest. This is also relevant for
constructing correctly working plugins of the MetaStudio.

Packages containing ToolBus scripts explain where the scripts are installed such that dependent
packages may set their search paths automatically.

Note that the implementation of the semantics of the .pc.in file can be found in the package net a-
bui | d- env. This package contains extension to automake and autoconf, written as shell scripts
and m4 macros. Understanding, writing or changing net a- bui | d- env is considered to be a black

art, but it does allow us to remove a lot of code duplication, and improve consistency, in the infra-
structure of packages.

Standard Directories: src, lib, tbscripts, spec, utils,
scripts

The following naming conventions are used for source code subdirectories:

e Sr c contains Java source code packages.

* | i b contains source code for C libraries.

t bscri pt contains ToolBus scripts.

* spec contains ASF+SDF specifications.

e util s contains C programs with amain that link the librariesin lib.
e scri pts contain shell scripts.

Each of these directories, except for src, has a Makefi |l e. amfile. Most (but not al) Meta-
Environment packages follow this convention.

Defining the Build Process with Makefile.am

Now we have reached thelevel of actual sourcefilesand their buildinstructions. We use automatically
generated Makef i | esthat have been tailored with installation-dependent information. The recipe
for generating each Makef i | e isgiveninan Makefi | e. amfile. The suffix . amrefers to the tool
automake that is used to do the actual Makef i | e generation. The entire tool chain of automake,
autoconf, aclocal, configure, etc. starts with the Makef i | e. amfile. Hereis an example:

i nclude $(top_srcdir)/Mkefile.top.neta

SUBDI RS = <subdirs>

ACLOCAL_AMFLAGS = -1

Makefiles are notoriously sensitive to spaces. For instance, the exact number of spaces as given on

the line ACLOCAL _ AMFLAGS should be used (this is also due to tools such as autor econf that scan
the contents of Makefile.am files using rather brittle regular expressions).
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The example above is relevant the top level directory of each package. For C packages and
ToolBus packages there are additional Makefi | e. amfiles. For these kinds of packages, each
subdirectory should contain its own Makefi | e. am Please read the automake manua on how to
write Makef i | e. amfiles for compiling C libraries and C programs. Each Makefi | e. ammay
include Makefi | e. net a, such that make rules and other utilities become available and can be
reused. You are advised to look at the Makef i | e. amfiles of existing packages for inspiration.
Inclusion of the Makef i | e. net a file is not obligatory however. What do we illustrate with the
following:

i nclude $(top_srcdir)/Mkefile.neta

Thereis an exception, in case of a Java package. The toplevel Makefile.am should look like this:
i nclude $(top_srcdir)/Mkefile.java. neta

ACLOCAL_AMFLAGS = - |

Java packages should have al their code in a subdirectory called sr c¢. This subdirectory may contain
packages, but the corresponding directories do not need copies of a Makefile.am file. Note that by
including Makefi | e. j ava. met a the package will use ant to compile your source code using the
information from <package>. pc. i n.

Maintaining Change Information in ChangelLog

It helps other devel opersto describe the changes you have made to sourcefiles. Thefile ChangelLog
is the place for collecting this information. Usualy, it contains verbatim copies of the entries in the
version management system. Hereis an example:

Fri Jun 30 21:43:04 CEST 2006 <jurgenv@w .nl >

* |ibmept/MEPT-utils.[ch]: reorganized this long file into a nunber
of smaller files that each deal with a specific topic.

* |ibmept/*.c: added nmuch docunent ati on.

* |ibrmept/*.h: fixed bug #774

* pt-support.pc.in: Bunped version to 0.1231

Changelog contains remarks on all changes to the source code of a package, in reverse order of
date. Maintaining thisinformation in this file makes it independent of a version management system.
It should contain references to bug numbers when bugs are fixed. The ChangelLog file has a fixed
format. Editors such as gvim and emacs have pluginsfor its syntax. ChangelLog filesare maintained
very well in Meta-Environment packages.

Adding Standard Files: COPYI NG AUTHORS, READIVE,
NEWS

The COPYI NGfile contains the license for the source code located in this package. Thisisusually the
LGPL license for Meta-Environment packages. The AUTHORS file lists the authors email addresses.
The READIVE file should contain a brief description of the package. The NEWS file should list remarks
on the evolution of the package on a high level of abstraction. Note that README and NEWS files are
usually not maintained too well in Meta-Environment packages.

Adding a Configuration Script

Each instance of a Meta-Environment IDE has one toplevel configuration script. This script may
import other scripts. At startup time, the configuration script is used to initialize the Tool Bus with the
right scripts, then after the ToolBus is started, the same script is used to initialize the configuration
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manager tool. At run-time this tool provides tools and scripts with configuration information on-
demand.

This is the syntax of a configuration file, as found in sdf-1ibrary/library/basic/
Conf i gur ati on. sdf . Note that currently the set of configuration optionsisfixed. Obvioudly, for
real extensibility, this set needsto be opened. For now, thisiswhat is offered to configure the existing
generic components of The Meta-Environment.

sorts Configuration

cont ext-free syntax
“configuration" "(" "[" list:{Property ","}* "]1" ")"
-> Configuration {cons("configuration")}

sorts Property

cont ext-free syntax
%% i nports anot her configuration file:
“import" " (" path:StrCon ")" -> Property {cons("inport")}

%% | oads anot her Tool Bus script into the Tool Bus:
"l oad-script" "(" path:StrCon ")" -> Property {cons("script")}

%% ext ends the script path of the Tool Bus:
"“script-path" "(" path:StrCon ")" -> Property {cons("script-path")}

%% Regi sters an action with the selection of a certain

%mser-interface el ement:

"action" "(" "[" list:{ActionDescription ","}* "]" ","
action:StrCon ")" -> Property {cons("action")}

%% Coupl es a | anguage nane (SDF nodul e nane),
Wowith a file extension for use in file browsers:

"extension" "(" language: StrCon "," extension:StrCon ")"
-> Property {cons("extension")}

%6 Extends the |ist of workspaces with a new pat h:
“l'i brary-path" "(" label:StrCon "," path:StrCon ")"

-> Property {cons("library-path")}

%6 Extends the |ist of workspaces with a new path,
%06t akes precedence over |ibrary paths when searching:
"“modul e-path" "(" |abel:StrCon "," path:StrCon ")"

-> Property {cons("nodul e-path")}

%% Regi sters the font properties of a certain text category nane,

%6 for use with syntax highlighting:

"text-category" "(" category: Text Cat egoryNane ","
"I" map:{TextAttribute ","}* "]1" ")"

-> Property {cons("text-category")}

sorts ActionDescription
cont ext-free syntax
%0 descri bes a QU el enent. The context is the nanme of the el enment,
%6the event is may happen to it.
"description" "(" context:TermCon "," event:Event ")"

-> ActionDescription {cons("description")}

sorts Event
context-free syntax
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%0 here is a list of things that may happen to a GUJ el enent,
%%t hese are used for construction of the
%WoGUl, as well as identifying which process is called finally:

" popup" -> Event {cons("popup")}
"click" "(" "[" list:{KeyMoudifier ","}* "]" " "

button: Virtual Button ")" -> Event {cons("click")}
"icon" "(" title:StrCon "," path:StrCon ")" -> Event {cons("icon")}
“menu” “(" "[" labels:{lItem", "}* "]" ")" -> Event {cons("nenu")}
“menu-shortcut" "(" "[" labels:{lItem", "}* "]" ","

shortcut: ShortCut ")" -> Event {cons("menu-shortcut")}

sorts Item
cont ext-free syntax
%% descri be paths in nenu's:
“label" "(" nane:StrCon ")" -> Item{cons("label ")}

sorts Text Cat egor yName

cont ext-free syntax
%0 There are three built-int text categories,
%% and we can add our own:

"focus" -> Text Cat egor yNane {cons("focus")}
"sel ection" -> Text Cat egor yNane {cons("sel ection")}
“nor mal " -> Text Cat egor yNane {cons("nornal ")}

"extern" "(" nanme:StrCon ")" -> TextCategoryNane {cons("extern")}

sorts TextAttribute
cont ext-free syntax
"foreground-color" "(" color:Color ")"
-> TextAttribute {cons("foreground-color")}
"background-col or" "(" color:Color ")"
-> Text Attribute {cons("background-col or")}

"style" "(" style:TextStyle ")" -> TextAttribute {cons("style")}
“font" "(" nanme:StrCon ")" -> TextAttribute {cons("font")}
"size" "(" point:NatCon ")" -> TextAttribute {cons("size")}

sorts Short Cut
cont ext-free syntax
%% The shortcut syntax is based on the Java virtual key interface
"shortcut" "(" "[" list:{KeyMdifier ","}* "]" ","
key: Virtual Key ")" -> Short Cut {cons("shortcut")}

sorts TextStyle

cont ext-free syntax
"bol d" -> Text Styl e {cons("bol d")}
"italics" -> TextStyle {cons("italics")}
"underlined" -> TextStyle {cons("underlined")}

Hereisapart of an example configuration file called st andar d. sdf . acti ons:

confi guration([
i mport ("__META /share/ netal/neta. actions"),
script-path("__SDFMETA /share/sdf-nmeta"),
| oad-script ("___SDFMETA /share/sdf-metal/init-sdf.tb"),
i brary-path("SDF G amrar Library","_ SDF LI BRARY__"),
i brary-path("ASF+SDF Li brary","__ASF LI BRARY__"),
action([description(tree-panel, click)], "ShowAreaAction"),
action([

10
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descri pti on(

st udi o- mrenubar

menu( [l abel ("File"), label ("Exit")]))],

"ExitAction"),
action([

descri pti on(
st udi o- mrenubar
nmenu-shortcut ([ | abel ("Mdul e"), label ("New...")],
shortcut ([ MALT, M SH FT], VK_N))),
descri pti on(

st udi o-t ool bar,

i con(" New Modul e", "New24.gif"))],

"Newbdul eActi on"),
action([

descri pti on(

termeditor,

menu- shortcut ([l abel ("Ternm'), | abel ("Add Brackets")],

shortcut ([ MALT, M CTRL], VK_B)))],

" AddBr acket sActi on"),
action([

descri pti on(
synt ax-edi tor,
nmenu-shortcut ([ | abel ("Mdul e"), label ("Edit"), |abel ("Terni)],
shortcut ([M_CTRL, M SHI FT], VK T)))],

"Edi tor Edi t Ter mActi on"),
action([description(syntax-editor, popup)], "EditorPopup"),
action([description(equations-editor, popup)], "EditorPopup"),
action([description(termeditor, popup)], "EditorPopup"),

action([
descri pti on(
nodul e- popup,
menu( [l abel ("Close...")]))],
"Cl oseMbdul eActi on"),

t ext - cat egory(normal , [ foreground-col or(rgbh(0, 0, 0)),
backgr ound- col or (rgh( 255, 255, 255) ),
font (" Monospaced"),
size(14)]),
t ext - cat egor y(f ocus, [ foreground-col or(rgb(0,0,0)),
backgr ound- col or (rgbh( 255, 250, 148))1]),
t ext - cat egory(sel ecti on, [ f oreground-col or (rgh(255, 255, 255) ),
backgr ound- col or (rgh(65, 101, 172))]),
t ext - cat egor y( ext ern(" Met akeywor d") ,
[styl e(bol d), foreground-col or(rgh(123,0,82))]),
t ext - cat egory(extern(" MetaVari abl e"),
[style(italics), foreground-col or(rgb(0, 0, 255))]),
t ext - cat egory(extern(" Met aAnbi guity"),
[ styl e(bol d), foreground-col or (rgh(186, 29, 29))]),
t ext - cat egory(extern("Todo"),
[ styl e(bol d), background- col or (rgh(255, 255, 255) ),
f or egr ound- col or (rgb(123, 157, 198))]),
t ext - cat egory(extern(" Coment"),
[style(italics),foreground-col or(rgb(82,141, 115))]),
t ext - cat egory(extern("Constant"),
[style(italics), foreground-col or(rgh(139,0,139))]),
t ext - cat egory(extern("Vari abl e"),
[ foreground-col or (rgb(144, 238,144))]),

11
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text-category(extern("ldentifier"),

[ f or eground- col or (rgb(255,69,0))]),
t ext - cat egory(extern(" Type"),

[ foreground-col or (rgb(255, 127,36))1]),
text-category(extern("Error"),

[ styl e(bol d), foreground-col or (rgh(255,0,0))]),
t ext - cat egor y(ext er n("War ni ng"),

[ styl e(bol d), foreground-col or (rgh(0, 0, 255))]),
t ext - cat egory(extern("Info"),

[ styl e(bol d), foreground-col or (rgh(0, 255,0))]),
text-category(extern("Fatal"),

[ styl e(bol d), background-col or (rgh(255,0,0))])

1)

Note that the configuration file contains names of ToolBus processes like ShowAr eaAct i on,
Exi t Act i on, and others. These are described below.

Onceaconfiguration fileis constructed it will be used by the start-up script, and by aninitial ToolBus
process.

Adding new ToolBus Scripts

Since the ToolBus is the coordination infra-structure of the Meta-Environment, thisis the centralized
domain for extending and manipulating The Meta-Environment. The ToolBus scripts control each
individua tool that is connected to the environment in every way: when they are started and stopped,
how they areinitialized, and when and how they are used to compute or store information.

This section explains which tools are configurable by writing ToolBus scripts and how.

The relation between configuration scripts and
ToolBus scripts

Recall that the configuration manager provides a ToolBus API for the configuration parameters that
have been loaded from the configuration scripts. Thisinformation is used by anumber of generic tools
in the Meta-Environment:

» MetaStudio: usesit to construct the menu bar and all of its contents.

* editor-plugin: uses it to construct editor specific additions to the menubar in MetaStudio, and
for (language specific) popup menus in the editors, and for selecting font properties for syntax
highlighting.

 navigator-gui: uses it to construct navigator specific additions to the menubar in MetaStudio, and
for popup menus on the navigator tree.

 graph-gui: uses it to construct graph display specific additions to the menubar in MetaStudio, and
for popup menus on graph nodes.

 error-gui: registerslistenersfor clicking on errors.
» ...inprinciple, thislist is extensible with any tool interested in configuration information.

Let's focus on 'action’ configuration parameters. Each action identifies for which component it is
relevent, which menu option or other user-interface component it should be associated with, and which
ToolBus process should be called when the action is activated (see configuration scripts).

The above named tools use the configuration information to build up menu's and register listeners to
GUI events. They trandate the events to Tool Bus events, and then inside the Tool Bus script such an
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event isused to call the specific ToolBus process. Each component may pass different parametersto
the configured process name.

For example, the editor-plugin provides an Edi t or | d. Suppose there is a menu option called
CompileDSL configured for a certain editor:

action([
descri pti on(
termeditor,
menu- shortcut ([ | abel ("DSL"), | abel (" Conpile")],
shortcut ([MALT, M CTRL], VK O)))],
" Conpi | eDSL"),

Which means that the process CompileDSL will be called when somebody clicks DSL->Compile, or
types ALT+CTRL+C. Then, we need to implement the following ToolBus script:

process Conpil eDSL(Editorld : term is
| et

in
endl et
The Editorld term can be used to look up information about the editor, such as filename (see the

standard ToolBus actions).

These are currently the ways processes are called from each component:

Table 1.1. Process call interface per configured component

Component name Process definition| Process definition|Reference to source
(first alternative) (second alternative) |code

MetaStudio process <name> is ... metaltbscripts/gui-

utils.tb

editor-plugin process process meta/thscripts/
<name>(Editorld : | <name>(Editorld :|editing.tb
term) is... term, EditorType: term,

Sort : str)

navigator-gui process sdf-meta/tbscripts/sdf-
<name>(Moduleld  : module-actions.tb
term) is...

error-gui process metaltbscripts/gui-
<name>(L ocation : utils.tb
term) is...

The above information is enough for anybody implementing actions for existing components.

When you implement a completely new component, you should instantiate a connection between
defined actions in a configuration script, and the way a ToolBus process is called. The basic design
pattern for this is as follows. We provide it here because the referenced source code is more
complex. Thereal source code introduces one more layer of abstraction, by not letting atool interface
communicate directly with the configuration manager. Thisis also advised for any new components
you devel op, but we have left this out in the following example for clarity:

t ool exanpl eTool is { ... }
process Exanpl eTool Interface is
| et
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T : exanpl eTool

ld: term
Event : term
Events : |ist,
Action : str

in
rec-connect (T?)
snd- neg(cm get - event s(exanpl e-t ool -i dentifier))
rec-msg(cm event s( Event s?))
snd-do(T, register-events(Events))
(
rec-event (T, event(Event?))
snd- neg(cm get - acti on(exanpl e-tool -identifier, Event))
rec-msg(cmacti on(Action?))

(
printf("Warning: process not found: %\n", Action)
+>
Action()
)
+
)*. ..
rec-di sconnect(T) /* This process termn nates when the tool disconnects */
endl et

The above skeleton can be extended by calling Act i on with different parameters, by adding more
kinds of events, by adding different 'example-tool-identifiers' in the sasmetool, etc. Of course, any tool
interface will probably have more snd-do's and snd-evals than is shown in the above skeleton.

The standard ToolBus Actions

The ToolBus scripts that implement The Meta-Environment already provide awealth of functionality
that you can reuse in configuration scripts. This functionality is separated in three layers: meta, sdf-
meta and asfsdf-meta. The meta layer contains only language independent processes. The sdf-meta
layer introduces SDF specific scripts. The asfsdf-metalayer introduces A SF specific scripts. Note that
the sdf-metalayer depends on the metalayer, and the asfsdf-metalayer depends on the sdf-metalayer.
To load them use any or all of the following include statements:
#i ncl ude <neta.tb>
#i ncl ude <sdf-neta.tb>
#i ncl ude <asfsdf-neta.tb>
Including these files makes a number of things readily available:
* tools (such as in-output) with an interface that can be accessed via snd-msg/rec-msg.

These interfaces are found in files that have the . i def extension.

» processes that trandlate the snd-msg/rec-msg interface of selected tools to process definitions for
your convenience.

These interfaces are found in files that havethe . t b extension.
 aggregrated processes that implement specific reusable scenarios using the above two interfaces.

Theseinterfaces are found in filesthat end with-uti | s. t b.
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* gpecific processes that are already tied to specific menu's or user actions.
These processes are found in filesthat end with - act i ons. t b.

So, for implementing acertain Action, you should start looking for functionality in- ut i | s. t b files,
if not found you should fall back to .tb files, if still not found, there is a chance of finding thingsin
the .idef files of specific tools. Note that the -actions.tb files are usually too specific for reuse, but in
some very simple cases they may come in handy.

The best resource for finding out about tools and processes is reading the source code of .idef and .tb
filesat the Met a- Envi ronnment onli ne APl reference.
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associated with.

asf EditorRunAsfTestsAction(Editariiduns all ASF test equations for
The Extensiot®Bhts of The Meta-Environment® mOd}iiLhat_EEe current editor
asf PrettyPrintAction(Editorld ??

Table 1.2. Standard ToolB

tesraCcHdins Bya | aloberf oBorcn
str)

nf'iguration scripts.

asf PrintModuleAction(Moduleld :|Starts the scenario for exporing
term) a full ASF+SDF module to a
certain text file.
asf ReduceAction(Editorld : term) |Starts the scenario of rewriting
the term in the current editor
over the equations for the
language that the current editor
is associated with.
asf RunAsfTestsAction(Moduleld :| Starts the scenario of running all
term) test equations for the referenced
module.
” SetEditActions(Sid: term, Type: | ??
term, Name: str)
asf ShowOriginAction(Editorld  :|If the current editor is the
term) result of a reduction, then this
action takes the focus of the
referenced editor, extractsorigin
information, and opens a new
editor for displaying this origin.
asf CompileM odul eA ction(M odul el ICompiles the modul e associated
term) with this Module Id to an
executable
asf DebugReduceAction(Editorld :|Starts the scenario of rewriting
term) the term in the current editor
over the equations for the
language that the current editor
is associated with. The rewriter
is started with a debugging
interface (TIDE).
asf DebugRunAsf TestsA ction(M odul8tatts the scenario of running all
term) test equations for the referenced
module. The rewriting is done
with a debugging interface
(TIDE).
asf DumpEquationsA ction(Modul etdStarts the scenario of collecting
term) al equations for the referenced
module and dumping them to a
certain file.
asf DumpEquationsParseT abl eA cti oyhidrbslulet dcenario of exporting
term) the parse table for parsing
the .asf file of the referenced
moduleto acertainfile.
asf EditorDumpEquationsParseT abl ¢Stetitanifieldcehdrio of exporting
term) the parse table for parsing
the .asf file of the module
associated to the referenced
editor to acertain file.
asf EditEquationsAction(Moduleld: | Starts an ASF equation editor for
term) the referenced module.
asf EditSyntaxAction(Moduleld :|Starts an SDF syntax editor for
term) the referenced module.
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Error messages

Todo

Instantiating the generic module manager for a
specific language

Todo

Creating a language specific structure editor with
syntax highlighting

Todo

Implementing new Tools

 refer to ToolBus manuals, and ATerm manuals
« refer to -t flag of asfc compiler

* refer to generic adapter (doesit till work?)

Implementing GUI Extensions

We refer to the j avadoc docunent ation of MetaSt udi 0. Eachinvididual plugin needs
at least:

* A ToolBus interface file (.idef.src). From this file the ToolBus adapter files are generated
(...Bridgejava, ...Tif.java, and ...Tool .java)

» Animplementation of the St udi oPl ugi n interface. This contains the main method the plugin.

» Animplementation of the St udi oConponent interface. Thisisawindow that will be registered
with the studio by the plugin.

The Java code should be compiled to a .jar file. This.jar file will be loaded into the MetaStudio by the
ToolBus. The following example illustrates how a jar file containing a plugin is send to MetaStudio
for loading in the context of a certain class path:

process LoadMyPlugin is
snd- neg( | oad-j ar ("/ honme/ nydi r/ nmypl ugi n.jar","/honme/ mydir/atermjava.jar:/usr/|

Make sure that you substitute the correct directories in this ToolBus script at installation time.

Note that the main class that is executed must implement the StudioPlugin interface, and it must be
declared to be the MainClass in the <package>.pc.in file (if you are using the Meta-Environment
package structure). If you are not using the automated package infra-structure, you must make sure
that the .jar file contains an appropriate META-INF/MANIFEST .MF that contains the following line:

Mai n- Cl ass: package. pat h.to. ny. mai n. Pl ugi nCl ass
The ToolBus interface idef script should look like the following skeleton:;
tool nypluginis { }

process MyPlugin is
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| et

T : nyplugin
in
rec-connect (T?)

(
rec- msg(do- sonet hi ng)
snd- do(T, do-sonet hing)

rec-event (T, sone-event)
snd- not e( sone- event - happened)
snd- ack- event (T, sone-event)

) *
rec-di sconnect (T)
» How to implement the StudioPlugin interface
» How to implement the StudioComponent interface
» How to load the jarfile into the MetaStudio

» How to add menu options via the MetaStudio interface

» How to load StudioComponents at certain tab positions using the MetaStudio interface

Implementing a Start-up Shell Script

The startup shell script of a Meta-Environment based IDE looks like this:

#! / bin/sh

__TOOLBUS__/ bi n/t ool bus \
°__ CONFI G MANAGER _/ bi n/ confi gmanager -1 -i _ PACKAGEPREFI X _/share/ <confi gfi
°__ CONFI G MANAGER _/ bi n/ confi gmanager -s -i _ PACKAGEPREFI X _/share/ <confi gfi

This script needs to be instantiated with the correct paths at installation time. UseaMakefi | e. am
rule for this for example. The script simply starts the ToolBus and uses the configmanager tool

(wrapped in backquotes for inline substitution) to generate the necessary command line options to the
ToolBus. The following is the usage information from this command line tool:

usage: configmanager -[Is] -i <config-file>
-1 print Tool Bus include path
-s print Tool Bus main scripts
-i input configuration file [multiple]

See the Tool Bus manual and Tool Bus usage information for more information on Tool Bus command
line parameters.
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