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Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

* Redistributions of source code must retain the above copyright notice,
this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of Business Objects nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND
CONTRIBUTORS "AS I1S" AND ANY EXPRESS OR IMPLIED WARRANTIES,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE

ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT
NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES;
LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER
CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF
ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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Embedded CAL is an extension to the CAL Eclipse Plug-in that allows programmers to
embed CAL snippets into Java classes through a customized editor.

Embedded CAL allows programmers to enter CAL expressions directly into Java code.
This means that it is possible to write programs that use both CAL and Java in a single
editor. It allows programs that use both CAL and Java to be more concise, easier to read,
and to use less glue code when switching between languages. Additionally, through
Embedded CAL, it is now possible to pass around lazily evaluated, higher-order
functions in Java.

Embedded editors are essentially text widgets contained in a larger, Java editor. These
embedded text widgets behave like a standard CAL editor in terms of text highlighting,
indentation, text hovers, navigation, etc. The Java editor that contains the CAL editor
(the containing editor) behaves like a standard Java editor, except for all of the regions
covered by embedded editors.

A very first example

| explain Embedded CAL through the following screenshot. Before reading below,
please take a few seconds to look at the screenshot. If | have done my job right, the next
paragraph is not even necessary. My hope is that what you are seeing is largely intuitive.
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& Java - CAL_FEclipse_EmbeddedEditor_Samples/srcforgfopenguark/embedde d/demo/TransitTripDemo.java - E... |z E|E|

File Edit Mawigate Search Project Run Window  Help
Ci-le #%-0-Q-  EH G- @™ L ~ | & 1ava | ”
i z ¥o oo al = Plug-in Dewvel.. .
&3 m TransitTripDemo. java - CAL_Eclipse_EmbeddedEditor_Samples/srcforg/openguarkiembedded)demo 3 = &
45 public class TransicTripDemo | -’ i
46" public static void main(3tringl(] args) | iy
47 ?3
48
49 f* define a trip from Morth Vancouver to UBC only in CAL +/
S0 TransitTrip norcthVancouverToUniversityO£fBC = (TransitTrip) =3
TransitTrip @J
[ ¥
Take ([(Ferry "Zea Bus™) [(To "Waterfront Station™), T
Walk 3 (Distance Z BLOCES),
Take ([2kvtrain "Milleniuwm Line™) ([(To "Clark 2c. 3tation™),
Talke (Bu=s "#g4") (To "UBC™),
Walk N (Distance 100 METERZ)
51 ] _:
52
53 System, cut.println(norchVancouverTolTniversicyO£ERC) ;
54 System.out.printclni();
S5
56
57 f*% define a trip from MNanaimo, BC to %/
oo J* Broadway Station in Vancouwer wf
59
&0 ff some segqments of the trip in Java
61 Segmwent bus = new TakeSedment |
(Toj |TD MGeorgia Streetj
[ )z
65 Skytrain skytrain = (3kytrain) |S]-:5rtrain "Expo Line:;
=13 To broadway3tation =(To) ‘TD "Eroadway Statinnj'.
[
65 int tcwo = Z:
=]
70 A4 put it all together using CAL
71 TransitTrip nanaimoToEroadway = (TrahsitTrip)
TransitTrip
[
Take ([(Ferry "Duke Foint™) (To "Horseshoe Bay™) .,
bus,
Talk 3 (Distance two EBLOCER),
Take sgkytrain bhroadwayStation
72 ] NE
e
74 System, cut.println(nanaimoToEroadway) 2
= K
76 M
s, ?
a* Writable €5 114Mof 192M |@ ] - F B ¢
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If you are familiar with Java, it should be fairly apparent what is going on. Without
knowing anything about CAL, it looks like the stuff that is outside the boxes is standard
Java and the stuff that is inside the boxes is something special that describes simple trips
on public transit (in the Vancouver, BC area). Actually, any CAL expression can be
placed inside the boxes, and the CAL expression can contain any Java variables that are
in scope. When the program comes across one of these boxes, the expression is
evaluated and its value is returned as a Java object. In the first box there is only CAL.
But subsequent boxes are smaller and bits of CAL are built up using pieces of Java (and
vice versa). As you might expect, outside the boxes, editing feels like a standard Java
editor, and inside the boxes editing feels like a standard CAL editor.

Elsewnhere, but not shown, | define a simple set of data types in CAL that can be used to
describe these trips. | also define input and output policies so that the CAL data types
can be converted to Java objects and vice versa. This part is straightforward (but
verbose) CAL, which | have not attached because it is not directly relevant to Embedded
CAL, but would be happy to share if you are interested.

This first example makes trivial use of CAL itself. I will be adding more examples later
on that are more complicated. For example, I will show how you can generate and
execute SQL queries in CAL and pass the results back to Java. | will also show how you
can use Embedded CAL to pass around anonymous functions in Java.

When stored on disk an embedded editor is a Java method invocation wrapped in special
tags. The containing Java editor knows how to parse this and convert it into an
embedded editor. If you use a standard text editor to open a Java file that uses embedded
editors, you will see the markers " /* <-- */"™and "/* --> */" surrounding all
references to embedded editors. The method invocations themselves are calls into the
RunQuark class (part of the Embedded CAL runtime), which manages all CAL calls
from embedded editors.

Hence, Java classes that use embedded editors are simply standard Java classes, and no

special compiler is required. Additionally, it is not a requirement to use the Embedded

CAL editor to edit these files, it is simply a convenience. It is possible to incrementally
introduce Embedded CAL into an existing program.

What is going on here? How does this work? Can I try this out?

The best way to answer the first two questions is to check out the videos (download only,
not streaming):

http://resources.businessobjects.com/labs/cal/embedded cal/Embedded-CAL-Demol.mov
http://resources.businessobjects.com/labs/cal/embedded cal/Embedded-CAL-Demo2.mov
http://resources.businessobjects.com/labs/cal/embedded cal/Embedded-CAL-Demo3.mov
http://resources.businessobjects.com/labs/cal/embedded cal/Embedded-CAL-Demo4.mov

Copyright © 2007 Business Objects. All rights reserved. See notices at the beginning of the document. 3


http://resources.businessobjects.com/labs/cal/embedded_cal/Embedded-CAL-Demo1.mov
http://resources.businessobjects.com/labs/cal/embedded_cal/Embedded-CAL-Demo2.mov
http://resources.businessobjects.com/labs/cal/embedded_cal/Embedded-CAL-Demo3.mov
http://resources.businessobjects.com/labs/cal/embedded_cal/Embedded-CAL-Demo4.mov

Or, if you prefer streaming video (over a slower connection), you can use these links
instead:

http://homepage.mac.com/luke_e/Andrew/iMovieTheater23.html
http://homepage.mac.com/luke_e/Andrew/iMovieTheater24.html
http://homepage.mac.com/luke_e/Andrew/iMovieTheater25.html
http://homepage.mac.com/luke_e/Andrew/iMovieTheater26.html

Those who just want to cut to the chase may want to skip right to the last one, which
offers a fully worked scenario and discusses some more advanced features.

The answer to the last question is a little more complicated. At this point, the plan is to
release the feature soon as an optional component of the CAL Eclipse Plug-in. The
feature is still experimental and there are still quirks, but it is usable. Installation
instructions will be distributed with the release.

Set up & Install

Installation:

1. CAL Eclipse Plug-in (installed as an Eclipse feature). The update site is here:
http://resources.businessobjects.com/labs/cal/cal_eclipse_update/site.xml

2. Quark Binaries (imported as a project into your Eclipse workspace, see Using
CAL with Eclipse:
http://resources.businessobjects.com/labs/cal/using_cal_with_eclipse.pdf).
The Quark Binaries project can be downloaded here:
http://resources.businessobjects.com/labs/cal/open_quark_platform.zip .
And then imported into the Eclipse workspace by clicking
File->New->Project->CAL->Quark Binaries Project.

3. Download the Embedded CAL Eclipse Plug-in from the CAL website. The source
version is at:
http://resources.businessobjects.com/labs/cal/embedded cal/1.7.0/CAL_Eclipse_ Embedd
ed Editor-1.7.0_0-src.zip

The binary only version is available at:
http://resources.businessobjects.com/labs/cal/embedded cal/1.7.0/CAL Eclipse Embedd
ed Editor-1.7.0 0.zip

You can download either version of the plug-in depending on whether you want
to see the source code of the Embedded Editor.

Unzip the plug-in into the Eclipse plug-in directory so that the
org.openquark.cal.eclipse.embedded_1.7.0.0000v20071026 directory is in the
Eclipse\plugins directory.
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Installing the Embedded CAL Samples Project

This project contains sample code that uses Embedded CAL. You may use it as the
starting point for learning about Embedded CAL.

1.

4.

Download the Embedded CAL Samples Project from the CAL website
http://resources.businessobjects.com/labs/cal/embedded cal/1.7.0/CAL_Eclipse Embedd

ed_Editor_Samples-1.7.0_0-src.zip. This is in the form of a zip file.

Import the zip file into Eclipse:

File->Import->Existing Projects Into Workspace->Select Archive File [select
the file just downloaded]->Finish.

Ensure that the reference to the Quark binaries project is correct. The project
assumes that the Quark binaries project is called Quark, but if you have a
different name, then change it here. Select the project, and then on the menu bar
click Project->Properties->Java Build Path->Projects. Remove the invalid
project and add your own Quark binaries project.

Rejoice!

This will import the Embedded CAL Samples project into your workspace. At this point
you can try running sample programs that were built using the embedded editor. There
are five such programs, Demol.java, Demo2.java, Demo3.java, Demo4.java and
TransitTrip.java .

Creating a project that is aware of Embedded CAL

1.
2.
3.

4.

Create a Java Project

Add CAL nature

Add a reference to the Quark binaries project: Select the project, and then on the
menu bar click Project->Properties->Java Build Path->Projects.

Add the Embedded CAL runtime using the context menu command (In package
explorer, right-click on the project, select CAL Tools, and select Add embedded
CAL runtime

Editing Java files

You will know that Embedded CAL has been properly installed when you open a
Demo*.java file from the samples project and you see embedded editors.

If this does not happen, then either Embedded CAL has not been properly installed, or
you must explicitly open your file in the Embedded CAL editor. There are 2 ways of
doing this:

Copyright © 2007 Business Objects. All rights reserved. See notices at the beginning of the document.
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1. Window->Preferences->General->Editors->File Associations.
Select * . java. Inthe Associated Editors pane, set Embedded CAL as default.
This means that all Java files will be open in the CAL Embedded editor by
default. (This way is preferred since it will affect all files.)

2. When opening a Java file, right-click and go to Open With. Select Embedded
CAL Editor.

Embedded Editors

There are two kinds of embedded editors: Module Embedded Editors (contains module
declaration and import statements and top-level declarations) and Expression Embedded
Editors (contains a single CAL expression). A class may have no more than one Module
Embedded Editor, but any number of Expression Embedded Editors.

Both kinds of embedded editors can be placed anywhere a Java expression may go. The
return value of a Module Embedded Editor can be ignored (it is always null). The return
value of Expression Embedded Editors is the value of the expression.

To add an embedded editor to a class, you can use the context menu. Two menu items
are provided: Insert Embedded Module and Insert Embedded Expression. Or, you can
add an embedded editor by typing the characters " /* <-- */ /* —-> * /" and then
saving the file.

Features
The following features are available in both kinds of embedded editors

Auto-indent

The cursor will indent properly (according to the CAL preferences) in either kind of
embedded editor after a carriage return or tab is pressed.

Syntax highlighting
Syntax highlighting in an embedded editor uses standard CAL highlighting with the
following changes.

Java variables used in an expression editor are in bold.

Names imported from outside modules will be italicized blue.

Code Completion

Simple code completion exists. It captures all top-level declarations, all items that are
explicitly imported, and all java variables that are currently in scope (for expression
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editor only). Note that this code completion is not context sensitive as you would find in
a standard CAL editor (more on this later).

Hover

Hovering will show the CALDoc (or the source code if Shift is pressed). Identifiers
defined locally in an expression editor will have no hover. Hovers on identifiers defined
as a top-level declaration in the associated Module editor cannot be made "sticky" (ie- F2
will not work).

Eager parsing
Syntax errors in an embedded editor will turn the border color red. When the error is
fixed, the color will return to blue (for expression editors) or green (for module editors).

[ADE- In the future, I would like to see more than just syntax checking. We could also do
type checking and name resolution fairly easily. | would also like to see the error itself
highlighted, not just the entire box (making it easier to spot where the error is).]

Navigation

By pressing F3 or using the context menu in an embedded editor, it is possible to
navigate to the declaration of an identifier. Locally defined identifiers are ignored.

Gutter annotations

Embedded editor annotations appear in both the left and the right side of the editor.
Hovering over an annotation will show the first 50 characters of the embedded editor as a
preview. Clicking on an annotation on the right side will reveal and give focus to that
embedded editor.

What modules are in my CAL workspace? or How can | control which
modules | have access to?

(See the document Java Meets Quark
http://resources.businessobjects.com/labs/cal/java_meets_quark.pdf (pages 5--6) for a full
discussion of workspaces and the BasicCALServices Java class.)

By default, embedded editors use the cal.samples.cws workspace. This includes
most non-test modules in the Quark Binaries project.

If you would like to use your own modules, then you must create your own workspace
file. The easiest way to do this is to start with an existing workspace file and adapt it for
your own purposes. You can include any extra module that you require.

Copyright © 2007 Business Objects. All rights reserved. See notices at the beginning of the document. 7
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Once this is done, you must add the following code to your program and it must run
before any other Embedded CAL code is executed:

BasicCALServices services =
BasicCALServices.make (<workspace name>);
RunQuark.init (services);

Expression Editor
Expression editors contain a single CAL expression. The program treats the editor as a

function. Every Java variable used in the editor is treated as an argument. Input policies
are inferred based on the runtime type and output policies can be explicitly specified.

Java variable capture

Any java variable that is in scope can be used in the expression editor. You may type it
in.

Input policy

Input policies are inferred based on runtime type. Primitive types and Strings use the
associated input policy. Arrays or lists of a primitive type or String use the appropriate
input policy for a list.

If the precise input policy cannot be inferred, then the DEFAULT _INPUT_POLICY is
used.

[ADE- | would like to be able to specify a particular input policy. Also, lists of lists are
not handled.]

Error handling

By default, all errors are caught by the Embedded CAL runtime library. However, this
can be overridden.

Right-click on embedded editor

Select "Show expanded view"

Check the "Throws Exception” box

Now, the editor's exception is not caught by the library, but must be explicitly
handled by the caller.

At this point, you may uncheck Show expanded view for a more concise view of the
editor.

Output policy
By default, a DEFAULT OUTPUT POLICY is used, but this can be overriden.

Copyright © 2007 Business Objects. All rights reserved. See notices at the beginning of the document. 8



¢ Right-click on embedded editor

e Select Show expanded view

e The drop-down menu controls the output policy. Select
DEFAULT OUTPUT POLICY, CALVALUE OUTPUT POLICY, Or you may
type in any expression that has a type of OutputPolicy. Leaving the drop-
down blank, or selecting <<infer output policy>> will use the
DEFAULT OUTPUT POLICY.

Module Editor

All expression editors run in the context of a module. If no module editor is present, then
expression editors run in a default module that imports Cal.Core.Prelude and
nothing else. If you require using more than the Pre1ude module, then you must use a
module editor.

The following screen shot shows a module editor. They are distinguished from
expression editors by being highlighted in green.

Copyright © 2007 Business Objects. All rights reserved. See notices at the beginning of the document. 9



e avaCAISSEClpSseRbmbeddedbditoraSamplesisielonsiopenguankiembed ded ideses J\_ﬂﬂ‘
File Edit Mavigate Search Project Run  Field Assist  Window Help
- HE i $-0-Q4- BEEE- - B i % Debug & Java |
; = & -
53 | TransitTripDerma. java - Cal_Eclipse_EmbeddedEditar_Sarmples/src/org/openguark fembedded/demo ! =g
=
o [
static {
Messagelogger logger = new Messagelogger (]! (@
Funfuark.init (BasicCALServices.makeCompiled ("transitTrip.cws™, logger)): §$
for (Object error : logger.getCompilerMessages()) |
SJystem. out.println(error); E
} 9]
module TransitTripDhemo; .;.
==
import Czl.Core.Preluds using o=
typeConstructor = Int;
function = add;
import TransitTrip using
typeConstructor = Tran=sitTrip, Secwent, To, Mode,
Direction, Distance, Units, Minutes:
dataConstructor = Tran=itTrip, Takes, Walk, Wait, To, Bus,
Subway, 2kytrain, Ferry,
M, ¥, E, W, NW, NE, ZE, 32U,
ELOCES, FEET, METERS, MILES, KILOMETERS, INCHES,
Listance, MNinutes;
function = getTime:
import Czal.Collection=.List using
function = foldleft, map:!
tripLengthTest =
let
alllengths :: TransictTrip -> [Int]:
alllengths trip = map [("Segwent -> getTime segwent)
trip.TransitTrip.segments; =
tripLength :: TransitTrip -> Int;
triplength trip = foldLeft add 0 (alllLengths trip);
in
tripLength;
i -
. | >
0 Wilritahle Stz -

Each Java compilation unit may have no more than 1 module editor. A warning will
appear if you try to enter a second one.

The module editor should go in a location that is executed only once and executed before
any expression editors are. In the above example, therefore, the module editor is placed
in a static initializer. Also, a module editor evaluates to a Java expression and so, it is
necessary to put a semi-colon after the editor.

The code above the module editor specifies a custom workspace file. You can use this
code to specify a workspace other than the default:
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MessageLogger logger = new MessageLogger();
RunQuark.init (
BasicCALServices.makeCompiled (
"transitTrip.cws", logger));
for (Object error : logger.getCompilerMessages()) {
System.out.println (error);

}

Oddities and Errors

Here are a list of known bugs and oddities. Please be patient as embedded CAL is still in
its beginning stages.

e When entering or exiting editors by clicking with the mouse, the screen
sometimes scrolls to a new location. This seems to happen more often with
embedded editors that take the entire vertical part of the screen.

e The Java text behind the embedded editor is not formatted into nice Java, but
rather it is simply stored on one line. The reason for this is that it is difficult to
hide text that spans multiple lines due to a lack of support for this in the SWT
StyledText widget.

e If you do ever want to view Java code with embedded CAL in a standard text
editor, you may format it any way you like. When this code is again displayed in
an editor that supports embedding, it will automatically be reformatted so all
hidden code is on one line.

e There are several ways to delete an embedded editor:

- Right-click on editor and select "Delete Editor"

- Select a region of Java code that includes an editor and Cut it (ctrl-X in
windows). (The editor can later be pasted (ctrl-V in windows) elsewhere.)

- Delete line (ctrl-D in windows)

The following methods will not work:
- Using the backspace or delete key

e Sometimes, when the caret is placed in the Java world just on the edge of an
embedded editor, typing will place characters inside of the embedded editor
(whereas the correct behavior is that the characters should appear outside of it). If
this happens, just be aware of it and try typing one character away from the edge
of the embedded editor.

e Keyboard combinations for copy and cut do not work inside of an embedded
editor. You must use the menu for this. However, keyboard command for paste
works fine.

e Undo does not remove the embedded editor after an insert, but instead it removes
some characters.

e Content assist is not context aware. It merely looks at the prefix and matches to
all possible completions. It does not filter completions with respect to context.
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e When pressing ctrl-home to go to the top of a file, the current embedded editor
stays on the screen.

If you have any problems or issues with Embedded CAL, or you find any errors in this
document, there is a Google Group on the CAL Language and Quark Platform. This is
the primary place for discussions, announcements, and questions about CAL and Quark.
In addition, please feel free to send comments or questions to the primary author, Andrew
Eisenberg (andrew@eisenberg.as).
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