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Introduction

There are a number of ways in which programs written in CAL can be deployed. One way to deploy such
aprogram isto generate a standalone JAR, which may contain application and library classes.

A standalone JAR may package up a CAL application by gathering together all the classes necessary for
running aspecific CAL function, and aclasswhosepubl i ¢ static void mai n(String[] args) method
runs the CAL function with the supplied command-line arguments. This makes it possible to package up
a CAL function into a standal one application.

The generated main class is able to run the CAL function directly without having to first initialize a CAL
workspace. Thus, the start-up time to run the function will be much smaller than in cases where workspace
initialization isrequired (e.g. running the function viaBasi cCALSer vi ces from within a Java program, or
starting up I1CE or the Gem Cutter and running the function.)

A standalone JAR may also package up one or more library classes - alibrary classis a class containing
static methods corresponding to the non-private functions and data constructors defined in aparticular CAL
module. This makes it possible to expose CAL libraries in Java, by defining APl modules in CAL (whose
functions may include code for marshalling to/from foreign types), from which library classes are generated.

The Standalone JAR Tool is the command-line tool that builds standalone JARs. A standalone JAR pro-
duced by this tool includes only the classes necessary for running the specified CAL applications and
supporting the specified CAL library modules, and thus does not take up more space than necessary. Us-
er resources are also bundled in the generated standalone JAR, so that the CAL functions may load and
use localized resources (such as string properties files) via modules such as Cal . Cor e. Resour ce and
Cal.Uilities.StringProperties.

Thetool also supportsthe generation of acompanion source zip file containing source filesfor all generated
classes. One can usethe zip filein an IDE to link the class filesin the JAR to sources, or build a version of
the JAR with debug information (e.g. line numbers) from the sources for debugging purposes. Moreover, the
library classeswill have proper Javadoc comments generated from CALDoc comments. Thusit is possible
to use these source files with the javadoc tool to produce API documentation for the standalone libraries.

We currently support generating standalone applications for CAL functions with the type[String] ->
() - The command-line argumentswill be marshalled into aCAL list of St ri ngsand passed to the function.

Unlike other deployment mechanisms (e.g. deploying with Car or Car-jar files), applications and libraries
deployed as a standalone JAR does not have access to meta-programming capabilities, such as the ability
to query for gems with a given type, the ability to add new modules to the workspace, and the ability to
evauate programmeatically constructed CAL expressions.

Document Overview

The rest of this document is organized as follows. The section Standalone Libraries discusses the details
of the creation of library classes from CAL modules. Then, the sections Using the Standalone JAR Tool
and Running Applications in a Sandalone JAR cover the usage of the quarkc and quar klaunch scripts to
respectively build astandalone JAR and run applicationsin the JAR. Finally, the last two sections (Example
- Running the Spect r al Nor m Benchmark with a Standalone JAR and Example - Creating a Standalone
Library JAR) present ready-made examples on producing a standalone application JAR and a standalone
library JAR.
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Standalone Libraries

The standalone JAR facility enables one to turn any CAL module into a standalone library. A standalone
JAR can package up oneor morelibrary classes- alibrary classisafinal, non-instantiatable class containing
static methods corresponding to the non-private functions and data constructors defined in a particular CAL
module.

The generated library class and its APl methods have the following characteristics:

» Each method takes asits last argument an Execut i onCont ext representing the context and environ-
ment in which the CAL evaluation will occur.
° Execution contexts can be created via the various makeExecut i onCont ext factory methods in
the support classor g. openquark. cal . runti ne. | ecc. St andal oneRunt i re.

» Excluding the Execut i onCont ext argument, each method will have an argument for every actual
argument of the corresponding CAL function or data constructor. This takes into account the actual
arity of the function or data constructor, and not the number of lexically declared parameters.

» Class methods and functions whose types contain type class constraints are not handled, and are
skipped - no APl methods will be generated for them.

» For each function or data constructor that is visible and whose type has no type class constraints,
there will be agenerated APl method where al the arguments (excluding the last Execut i onCont ext
argument) will have the Java type or g. openquark. cal . runti me. Cal Val ue, which represents an
opaque value in CAL that may be an unevaluated computation. The return type of the method will
follow the Java type mapping scheme (see below).

If the function or data constructor takes at |east one argument, then an overloaded version of the API
method will also be generated. The argument types of this variant, unlike the above, will also follow
the Java type mapping scheme.

° To help facilitate the use of the first variant in scenarios where there is amix of potentially un-
evaluated computations held in Cal Val ues and plain Java values, there are varioust oCal Val ue
factory methods in the support class St andal oneRunt i me for converting Java values into Cal -
Val ues.

» Java type mapping scheme: the mapping of CAL types to Java types for method arguments and the
return value is asfollows:

° If the CAL typeisaforeigntype, and the foreign type'simplementation visibility iseither publ i ¢
or prot ect ed, then the corresponding Java type will be the foreign implementation type. This
includesthePr el ude typeschar, Byt e, Short, I nt, Long, Fl oat , and Doubl e, which correspond
to Java primitive types.

° If the CAL typeisthePr el ude type Bool ean, then the corresponding Javatype will be the prim-
itivetypebool ean.

° (For method return types only) If the CAL typeisthePr el ude type Uni t , then the corresponding
Javareturn type will bevoi d.

° If the CAL typeisaforeign typewhoseimplementation typeisnot visible, or if thetypeisan alge-
braic type, then the corresponding Java type will be or g. openquar k. cal . runt i me. Cal Val ue.

» Each generated APl method will have a Java scope that corresponds to the CAL scope of the associ-
ated function/data constructor (i.e. pr ot ect ed in CAL becomes pr ot ect ed in Java, publ i c in CAL
becomes publ i ¢ in Java).
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» Thegenerated library classwill have proper Javadoc comments generated from the module's CALDoc
comments. Thusit is possible to use the source file in the companion source zip file with the javadoc
tool to produce API documentation for the library.

Toexport adavaAPI for alibrary writtenin CAL, one can definethedesired API for thelibrary in a separate
modul e (whose functions may include code for marshalling to/from foreign types). Then, astandalone JAR
can be produced which would include alibrary class generated from the APl module.

A Simple Example

Given the following CAL module:

/**
* This is a denp of sone sinple functions exposed via a
* standal one library JAR
*/
nodul e Cal . Sanpl es. Si npl eLi brary;
i mport Cal . Core. Prel ude using
typeConstructor = Int, JList;

i mport Cal. Col |l ections. List;

filterQutEveninternal :: [Int] ->[Int];
filterQutEveninternal list = List.filter Prelude.isQOdd |ist;

/**
* Filters out the even nunbers fromthe given list.
* @rg list alist of integers.
* @eturn the filtered |ist.
*/
filterQutEven :: JList -> JList;
public filterQutEven list =
Li st.outputList (filterQutEveninternal (List.inputList list));

/** An infinite list of ones. Can be used with {@ink take@. */
ones :: [Int];
public ones = List.repeat 1

/**

* Returns the first {@ode n@ elenments of the given list in a newlist.
* @rg n the nunber of elenents to take.

* @rg list the list of integers.

* @eturn a list of the requested el enents.

*/

take :: Int -> [Int] -> JList;

public take n list = List.outputList (List.take n list);

The library class generated from the CAL module would look like this:
package org. openquark. cal . sanpl es;

i mport java.util.List;

i mport org.openquark.cal.internal.runtine.|ecc.RTDat a;

i mport org.openquark.cal.internal.runtinme.|ecc. RTExecuti onCont ext;

i mport org.openquark.cal.internal.runtine.|ecc. RTVal ue;

i mport org.openquark.cal.internal.runtine.lecc.Standal oneJar Gener at edCodel nf o;
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i mport org. openquark. cal . runti me. CALExecut or Excepti on;

i mport org. openquark. cal . runti ne. Cal Val ue;

i mport org. openquar k. cal . runti ne. Executi onCont ext ;

i mport org.openquark. cal _Cal _Sanpl es_Si npl eLi brary. Filter_Qut_Even;
i mport org. openquar k. cal _Cal _Sanpl es_Si npl eLi brary. Ones;

i mport org.openquark. cal _Cal _Sanpl es_Si npl eLi brary. Take;

/**
* This is a denp of sone sinple functions exposed via a
* standal one library JAR
*/
public final class SinpleLibrary {
private SinpleLibrary() {
}

/ *
Filters out the even nunbers fromthe given |ist.
@aramlist (CAL type: {@ode JList})
a list of integers.
@eturn (CAL type: {@ode JList})

the filtered list.

EE I B T

/

public static List filterQutEven(final List |ist,

final ExecutionContext executionContext) throws CALExecutor Exception {
/1 inplementation clipped

}
/

Filters out the even nunbers fromthe given |ist.
@aramlist (CAL type: {@ode JList})

a list of integers.
@eturn (CAL type: {@ode JList})

the filtered list.

EE R B T

/

public static List filterQutEven(final Cal Value Ilist,

final ExecutionContext executionContext) throws CALExecutorException {
/1 inplementation clipped

}

/**

* An infinite list of ones. Can be used with {@ink #take take}.

* @eturn (CAL type: {@ode [Int]})

*/

public static Cal Val ue ones(final ExecutionContext executionContext)
t hrows CALExecut or Exception {
/'l inplenentation clipped

}

/**

* Returns the first <code>n</code> elenents of the given list in a newlist.
* @aramn (CAL type: {@ode Int})

* t he nunber of elenents to take.

* @aram|list (CAL type: {@ode [Int]})

* the list of integers.

* @eturn (CAL type: {@ode JList})

* a list of the requested el ements.

*/
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}

public static List take(final int n, final CalValue |ist,
final ExecutionContext executionContext) throws CALExecutor Exception {
/1 inplementation clipped

}

/**
* Returns the first <code>n</code> el enents of the given list in a new list.
* @aramn (CAL type: {@ode Int})
t he nunber of elenents to take.
@aramlist (CAL type: {@ode [Int]})
the Iist of integers.
@eturn (CAL type: {@ode JList})
a list of the requested el ements.

* % X 2k X

/

public static List take(final CalValue n, final Cal Value list,

final ExecutionContext executionContext) throws CALExecutor Exception {
/1 inplermentation clipped

}

/1 private configuration checking code clipped

Some salient pointsin this example are:

1. The method ones returns a Cal Val ue because the CAL type of the corresponding function is the

algebraictype[ I nt].

. Toget ajava.util.List to be returned, one must employ CAL marshalling functions such as

Li st. out put Li st,asinthecaseof filterQut Even andt ake.

. The definition of the CAL functionones (Li st . repeat 1) by itself hasatypeNum a => [a] , which

has a type class constraint. To make the function exportable, the function's type is specialized by its
type declaration to be the non-polymorphic type[ I nt].

. BothfilterQut Even andt ake have two corresponding APl methods generated for them: one that

takes only Cal val ues as arguments, and another that takes values of Java types such asint or
java.util.List.

. The module's CALDoc comments are transformed into appropriate Javadoc comments for documen-

tation purposes.

An End-to-End Example: The Directed Graph Library

The CAL_Sanpl es project in the Open Quark source distribution includes a sample standalone library based
on the directed graph library written in CAL. It is an end-to-end sample that includes:

1. an APl module written in CAL (Cal . Sanpl es. Di r ect edG aphLi brary) that shows how one can

expose an existing CAL library as a Javalibrary with appropriate marshalling,

2. aJavawrapper class (I mut abl eDi r ect edG aph) which provides an object-oriented interface on top

of the standalone library, and

3. asimple demo app which uses the exposed functionality.
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The Companion Source Zip File

The standalone JAR facility aso supports the generation of a companion source zip file containing source
filesfor all generated classes. One can usethe zip filein an IDE to link the classfilesin the JAR to sources.
Also, it is possible to use these source files with the javadoc tool to produce APl documentation for the
standalone libraries.

Note that the generated Java sourcesin the zip file may not correspond exactly to the bytecode in the JAR.
However, the classes as defined in source are semantically identical to the classes in the JAR. This makes
it easy to debug into the internal operation of a standalone application or library: ssmply build a version of
the JAR with debug information (e.g. line numbers) from the unpacked sources, and debug with this newly
created JAR rather than the one produced by the standalone JAR facility. Doing so would allow IDEs and
other source-level debuggersto support single-stepping through the entire standal one application or library.
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Using the Standalone JAR Tool

The binary distribution of Open Quark comes with a script for launching the Standalone JAR Tool:
quarkec.bat for Windows, and quarkc.sh for Unix, Linux, and Mac platforms. The tool supports the pack-
aging of multiple CAL applications and/or multiple CAL librariesinto a single standalone JAR.

Synopsis

(W ndows)

guar kc wor kspaceFi | eNanme [-verbose] (-main functionNanme mai nClassNarme | -lib
nodul eNane | i bC assScope |ibC assNanme) + out put Jar Nane [-src out put SrcZi pNane]

(Uni x/ Li nux/ Mac)

quar kc. sh wor kspaceFi | eNane [-verbose] (-main functionName mai nCl assNarme | -lib
nodul eNane | i bC assScope |i bC assNanme) + out put Jar Nane [-src out put SrcZi pNane]

Description

wor kspaceFi | eName
the name of the workspace declaration file (just the name, no paths are accepted). This file should
beina"wrkspace Decl arati ons" subdirectory of adirectory on the classpath.

-verbose
an optional flag for displaying more detailed status information.

-main

specifiesa CAL application to be included with the standalone JAR.

functi onNane
the fully-qualified name of the CAL function that is the main entry point for the application.

mai nCl assNane
the fully-qualified name of the Java main class to be generated.

-lib
specifiesa CAL library to be included with the standalone JAR.

nmodul eName
the fully-qualified name of the CAL library module.

I'i bAl assScope
the scope of the generated library class. Can be one of:

publ i c Or package.

I'i bCl assNane
the fully-qualified name of the Java main class to be generated.

out put Jar Nane
the name of the output JAR file (can specify a path).
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- src out put SrcZi pNane
(optional) specifies the name of the output zip file containing source files for the generated classes.

If additional JARs or classpath entries are required for the foreign types and functions defined in the
workspace, they can be specified viaa QUARK_CP environment variable.

For example:
(W ndows)

set QUARK CP=foo.jar; bar.jar
quar kc foobar.cws -nmain Foo.Bar foo.bar.MinCass -1ib Foo.Baz public foo.Baz foobar.jar

(Uni x/ Li nux/ Mac, using sh/ bash)

QUARK_CP=f 00.jar:bar.jar ./quarkc.sh foobar.cws \
-mai n Foo. Bar foo.bar. MainCl ass -lib Foo.Baz public foo.Baz foobar.jar
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Running Applications in a Standalone JAR

To run a CAL application packaged as part of a standalone JAR, simply include the standalone JAR, the
Quark Platform JARs, and any required external JARS on the classpath, and specify the name of the gener-
ated class as the one to run. Command-line arguments will be passed into the CAL function.

The binary distribution of Open Quark provides a launch script to facilitate the setup of the classpath:
guarklaunch.bat for Windows, and quar klaunch.sh for Unix, Linux, and Mac platforms.

Synopsis

(W ndows)

quar kl aunch jarName mai nCl assNanme [args. . .]
('Uni x/ Li nux/ Mac)

quar kl aunch. sh jarNane mai nCl assNanme [args...]

Description

j ar Name
the name of the standalone JAR. If additional JARs are required, add them to the end, separated by
the appropriate separator ('; ' for W ndows, ": ' for Uni x/ Li nux/ Mac).

mai nCl assNane
the name of the main class in the standalone JAR.

args. ..
0 or more arguments to be passed into the main class.

If additional Java VM arguments are required, they can be specified via a QUARK_VMARGS environment
variable.

For example, to specify that Java should run with the server VM:
(W ndows)

set QUARK VMARGS=- server
guar kl aunch foobar.jar foo.bar.Mind ass

('Uni x/ Li nux/ Mac, using sh/bash)

QUARK_VMARGS=- server ./ quarkl aunch. sh foobar.jar foo.bar.Mind ass

Things to note

A standalone JAR must be run with the same Quark system properties as those specified to the Standalone
JAR Tool when it built the JAR. If the system properties specified when running the standalone JAR do
not match those specified during the build operation, then running a standal one application in the JAR will
display an error message (with hints on how to fix the issue) and exit. Similarly, library classes packaged in
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the JAR will not load successfully in such a case, as the static initializer in each library class would check
the properties and throw an exception with the error message.
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Example - Running the Spect ral Nor mBenchmark
with a Standalone JAR

The Open Quark distribution contai nsimplementation for many of the benchmarksincluded in the Computer
Language Benchmarks Game (ht t p: / / shoot out . al i ot h. debi an. or g). Wewill demonstrate how to run
one of the benchmarks, Cal . Benchnar ks. Shoot out . Spect r al Nor m with a standalone JAR.

To build the standal one application JAR:
1. Launch a Command Prompt on Windows, or aterminal on Unix, Linux, or Mac platforms.
2. Changeinto the Quar k directory inside the Open Quark binary distribution.
3. Run the Standalone JAR Tool asfollows:
(W ndows)

quar kc cal . benchmark. cws -mai n Cal . Benchmar ks. Shoot out . Spectral Norm mai n \
shoot out . Spectral Norm spectral norm jar

(Uni x/ Li nux/ Mac)

./l quarkc. sh cal . benchmark.cws -mai n Cal . Benchmar ks. Shoot out . Spectral Norm main \
shoot out . Spectral Norm spectral normjar

Y ou should see the following output:

Open Quark Standal one Jar Tool (version 1.7.0_0)

Initializing the CAL workspace. ..

... CAL workspace initialized.

Bui | di ng the standal one jar D:\openquark\ Quar k\ spectral normj ar

Done buil ding the standal one jar D:\openquark\ Quark\ spectral normjar

Now that the standalone JAR is built, we can run the benchmark with it via the launch script
quar klaunch.bat for Windows, or quar klaunch.sh for Unix, Linux, and Mac platforms. For this example,
we will run the benchmark with the argument 1500:

(W ndows)

quar kl aunch spectral normjar shootout. Spectral Norm 1500

('Uni x/ Li nux/ Mac)

. I quar kl aunch. sh spectral normjar shootout. Spectral Norm 1500

Y ou should see the following outpult:

1.274224151
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Example - Creating a Standalone Library JAR

The Open Quark distribution contains aready-made sample standalone library that exposes adirected graph
library written in CAL. We will demonstrate how to create the JAR using the Standalone JAR Tool.

To build the standalone library JAR:
1. Launch a Command Prompt on Windows, or aterminal on Unix, Linux, or Mac platforms.
2. Changeinto the Quar k directory inside the Open Quark binary distribution.
3. Run the Standalone JAR Tool asfollows:
(W ndows)

quarkc cal .sanples.cws -lib Cal. Sanpl es. Di rectedG aphLi brary \
public org.openquark. cal . sanpl es. di rect edgr aph. Di rect edG aphLi brary \
di rect edgraph.jar -src directedgraph.src.zip

(Uni x/ Li nux/ Mac)

./l quarkc.sh cal.sanples.cws -lib Cal.Sanpl es. DirectedG aphLi brary \
public org. openquark. cal . sanpl es. di rect edgraph. Di rect edG aphLi brary \
di rect edgraph.jar -src directedgraph.src.zip

Y ou should see the following output:

Open Quark Standal one Jar Tool (version 1.7.0_0)

Initializing the CAL workspace. ..

... CAL workspace initialized.

Bui | di ng the standal one jar D:\openquark\ Quark\ di rect edgraph.jar

Done buil ding the standal one jar D:\openquark\ Quark\ di rect edgraph.j ar

We can inspect the library classes generated by opening the source zip file di r ect edgr aph. src. zi p and
viewing the files inside. These files contain Javadoc comments generated from the source module's CAL-
Doc comments, and can in fact be used with the javadoc tool to produce the standalone library's API doc-
umentation.

Now that the standalone JAR is built, we can run the directed graph demo with it via the launch script
quarklaunch.bat for Windows, or quar klaunch.sh for Unix, Linux, and Mac platforms:

(W ndows)

set QUARK _CP=.\sanpl es\ si npl e\
quar kl aunch di rect edgraph.jar org.openquark. cal . sanpl es. di rect edgraph. Di r ect edG aphDeno

(‘Uni x/ Li nux/ Mac)

./ quar kl aunch. sh directedgraph.jar:./sanples/sinplel \
or g. openquar k. cal . sanpl es. di r ect edgr aph. Di r ect edG aphDeno
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