JavaGram — a language for Agile Programming

SHARAM HEKMAT
PRAGSOFT CORPORATION

This whitepaper provides an overview of JavaGram a new programmamguage specifically
designed for agile application development. As a Java derivativeaGlam offers a number of novel
features that simplify the task of developing user-interfade-dlient-server applications, such as
declarative programming, automatic remoting, asynchronous method invocation, and djeefivig.
Language constructs that support these features are described and théicgbrapplication for agile
development explored.

1 Introduction

There has been growing interest in recent years in agilewaseftdevelopment methods. The
shortcomings of traditional, waterfall methods have been known foeast three decades,
namely:

The requirements for a complex system can rarely be sgdidilly and accurately in
advance.

Despite tight quality control, the output of each phase will corgaps or flaws that won't
be discovered until a later phase.

User requirements will evolve during the course of a long projags, naking the end-result
inconsistent with the latest requirements.

The cost of fixing a requirement or design defect discovered later in the prgjabstantial.

Given that a working system is not available until late in theeptpjthere is little
opportunity for user participation and feedback; this increases theofrithe system not
being accepted by the users.

These challenges often cause schedule delays and budget blowouts.
The agile approach attempts to address these difficultiesolygting a more iterative lifecycle,
where emphasis is on prototyping, user participation, having a wakatgm all along, and less

documentation. The approach is best summarized by the agile nmanifest
(www.agilemanifesto.ojgwhich places more value on:

individuals and interactions over processes and tools,
working software over comprehensive documentation,
customer collaborationover contract negotiation, and
responding to changeover following a plan.
Successful adoption of the agile approach requires the overcomingtafauprocess, and

practice barriers. Although these challenges are primaoih/technological, the use of suitable
technology can be of substantial benefit. The reality is that racishologies available today are
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not particularly well-suited to the agile approach, typicallydose they either predate the ‘agile
age’ or ignore its dynamics.

JavaGram has been specifically designed to support the dynamagslefdevelopment. Its
conception is the result of seven years of experience gained frmrassfully practicing RAD
and agile in commercial software projects. As such, itsigdage designed by a practitioner for
practitioners.

1.1 Agility Criteria

So what makes a technology more suited to agile development thersThe answer to this
guestion lies in the dynamics of practicing agile in real-life projects.

Agile relies heavily on iterative development. The first prioiitya project is to produce a
working prototype of a proposed system and then to use this as avehieliciting detailed
user requirements. As requirements emerge, these are usech&y fefine and enhance the
prototype. Enhancements are done as a series of mini developmiest where during each
cycle we design, code, and test the next increment, and invite users to evaloatedine.

The cyclic and iterative nature of agile places great esiphan going from requirements to
working software rapidly. Speed is of the essence; otherwise cycles bdoonamnd ineffective.
Rapid delivery of the next cycle ensures that users will remagaged and the project will not
lose momentum. At the same time, it's important to keep the prtgach small to avoid
communication overheads and to minimize the need for detailed doctioreni@th of which
will slow things down.

In order to speed up each cycle, we must not only have the meansgto ale$ code business
functionality quickly, but also to rapidly turnaround defects raised duhegtesting phase.

When this is not the case, testing can become hopelesslyigmifigs testers will spend most of
their time waiting for critical fixes without which further testingntdaake place.

Equally important is the cross cycle speed. If each subsequemt t@akds longer than the
previous one due to developers finding it difficult to add new functioniddég momentum will
be lost and eventually grind to a halt. It is therefore vital tti@atapplication under development
lends itself to alteration and evolution. While this is primaniftuenced by the quality and
foresight of the original design, the underlying technology canlgngaway in promoting good
practices that avoid design inflexibility.

Finally, agile is all about simplicity. Simplicity is achiel/by untangling complexity so that the
essential is separated from the accidental. Once we've ig@ehiwhat's essential, the least
complicated way of getting there has the potential to delivelbéseoutcome. Without constant
awareness of this, IT professionals have a tendency to be dayziedhbological complexity
and run the risk of over-engineering their solutions.

1.2 Barriers to Rapid Development

In order to design a language that facilitates speedy devetbpme must consider the things
that slow down developers; namely:
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Language complexity The more complex a language is, the steeper its learning it
be. Contrary to the popular opinion that a language’s complexityusaidn of its number
of features and constructs, it's primarily a product of givihg programmer too many
different ways of doing the same thing. Too much choice leaves twaptmer in a
situation where s/he has to constantly think about choosing the best ap@uodchis will
slow down development. JavaGram avoids this pitfall by not attemptinge ta totally
versatile and general purpose programming language. For exam@&rdan offers only
three container types — lists, vectors, and maps — each of whiollgasne implementation.
So when the programmer sees the need for a container, no tireeas ldeciding which one
to use.

Plumbing overhead More than 50% of code in a typical application tends to be of
‘plumbing’ nature. This is code that doesn’t implement business fundtiobak performs
essential housekeeping. For example, data entered by the usesanézn typically needs to
be extracted, validated, stored in a suitable data structureedeby the programmer,
transmitted from the client to the server using a messageedeby the programmer,
unwrapped on the server-side, processed by interacting withtaedbada, and so on.
Typically, such data goes through a number of transformations witsechanged from one
format to another, and yet another, until it finally can be acted upwaGiam greatly
reduces the need for plumbing code by performing such tasks behiadettne without the
programmer having to worry about them. This saves the programmér valuable time,
enabling him to focus on actual business functionality. Interestinglyauseca lot of
unnecessary transformation is avoided, the end-to-end process exesteesthus also
saving computational resources.

Procedural clutter. Most languages (including Java) require the programmehitk t
procedurally. While this works well in some situations (e.g., impleime transactions), it
hinders tasks that are better suited to a declarative stylep®gramming is one such task.
Because GUIs are visual and typically hierarchical, a derlaraotation can be far more
expressive and convenient for implementing them. JavaGram adopstythi®y allowing
the programmer to define GUIs using a markup notation. This not onlifsrés a lot less
code, it also greatly enhances the readability of the code, textbat that the GUI can be
easily visualized by simply observing the code.

Static composition Most languages take a static view of the components that conaprise
program and require all the referred components to be in place befopgdagram can be
executed. Because of the incremental nature of agile, tlisrigjor inconvenience which
forces the programmer to define placeholders and stubs to work arousdubeJavaGram
overcomes this problem by allowing the programmer to dynalypidehd scripts. For
example, if the action of a push button is defined by a dynamilcaltied script, the
programmer will be able to run the program even if this s@ipbt defined or is incomplete
and has compilation errors. These errors will not surface uriessser actually pushes the
button.

Complex object model In object-oriented programming, business objects can be a sidurce
substantial complexity. Most of this complexity is in the underlymglementation of the
business objects (e.g., persistence). However, from an agilpesant viewpoint, it's not
the implementation that's important but the business functionaligrexff by the object.
JavaGram reduces this complexity by offering a straightdicsvimplementation model based
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on a generic object which hides much of the underlying complexitysuByclassing the
generic business object class and using declarative schemasogn@mmer can do away
with time-consuming and error-prone activities such as implementing objsidtpece.

1.3 Barriers to Rapid Testing

The key to an effective and fast testing cycle is the aliditturnaround defects quickly. The
usual pattern in system testing is that a tester runs a nwhbest cases and records observed
defects. Some of these defects become showstoppers, preventiegféhdrom progressing any
further. At this point the tester will need to wait until enougtedisf have been fixed and a new
release produced so that testing can continue.

The main barrier to quickly delivering a test releases®w build process. JavaGram addresses
this by eliminating the need to produce an actual build. A releasesimply consist of the
correct versions of the scripts that comprise the applicatioraotett from a version control
system and placed in a test application server. Compilation issqoired, as the application
server will incrementally compile the scripts on demand. Thisnmghat even a large
application can be released in minutes.

Even better, for the majority of fixes, a complete releaset required. Developers can choose
to release only the few affected scripts that fix the outstgndiefects. JavaGram even allows an
application to be hot fixed without restarting the server. Egped has shown that critical
defects can be turned around shortly after they're raised bgrdeshus enabling testers to
continue their work with minimal disruption. Similar benefits are gained in prastustipport.

1.4 Barriers to Rapid Evolution

A live application is best regarded as an evolving entity. Thee rii@ application is used, the
more users will demand from it — active use leads to rapid evolMilben a new application is
designed, it's almost impossible to foresee all the futureaddmthat will be placed on it. At
any point in time, it's only practical to consider featureg Hra likely to be demanded in the
near to medium term. Future (and especially unforeseen) demankkl td stretch the
application design to an extent that couldn’t have been predicted.

Long term therefore, the malleability of the design becometgieatissue. A design that is not
accommodative of change will eventually break and disrupt the evolutboegs. So how can a
design be made malleable? There are two competing views on this subject.

The first view argues that considerable flexibility should bethuoio the design from the
beginning to make it future proof. This is intellectually apimgalbut in practice rarely
successful. The problem with this approach is that devising extethssign flexibility can be
very costly and invariably leads to design complexity, both of whighagainst the agile
principles. Experience indicates that, in the long run, very fewudh £xpensive flexibilities
actually turn out to be used and the rest become a liability.

The second view argues for simplicity. By keeping a desigsinagle as possible, we not only

shorten the construction speed, we also make it easier for futueéoplens to understand its
make-up. The latter is far more valuable than some appreklatt.practitioners would testify
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that the biggest hurdle in tweaking a design is to first undergta@dce this is achieved, only a
bit of developer creativity is required to work out a way of accommodating sorgetény.

JavaGram adheres to the simplicity view. The language helpdethedoper to express things
succinctly and with minimum clutter. Reduced plumbing code meanghatast majority of
code actually represents business functionality. This facgitateerstanding and makes it easier
to work out how to best apply a change.

2 Salient Features

JavaGram builds on the strengths of Java and closely follows thesyiateex and semantics,
including strong type checking. This should make it rather easy fdava programmer to
become proficient in JavaGram.

This section describes those features of JavaGram that tehiem@adt as an agile programming
language.

2.1 Server Centricity

Historically, programming languages have been designed withsthangtion that application
code will need to be installed in its target environment befocaritbe executed. The World
Wide Web has been the most significant departure from this paradigger this model, a web
application is not pre-installed on the client side, but is increnhedimvnloaded in response to
actions taken by the user. However, this dynamically-downloadezl (€60ML, which may also
include JavaScript and the like) is primarily concerned with ptaten, and is generated by the
actual application code residing on the web server (see Figure 1), hencattientelient

Web page is
delivered to client

y \

Client
World-wide-web Web Server

Client requests
web page

http://www.acme.com/products

Figure 1. The web model.

The design of JavaGram was inspired by this model, with a keyaliite: rather than the server
generating presentation code for the client, the server delatusl application code to the
client. Like the web model, the client initially contains no codallabut rather is a shell capable
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of receiving code and ‘interpreting’ it. In the web model, the clisre web browser; in the
JavaGram model, the client is a compact runtime environment called JAG (seedjig

Script is
delivered to client

JAG loads and
executes script

y——————

Client )
World-wide-web App Server

Client attempts to /
Access a script

www.acme.com:443/search.jag

Figure 2. The JavaGram model.

A JavaGram client boots itself against a JavaGram serveg asi initial address (similar to a
URL in a web browser), which identifies the server and theirsgcript. In response to this, the
server creates a session thread to handle all subsequent communadti the client. The
requested script is then sent to the client, which the lattds laad executes. During the course
of execution, the script may refer to other scripts, which arecsddrom the server in a similar
manner. Therefore, the client code base is built incrementally accordingy tactisns.

Like the thin client model, the server-centric model of JavaGnas a number of advantages
over the traditional fat client model; namely:

There is no need to install an application at the client end.
An application can start quickly because the loading process is incremental.

Release management is much easier, as a new version of tivatappdoesn’'t need to be
installed on every client, just on the server(s). The latterush easier because servers are
centralized and there is a lot less of them than clients — ahéchot only numerous but also
often out of reach.

The JavaGram model also retains some of the advantages o&diteral fat client model;
namely:

Unlike the thin client model which is stateless, the JavaGram Insostateful. Because each
client is allocated a dedicated session that lasts for theatuadtthe connection, the session
accurately reflects the server-side state of the cliens dlithinates the burden of additional
programming normally required for thin clients to keep track of state infamat

JavaGram supports both synchronous and asynchronous requests, as opposed to the
asynchronous-only thin client model.
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The programmer can delegate some of the application’s progédssthe client end (e.g.,
report generation, complex calculations) within the same code Bdss provides more
scope for load balancing and making sure that server(s) don’t become a bbttlene

For lack of a better term and to distinguish the JavaGram model from the fatoliethtin client
models, we’ll subsequently refer to it as Hybrid clientmodel.

2.2 Static and Dynamic Loading

JavaGram support static as well as dynamic loading of scBpasic loading is suitable for
specifying cross-script dependencies. For example, if a staiptedReport refers to classes
defined in two other scripts nameaduct andCustomer then the former should load the latter
like this:

<load>
"src/Product”
"src/Customer”
</load>

This is called static loading and is somewhat similar tonpeet statement in Java, except that
the scripts need not be locally present, but may be located on an application server.

However, in some situations we don’t want a script to be loaded tmtitiggered by an event
(e.g., the user pressing a button). This is facilitated by diyn#&ading using thays.load()
method, which can be called from within JavaGram code. As witlt $tatiling, the requested
script may be local or be on an application server.

The JavaGram application server uses an implicit form of dynbkrading to serve remote calls
received from a client. When a remote call (agduct.update(...) ), is received from a client,
the underlying message includes the path of the script that cotitaidgfinition of theProduct
class. The server uses this path to dynamically load the dciijst not already loaded. This
ensures that the loading of scripts on the server-side is autpgetand-driven, and hence not
a burden on the programmer.

2.3 Code Caching

To minimize client-server traffic, JavaGram employs a cohmgmsive caching mechanism,
which maintains an active cache on both the client and the server sides (se&¥igu

On the client side, the cache is somewhat similar to the lachkaf a web browser, but is more
deterministic. Whereas a web browser refreshes the pages ¢ache based on their age,
JavaGram requires an exact timestamp match. This is necdssarder to ensure the
consistency of the versions of scripts that make up an application.

When a JavaGram client requests a script, the script is lookedthe local cache first. If not
present, the script is sourced from the server, deposited intiectiecache and given exactly the
same timestamp as the server-side original, and then use@qgifiested script is already present
in the client-side cache then its timestamp is compared aghsserver-side original. If the
timestamps match, then the client-side copy is deemed to bealdatthe server-side original
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and is used as is; otherwise, it's refreshed by copying tiversaide original to the client-side
cache. This scheme ensures that when a server-side senptlied, it will find its way to all
clients that attempt to use it.

1. Request script

) N App. Scripts

2. Compile
script

Client-side Cache Server-side Cache

Figure 3. JavaGram script caching.

JavaGram also employs a server-side cache for a differgmbgaurBecause a JavaGram script
can contain code intended for clients and/or servers, each scdpigiled to produce two
variations — one for the client-side (from which irrelevant infdroma such as the
implementation of remote methods is removed) and one for the setgeffsbm which
irrelevant information such as GUI code is removed). These biilasy dre compressed (to
minimize transmission overheads) and deposited into the serveragitle. d&-urthermore, the
files are given exactly the same timestamp as the ofigonigt from which they were compiled.
The compilation process is dynamic, i.e., the script is compilgdvamén it's actually requested
by a client or server and when the cached version is absent or out of date.

The fact that JavaGram servers dynamically compile code damreah that an application build
must be provided in source format. If a script is releasedewt@mpiled, binary format (e.g., for
intellectual property reasons) then the server will gendnatelient-side and server-side binaries
from the pre-compiled version of the script.

2.4 Built-in Types
JavaGram provides the following built-in types.
Atomic Types:
boolean (similar to Javaoolean )
char (similar to Javahar )
int (similar to Javdong )
real (similar to Javalouble )

string  (Similar tojava.lang.String ).
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symbol (like string except that multiple instances having the same representagon ar
stored only once)

date (date and time)

stream (mechanism for performing IO with respect to a file, buffer, or socket)
Composite Types:

vector (contiguous sequence of values, with random access)

list (sequence of values, without random access)

map (key-value pairs, with random access)

object (opaque instances of user-defined types, similardtang.Object )
Pseudo Types:

vague (can represent any type)

native (Java values with no equivalent type in JavaGram)

void (absence of a value)

Values for atomic and composite types can be created lite(akgept for stream ) or
programmatically. Here are some examples of literal values:

$name /I symbol literal

[#2007-12-25 14:35:40] I dateftime literal

[10, 20, 30] Il vector<int> literal

[10, "twenty", 30] Il vector<vague> literal

[[$one], [1, [$two, $three]]  // vector<vector<symb ol>> literal
$(1, 2.0, "three") Il list literal

[$name => "Bill", $dob => [#1977-08-20], $sex =>"m ale"]

I map<symbol, vague> literal
class Person {
string name;
date dob;
string sex;
I/ methods...
}
[@Person name => "Alex", dob => [#1972-10-23], sex =>"Male"]
Il Person object literal

It's also worth pointing out that the JavaGram cast operat@raad is more versatile than the
Java cast operator. Examples:

Customer cust = obj @ Customer; // cast obj to Cust omer type
Customer cust @= obj; I same as above
map m = sqgl.getRow@map(rs); Ilinstruct getRow() t 0 return a map result

2.5 Object Orientation
The OO features of JavaGram are very similar to Java, with the followiagle@xceptions.
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Support for multiple inheritance.

Support for remote methods and classes, both of which are managereatly to the
programmer.

Support for text members (behave like methods and allow you to docadlvaext
processing).

Support for GUI members (behave like class fields and allow youfioedeser interface
components declaratively and hierarchically).

Support for singleton classes.

Support for object literals (class instances that are created at loagtimaethan runtime).
Ability to limit the visibility of a class method to client or server side.

Ability to specify default argument values for methods.

No interface construct (abstract classes are used instead).

Class definitions may not be nested.

Examples of some of these features appear in subsequent sections.

2.6 Multiple Inheritance and Mutual Classes

Multiple inheritance (MI) is a powerful design tool that, when uselicjously, can simplify a
design and reduce development effort. Unfortunately, Ml has attkgdenty of bad publicity
due to complex realizations (e.g., C++) that programmers havggldi with. JavaGram
attempts to remedy this using mutual classes:

A derived class can have multiple base classes, provided at most one of them isuan-mut
All the base classes of a mutual class (if any) must also be mutual.

Mutual classes that are inherited more than once in a clagsdmgr(as in the ‘dreaded
diamond’ problem) are treated as if they are inherited onceaefine, an instance of the
derived class contains only one instance of the mutual claskls.fla this sense, mutual
classes behave like virtual base classes in C++.

Let's illustrate using some examples. Consider the following three classagent handling.

class Event {
public symbol getName () {
return typeof(this);
}

}

mutual class Eventlnitiator {

protected map<symbol, vector<EventListener>> event Map @= map();
public void addListener (vague className, EventLis tener listener) {
symbol eventName = typeof(className);
vector<EventListener> listeners = eventMap[eventN amey;
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if (listeners == null)
eventMap[eventName] = listeners @= vector();
sys.append(listeners, listener);

public void raiseEvent (Event event) {

for (EventListener listener in eventMap[event.get Name()]) {
if (listener.consumeEvent(event))
break;
}

}

abstract  mutual class EventListener {
/I Return true to stop propagation.
abstract public boolean consumeEvent (Event event) ;

}

The programmer can define new events by sub-clagseng; allow a class to raise events by
sub-classingtventlnitiator ; and define event listeners by sub-clasdingptListener , which
can then be registered by callibgntinitator.addListener()

Now consider the following two classes.

abstract class View {
Il Base class for any screen-based representation.
}

class TableView extends View, Eventinitiator, Event Listener {
I/ Provides a tabular, read-only view of data...
}

TableView is intended to provide a screen-based representation of tabudarltdatib-classes
Eventinitiator so that it can raise events (e.g., in response to the useingeleaow), and
EventListener ~ so that it can listen to events (e.g., changes to the undedgiag. It also sub-
classe¥iew to inherit viewing functionality (such as mapping data to GUI widgets).

Because of MlI,TableView will require minimal amount of code. In absence of MI, both
Eventinitiator andEventListener ~ would have been defined as interfaces, requirahlgVview to
implement their methods.

Continuing further with our example, consider the following two classes.

mutual abstract class Persistable extends Eventlnit iator {

/I Base class for any data that needs to be persis table
}
class TableEdit extends TableView, Persistable {

I/ Provides an editable view of persistable tabula r data
}
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Persistable represents any data that needs to be persisted to disk sttragd-classes
Eventinitiator so that it can raise events in response to in-memory and on-thsgailag out of
sync or being reconcilediableEdit is intended to enable the user to edit tabular data and
permanently save such changes. Therefore, it sub-cleb&¥®w andPersistable

Here is the inheritance hierarchy fiableEdit

View «mutual» «mutual»
EventListener Eventlnitiator
TableView «mutuab>
Persistable
TableEdit

Although Eventinitiator appears twice iMableEdit ’'s inheritance path, because the former is a
mutual class, only one instance of it will appear in an instantebleEdit . This is a desirable
outcome (as only onBventlnitiator is needed to manage the events) and addresses the first
common problem of MI.

The second problem associated with Ml is ambiguous methods calks.isTlietected by
JavaGram and can be overcome by explicit casting. For example, iE& diEsves from classes
A andB, both of which offer the same method) with identical signatures, the calfoo() is
reported as ambiguous, but can be resolved by coding it, for examggia\ fas) .

2.7 Remote Methods

Remote methods (and remote classes) represent one of thpawestul features of JavaGram.
They make the task of writing client-server programs exweglily easy by removing the burden
of having to deal with data communication, synchronization, hand-shakimg,handling, and
so on. As a result, invoking a remote method on a server becomesyagssdavoking a local
method. Hiding all this complexity has the added benefit of allowiegprogrammer to easily
use the same code in different deployment models (standalone versus distributed).

Let’s illustrate with an example.

class Person {
intid;
string firstName;
string lastName;
date dob;
string sex;
...
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}

class CRM {
public  remote static vector<Person> findPersons (Person criteria )
/I Returns all persons matching criteria
}

Il
}

The methodCRM findPersons()  is defined as remote (causing its implementation to reside on the
server-side, and the client receiving only the signature of ttieoohe When invoked (regardless

of where it's invoked), it will execute on the server-side. Théhoteis intended to interrogate a
database, find a set of records that mattéria , and return them as a vector Rdrson
instances.

Here is a sample call to this method which returns all male persons havingndm@e®mith’:

vector<Person> matches = CRM.findPersons([@Person | astName=>"Smith", sex=>"Male");

This is what happens ‘under the wraps’ when a remote method is invoked:
JavaGram determines the target of the method (i.e., the server that should haralle the

A message is composed that captures the call (method, its class, supplied a&)gamaesent
to the target server.

The server dynamically loads the method’s class (if not alré@atled) and performs the
call.

The server composes a response that captures the returned valuewarexception) and
sends this back to the client.

The client processes the response to retrieve the returned eakieéption) and delivers it
to the caller.

By default, the target of a remote call is the server fvdnch the caller has sourced the class
code (e.g., through a static or dynatoad operation). When a client is running against a single
logical server (which can have multiple identical load-balancedipalyinstances) this will
suffice. However, if the client is designed to run againgtipie logical servers then the call can
be targeted at a specific server. For example, in

stream svr = sys.client("localhost", 444, null, nul I);
Vector v = svr::CRM.findPersons(...);

findPersons() is targeted at the server denotedy
JavaGram’s exception handling works seamlessly across the-sdieetr boundary. For

example, an exception raised (on the server-side) by a renett®adnis delivered to the caller
(on the client-side) as if it were a locally raised exception.
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2.8 Remote Classes

Sometimes it's desirable to define an entire class as resootkat all its actual processing is
handled on the server-side. Continuing with our example from the presaatien, consider the
following classes.

class Address {
string street;
string town;
string state;
string zip;
Il...

}

remote class Customer extends Person, Persistable {
vector<Address> addresses;
Il...
public void updateDetails (Person details) {
Il Updates customer's personal details

}
}
class CRM {
public remote static vector<Person> findPersons (P erson criteria) {
Il Returns all persons matching criteria
}
public remote static Customer getCustomer (int id) {
Il Returns customer denoted by id
1
...
}
class CustomerView {
Customer customer;
...
public void saveChanges (Person details) {
customer.updateDetails(detalils);
}
}

Here, Person has been sub-classed @stomer which, in addition to personal details, captures
other customer information as well as providing persistence. Becawsmer can have
substantial information within it, we've decided to define it asemote class so that this
information will remain on the server-side and changes to itbeamanaged centrally. The
remote metho@RM.getCustomer() ~ will look up and return a customer by its ID.

Next, we've defined &ustomerView class to allow users to view and edit customer information.
ThesaveChanges() method of this class updates the personal details of the didptagtomer by
calling customer.saveChanges() . Because the latter is a method of a remote class, it's invoked
remotely in a manner similar to remote methods.
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JavaGram’s ‘under the wraps’ handling of remote classes is as follows:

The implementation of a remote class always remains on thersede. WWhen a client loads
a remote class, it only receives a definition of its interface.

An instance of a remote class can only reside on the server-side.

When a client requests an instance of a remote class (e.gallimg a remote method of
another class), it receives a proxy object instead.

Any operation performed by the client on a proxy object (fieleese©r method invocation)
is communicated by JavaGram to the server-side and applied to the real otgadt ins

In practice, a client has no way of knowing whether it'didgawvith a remote method/class or a
local one. This ensures that code designed to be deployed as etiantisill also work when
run as standalone. The obvious benefit of this is a simplified tgstoupss — developers can
develop and test standalone and later switch to client-server \lleegotle is more fully
developed.

2.9 Asynchronous Method Invocation

Asynchronous method invocation allows you to call a (local or rermé&hod such that you
don’t have to wait for it to complete. Execution proceeds to the teensent as soon as the call
is made. When the call eventually completes, a callback methim@dked to complete the
processing. If an error callback is also specified and the metinods an exception then that
callback will be invoked instead.

Here is a simple example:

vector v = CRM.findPersons(criteria) -> viewer.show (v) -> viewer.error(“failed");

The call toCRM.findPersons()  returns immediately. Later, if the call completes succdgsful
viewer.show()  is invoked to display the result. Otherwisewer.error() is called to handle
errors.

2.10 Declarative GUIs

JavaGram offers a completely different style of GUI programgnto Java’'s Swing. Whereas
GUI programming in Swing is procedural, JavaGram allows you fioeda GUI declaratively.
This has a number of advantages: you write a lot less code, thesecadeh more readable, and
the code readily portrays the hierarchical structure of the &&Ja result, creating sophisticated
GUIs in JavaGram is much easier than in Java.

GUI members are defined using a markup notation. SemanticallyevieowGUI members
behave like class fields, and therefore may be specified witrofithe qualifiers allowed for
fields.

We will continue with our example from earlier sections tastitate. Here is a simple class that
defines a panel for displayingParson :

class PersonGui {
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<Panel personView title="Personal Details">

<Layout.gridBag/>

<Lay row=0 col=0 weight=0.0>
<Label title="First Name" align=$east/>

</Lay>

<Lay row=0 col=1 margin=2 fill=$horizontal>
<Field.text key=$firstName/>

</Lay>

<Lay row=0 col=2 weight=0.0>
<Label title="Surname" align=$east/>

</Lay>

<Lay row=0 col=3 margin=2 fill=$horizontal>
<Field.text key=$lastName/>

</Lay>

<Lay row=1 col=0 weight=0.0>
<Label title="Date of Birth" align=$east/>

</Lay>

<Lay row=1 col=1 margin=2 fill=$horizontal>
<Field.date key=$dob/>

</Lay>

<Lay row=1 col=2 weight=0.0>
<Label title="Sex" align=$east/>

</Lay>

<Lay row=1 col=3 margin=2 fill=$horizontal>
<Combo key=$sex data=["Male", "Female"]/>

</Lay>

</Panel>

}

PersonGui has a GUI member callegkrsonview , which is defined as a panel. The markup
notation makes it easy to nest definitions and to specify propdtgs/dor example, the panel
has atite  property, is given a@ridBag layout, and uses they markup to arrange the panel
widgets. The widgets are specified usirajel , Field.text , Field.date , and Combo markups.
Note how these widgets have been assigegegroperties — these match the field names of the
Person class to facilitate data binding.

The next class specifies the GUI representation @ostemer by extendingPersonGui .

class CustomerGui extends PersonGui {
<Panel custView>
<Layout.border/>
<Indirect ref={personView} lay=$north/>
<Panel title="Addresses" lay=$center>
<Layout.border/>
<Pane.scroll>
<Table addrs format={ADDR_FORMAT} key=$addresse s autoSize=true/>
</Pane.scroll>
</Panel>
</Panel>

static final vector<map> ADDR_FORMAT = [
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[$key=>$street, $title=>"Surname", $width=>100, $align=>$west]

[$key=>$town, $title=>"Town", $width=>60, $align =>$west]
[$key=>$state, $title=>"State", $width=>30, $ali gn=>$west]
[Bkey=>$zip, $title=>"Zip", $width=>40, $align=> $east]

I
}

CustomerGui defines a panel with border layout. Note hmvgonview (defined in the base class)

is referenced using amlirect  markup, and laid to the north of the parent panel. In the center of
the parent panel, another panel is placed which contaifeblea (for displaying customer
addresses) wrapped irPane.scroll . The format of the table columns is specified byoitsat
property which refers to a vector of maps, where each map spdbti@dormat of one column.
Again, note how each column format hasskay entry — this specifies the name of the
corresponding field in thaddress class, for data binding purposes. ke property of the table
itself denotes theddresses field of theCustomer class, again for data binding.

Now let’s write a simple program for testing our classes.

singleton class TestApp extends GuiApp {
<App app lookAndFeel=$windows>
<Frame mainFrame title="Sample" width=400 height= 250 event=frameHandler>
<Indirect ref={new CustomerGui().custView}/>
</Frame>
</App>

public TestApp () {
super(mainFrame);
gui.bind(mainFrame, testData);

}
protected void frameHandler (native comp, symbol e vent) {
if (event == $close)
super.exit();
}

public static void main () {
TestApp.singleton.run();
}

Customer testData = [@Customer
id=>1, firstName=>"John", lastName=>"Smith",
dob=>[#1992-10-22], sex=>"Male",
addresses=>[
[@Address street=>"24 Mark St", town=>"Balwyn",
state=>"Vic", zip=>"3103"]
J[@Address street=>"15 High St", town=>"Kew",
state=>"Vic", zip=>"3105"]

I
}

TestApp sub-classeSuiApp — a library class that provides basic GUI application functiondtit
usesApp andFrame markup to define a simple application frame. The event handlénddrame
is a local method which exits the application in response to a wiolb®e event. Note how the
constructor callguibind()  to bind the frame t@stData (a locally-defined instance Glistomer
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which also contains a couple Axfdress instances). Finally, becau$estApp is a singleton class,
the main method simply us&sstApp.singleton.run() to create and run an instance of it.

Here is what the application GUI looks like:

Personal Details

First Mame |Jnhn |Surname |Smith |
Date of Birth | 1992-10-22 |/ Sex | Male v |
Addresses
Surnanme Town Skate Zip
24 Mark, 5t Ealwyn Wic 3103
15 High 5t Kew Wic 3105

If you compare the code for this application to an equivalent Javaaipmh, you will find the
difference quite striking. The Java version will be much longer and less readabl

It's not practical to describe the full extent of the JavaG&uh notation in the limited space of
this paper. Instead, the following UML diagram provides a quick summary of witatgts.
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The GUI markup notation can also be extended by the programmeex&mple, to support

spider graphs, you can sub-clasggui.tags.GuiAbsGraph
<AbsGraph>) and implement a class namjeggui.tags.GuiGraph_spider
is added to the class path for JavaGram, then the mea@kapp.spider>

(the underlying Java class for
. If the class file for this
will seamlessly become

available to the programmer. JavaGram uses reflection to achieve this.

2.11 Parameterized Text

Programs often have to do some level of text manipulation. Examples are:

Program-generated email messages
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Composing SQL commands
Generating (screen or document based) messages and reports

In most programming languages, this is done through string contaterie.g., using the +
operator or thestringBuilder class of Java). The end result is rather messy and diffwult
visualize due to the procedural nature of the code.

JavaGram offers two facilities to overcome this. The fgstdlled delayed strings and is useful
for simple text parameterization tasks. Here is an example:

sys.printin($"found {n} records in {s} seconds");

Assuming that both ands are variables, this will produce an output such as:

found 2000 records in 0.05 seconds

The rules are quite simple: a delayed string is preceded $yand can contain arbitrary
expressions enclosed in braces. Unlike normal strings, whicheatedrat load time, a delayed
string is created at runtime by evaluating and substituting the embeddedstomps.

For more elaborate tasks, JavaGram provides text class neenbéext member is like a
method and can be used to handle parameterized text. It is defingdhes markup notation,
and can be prefixed with method qualifiers. For example:

class Foo {
static public
<text string newAccEmail (string name, string id, string passwd)>
Dear {name},
This is to confirm that your account has been set up.

Your Userid is: {id}
Your Password is: {passwd}

You will be required to reset your password when you first login.
<ftext>
Il...
}
The call
sys.printin(Foo.newAccEmail("John Smith", "john", "xyz21!");

will return the following string:

Dear John Smith,

This is to confirm that your account has been setup

Your Userid is: john

Your Password is: xyz21!

You will be required to reset your password when yo u first login.
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Like GUI markup, the text markup notation is extensible. In fact, Jara@rovides a number
of such extensions for SQL handling, as discussed in the next section.

2.12 Database Interaction

In JavaGram, interaction with databases is facilitatedhbygl pseudo class. Additionally, a
number of parameterized text constructs are provided to make @®iatfon straightforward
and consistent with the declarative style of JavaGram.

Let’s illustrates these using a few simple examples. Réxerson class from earlier sections,
and suppose that a database table calleoh has been created to provide persistence for it,
having the following SQL schema (keys not shown):

table person:
id integer not null
first_name varchar(16)
last_name varchar(16)
dob date
sex varchar(8)

Here is a class that retrieves persons based on surname:

singleton class TestSql {
<text.sql string sqlFindPerson (string lastName)>
select * from person
where last_name = {'lastName}
<[text.sql>

public void testFind () {
query ($mysqIDb) {
native rs = sgl.execQuery(sglFindPerson ("Smith"));
while (sgl.next(rs))
sys.printin(sql.getRow@Person(rs));
}

public static void main () {
TestSql.singleton.testFind();
}

}

The text methodsglFindPerson() formulates the required SQL command. Thext.sql>

markup behaves like theext> markup, except that it supports additional properties and allows
automatic escaping of text parameters. So, for exar{ijpbthame} is expanded t¢mith'

testFind() performs a query by callinggl.execQuery() and passing the SQL returned by
sqlFindPerson()  to it. This returns a result set which we then iterate thrausgngsqgl.next()

Each row is extracted by callirsg.getRow@Person(rs) . The casting here instructg.getRow()

to return each row asRarson instance, thus avoiding a lot of unnecessary code to convert the
row data toPerson fields. It matches column names against class fields bymetically
converting, for exampldirst name  to firstName
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Note the use of theuery statement — it assigns a database connection to the threhd as t
enclosed section of code is executed, thus eliminating the pogdibdit the connection might
be used by another thread. T$mysqDb argument of theuery statement refers to a database
connection pool specified elsewhere in the application configurationhvduoctains an entry
like this:

[

$database =>
[$mysqIDb =>
[$name => "MySq[l", $url => "jdbc:mysql://loca Ihost/test"
$user => "root", $password => "password"
Stimeout => [$login => 30, $query => 20]
J$driver => "com.mysq|.jdbc.Driver"
]
]
Il...

]

The program produces an output like this:

[@Person dob=>[#1992-05-16],firstName=>"John",id=>1 JastName=>"Smith",
sex=>"Male"]

An easier method of doing queries and updates is to use<tdkiaqgl.query> and
<text.sql.update> markups, as shown in the following example.

singleton class TestSql2 {

<text.sql.query native sglFindPerson (int id) db=$ mysqlDb>
select * from person
where id = {"id}

<[text.sql>

<text.sgl.update int sqlUpdatePerson (Person p) db =$mysqDb>

update person
set first_name = {"p.firstName},
last_name = {"p.lastName},
dob = {"sys.format(p.dob)},
sex ={p.sex}
where id = {'p.id}
<Jtext.sql>

public void testFindAndUpdate () {
transaction ($mysqiDb) {
native rs = sqlFindPerson(1);
if (sql.next(rs)) {
Person p = sgl.getRow@Person(rs);
sys.printin(p);
/I Modify person:
p.firstName = "Peter";
p.dob = [#1981-12-25];
sglUpdatePerson(p);
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Il Check modifications:
rs = sglFindPerson();
if (sql.next(rs))
sys.printin(sql.getRow@Person(rs));
}
}
}

public static void main () {
TestSql2.singleton.testFindAndUpdate();
}

}

Unlike <textsgl> , <text.sqgl.query> performs the query when invoked and returns a result set.
Similarly, <text.sql.update> performs the update and returns an update count.

Note the use of theansaction  statement — it behaves like thery statement but, in addition,
groups a series of SQL statements into a single transaction.

The testFindAndUpdate() method retrieves a person, changes his first name and datthaind
retries it again to confirm that the changes have taken place. It produmgtpanlike this:

[@Person dob=>[#1992-05-16],firstName=>"John",id=>1 JlastName=>"Smith",
sex=>"Male"]
[@Person dob=>[#1981-12-25],firstName=>"Peter",id=> 1,lastName=>"Smith",

sex=>"Male"]

For repetitive database operations, you can create a prepdesdestband reuse it, as illustrated
by the next example.

singleton class TestSql3 {

Person p;
<text.sql.prepare native sqlinsertPerson () db=$my sqiDb>
insert into person (id, first_name, last_name, dob, sex)
values ({?p.id}, {?p.firstName}, {?p.lastName} , {?sys.format(p.dob)}, {?p.sex})

<[text.sql.prepare>

public void testinsert () {
transaction ($mysqiDb) {
native stmt = sqlinsertPerson();
p = [@Person id=>3, firstName=>"Linda", lastName =>"Boyd",
dob=>[#1991-02-13], sex=>"Female"];
sgl.execUpdate(stmt);
p = [@Person id=>4, firstName=>"Tim", lastName=> "Bold",
dob=>[#1982-07-10], sex=>"Male"];
sgl.execUpdate(stmt);
}

public static void main () {
TestSql3.singleton.testinsert();
}
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}

<text.sql.prepare> returns a prepared statement. Note that rather than passsngn argument
to sqlinsertPerson() , we've specified it as a class field. The reason is tlaeplblders such as
{?p.id} are not evaluated at the time of the call to this method, laut {@hensql.execUpdate()

is called on the statement.

One of the readability benefits of the JavaGram style of S@Qramming is that all SQL
commands are localised teext.sql...> markups and are hence easily identifiable. This is
superior to the traditional style where SQL is freely sprinkled throughoabtihe

2.13 Serialization and Parsing

A useful feature of JavaGram is that any value (other ¢ineam andnative type values, but
including class instances) can be serialized to clear textvedl as parsed without any extra
programming effort. In this sense, JavaGram is similar to lgpere theprint  and read
functions are capable of serializing and parsing anything). The resutinadits are:

Complex data structures (such as meta data) can be preddreatele. This is convenient as
well as self-documenting.

Programs can be debugged more easily.

Composite data can be stored in a single database column aedeteteasily, thus
facilitating much simpler data models.

The data exchanged between client and server ends can bevieagg in a readable textual
format.

JavaGram provides these method for serialization and parsing:
sys.print() for serializing data.
sys.read()  for parsing data.
sys.serialize() for serializing code as well as data (to string format)
sys.parse() ~ for parsing code as well as data (from string format)

The source/target ofjs.read andsys.print  is always a stream, which in turn may represent
standard input/output, a file, a socket connection, or a memory-based buffer.

The ability to parse data or code ‘on the fly’ can be very usefshme programming situations.
It's especially useful in agile programming, as it can sulisily reduce coding and
maintenance effort. We’'ll explore a practical example of this in thessetion.

2.14 Streamlined Data Modelling

Earlier, we looked at examples of providing persistence forPéhsen class. If we were to
continue with traditional entity relationship (ER) modeling, we wouéd g@rovide a table for
Address and one for capturing the one-to-many relationship bet®e@sm andAddress , or have

a foreign key in theddress table to depict aerson . This style of ER modeling, while offering
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the greatest SQL composition flexibility, is rather time cornagnand maintenance intensive —
changes in the object model (e.g., adding a new fiefdrson ) would typically require changes
to the data model. Agile development requires a smarter approach.

Based on the requirements for the CRM application, we might condiatiehe only retrieval
scenarios required f@ustomer are via its ID, surname, or date of birth. We might also lcolec
that addresses never need to be handled outside the context abraecudthis enables us to
captureCustomer data in just one very simple table.

class Customer extends Person {
vector<Address> addresses;
Il...
static public
<text.sql.update int createTable () db=$mysqlDb>
create table if not exists customer (
id integer not null,
last_name varchar(16) not null,
dob date,
details text,
primary key (id), index (last_name, dob)

)

<Jtext.sql>
public
<text.sql.update int insert () db=$mysqlDb>
insert into customer (id, last_name, dob, deta ils)
values ({'id}, { lastName}, {"sys.format(dob)} {  sys.serialize (this)})

<Jtext.sql.update>

static private

<text.sql.query native _getByld (int id) db=$mysq Db>
select details from customer
where id = {"id}

<Jtext.sql.query>

static public Customer getByld (int id) {
query ($mysqiDb) {
native rs = _getByld(id);
if (sgl.next(rs))
return sys.parse  (sgl.get(rs, $details)@string) @ Customer;

}
return null;
}
static public void main () {
transaction ($mysqlDb) {
createTable();
testData.insert();
sys.printin(getByld(1));
}
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static Customer testData = [@Customer

id=>1, firstName=>"John", lastName=>"Smith", dob= >[#1992-10-22], sex=>"Male",
addresses=>[
[@Address street=>"24 Mark St", town=>"Balwyn", state=>"Vic", zip=>"3103"]
[@Address street=>"15 High St", town=>"Kew", st ate=>"Vic", zip=>"3105"]

}

The createTable() method creates a table where the first three columns capriredexed
attributes.nsert()  inserts &Customer instance into the table. Note hays.serialize(this) IS
used to serialize the entire object into the last column. Conygegsi8)ID() usessys.parse() to
reconstruct th€ustomer object by parsing the text in the last column.

The program produces the following output:

[@Customer dob=>[#1992-10-22],firstName=>"John",id= >1,lastName=>"Smith",
sex=>"Male", addresses=>[[@Address state=>"Vic",str eet=>"24 Mark St",
town=>"Balwyn",zip=>"3103"], [@Address state=>"Vic" ,Street=>"15 High St",

town=>"Kew",zip=>"3105"]]]

The maintenance advantage of this approach should be obvious: adding newofigheds
Customer class will not affect the data model and will have minimal impact on the code.

Some readers are likely to ask: how well would this perforrh@ @nswer is: better than
expected. The efficiency of the JavaGram runtime environmentreenghat the dominant
bottleneck is database IO, not serialization or parsing.

For lack of a better term, we call this approatieamlined data modelling he initial reaction

of experienced ER practitioners to this approach is often dismis&hise goes against
normalization and won’t perform.” Our practical experience howesles tis that it has a large
part to play in agile development. We've built large and sutdeapplications with only a

dozen underlying tables, which have required minimal changes despatde and evolving

requirements. Our most valuable learning has been that one siré fibaf, so the choice of a
data model is best guided by the actual user requirements. Aggalyser requirements will
quickly reveal where the performance hot spots are, and these osasibe accommodated
through traditional ER modelling. For everything else, a stremaliapproach will deliver a
rapid, inexpensive, and easy-to-maintain solution.

We can quantify this in rough terms. If you have a class thékab/ to have millions of
persistent instances that require to be retrieved in a numbeiff@fent ways involving its
relationships to other classes (i.e., needing SQL joins) then dreadiER modelling is your best
bet. On the other hand, a class whose instances are in the thousandsthat doesn’t involve
complex relationship-based retrievals, is adequately served by thelstegbapproach.

There is another angle to the performance argument that ofterowgrlooked. A traditional,

narrow view of performance sees it purely in terms of codewion speed. A broader, agile
view would see it in terms of both development cycle and executionl.sPeagrams are not
things that are developed once and used for years to come. Theyuelkdime to develop and
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even greater time and effort to keep operational while accommgdatwiving requirements.
Ignoring development speed in the overall equation is therefore unrealistic.

2.15 Business Objects

Earlier sections showed how persistent business objects canlibedresing JavaGram’s OO
features and the pseudo class. JavaGram also provides a pseudot@asar(d a library class
(Object ) that together provide a convenient framework for working with busioegects that
require persistence. We’'ll continue with our earlier examplaigdmer and show how this class
can be defined usingpject .

class Customer extends Object, Person {
vector<Address> addresses @= vector();

static final map tableSpec = |
$db => $mysqIDb,
$table => $customer,
$columns => |
$generatedKey => $id,
$id => $id,
$last_name => $lastName,
$dob => $dob,
$rest => [$fields => [$firstName, $sex, $address es], $compress => true]
]
I

public Customer (Person p) {
super@Object(tableSpec);
id = p.id;
firstName = p.firstName;
lastName = p.lastName;
dob = p.dob;
Sex = p.sex;

}
public void addAddress (Address addr) {
sys.append(addresses, addr);

static public void main () {

Customer bo = new Customer([@Person id=>1, firstN ame=>"John",
lastName=>"Smith", dob=>[#1992-10-22], sex=> "Male");
bo.addAddress([@Address street=>"24 Mark St", tow n=>"Balwyn", state=>"Vic",
zZip=>"3103"));
bo.addAddress([@Address street=>"15 High St", tow n=>"Kew", state=>"Vic",
Zip=>"3105"));
bo.persist();

vector<Customer> found @= Object.find(Customer,
[$like => [$lastName => "Sm%"]]);
sys.printin(found);
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The key difference between the earlier examples and thie #&ythat the latter is more
declarative. By sub-classir@ject , we avoid writing explicit SQL foCustomer . Note how the
desired organization for thuastomer table is specified by thtableSpec map. In addition to the
database connection pool and table name, this map specifies the digarozdahe columns.
The underlying table has four columiis: (which is auto generateddst name (which maps to
the lastName field), dob (which maps to thdob field), andrest (which encodes the values for
firstName , sex, andaddresses fields in a compressed format).

Once a customer object is created (or modified), it is savetietadatabase by calling its
persist)  method. Thdind) method provides a versatile method of lookup using one or more
fields, with partial or exact matches. Other useful methadh asdelete() ~andrefresh()  are

also supported.

The program produces the following output:

[[@Customer dob=>[#1992-10-22],firstName=>"John",id =>1 lastName=>"Smith",sex=>"Male",
addresses=>[[@Address state=>"Vic",street=>"24 Mark St",town=>"Balwyn", zip=>"3103"],
[@Address state=>"Vic" street=>"15 High St",town=>" Kew",zip=>"3105"]]]]

The obvious advantage of this style of defining business objectstjsathkeast for vanilla
operations, no direct SQL needs to be written.

2.16 Java Interoperation

JavaGram provides a simple facility for interoperating with underlying implementation
language (Java). Thesjava()  method uses reflection to allow any Java class or method be
accessed, and automatically maps data between JavaGranatypdava types. This method is
rarely used, but is a useful last resort when the programmer needs something that
JavaGram doesn’t directly support.

3 Implementation
JavaGram has been developed in pure Java and is therefore platideperident. The
implementation is packaged in three parts:

JavaGram runtime environment (JAG).

JavaGram Development Environment (JADE)

JavaGram standard scripts

3.1 JavaGram Runtime Environment

JAG is packaged as a single JAR filaQjar ). It's very compact (currently under 2.5MB
uncompressed) and provides a complete environment for deploying and ruama@raim
applications, including:

Parsing and interpreting JavaGram code
Compiling JavaGram code into binary format

JavaGram application server (for deploying JavaGram servers)
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JavaGram proxy server (for failover and load balancing application servers)

Every JavaGram client or server is deployed using JAG.r¢eseleployment also requires the
JDBC drivers of the databases accessed by the server, amfiqui@tion file which specifies
the server settings (for security, data compression, database cttomn@ools, session
management, etc.).

All JavaGram servers are generic and exceptionally eagtup and deploy (taking only a few
minutes). The same application server instance may serve nimgrdi applications. JavaGram
code is deployed into an application server by simply dropping itaimtominated folder — no
server startup is required — and the server does the rest.

One of JavaGram’s important promises is that a client needs tostadled only once. The
process is like this. The user downloads and runs a small atistalbrogram (which installs
JAGjar , a small Java keystore, and a shortcut to an application’s URIt)eouser’'s machine.
When the user runs the shortcut, the application is automatically b(sutiepts are demand-
downloaded as necessary and executed). Application maintenancdlysttatsparent to the
user:

When a new version of the application is released to a sereerr@vised scripts), these
revisions automatically find their way to the client installations.

If a new version ofAG.jar is released to a server, this can be automatically propbigasd!
clients that depend on the changes in this JAR, causingetheJAR to be automatically
downloaded by the affected clients, and replacing the old JAR.

Furthermore, application code changes that leave class sshmmlaanged (i.e., only affecting
the implementation of methods) can be deployed without restarsegvar or any client. This
allows emergency hot fixes to servers without disruption to users.

JavaGram application servers are highly scalable. Multiple rsecae be deployed in either a
failover or load balanced configuration. Where load balancinges, traffic is routed via one or
more proxy servers, which in turn match clients against server instances basedloadhe

3.2 Compilation

The JavaGram compilation process is straightforward. A scrippaised, analyzed, and
converted to an equivalent byte format. When a server interr@ipites a script, it produces
two compiled versions, one for client-end and one for server-end.r Bihision excludes
information that's not relevant to its intended target environmeniptSaan also be explicitly
compiled, in which case a single version is produced that's equivid the source. Explicit
compilation is suitable for cases where an application is to pyd in binary rather than
source format (e.g., for intellectual property reasons).

The JavaGram parser can parse scripts in source or binaryt.fadimedatter has the advantage of
being more secure and more efficient — the parser has to do a lot less work.

The binary codec used by the compiler is version controlled, saliéra tries to load a script
that’s been encoded using an outdated codec, this is detected, causing a osfrésé $erver.
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3.3 JavaGram Development Environment

The JavaGram development environment (packagedD&gar ) provides a productive visual
environment for developing, debugging, and running JavaGram applications.

Key feature of JADE are:
Project setup and view
Customizable syntax-colored editing of JavaGram code
Outline view of classes in terms of their members
Ability to run servers, clients, and standalone deployments

Ability to debug code, including setting up breakpoints, viewing the rensitack, watching
variables and expressions, and code insight

Single and multi-file search and replace functionality

Project compilation

Future versions of JADE will build upon this and provide more advancedduoalty such as
re-factoring.
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3.4 Server Monitor

The server monitor is a utility that allows deployed JavaGramess to be monitored. It's
written purely in JavaGram.

Key features of monitor are:
Monitor multiple application servers from one location

View active sessions in a server; view each session’'s rensStack, and terminate
problematic sessions

View all users connected to a server; disable additional logemg] a broadcast message to
all users

View memory usage and server latency graphically
View the server log
Upload/download files to/from servers

Generate various reports

4 Future Development

A major area planned for future development is Adobe Flex integrathe goal is to allow the
same code base to be used to deploy an application as desktop serbvased, without loss of
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functionality. Flex has been chosen for this purpose as its Gligrdes fairly consistent with
JavaGram’s style. This initiative will involve the integrationtleé JavaGram application server
with a web server, and the automatic translation of JavaGram GUI notatiox twokéon.
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