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ABSTRACT
EXPANDING JAVASCRIPTG METAOBJECT PROTOCOL

by TomAusn

A metaobject protocol (MOP) can add a great deal of flexibility to alanguaye Because
of JavaScript® prototype-based design and the small number of languaye congrudts, it is
possible to create a powerful MOP throughrelatively minimal changesto thelanguaye
In this project, | explored JavaScript and Ruby'sexisting metaprogramming features. |
also created JOMP, the JavaScript One-metaclass Metaobject Protocol, which givesthe
languaye much of the same power that Ruby has. Findly, | built aweb development
framework with JSF and my modified version of Rhino JavaScript.
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1 Introduction

JavaScript has been amuch maligned programming language Browser incompdibilities,
poorimplementations and some supeficia flawsin its design have led to numerous
headaches for developeas, and for alongtime, it was seen as an evil to beavoided.

All of this bdiesthefact tha JavaScriptisavery powerful languaye It has suppot for
closures, fundiond programming, and metaprogramming. In fact, it offers many of the
same features tha have made Ruby popukr in recent years.

More importantly, JavaScript might be a better scripting languaye choice for Java
progranmers. Much of JavaScript@ syntax and conventionsfollows those of Java
Furthermore, it boasts a strong,robug JVM implementation in NetscapeMozlla
Rhino.

However, JavaScript has only a somewhat limited metaobject protocol (MOP).
Expanding this could be a powerful additionto thelanguage This might also hdp to
make JavaScript aviable server-sdelanguaye Ruby on Rails makes extensve use of
some of these metaprogramming techniques, paticularly inits ActiveRecord
object-relationd tool.

Metaprogramming and Metaobject Protocols are so closaly tied togeher that I'll dlip back
and forth between them throughoutthis pgper. However, it isworthwhile to point outthe
differences between these two conaepts.

Metaprogramming, simply put, isthewriting of programs that can write and modify other
programs. A metaobject protocol is arefinement of metaprogramming focused on
objects within these languages. Theauthors of [9] use this definition:

Metaobject protocols are interfaces to the language that give users the ability to incrementally modify
the language@ behavior and implementation, as well as the ability to write programs within the
language.
In other words a metaobject protocol allows usto modify theway that the condructs of
thelanguage behave. The Common Lisp Object System (CLOS) isthe mog famous
example of a metaobject protocol, and is often cited as the archetypefor these systemsin
geneal.

Metaobject protocols have numerousapplications induding persistence [11,13], pre/pod
conditions[14], tool suppot [5], and security [21], anongothe's. AlthoughCLOS isthe
mog renowned metaobject protocol, other systems exist for different languayes.
Smalltalk, Ruby, and Groovy all indudeat least partial metaobject protocols, and severa
modds have been proposd for Java [16].

Traditiondly, metaobject protocol research has been focused on class based



object-oriented systems. While class-based designis the more common approach, itis
nottheonly one

JavaScript ingead relies on prototypes. Prototype-based object systems indead definea
prototype object. New objects are created by cloning the prototype Thisisan inheently
more flexible system. It iseasy to modify the behavior of a single object or awhole
groupof objects a runime. In contrast, thisis something tha mog class-based
object-oriented languayes cannotdo. Interestingly, Ruby does have some
metaprogramming features than can achieve some of thefundiondity usudly reserved
for languayes with prototype-based object systems.

2 Ruby

Ruby has ganed fame as awell designed, flexible, and powerful scripting language Itis
usudly described as a combinaion of Smalltalk and Perl, or Java and Perl for those
without Smalltalk experience. Thecreator of Ruby is Y ukihiro Matsumoto, more
commonly known within the Ruby community as smply MatzQ In his own description
of Ruby heattributes much of thedesignto Lisp aswell [12):

Ruby is alanguage designed in the following steps:
¥take asimple lisp language (like one prior to CL).
¥remove macros, Ss-expression.

¥add simple object system (much simpler than CLOS).
¥add blocks, inspired by higher order functions.

¥add methods found in Smalltalk.

¥add functionality found in Perl (in OO way).

While Ruby and Lisp have very little supeficial resemblance to oneanother, some of
Ruby'sfeatures doilludrate theinfluence. Oneexampleisimplicit returns in Ruby,
every statement is an expression. Thereturn statement till exists, butwith the exception
of early returns itsuseis mogsly amatter of taste.

Ruby'salleged similarity to Lisp has been a highly contentiousissue Two blogpodsin
paticular managed to stir up a heated debate: Eric Kidd'sQWVhy Ruby is an acceptable
LISPOand Steve Y egges follow up QLisp is not an acceptable LispO The central point of
both articles was tha Ruby has much of the same flexibility and is much more practica
for daly programming tasks. The comments onthese articles ranged greatly in thar
opinions Steve Yeggehimself commented on this[19]:

[Eric Kidd's article] got approximately 6.02e23 comments, ranging from "I agree!" through "I hate
you!" to "'l bred them together to create a monster!" Any time the comment thread becomes huge
enough to exhibit emergent behavior, up to and including spawning new species of monsters, you
know you've touched anerve.

Regardless of Ruby'sbackground,it has established areputation as a cleanly designed
and user-friendly scripting language. Whileit is not withoutits critics, its popukrity is
clearly ontherise.



In this section I'll highlight some specific features of Ruby'sdesign.

2.1 Object-oriented Design

In Ruby, everything is an object. Unlike Java (and JavaScript for that matter), thereisno
split between primitives and objects. Asaresult, '1to_g)'isavalid statement. This
leadsto a smpler modd, since programmers do nat have to worry aboutthis dichotomy
between primitives and objects.

Ruby, like mog ohject-oriented languayes, uses a class-based system. It only suppots
single inheitance, but has the concept of Anix-ingd Mix-insare modules tha can be
induded in other classes in order to add fundiondity. Comparable and Enunmerable are
two examples of this. These serve in much the same role as interfaces doin Java, with
the obviousbendfit tha they add actud fundiondity, indead of jug obligaions (They
doaddin obligaionsas well -- theadded methodstypically make use of other methods
tha mud bedefined in theclass. For example, Comparable requires that the <=>
opeator has been defined).

Onenotable distinction of Ruby’'sclass system istha all classes are open. Whilethis
seems rife with possibilities for abuse by creative programmers, it does give agreat
degree of flexibility. Hereisan example adding the car/cdr fundionsfrom Lisp to Ruby
Arrays.

class Array
# Returns the head el ement
def car
first
end
# Returns the tai
def cdr
slice(1,1ength)
end
def to_s
s ="[ " 4+ car.to_s
sel f.cdr.each do | el en
s += ", " + elemto_s
end
s += " 1"
end
end
list =[1, 2, 3, 4]
puts list.car # prints 1
puts list.cdr.to_s # prints [ 2, 3, 4]

I'll leave it to thereader to decidewhether thisis an example of why classes should be
open or should not be open.



Both mix-insand the open nature of Ruby'sclasses are important for metaprogramming,
so we will revisit these again later.

2.2 Type System

Ruby isdynamically typed, but notweakly typed. Althoughprogrammers do notneed to
specify thetype of a new object, they may berequired to convet it before some
opeations For indance, hereis an attempt to mix a String and an Integer in Ruby:

irb(main):002:0> "32" + 1

TypeError: can't convert Fixnuminto String
from(irb):2:in "+
from(irb):2

Ingead, thetypeconvason mus bemanually specified. Eithe way will work:

i rb(main):003:0> "32".to i + 1
=> 33

i rb(main):004: 0> "32" + 1.to_s
=> "321"

In contrast, here is Rhino JavaScript:

js> 32 + "1"
321
js> "32" + 1
321

2.3 Ruby on Rails

It has been argued that every new languaye needsa popukbr applicationto bringit to the
world'sattention [17]. For Ruby, this has been theweb development framework CRuby
onRailsQ Rails has built-in facilities for testing, a clean division of the
modd/view/controller pieces, and afriendly object-relationd tool named ActiveRecord.
Rails advocates claim it offers agreat boog in developa produdivity.

A major axiom of Ruby on Railsis on't Repeat Y ourselfQ often simply referred to as
theDRY prindple. To achievethis, Rails makes heavy use of default settings The
philosophy of Gonvention over configurationOmeanstha thereis very little
configurationin atypical Rails application. While Rails does providethe ability to
overidetheddaults, thisisgenerally doneonly for legacy applications

ActiveRecord is arguably the coreto Rails. It greatly easesinteracting with the database,
whichis akey pat of many web applications It also makes use of zonvention over
configurationOmore than any other single piece of the framework.

Here are two examples of ActiveRecord classes. The names of the daabase tables, the
field to uniqudy identify each record, and theforeign key to relate the objectsis al



determined by default values:

# In albumrb

class Al bum < ActiveRecord: : Base
bel ongs_to :arti st
has_many :songs

end

# In artist.rb

class Artist < ActiveRecord: : Base
has_many : al buns

end

Setters and getters are added automatically to thelanguaye As aresult, the programmer
could then write a script like thefollowing:

mar k_growden = Artist.new

mar k_growden. nane = "Mark G owden"
live_at_the_odeon = Al bum new
live_at_the_odeon.artist = mark_growden
live_at_the_odeon.title = "Live at the Gdeon”
live_at _the_odeon. save()

Thiswould save both oljects into the database, since ActiveRecord is aware of thar
relationship.

2.4 Metaprogramming

Ruby has many powerful tools for metaprogramming. Many of these aso exist in
JavaScript; some do not These will bediscussed in more detail later. Theimportant
point to note here istha Ruby'smetaprogramming features are akey pat of Ruby on
Rails and ActiveRecord. Eric Kidd has argued tha these offer nearly as much power as
Lisp@ macrosdo[10]:

Thereal test of any macro-like functionality is how often it gets used to build mini-languages. And
Ruby scoreswell here: In addition to Rails, there® Rake (for writing Makefiles), Needle (for
connecting components), OptionParser (for parsing command-line options), DL (for talking to C
APIs), and countless others. Ruby programmers write everything in Ruby.

3 JavaScript

JavaScriptisastudyin contrasts. It has many ugly, supeaficial quirks. At thesametime,
it has asurprisingly elegant core design. On the surface, it has a syntax tha seemsto bea
ddiberate cloneof Java, butits prototype-based design and its first-class fundionsare
alien conaepts to the Javaworld. 1t has been regarded as atoy languaye and yet it has
powered many recent, b oved AJAX applications

Douglas Crodkford offers oneof the mos condse descriptions[4]:

JavaScript is asloppy language, but inside it there is an elegant, better language.



3.1 Rhino

Netscape/Mozllas Rhinois congstently rated as oneof thebest VM scripting
languayes. In addition to adding in tools to script Java, Rhino also indudes anumber of
additiond fundionstha make up for shortcomingsin thelanguaye@d basic design.

Asaresult, developeas have begunto bring JavaScript outside of the browser. Two
notable applicationstha use Rhino are HttpUnit and Phobos HttpUnit isatool tha can
be combined with JUnit to facilitate testing pageflow for web applications Phobosisa
Rails-ingired web development framework.

A version of Rhinois nowinduded in Java 6, and Google is developing a GRhino on
RailsOweb development framework. As Dave Thomeas discusses, work by Sun and
Google pant abrightfuture for JavaScript onthe VM [18].

3.2 Prototype-based Object Design

JavaScriptisthemog widdy used prototype-based programming languaye. Whilethisis
an unfamiliar modd to mog programmers, it isasurprisingly flexible and powerful one
Also, every JavaScript object is a collection of properties. The combination of these two
characteristics meanstha there are very few pointsthat need to be consdered when
designing a metaobject protocol.

JavaScript borrowed much of it core design philosophyfrom Self. Thedesignas of Self
discussed the advantages of prototype-based object-oriented languages over themore
traditiond class-based approach [20]:

Class-based systems are designed for situations where there are many objects with the same behavior.
Thereis no linguistic support for an object to possess its own unique behavior, and it is awkward to
create a class that is guaranteed to have only one instance. SELF [because of its prototype-based
system] suffers from neither of these disadvantages.

3.3 First-class Functions

JavaScript fundionsarefirst class citizens They can be passed as arguments, returned
from other fundions or stored as propeties. Fundionsare also closures. David
Flanagan discusses this in his authoritative reference book on JavaScript [ 8]:

Thefact that JavaScript allows nested functions, allows functions to be used as data, and uses lexical
scoping interact to create surprising and powerful effects.

Throughouthis book, Flanagan demondrates multiple uses for this feature of the
languaye It can be used to create private namespaces, set breakpoints, and create unique
nunmber generators.

When Brendan Eich created JavaScript, he origindly wanted to create a dialect of
Scheme [3]. Thoughit supeficially more resembles Java and C, itsfirst classfundions
and smple, elegant design show these roots.



3.4 Properties

JavaScript also borrowed its handling of propeties from Self. In Self, they are called
QlotsCand can hold any value induding fundions[20]. Peartially asaresult of this
design, JavaScript can easily mimic many of Ruby'smetaprogramming features.

However, propeaties areintrindcally public. Thisisoften undesirable, andit makes it
difficult to intercept callsto set or get properties. While nested fundionscan be used to
create getters and setters for private déaa, thisis not the JavaScript way. It breaks with
the conventionsof thelanguaye and loses much of the power and flexibility that
JavaScript's design offers. Thiswill beonemajor issuetha will be addressed with the
proposd extensons

4 Metaprogramming: Ruby vs. JavaScript

This section will focus on the metaprogramming features within Ruby and the equivalent
features within JavaScript. David Black's GRuby For RailsOcovers most of these features
in great detail [1]. Outside of digging throughthe source codefor Rails, thiswas the
primary reference for this section.

4.1 Singleton Classes

Singleton classes are used to add methodsor attributes to individud objects rather than to
classes. Ruby'ssyntax allows the programmer to either defineindividud methodsof the
singleton class, or to open the singleton class and add methodsor variables that way. I'll
show an example of theformer first, since its syntax is easier to follow:

greeting = "Hell o"
bob = "Bob"
def greeting.say_tw ce
puts self
puts self
end
greeting.say_twice # This will print "Hello" tw ce
bob.say twice # This will throw a NoMet hodErr or

Rails usesthis techniquein its DRb (Distributed Ruby -- oneof the several optionsfor
storing session information) server setup for ActionController. With this technique
access to thesession_hah is synchronized. They use thealternae syntax of cl ass
<<obj sincethey are adding several methodsto theclass at onee. Hereis an excerpt:

session_hash.instance_eval { @utex = Mitex.new }
cl ass <<sessi on_hash
def []=(key, val ue)
@rut ex. synchroni ze do
super (key, val ue)
end
# More nethods onmitted
end



end

For JavaScript, thisis nothing special. JavaScript's prototype-based design inheently
provides the same fundiondity. Foringance, the JavaScript equivaent of thesay twice
methodwould bethefollowing:

var greeting = new String("Hello");
var bob = new String("Bob");
greeting.sayTwi ce = function() {
print(this);
print(this);

}
greeting.sayTwice(); // This will print "Hello" twce
bob. sayTwice(); // This will throw an Exception

Thecodeis notany shorter, butits syntax is argualy cleaner. Ruby'ssingleton classes
seem like a bolted-on measure to emulate prototypes.

4.2 Eval Methods

Thisis oneof themog powerful metaprogramming featuresin Ruby. It alowsthe
execution of arbitrary stringsas Ruby commands There are 4 different eval fundions
¥ eval()
¥ ingance_eval()
¥ class_eval()
¥ module_eval()

Eval isthemog basic and mog powerful. Also, it isthemos dangeous Probebly for
thisreason, it does not seem to be used much in Rails.

Theothe 3 eval methodsare more often used. They differ from thebasic eval in that
they can also accept blocks of code meaning tha they can be used with much less risk.

Themain purpos for indance_eval() isto gan access to the private members of another
class. Theclass eval()/module_eval() methodsare designed to add to the fundiondity of
aclass or module andto indudevariables fromthecurrent scope Togeher, al 3 of
these serve to alow the programmer to inject fundiondity into anothe class.

JavaScript has the same basic eval() fundion. Theapply() and call() methodsof
Fundion genedlly fill thesamerole astheother versions Because of the el egance of
JavaScript@ prototype design, fewer MOP tools are needed. This provesto bea
recurring theme when comparing metaprogramming in these two languayes.

4.3 Aliasing a Method

Thisis heavily used in ActiveRecord, and seems to be oneof the core pieces of the
designin Rails. The2 methodsused primarily inthisare al i as_met hod and (to alesser



extent) def i ne_met hod. These are used in tandem to create awrappe aroundmethods

Themethodis aiased to anew name, andthe origind methodname is overridden by the
wrappe method. In Rails, thisis often used to changethefundiondity of amethod.
For example, ActionController uses these methodsto changewha hgppenswhen

page. render () iscaled.

Thisis nothing exciting for JavaScript. Moving aroundmethodsis easy since they are
jug funaionsstored as propaties. Wewill take heavy advantage of this fact when
designing the new metaobject protocol for JavaScript.

4.4 Callable Objects

Proc, block, and lambdaare collectively referred to as 'callable objects. All three are
variationsof thesame idea -- they are waysto de€finetemporary pieces of executable
code Javascript can already create anonynousfundions so thereislittletha it is
missing.

Ruby has et hod, which returnsareference to thenamed method. Thisis mogly needed
because of the blurred line between propeaties and method calls in Ruby. JavaScript does
not havethisissue nusi c. met hod(: pl ay) in Rubywould trandate to jud nusi c. pl ay
in JavaScript.

Often used alongwith net hod arebi nd andunbi nd. Togeher, these can beused to
allow methodreferences to be moved aroundbetween objects. Theneed for thisis
undear, and Rails seems to make little use of thisfeature. Infact, in hisdiscussiononthe
subject, David Black suggeststha if you are usngthis, youmos likely have a problem
inyourdesign[1]:

Thisis an example of a Ruby technique with a paradoxical status: It's within the real of thingsyou
should understand, as someone gaining mastery of Ruby's dynamics; but it's outside the realm of
anything you should probably be doing.

JavaScript does al of thisaready. Itsfundionsseem to be more powerful andflexible.
They can have propeties of ther own (which isnat truefor Ruby methodg, they can be
passed as arguments, and they can beboundand unboundat will. Ruby'smethodsare
close, butthey are not quite as flexible, which seems to require this extra complexity to
achieve the same results.

4.5 Mix-ins

Asdiscussed before, mix-insare used in Ruby in place of multipleinhaitance. They are
ways of adding a churk of fundiondity to another class. JavaScript has no built in
fundionto do this, thoughit is easily mimicked. In section 9.6 of hisbook Flanagan
provides a 6-linemethodto achieve this[8]. Agan, thecombinaion of propeaties and
first class functionsprovide JavaScript with the power tha it needs



4.6 Callbacks and Hooks

Ruby has several different points where a programmer can hookin to the application.
They are:

¥ Module##method_nissing

¥ Module#induded

¥ Class#tinheited

¥ Modulettcond_missing

Of these, cond_missing is used theleast. It does not seem to be paticularly important.
David Black suggests tha it could be useful for giving default values to uninitialized
condants, butwhy congants would need default valuesis alittle undear.

In contrast, method_mssing is used frequently. It hdpsto create shortcuts and more
intuitive APIs. ActiveRecord uses thisto allow calls like

Enpl oyee. fi nd_by_l ast _nane(" Austi n"). Behindthe scenes, method_mssing
convatsthisto Enpl oyee. find(:first, :last_name => "Austin").

We could use method_mssing to extend the earlier Lisp-like additionsto the Array class:

class Array

# This will give nore advanced list functions, |ike cadar or caar
# However, unlike in Lisp, there will be nolimt to the available
# methods. 'caadaaddadaadaaddadr' could be called if the

# progranmer so decided (and had a really sick sense of hunor).
def nmethod_m ssing(nmethod_called, *args, &bl ock)
meth_nane = nethod_called.to_s

if nmeth_name =~ /~c(a|d)+r$/
list = self
met h_nane. reverse.scan(/./).each do | op
if op =="'a
list = 1list.car
elsif op=="'d
list = 1list.cdr
end
end
return |ist
el se
super (et hod_cal | ed, *args, &bl ock)
end
end
end

list =[[0, [1, 2], 3], 4]
puts |ist.caadar #prints 1

While method_nissing can create friendlier APIs, it does not seem to offer any extra
programming power in Ruby. However, when combined with JavaScript's
prototype-based object design, it does suggest some interesting possibilities. For one
this might beatechniquefor creating multiple inheritance. If amethoddid notexist in

1C



oneprototype chan, a second prototype chan could be searched.

Method_mssing has proven to be particularly popular, andit has been copied by multiple
languages. Mog importantly, thelatest version of Rhino JavaScript has added a
__noSuchMet hod__ functi on tha opeates exactly like method_mssing, thoughthisis
not pat of the ECMA Script specification. However, since propaty referencesin
JavaScript are not the same as method calls, this does not offer thefull power of Ruby®
method_mssing.

Theindudeal andinheited methodsseem to bethe core of Ruby metaprogramming, at
least for howit isapplied in Rails. Thisisused heavily in ActiveRecord and even more
soin ActionController. Hereisan example fromthebase ActionController class:

nmodul e Layout
def sel f.included(base)
base. ext end( Cl assMet hods)
base. cl ass_eval do
alias_nethod :render_with_no_l ayout, :render
alias_nethod :render, :render_with_a_ | ayout
class << self

alias_nethod :inherited_wi thout_|ayout, :inherited
alias_nethod :inherited, :inherited_w th_| ayout
end
end
end
# ... Rest omtted

When the Layoutmoduleisinduded, it rewires the rende methodof thehog object so
that it will usethelayout It also changes the behavior of theinheaited method

JavaScript does not seem able to compee here. 1t hasnorea equivaent to the
induded/inhaited methods and no standad equivalent to method_mssing. Fortunaely,
JavaScript's design makes it easy to cover al of these by intercepting a couple of points.

Setting new propeties in JavaScript covers both incluson of other modules and
inheitance (viatheprototypechans). By intercepting the getting of propeatiesfroman
object, method_mssing and cond_missing could both be mimicked aswell. If a
mechanism can be created for intercepting the setting and getting of properties,
JavaScript's metaprogramming features could become every bit as powerful as those of
Ruby.

5 JavaScript Metaobject Protocol Proposal

JavaScript's power can be greatly increased by adding callbacks and hooksto the
language Fortunaely, since JavaScript makes heavy use of properties, we can add mos
of our hooksat a single point.

11



JavaScript has only two congructs that we need to consder: objects and fundions
Because JavaScript has no classes, thisis al that we really need to consder. In contrast,
Ruby has Object, Method, Class, and Module metaclasses to deal with amongothers.

Asit turnsout, we can add the additiond power we need with Object alone All
fundionsare propaties of some object. Therefore, we can create awrappe fundion and
return that whenever afundionisrequested. Even top-level fundionsare propeties of
theglobd object [6].

In this section, |®l outiine JOMP Bthe JavaScript One-metaclass Metaobiject Protocol.

5.1 Mix-ins

JavaScript can mimic this aready, thoughit isnotbuilt in to thelanguaye We can fix
this by adding these methodsto Object:

¥ addMixIn(mixin)

¥ mixedin(recipient) Bnot automatically added, butreserved by convention.

TheaddMixIn methodis jus amodification of David Flanagan@ version. It isdonein a
more object-oriented manne and with a callback mechanism added:

bj ect. prototype. addM xIn = function(m xIn) {
var from= n xln;
var to = this.prototype;

for (method in from {
if (from hasOwmnProperty(nethod)) {
if (typeof fronfnmethod] !== "function") continue;
if (method === "addM xIn" || nethod === "m xedln") continue;
to[ met hod] = froninmethod];
}
}
/1 If the mx-in object has a mxedln nmethod, it will be called.
/1 This enul ates Ruby's Mdul e#l ncl uded cal | back net hod.
if (mxIn. mxedln) {
m xI n. m xedl n(this);
}
}

Whenever amix-inis added to another module, the recipient checks the mix-in for a
mixedIn() method. If it findsong it calls tha methodand passesitself asthe object.
This also illugrates how we could track clones of a prototype, athoughwe will need a
mechanism to track ther creation.

Hereis an example mix-in. In this case, we are again adding car/cdr fundiondity to
Arrays, butwe are doingit asamix-inindead:

function LispListMxlIn() {
this. mxedln = function(receiver) {
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var recviMatch = receiver.toString(). match(/functlon (.*2\N(/);
var recvNane = recvMatch ? recviMatch[1l] : "prinmtive";
print("Adding Lisp functionality to " + recvNane);

}

this.car = function() {
return this[0];
}

this.cdr = function() {
return this.slice(l);
}
}

Array. addM xI n(new Li spListM xIn());

var nunbers = [1, 2, 3];
print(nunbers.cdr().car()); //This will print 2

5.2 The __metaobject__ Property

With JOMP, every object in thelanguayemay havea___metaobject _ propety. If this
does not exist, the object will behave nomally. However, if this propeaty is specified, its
methodsmay alter the behavior of theobject.

A __ metaobject _ can specify any or all of these methods
has(thisObj,property)

get(thisObj,propety)

set(thisObj,property,value)
remove(thisObj,propety)

getldg(thisObj)

hasl nganceOf (thisObj,ingance)

KK KK KK

Thefirst argument of all of these methodsistheolject itself. Thesecondargument for
has, get, set, andr ermove isthe name of the property. Fortheset method,thelast
valueisthevaluebeang given to the specified property.

Each of these methodscorrespondsto a different action; has is called when testing for
the existence of a propety, get iscaled when attempting to retrieve thevaluefor tha
propety, set is called when attempting to set it, andr enove is called when the ddete
command isused on a propety.

Thereturn valuefor these actions if thereis one will bethereturn valuefor the method
cal. Foringance, if f oo. bar iscaled, thevaluewill betheresult of calling
foo. __met aobj ect __. get (foo, ' bar'). Theother methodsfollow the same pattern.

Thehasl nst ancedf methodworks differently than the othersin that it isusudly pat of

the prototype® metaobject. Thisis called whenever thei nst anceof opeatorisused.
Thefirst argument is the prototype and the secondis theingdance. So, j oe i nst anceof
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Enpl oyee Wi||~resu|t inacall to Enpl oyee. __net aobj ect __. hasl nst anceO (j oe), if
theEmployee@@ _ metaobject  property containstha method.

If __metaobject does notdefineany of these methods its corresponding behavior will
notbealtered.

5.2.1 Looking Up the Metaobject in th e Proto type Chain.

The___metaobject_ does nothaveto bepart of the object in question. It can belooked
upin theprototypechan jud like any other propety.

Thisisakey pant. Because of thisfeature, modifying the behavior of oljects can beas
granular asneeded. A single object can be given its own behavior, or

Obj ect . prot ot ype. __net aobj ect __ can be set, in which case thebehavior of every
object will bechanged.

5.2.2 Creating a Separ ate Metaobje ct

Oneunusid aspect of thisdesignistha asepaate _ metaobject _isdefined. A
different and perhgps more obviousapproach would have beentoadd __has__, __get __,
__set__,and__renove__ propatiesto the Object prototype Thisis, infact, the
approach tha Ruby has taken in thedesign of its MOP.

However, the advantage to JOMP@ design is that the behavioral rules can becontained in
asingle object. Foringance, we could create atracingMO object that ssimply printed
whenever any of its methodswere called. Tracing an object would then ssimply become a
matter of settingits___metaobject _ propety to tracingMO.

This could till be achieved with separate methods but it becomes more complicated.
The___metaobject _ propety approach gives an easy way to contain thebehavioral rules
in ssingle package

5.2.3 One Metaclass

Onenoticeable difference in thedesign of JOMP istha it hasnorea metaclasses. In
mog MOPs, metaclasses are the prindple means of organizing the different metaobjects.
It would seem oddto have metaclassesin alanguaye without classes, but tha was notthe
reason for theomission.

As JOMP@ name indicates, we only needed a metaclass for objects. With only one
condrud, the conagpt of ametaclassis nota particularly ussful one

If JOMP were extended to add MOP features tha were specific to fundions or toindude
suppot for primitives and opeators, metaclasses might become needed. However, this
would probably need a metaprototype, or some other condruct more fitting with the
prototype design philosophy.
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5.3 Applications of the New Extensions

Thenew extensonsallow JavaScript to do many thingsthat have not been possible
before. In this section, we will cover afew examples.

5.3.1 Getter and Setter Basics

In Java and other languages, you intercept propaties by usng a setter and getter.
However, thekey difference here is that we may decideto changethe behavior at
runiime, something tha many languages cannotdo easily.

For asimple example, |et's create a new employee:

function Enpl oyee(firstName, |astNanme, salary) {
this.firstName = firstNane;

this.lastNane = | ast Nane;

this.salary = sal ary;
}
var t = new Enpl oyee(' Tom, 'Austin', 1000000);
print(t.firstName + " " + t.lastName + " $" + t.salary);

After creating this employee, we may want to prevent the salary field from being changed
accidentally. To dothis, we can changetherulesfor setting the salary propety:

/I Now we want to make salary read only
var nop = {};
mop. set = function(thisObj, prop, val ue) {
if (prop == 'salary') {
throw new Error (' Warning: Salary is a read-only property');

}
t hi sQbj [ prop] =val ue;

t.__netaobject__ = nop;

After this, any attempt to changethesalary will nat work.

[1This will print an error and the salary will not be changed.

try {
t.salary = 999999;

}

catch (e) {
print(e);

}

Over time, thedefinitionfor afield mightchange For example, salary could indudea
bonus butyou might still want salary to refer to the total salary. With achangeto the
object's behavior, thisis easily done

[/ Change salary to use baseSal ary and bonusPay
t. baseSal ary = 1000000;
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t. bonusPay = 500;
t.__netaobject__.get = function(thisCbj, prop) {
if (prop == 'salary') {
return thisObj.baseSal ary + thisObj.bonusPay;

}
el se return thisObj[prop];

}

Althoughwe have notused JOMP for anything greatly origind so far, these examples do
show how some basic changes to thelanguaye can be useful.

5.3.2 Tracing

Logging is acommon use-case given for metaobject protocols. Often you would like to
trace an object's behavior for troubleshooing. One common methodisto insert print
statements, but this clutters upthecode Moreimportantly, it might clutter upthelogsas
well, making it harder for youto spotthe problem.

Metaobject protocols offer agoodsolutionto this. Thecodeto an object can beleft
undhanged, but you can modify its behavior to report back detailed messages.

An important point hereis tha the object's behavior can be changed onthefly, so you
can limit theverbose loggingto only a portion of thecode Also, you can ater the
behavior of only a given object or awhole groupof objects jud as easily.

Hereis an example fundionthat will trace an object's behavior:

function traceObject (o, objNane) {
var oldMb = o.___metaobject__;
var traci ngMo = {};

/1 This function can be used to disable a tracing routine.
traci ngMO. stopTrace = function() {
0. __netaobject__ = ol dW;

}

/1l Logs the getting of properties. Functions returned
[l will print their property
traci ngMO. get = function(thisObj, prop) {

| ogMessage("***CGetting " + prop + " from" + obj Nane);

var returnVal = thisObj[prop];
if (oldwb) returnVal = ol dWb. get(thisCbj, prop);

[ITWe'll wap functions so that we know when they are call ed.
if ((typeof returnVal) == "function") {
var wrapFunct = function() {
var msg = "***Calling " + prop + " with args:";
for (var i=0; i<argunments.length; i++) {
msg += " " + argunents[i];
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}

| ogMessage( nsQ) ;

returnVal . appl y(thi sObj, argunents);
}

return wrapFunct;

}

el se return returnVal;

}

/1l Logs the setting of properties
traci ngMO. set = function(thisObj, prop,value) {
| ogMessage("***Setting " + objNanme + "'s " + prop
+" to'" + value + "'");

if (ol dwb) ol dMVb. set (thi sbj, prop, val ue);
el se thisbj[prop] = val ue;

0. __netaobject__ = traci ngMg,

}

There are afew key pointsto nate in this example. First of all, the origind object might
haveitsown __ metaobject . We don'twant to lose that, so we mug wrap thetracing
fundionsaroundtheorigind. Also, sincetheorigind mightnothavea _ metaobject
specified, we have to congder that case as well.

We want to be able to track when afundionis called and with wha arguments. To do
this, we can wrap the origind fundionin anew one and return tha onthefly.

This highlights a couple of thedownsdesto nothavinga ___metafundion__ propety as
well. First of al, condructingthe new fundionson thefly can be expensve. For
troubleshooing, tha is probably acceptable.

Another, more subtie problem istha the new fundion can betreated as an object. Itis
possible that it might be passed as an argument to another fundion, stored as a propaty
for another object, etc. At tha point, thefundionis nolonge unde the control of the

tracing metaobject. Turning off thetracing behavior won't affect the new fundion.

These issues are relatively minor, butthey are pointsto consder.

Hereis an example usngtheearlier fundion:

var rincewind = {};
traceCbject(rincewind, "Rincewind"); //Enables tracing

ri ncewi nd. hat Name = "W zzard";
ri ncewi nd. weapon = "sock & hal f-brick";
rincewi nd. attack = function(enenyNane) {
print("Ht " + enenyNane + " with " + rincew nd. weapon);
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}

rincewi nd. attack("Hel | - Demon");
ri ncewi nd. weapon = "other sock & half-brick";
rincewi nd. attack("Nastier Hell-Denon");

Running this example would give very detailed logging:

*** Setting Rincewind's hatName to ‘Wizzard'
*** Setting Rincewind's weapon to 'sock & half-brick’
*** Setting Rincewind's attack to '
function (enemyName) {
print("Hit " + enemyName + " with " + rincewind.weapon);
J
*** Getting attack from Rincewind
***Caling attack with args: Hell-Demon
*** Getting weapon from Rincewind
Hit Hell-Demon with sock & half-brick
*** Setting Rincewind's weapon to 'other sock & half-brick'’
*** Getting attack from Rincewind
***Cdling attack with args: Nastier Hell-Demon
*** Getting weapon from Rincewind
Hit Nastier Hell-Demon with other sock & half-brick

However, after this, you might not care abouttherest of theresults. At this point, you
can disable tracing:

rincewi nd. __netaobj ect__.stopTrace();
ri ncewi nd. weapon = "turnip";
rincewi nd. attack("Evil Warlord");

Thebehavior isnomal for this section, and much less verbose:

Hit Evil Warlord with turnip

This codeisinduded in the RhinoFaces, theweb devel opment framework discussed in
chagpter 7. It provides aussful tool for monitoring the behavior of an object, and it
proved invduéble for troubleshooing.

5.3.3 Security Applicat ions

Another frequent use of MOPsis for security [21]. By intercepting the setting and
getting of all propeties, it becomes a very ssimple matter to prevent all accessto an
object.

By locking down an olject in the congructor, the APl designe can prevent develope's

from accidentally giving access to restricted information. Wedl start with asimple
Employee example:
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function Enpl oyee(firstName, |astNanme, salary) {
this.firstName = firstNane;
this.lastNane = | ast Nane;
this.salary = sal ary;

/1 This variable tenporarily allows us to nodify vari abl es.
var authorized = true;

var nop = {};
/1 This will make all properties read only
nmop. set = function(thisObj, propertyNane, newval) {

if (authorized || (typeof newval) == 'function') {
thi sObj [ propertyNanme] = newval ;
}
else print("Sorry, " + propertyNane + " is read-only.");

}

/1 This will make all properties private
mop. get = function(thisObj, propertyName) {
if (authorized || (typeof thisCbj[propertyNane])=="function') {
return thisQObj[propertyNane];

}
print("Sorry, " + propertyNane + " is private.");
return null;

}

this. _nmetaobject__ = nop;

/1 The object is now | ocked down
aut hori zed = fal se;

}

This takes advantage of thefact tha JavaScript functionsare closures. Theaut hori zed
variable is private. After an employee has been created, the variable cannotbe modified.
No user can then inadvertently modify an employee® contents, or inadvertently display
information that should be secure.

Thelogic of Employee could be made more complex. Oneeasy changewould beto have
I ock() andunl ock() methodstha would changetheaut hori zed variable.

5.3.4 Advanced Metap rogramming

JOMP can aso be used to emulate more advanced metaprogramming techniques, like
Ruby®method_missingidiom. Althoughit does not execute anything itself, it can create
anew fundion andreturn tha. Hereisan example mimickingthe Ruby Lisp list
example:

Array. prototype.car = function() {
return this[0];
}

Array. prototype.cdr = function() {
return this.slice(l);
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}

var mop = {};
mop. get = function(thisObj, propNane) {
i f (propNane. match(/"c(ajd)(ajd)+r$/)) {
var list = thisObj;
return function() {
var chars = propName. match(/a|d/g).reverse();
for (var i=0; i<chars.length; i++) {
var op = chars[i];

if (op ==="a") {
list =1list.car();
else if (op === "'d") {
list = 1list.cdr();
}
}
return |ist;
}
}
el se return thisObj[propNane];
}
var list = [[0, [1, 2], 3], 4];
list.__netaobject__ = nop;

The downsde of this approach compared to Ruby@method_nissing or Rhino@ existing
__mSuchMethod__isthat it creates a new fundion object, which is ower. However,
with a little adjugment, we could make this newly created fundion a method of the
object, which would greatly speed future calls.

5.3.5 Multiple Inheritanc e

With JOMP, we can changesome of the core features of JavaScript. For agoodexample
of this, we'll add multiple inhaitance. To truly bemultiple inheaitance, we need to make
thefollowing changes:

¥ Anobject should beableto inheit propeaties from multiple prototype chans

¥ Theinstanceof opeator should return truefor any of theobject's parents.

¥ Enumerating over an object's propeties should return those from all of its parents.

These changes will require modficationsto the benavior of both the object and its
prototype Toilludrate this, we'll create some prototypes for arole-playing game.

Thegame will have heroes, which are unde the user® control, and non-player characters

(NPCs), which will be contolled by thecomputer. NPCs are further divided into alies
andvillains
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TheHero and NPC definitionsdo notilludrate agreat dedl; Ally and Villain are more
central to theproblem. These will both defineanove method, butwill have different
implementations

function Ally(name, hitpoints, experience, xpValue) {
NPC. cal | (this, nane, hitpoints, experience, xpValue);

}

Al'ly. prototype = new NPC();

Al'ly. prototype. nove = function() {

print(" (" + this.name + "'s action: Help hero)");

—

function Villain(nane, hitpoints, experience, xpValue) {
NPC. cal | (this, nane, hitpoints, experience, xpValue);

}
Villain. prototype = new NPC();

Villain. prototype.nmove = function() {
print(" (" + this.nane + "'s action: Attack hero)");

}

However, the game could use more classes than this. For indance, some characters
mightbeableto use magic. A Wizard definitionmightlooklike thefollowing:

function Wzard() {};
W zard. prototype. cast Spell = function(spell Nanme) {
if (this.spells[spell Nane]) {
var spell = this.spells[spell Nane];
return spell();
}

}

Unfortunaely, we could have wizardsthat are heroes, villains or alies. In Java, the
solution would beto create a Wizard interface, and then to have HeroWizard,
VillainWizard, and AllyWizard implementations However, this could ge increasingly
complex as more roles are added, and at some point a new approach would need to be
designed.

Thistendsto beless of an issuein mog scripting languayes. In JavaScript and Ruby, for
ingance, we could add mix-insto indudeall of the extra methodswe needed for an
object. Butthere aretwo problems with this.

Thefirstistha i nst anceof will notwork asameansto identify an object'stype We
could work aroundthis by adding a methodto the prototype or to the objects themselves,
thoughthisis notideal.

A second problem istha theextrafundionslose thar assodation once they are mixed-in

to theobject. Asaresult, it becomes difficult to cleanly removethem. This could bea
problem in some cases.
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Ingead, we will changethe behavior of these prototypes and thar ingancesto allow for
an array of prototypesto be specified. All prototypesin thearray will betreated as if
they were the object's prototype

Theobject's behavior mug be changed to use thearray for both gettingtheidsand
looking up propeties:

var obj Mop = {};
obj Mop. getlds = function(thisObj) {
var ids =[]
for (var ind in thisQj) {
i ds. push(ind);

if (thisQj.__proto__ instanceof Array) {
for (var ind in thisOQj._ proto_ ) {
var proto = thisObj[ind];
if (proto) {
for (var nanme in proto.prototype) {
if ('ids[nane]) ids.push(nane);
}

}
}
}
return ids;
}
obj Mop. get = function(thisOoj, prop) {
if (thisObj[prop]) return thisObj][prop];
else if (thisQbj.__proto__ instanceof Array) {
for (var ind in thisOQyj._ proto_ ) {
var proto = thisQbj.__proto_ [ind];
if (proto.prototype[prop]) {
return proto.prototype[prop];
}
}
}
return thisObj[prop];

}

We aso need to changethe behavior of the prototype definitionsin order for i nst anceof
to work as we would like:

var nulti Mop = {};
mul ti Mop. hasl nstanceOf = function(thisObj,instance) {

if (instance.__proto__ instanceof Array) {
for (var key in instance.__proto__ ) {
var prot = instance.__proto__ [ key];
if (prot == thisCbj) return true;
}
return fal se;
}

/I Note that instanceof can be used normally inside the nethod.
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el se return (instance instanceof thisObj);

}

W zard. __netaobject__ = multi Mp;
Hero. _nmetaobject__ = nulti Mop;
Ally. metaobject__ = multi Mop;
Villain.__netaobject__ = nultiMp;

These prototype definitionsand the new object behavior have added multiple inheitance
to JavaScript. For an example, we will show a game excerpt aboutJason and the
Argonauts. In his quest, Jason meets and later marries Medea. Thisis a case where we
want anew indance tha is both an Ally and Wizard. (ThisussMozllas__pmoto
property to reassign the prototypechan.)

var nedea = new Ally("Medea", 4);
medea. __net aobj ect __ = obj Mop;
medea. __proto__ = [Aly, Wzard];
medea. spel ls = {
ol d2new. function(ram { print("' Look, the ramis young now"); }

H

Both nedea i nstanceof Ally andnedea instanceof W zard will betrue When
nove is called shewill hdp Jason. However, we might want to give Jason the option of
leaving Medea. We can accountfor this action by adding a new methodto thej ason
ingance.

jason.divorce = function(w fe) {
for (var i inwife._ proto_ ) {
if (wife.__proto__[i] == Ally) wife.__proto__[i] = Villain;
}
}

After j ason. di vor ce( nedea) iscalled, nedea till refers to the same object. Her wizard
abilities are unchanged, butsheisnow a Villain instead of an Ally. Fromtha point on,
medea. move() will usetheVillain version of themethodingead.

Thisisakey pant, and oneadvantage of a prototype-based object designin general.
Class-based designsare great for defining static behavior, but modifying that behavior on
thefly becomes more chdlenging. Thetypical solution for this example would beto
create anew indance of Medea. However, any other modificationsto Medea's state
could belog withoutcareful programming. If Medea hgppened to be holding the

gol denFl eece Object in her inventory, it might suddenly disappesr.

Prototype-based systems don'tneed to worry aboutthis. Theonly changeto Medeais her
switch from Ally to Villain. Nothing elseis affected.

Thistype of changeoccurs frequently in role-playing games, and this solution makes that
easy to modd. Being able to compatmentalize and alter behavior at will is not needed
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for all problems. However, when it is, prototype chainsare an ideal solution. By usng
JOMP to create multiple inheitance, we can make this even more powerful.

6 RhinoFaces

The previousexamples offer some ingghtsinto how these extensonscould be useful.
However, to offer atruly practical example of JOMP in action, |Qe built RhinoFaces.
RhinoFaces is aframework built uponJavaServer Faces, but usng Rhino JavaScript as
theserver-sdelanguaye

RhinoFaces will till work withoutthe JavaScript extensons however, in this casg, it
will lose some fundiondity. Thiswill hdp to illugrate wha improvements are directly
attributable to the new metaprogramming features.

6.1 JavaServer Faces

JavaServer Faces, more often referred to as smply JSF, is aweb development framework
from Sun. Itisfocused ontheview portion of theModd View Controller patern.

JSF was built by many of the core developas of Struts, at onetime the de-facto standad
for Javaweb development. For this reason, JSF was seen as the har-appaent to Struts.

However, several criticisms arose of the early implementationsof JSF, and other
frameworks have ganed much ground. RhinoFaces will address a nunmber of these
issues. Theprindple difference will beareliance on convention over configuration.
Thisisthedesign philosophybehind Ruby on Rails, and this strategy will hdp to greatly
simplify JSF development.

For any piecetha a develope prefersto leave in amore traditiond JavalJSF design, he
or shemay doso. Noneof theadditiond tools or shortcuts needsto beused. They are
optiond extensons and any or all may beignored.

6.2 Reduced Configuration

Thoughthis feature does not use JOMP, it nonehéess simplifies development greatly.
Missing propeties are searched for in the session(@ JavaScript environment. A few basic
rules hdp deerminewha should bedone

When the sessionfirst starts, applicationjsisloaded. Thistypically specifies daabase
properties and modds, but any variable or fundionloaded here will be available to
RhinoFaces.

Method expressionsare assumed to be JavaScript propety references, unless they specify
an action. For actions they are expected to be method callsingead.

For any action, thename is assumed to correspondto apage So, if br owse/ al bumisthe
action, it will default to the pagebr owse/ al bum f aces.
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If avariable is unavailable, and thevariable name matches the controller part of theurl, it
will look for a JavaScript backing bean of thesame name. Furthermore, if tha script
containsa condructor with amatching name, it will create a new ingance.

For example, cart/ vi ewCart . f aces could betheurl for cusomersto see the contents of
their shopphngcart. An excerpt of the JSP page mightlook like this:

<h2>Itens in your order</h2>
<h: dat aTabl e val ue="#{cart.itens}' var='al bum border="0"
<h: col unm>
<f:facet nane=' header' >

Thefirst time this loads, GartOin G¥{cart.items}Ois not recognized. RhinoFaces then
loads Gart.jsOand findsthis congructor:

function Cart() {
this.itens = new ArraylList();
this.total Price = O;
if (flash.al bum {
var al bum = flash. al bum
this.itens.add(al bum;
this.total Price += Nunber(al bum price);
}
}

It then creates anew cart controller ingance by executing thefollowing code

var cart = new Cart();

On subsequent visits to this page, thecart will aready exist in the session® JavaScript
environment, so nonew cart will becreated.

All of these defaults may be overridden in thefaces-config.xml file. However, theuse of
defaults greatly easesthe burden onthedevelopa. Thisis particularly noticeable with
thenavigdionrules. Hereisthe configurationfor the JavaQuiz example in chgpter 3 of
the Core JSF book[7]:

<f aces-config>
<navi gati on-rul e>

<navi gati on- case>
<f rom out cone>success</from out cone>
<t o-vi ewi d>/ success. jsp</to-viewid>
<redirect/>

</ navi gati on- case>

<navi gati on- case>
<f rom out cone>agai n</ from out cone>
<to-viewid>/again.jsp</to-viewid>
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</ navi gati on- case>
<navi gati on- case>
<f rom out cone>f ai | ure</ from out cone>
<to-viewid>/failure.jsp</to-viewid>
</ navi gati on- case>
<navi gati on- case>
<f rom out conme>done</ f r om out cone>
<t o-vi ewi d>/ done. j sp</to-viewid>
</ navi gati on- case>
<navi gati on- case>
<from out cone>st art Over </ fr om out cone>
<to-viewid>/index.jsp</to-viewid>
</ navi gati on- case>
</ navi gation-rul e>
<managed- bean>
<managed- bean- name>qui z</ managed- bean- name>
<managed- bean- cl ass>com cor ej sf. Qui zBean</ managed- bean- cl ass>
<managed- bean- scope>sessi on</ managed- bean- scope>
</ managed- bean>
</ faces-config>

In contrast, the same configurationfile for the RhinoFaces version of the application
conssts of asingle entry:

<f aces-confi g>
<factory>
<application-factory>
edu. sj su. r hi nof aces. Rhi noAppl i cati onFactory
</ application-factory>
</factory>
</ faces-confi g>

Unlessthedevelopa wishesto overidethedeault settings this configuration file will
not need to grow any larger than this for any RhinoFaces application.

6.3 Flash Scope

RhinoFaces indudes a GlashQobject. Thisis reset to an empty object after each timetha
apageisrendeed. Asaresult, thisisauseful way to passinformationfrom pageview to
pageview withoutworryingtha it won®get cleaned out

As an example of howthisisused, here isthelogaut methodfor MobileMusc:
JukeBox. prototype. |l ogout = function() {
this.loginText = "login";
fl ash. nessage = " Good- bye,
del ete this.currentUser;
if (_CGLOBAL_['cart']) cart.enpty();
return "browse/i ndex"

+ this.currentUser.usernane + ".";
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Amongother things this sets agoodbye message tha will bedisplayed by this section of
the JSP page

<strong><enp<h: out put Text val ue="#{fl ash. nessage}"/ ></ enp</ strong>

However, if thepageisreloaded, this messagewill disappear.

This feature was implemented by smply resetting the object, but another approach would
have been to use JOMP. Ingead of replacing the object, theflash could be set to
automatically ddete a propety after it had been used. Thiswould have the advantage
tha its propeties would survive aredirect. However, it aso makes theflash more
complicated to use. Therefore, this approach was abandonel.

6.4 Simplified Database Access

Oneof themajor adventages of Railsis the ease of database access. Thisisdonethrough
ActiveRecord, RailsCobject-relationd tool. RhinoFaces will indudeRhinoRecord,
which will offer many of the same benefits tha ActiveRecord offers.

RhinoRecord handles all database access, which improves the security of the application.
Since theweb develope does not have to access the database directly, thereisnorisk of
a SQL injection attack.

Thisisafringebendit though;the main focus of RhinoRecord is simplifying
development. Thebase RhinoRecord achieves this by following the same conventionsas
ActiveRecord. Database table names are assumed to betheplura of theclass (for Rails)
or condructor (for RhinoFaces). Theobject® properties are taken directly from the
database field names. Theonly differencein thisistha RhinoRecord convets names
with undescores to camel case. For example, fi rst _name becomesfi r st Narmre.

However, more advanced bendfits are only available with JOMP.

6.4.1 Associations

ActiveRecord relies on the user to specify theassodationsin theclassitself. It hasa
variety of methodsto dothis. They are has_one, has_many, bel ongs_t o, and
has_and_bel ongs_t o_many.

RhinoRecord takes a different approach. It only offers the equivalent of has_many and
bel ongs_t o, butingead of forcing the user to specify these, they are created when they
arefirst needed.

Like ActiveRecord, RhinoRecord relies on certain conventions  First of all, it assumes
tha each record has ani d column tha uniqudy identifiesit. Secondly, it assumes tha
each foreign key refersto thetable name. For example, if atable named al buns has an
artist_idfield, it assumestha thisreferstothei d columninthearti st s table.
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Thisis doneby intercepting the getting of propeties. Thefirst timetha a script refersto
al bum arti st , thismethodwill lookfor arti st I d in theobject® propaties. If this
doesexist, it will load therelevant artist and store it as a propety for thealbum This
meanstha future callsto theartist will not need to go throughthis process. Therelevant
pat of __net aobj ect __. get ishee

if (this.hasOwmnmProperty(propNane + '1d")) {
var constr = eval (Rhi noRecord. capitalize(propNane));
thi s[ propNane] = constr.findFirst({id: this[propNane+ 1d']});
return this[propNane];
}

This satisfiesthebel ongs_t o relationship. Asmentioned earlier, only thehas_many
relationship is suppoted of the othe's. Since we can therefore automatically assume that
therelationdhip is oneto many, we can take some shortcuts.

When al bum songs isfirst referred to, this methodwill lookfor a Song congructor. |If
found,it will search thesongs tablefor all recordswith aal bum i d matching the current
album object:

if (propNanme.match(/s$/)) {
var constr = eval (Rhi noRecord
. cal cConst r NaneFr onPl ural (propNane));
if (constr) {
var options = {};
options. parans = {};
options. parans[this.tabl eNane. slice(O,
this.tableName.length-1)+1d'] = this.id;
thi s[ propNane] = constr.findAll (options);
return this[propNane];
}
}

Thissetupisalittle lessflexible, butit meansthat thereisless of aburden onthe
programmer. Oneben€fit of ActiveRecord@ approach istha it isableto pay the
performance cos up front, whereas RhinoRecord paysit when thereferenceisfirst
needed.

However, RhinoRecord could easily add methodsto explicitly set up these relationships
Thebendit of the RhinoRecord approach istha adevelope is notrequired to do so.

Withoutthese features, hereis the codeneeded to initialize the objects foramusc
application.

this.albuns = new Array();

this.artists = new Array();
this.songs = Song. findAll ({orderByDesc: 'nunDownl oads'});
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var iter = this.songs.iterator();
while (iter.hasNext()) {
var tenpSong = iter.next();
if (!'this.al bunms[tenpSong. al bum d]) {
var al bum = Al bum findFirst({id: tenpSong.al bum d});
al bum songs = new ArraylList();
thi s. al buns[t enpSong. al bum d] = al bum

if ('this.artists[albumartistid]) {
var artist = Artist.findFirst({id: albumartistld});
artist.al bunms = new ArraylList();
this.artists[albumartistlid] = artist;

}

al bumartist = this.artists[albumartistld];
al bum arti st. al buns. add(al bun;

}
t enpSong. al bum = this. al buns[tenpSong. al bum d] ;

t enpSong. al bum songs. add(t enpSong) ;
}

With the assodation logic, thisingead becomes:

this.songs = Song.findAll ({orderByDesc: 'nunDownl oads'});

6.4.2 Advanced find m ethods

Onenice feature of ActiveRecord isthat it suppotts more advanced find features. A
programmer could typeAl bum find_by_title("Surf G nema"), andActiveRecord
would convet it to thelessintuitive Al bum find(: first, :title=>"Surf G nema").

With JOMP, JavaScript can dothisaswell. Thisagan uses__net aobj ect __. get. Here
isthe excerpt:

i f (propNane. match(/~findBy/)) {
var field = propNanme. match(/~findBy(.*)$/)[ 1]
thi s[ propNane] = function (val) {
var parans = {};
parans[field] = val
return this.findFirst(parans)
}
return this[propNane];
}

While this does not add any additiond fundiondity, it does allow for more aesthetic
method calls, which arguably make the codemore readable.
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6.5 MobileMusic

In order to illugtrate the advantages of RhinoFaces, | Qe created amusic store web
application called VMobileMuscQ | had origindly intended to indudean interface for
cell phones, butthiswas later abandonal. Noneheless, the name stuck.

Figure 1 shows the homepage of the application.

MobileMusic

Your Home For Music on the go!
Home | Search | Order History | FAQ | Contact Us

My Account
. Num
login Song Band Album Downloads
- Live at the
Featured Artists Gallow's Tree MARK GROWDEN Odeon 62
Mark Growden )
Live at the Odeon Dos, Dos Equis Por Favor SURF CINEMA Surf Cinema 52
Made in
A Maid in Bedlam BEDLAM Bedlam 51
Chickens in the Trees NAMELY US Namely Us 47
DAUGHTER ,
Dust in the Wind DARLING Sweet Shadows 44
Made in
The Twa Corbies BEDLAM Bedlam 4

Figure 1: MobileMusic Homepage

6.5.1 Features

MobileMudc was built usng RhinoFaces and aMySQL daabase. The sample musc,
artwork, and band information was taken from CDBaby.com, an existing onlinemusc
store. Thishdped to give aredlistic feel of how the application would work if it were a
produdion system.

MobileMusc has public pages for browsing songs viewing albums, and viewing artists.
It allows cugomers to listen to excerpts of songsin mp3 format.

Cugomers can aso buy abums and view ther order history, thoughbaoth actionsrequire

thecugomer to login first. Theuser does have a shopping cart so that a separate
transaction is not needed for every single item.
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Thereisaso apagefor viewingorders. Thisisintended for MobileMusc employees.

6.5.2 Security

Oneof the prindple security risksto any web applicationis asloppyweb develope. By
giving API designe's an easy way to restrict access at a granular level, thisrisk can be
minimized. WeQe seen this already, butwe will illustrate a more conarete example with
MobileMusc.

For MobileMusc, we have a pagefor employees to view pending orders. Thiswill need
both billing and shipping information. Figure 2 shows this pagewhen viewed by a
MobileMudc administrator.

MobileMusic

Your Home For Music on the gof

Home | Search | Order History | FAQ | Contact Us
My Account

Orders to process

Order Customer Address Description Payment Price
ID Info
325 Fake St . . visa
1 Tom A SanJose, CA 94152 NAMELY US's 'Namely Us" 9.99 1234567 $£9.99
DAUGHTER DARLING's 'Sweet .
2 TomaA 02> FakeSt Shadows’: 9.99 SURF CINEMA's | o0 $19.98

SanJose, CA 95008 1234567

'Surf Cinema'; 9.99

Figure 2: Admin View of Pending Orders

However, this pageis notsecure. | have madethis page publicly accessible to simulate a
carelessdevelopea. Thepageis not secure, and any cusomer who discoversit would
then beableto see all orders.

However, the credit card information was protected throughJOMP at the object level.
Hereistherelevant code

var orderMO = Order.prototype.__netaobject__;
var ol dOrderGet = order MO get;
order MO. get = function(thisCObj, prop) {
if (prop=='creditCardNum &&
I'jukebox. i sAut hori zed(thi sObj . userld)){
return "***RESTRI CTED***";
}
el se return ol dOrderGet (thisObj, prop);
}
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Order. prototype. __netaobject__ = order MQ,

Asaresult, even thoughthe cusomer can see a pageintendeal for employees, themos
sengtive information remainssecure. Thisis demondrated in figure 3.

MobileMusic

Your Home For Music on the go!

Home | Search | Order History | FAQ | Contact Us
My Account

Orders to process

Order

D Customer  Address Description Payment Info Price
325 Fake St visa
1 Tom A gzrll.g%sc, CA NAMELY US's Namely Us": 9.99<br /> ***RESTRICTED*** $9.99
325 Fake St

DAUGHTER DARLING's 'Sweet Shadows": 9.99  visa

2 TomA — Sanlose, CA  gyRF CINEMA's 'Surf Cinema': 9.99 ***RESTRICTED***

95008

$19.98

Figure 3: Non-Admin View of Pending Orders

Thisisnotavery sophisticated protection, butit doesillugrate the basic concept. We
can use a metaobject protocol to protect sendtive daaat theobject level. While this
should not betheonly source of security, it can hdp to give an extralayer of defensein
case other security measuresfail.

7 Related Work

Other work has been doneto alow theintercepting of propetiesin JavaScript. In
paticular, Mozlla@ implementationshave added new features, and Java 6 has an
interesting tool hidden in its version of Rhino. Also, PHP now indudes methodsto
intercept propeties, and it shares many characteristics with JavaScript

7.1 Mozilla JavaScript Getters and Setters

Mozlla has donesome work onintercepting properties. Thear description of this feature
isin[2].

Unfortunaely, thar implementationis alittle undewhdming. It does not offer any of
thefundiondity of __net aobj ect __. get Or __net aobj ect __. set. Furthermore, it
does not even alow youto intercept the setting and getting of existing propeaties. This
design loses many of the advantages of getters and setters.
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Themain focusof thechangeappears to beto allow Firefox JavaScript to interact with
Microsoft specific JavaScript code While thisisamajor plus it does seem that the
designas were too narowly focused on this onespecific issue and missed a golden
oppotunity. To befair, however, amore powerful design mighthave cog morein terms
of performance. Perhapstha was ther primary concern.

However, thereisan interesting parallel to CLOS. One of the primary concernsof the
CLOS designas was to smoothly interact with thevariousLisp object systemsthat
preceded it [9]:

The prospective CLOS user community was already using a variety of object-oriented extensions to
Lisp. They were committed to large bodies of existing code, which they needed continue using and
maintaining. E although they differed in surface details, they were all based, at a deeper level, on the
same fundamental approach.

They dedlt with this variety of systems througha powerful MOP. In some ways, thisisa
similar problem to interacting with the different JS implementationsof different
browsers. Even with this limited addition to thelanguaye, the Mozllateam has given a
powerful tool to developes to resolve thisissue

Another new feature of interest isthe __noSuchMet hod__ method. Thisworksjud like
Ruby®@net hod_ni ssi ng. However, dueto thedifferent designsof thelanguaye, thisis
less powerful. In Ruby, propeaty references are indistinguishable from getting and setting
propeties. Asaresult, met hod_ni ssi ng also intercepts missing property references.
Thisis notthecase for Mozlla® noSuchMet hod__.

7.2 Java 6JS

Java 6 has added suppot for scripting frameworks. As part of this, it indudes aversion
of Mozllas Rhino. For themod pat, thisisamore limited implementation. It does not
indudesuppot for continuaions or e4x, for example. However, thereis oneinteresting,
amog entirely undowmented feature in Sun'simplementation.

Sun'sJava 6 version of Rhino indudes a JSSAdapter class[15]. Thisoffers much of the
same fundiondity as my proposd extensons

Ingead of modifying thebehavior of al objectsin thelanguaye this approach ingead
creates a special object with additiond fundiondity. This object can beused to wrap
other objects. When you attempt to get or set a propety for this special object, it will call
its__get__ or__put__ method if oneexists. Here is an example that will restrict access
to thesalary field (unless you refer to the emp object directly):

var enp = {nane:'Joe Bob Briggs', salary: 5000}

enp. __get = function(fieldName) {
if (fieldName == 'salary') {
throw new Error("Salary is restricted");
}
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return this[fiel dName];

}
var wrapper = new JSAdapter (enp)
print("Reading details for enployee '" + wapper.nane + "'.\n");
try {
print('Salary is ' + wapper.salary);
}
catch(e) {
print(e.nanme + ": " + e.nessage);
}

The JSAdapter objectsalso have __has__, _delete__,and__getlds__. They
effectively cover every way tha a JavaScript object can be accessed, and amos match
JOMPQ@ fundiondity. Theony missing piece is JOMPQ@ haslnganceOf method.

Onedisadvantage of this approach istheneed for aspecia wrappea object. While this
minimizes the changeto thelanguaye it a'so makes it more difficult to use this
fundiondity within an object's congructor.

With this approach, we cannotmodify the behavior of an object itsalf a runtime. Itisnat
atrueMOP. This manne of addingthese extensonsis very clever. However, it would
be better to adgpt the JS Object itsalf rather than relying on anew, special wrappe object.

Still, JSAdapter deserves credit for introdudng a useful feature to thelanguage with a
negligible impact onthelanguayed design.

7.3 PHP 5 Comparison

JavaScript and PHP have some striking smilaritiesin ther basic design. In paticular, it
iscommon in both languayes to access propetiesdirectly. Thisis gettingto belesstrue
for PHP, but it is till far fromunusid to see codelike thefollowing:

echo user->full _nane;

In contrast, you never access variables directly in Java or Ruby. It can bedone but is
seen as something close to high treason.

A more important point is tha both of these languayes will accept new propeatiesfor
existing objects. In Java, you cannotadd apropety to an object if it isnotavailable for
itsclass. In Ruby, you can do so throughtheuse of singleton classes, butit isamuch
more complicated process.

Also, PHP does have theability to intercept references to propetieswith its__get and

__set methods Itisnotaspowerful aswhat | have proposd; it only catches propaties
tha do notexist. However, this should still beenoughto replicate net hod_mi ssi ng.
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Unfortunaely for PHP developes, fundionsare not first class citizensin thelanguage
Fundion references are never intercepted by __get or__set. Andwhile you can make
anonynousfundionsin PHP with cr eat e_f uncti on, these fundionscannotbeset as
methods Thiswill fail:

$enp->work = create_function(' $beg, $end', 'echo "Work from"
. $beg . " to " . %end;');
$enp- >wor k(" 9", "5");

Thefundionis set as apropaty of $enp, butit isonly apropeaty. It can't betreated asa
method. So whiletheaboveexamplefails, thiswill work:

$enp->work = create_function(' $beg, $end', 'echo "Work from"
. $beg . " to " . %end;');

$f oo = $enp- >wor k;

$foo("9", "5");

Infairnessto PHP, it doeshavea__cal | methodthat is called for unrecognized
methods However, because of its more complicated structure, it needs__get, __set,
and__cal | to mimic thefundiondity of Ruby'snet hod_ni ssi ng. Andunlike
JavaScript and Ruby, it has no ability to add methodsto an existing object.

By introdudng a MOP that can intercept propety references for JavaScript objects, we
gan theability to replicate met hod_ni ssi ng, in additionto alowing awidevariety of
othe behavior. PHP'ssimilar design nearly givesit the same possibilities, butit lacks the
key element of JavaScript'sfirst classfundions

8 Conclusion

JavaScript has only afew condrudsin itslanguaye. However, these are very powerful
andwell designad. Thisgivesit an elegance more assodated with languayes like Scheme
than with othersin the C family.

Themod central congruct in JavaScriptistheobject. Except for theglobd object and
opeators, everythingin JavaScript is a propaty of some other object.

Because of this, we can create a powerful and sophisticated MOP by allowing
programmers to modify the behavior of objects. The prototype-based object system lets
usmodify largegroupsof objects or individud objects with equd ease. Thefact tha
fundionsare propeaties of objects alows usto modify those as well withouthaving to
alter theimplementation of fundions

In this project, | have created JOMP as an illudration of this. | have demondrated a
number of traditiond MOP uses, induding security, tracing, and introdudng multiple
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inheitance. | have also shown that intercepting the getting and setting of propeties|lets
usreplicate aimog al of the advanced metaprogramming featuresin Ruby.

Furthermore, as a practical example | have created the RhinoFaces web devel opment
framework, built with JSF, Rhino JavaScript, and JOMP. With the sample MobileMusc
application, | have illugrated how JOMP can improve a develope® produdivity. In
paticular, | have demondrated how JOMP can simplify daabase access and improve
security.

JavaScript aready dominates the client-side of web development. In addition,itis
becoming an increasingly viable contende for theserver-side. With these additiond
features, it could become an even stronge choice.
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