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(57) ABSTRACT 

Methods, devices and systems for providing a user interface 
in an on-demand software service environment are described. 
Some implementations involve displaying a rendered page, 
detecting the ?ring of an event in the rendered page and 
determining an event type for the event. The implementations 
may also involve ascertaining Whether an action associated 
With the event is implemented in a server-side language or a 
client-side language, locating handlers for the event accord 
ing to the event type and performing a handler execution 
process. These implementations may also involve executing a 
component re-rendering process to create a re-rendered page 
and displaying the re-rendered page. The component re-ren 
dering process may be based, at least in part, on output from 
the handler execution process. 
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FIELD OF THE APPLICATION 

[0006] Some of the subject matter described herein 
involves user interface (“UI”) frameWorks. 

BACKGROUND 

[0007] In the past, most UI frameWorks Were controlled 
primarily on the server side. On the client side, the broWser 
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Would render Web pages that Were handed doWn by the server. 
There is increasing customer demand for a “long lasting 
page” and related functionality. (As used herein, the term 
“page” may refer to a user interface, usually but not neces 
sarily on the client side.) A user may vieW a long-lasting page 
for an hour or for the entire day, instead of vieWing the page 
for a small amount of time (such as a minute). With a long 
lasting page, the user can manipulate the page. The data that 
the user is looking at may change over time. NeW components 
may become part of the page, Whereas prior components may 
no longer be part of the page. Still other components may be 
modi?ed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 provides examples of de?nition and subde? 
nition structures. 

[0009] FIG. 2A depicts one example of a process of pro 
cessing client requests for a component. 
[0010] FIG. 2B depicts one example of a process of making 
a client request for a component and of processing the results 
returned by a server. 

[0011] FIG. 3 illustrates steps in a process of retrieving 
component de?nitions according to one example. 
[0012] FIG. 4 outlines a process of instance tree creation 
according to one example. 
[0013] FIG. 5 illustrates steps in a process of serialiZing an 
instance tree according to one example. 
[0014] FIG. 6A provides an example of a component ren 
dering method. 
[0015] FIG. 6B provides an example of an alternative com 
ponent rendering method. 
[0016] FIG. 7A provides an example of a component re 
rendering method. 
[0017] FIG. 7B provides an example of an alternative com 
ponent re-rendering method. 
[0018] FIG. 8 provides an example of steps in an event 
handling procedure. 
[0019] FIG. 9A depicts a system diagram that illustrates 
architectural components of an on-demand service environ 
ment, in accordance With one embodiment described herein. 
[0020] FIG. 9B depicts a system diagram that illustrates 
additional architectural components of an on-demand service 
environment, in accordance With an embodiment described 
herein. 
[0021] FIG. 10 is a system diagram that illustrates the archi 
tecture of a multi-tenant database environment, according to 
one example. 
[0022] FIG. 11 is a system diagram that illustrates 
examples of additional components of a multi-tenant data 
base environment. 

DETAILED DESCRIPTION 

[0023] While the present invention Will be described With 
reference to a feW speci?c embodiments, the description and 
speci?c embodiments are merely illustrative of the invention 
and are not to be construed as limiting. Various modi?cations 
can be made to the described embodiments. For example, the 
steps of methods shoWn and described herein are not neces 
sarily performed in the order indicated. It should also be 
understood that the methods shoWn and described herein may 
include more or feWer steps than are indicated. In some imple 
mentations, steps described herein as separate steps may be 
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combined. Conversely, What may be described herein as a 
single step may be implemented as multiple steps. 
[0024] Similarly, device functionality may be apportioned 
by grouping or dividing tasks in any convenient fashion. For 
example, When steps are described herein as being performed 
by a single device (e.g., by a single server or a single control 
ler), the steps may alternatively be performed by multiple 
devices and vice versa. 

[0025] OvervieW 
[0026] Various embodiments described herein provide 
improved UI frameworks suitable for a multi-tenant database 
system. As used herein, the terms “multi-tenant database 
system” “multi-tenant database environment,” etc., refer to 
those systems in Which various elements of hardWare and 
softWare of the database system may be shared by one or more 
customers. For example, a given application server may 
simultaneously process requests for a great number of cus 
tomers, and a given database table may store roWs for a 
potentially much greater number of customers. 
[0027] According to some implementations described 
herein, tools for developers are provided that alloW develop 
ers to Write softWare (also referred to herein as “code”) that 
runs on the server side or the client/broWser side. Such imple 
mentations can give the developers more ?exibility and may 
provide a similar number of tools and similar kinds of tools 
for the broWser side and for the server side. If the developer 
Wants to Write relatively complex code for execution on the 
server side, the client side or both, the developer may do so 
using the same framework. 
[0028] According to some such implementations, code 
may be Written in different languages using the same frame 
Work. For example, a developer could Write code for execu 
tion on the server side using JavaTM, ApexTM (a SalesforceTM 
proprietary language), or some other language. The developer 
may choose to Write code for execution on the on the client 
side using another language, such as JavaScriptTM. The 
frameWork may be con?gured to determine What Will be 
executed on the server side and What Will be executed on the 
client side, and may be con?gured to control communications 
betWeen the client and server accordingly. In some embodi 
ments, the language in Which code is Written in Will determine 
Whether the code Will be run on the client side or the server 
side. 
[0029] In some embodiments, data and metadata may be 
prepared on the server side, in response to a request from the 
client. For example, the components themselves may be 
expressed in a markup language, such as Extensible Markup 
Language (“XML”). There may be representations of the 
components on the server and on the client. A server may 
compile the XML into a component tree, e. g., as a Java object. 
Some embodiments provided herein alloW for the instantia 
tion of abstract components.According to some such embodi 
ments, there is no need to create a separate factory or some 
other code to instantiate a non-concrete component as each 
concrete component type. 
[0030] Instead of receiving a markup language such as 
HyperText Markup Language (“HTML”), the client may 
receive an intermediate form of code that it can use for the 
page rendering process. For example, the client may receive 
JavaScript Object Notation (“J SON”) structures as input and 
may re-create the component tree in JavaScript. In alternative 
embodiments, the client may receive another type of code, 
such as XML, JavaScript or Cascading Style Sheets (“CSS”). 
User interfaces may be rendered in a manner that shifts 
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responsibility for rendering HTML elements and control How 
from the server side to the client side, e.g., to a JavaScript 
engine running inside a broWser on a client device. Accord 
ingly, rendering may be performed dynamically on the client 
side. 
[0031] Some embodiments described herein include a 
JavaScript bootstrapping engine that may be loaded by the 
initial page response from the server. That initial page 
response can provide J SON objects representing the data and 
elements on the page. These J SON objects may be suf?cient 
to cause the client to render an entire page. Moreover, these 
I SON objects may be su?icient to initiate the navigation and 
user Work?oW in a manner that may not require a traditional 
server “post-back” under many circumstances. 
[0032] Some embodiments provide a novel interaction 
model betWeen the server and the client. The interaction 
models of other frameWorks are generally server-centric or 
client-centric. In contrast, some implementations described 
herein provide an event model on the client side that is con 
?gured to respond dynamically to user input. According to the 
event model, a client may respond by changing What is ren 
dered on a page in some Way, by communicating With the 
server to obtain an update, by moving on to an entirely dif 
ferent application, etc. In some such embodiments, data may 
only be sent betWeen the client and server in certain circum 
stances or for limited purposes, e.g., for an application pro 
gramming interface (“API”). 
[0033] Both the client and the server may be Working With 
substantially the same data structure, Which may be imple 
mented on both the client side and the server side. HoWever, 
in some implementations the actual instances of a component 
may not be retained on the server side after they are serialiZed 
doWn to the client. 

[0034] These and other aspects of the invention may be 
implemented by various types of hardWare, softWare, ?rm 
Ware, etc. For example, some features of the invention may be 
implemented, at least in part, by machine-readable media that 
include program instructions, state information, etc., for per 
forming various operations described herein. Examples of 
program instructions include both machine code, such as 
produced by a compiler, and ?les containing higher-level 
code that may be executed by the computer using an inter 
preter. Examples of machine-readable media include, but are 
not limited to, magnetic media such as hard disks, ?oppy 
disks, and magnetic tape; optical media such as CD-ROM 
disks; magneto-optical media; and hardWare devices that are 
specially con?gured to store and perform program instruc 
tions, such as read-only memory devices (“ROM”) and ran 
dom access memory (“RAM”). These and other features and 
bene?ts of aspects of the application Will be described in more 
detail beloW With reference to the associated draWings. 
[0035] Lumen 
[0036] Some embodiments of the invention may be 
described herein in the context of an UI frameWork provided 
by the current assignee called “Lumen.” HoWever, the present 
invention is not limited to present or future implementations 
of Lumen. 

[0037] In some embodiments, Lumen pages (or at least the 
initial page) may be authored in markup language, e.g., in a 
manner similar to that of the Visualforce product of the 
present assignee. HoWever, a different rendering engine may 
be used by these pages. Formula syntax may be used to bind 
data betWeen components or to bind to data store ?elds. 
Validation may be done at compile time and/or at runtime. 
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[0038] In some embodiments, at runtime the markup may 
be interpreted by the server to create a server-side represen 
tation of the elements on the page as Well as the data on the 
page. 

[0039] However, in some such embodiments neither the 
elements on the page nor the data on the page Will be rendered 
as HTML. Instead, the response provided by the server to the 
client may include a JavaScript import (Which may be 
referred to as “Lumen.j s”) that can provide client-side Lumen 
functionality. 
[0040] In some implementations, the response provided by 
the server Will not include HTML. Instead, the page may 
comprise a large block of JavaScript, the execution of Which 
(e. g., by a broWser executing on a client machine) renders the 
page dynamically. More details are provided beloW. 

[0041] In some embodiments, the interpretation of the 
JavaScript code creates the client-side image of the data 
stores and component types, as Well as the actual component 
tree and the events that connect components. A user interface 
may be conceptualiZed as a set of “events” (such as JavaScript 
events). When a user interacts With the page on a client device 
(e. g., by clicking on buttons or other areas of the page), these 
interactions Will cause events to “?re” by executing some 
code associated With the event. 

[0042] According to some embodiments, certain events 
may render neW components. Some events may even load 
additional component types from the server dynamically. In 
some embodiments, certain events may simply manipulate or 
validate data on the client. For example, a Well-de?ned, 
robust, client-side API can provide type-safe manipulation of 
client side data and components. Some events may call server 
actions to save data. 

[0043] Accordingly, some embodiments provide a “long 
lasting page.” Control may remain on the client in this client 
side “application” for long periods of time, e.g., for several 
hours. Of course, the client may navigate to another page 
(e.g., due to the operation of a link), Which is the end of the 
page’s lifecycle. HoWever, there may be no predetermined 
period of time during Which the client may remain on the 
original page. 
[0044] Page Authoring 
[0045] Some embodiments may use a tag-based authoring 
environment for component de?nitions. In some embodi 
ments, the rendering of a component de?nition tree can also 
establish the data that is sent to the client, as described in more 
detail beloW. Markup may refer to and/or embed other com 
ponent de?nitions. 
[0046] The term “attributes” as used herein refers to the 
inputs/outputs of a component de?nition. Attributes may be 
typed (for example, as ApexTM Web service types) With vali 
dation at compile time. Accordingly, an Attribute could be a 
primitive such as a “String” or “Integer” or an object such as 
an “Account.” (An “Account” may be an object that corre 
sponds to a roW in a database that contains information such 
as account number, account name, account type, etc.) For 
example, base Apex types include the folloWing: Integer, 
Long, Double, Decimal, Boolean, Time, Date, DateTime, 
String, ID, Blob, null, SObject, List, Set, Map and Compo 
nent. Types may be any of the foregoing, or any object that is 
made up of such types, nested arbitrarily deep. Java types 
include the folloWing: byte, short, int, long, ?oat, double, 
boolean, char and String. These types can also be composed 
into classes and nested. 
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[0047] When a component de?nition is embedded, expres 
sions can be bound to its attributes. The actual runtime 
attribute binding may happen during server-side rendering. 
Binding may, for example, use formula expressions to refer 
ence controller data. Examples of type-checking operations 
that may be performed during the creation of an instance tree 
are provided beloW, With reference to FIG. 4. 
[0048] According to some implementations, attributes that 
are of type “Component” (Which may also be referred to as 
“Facets”) alloW for component de?nition extension. HoW 
ever, in some embodiments such component de?nition exten 
sion may not include all features of “extension” as the term is 
used in object-oriented programming. A component de?ni 
tion can “extend” another component de?nition by providing 
one or more of its Facets. 

[0049] Outside of attribute binding, formula expressions 
can be used in the body of component de?nitions. This can 
cause client-side data binding to take place. This may include 
data substitution during client-rendering. HoWever, in some 
instances (e.g., for input component de?nitions) this may 
include read/Write binding to a data store ?eld. In some 
embodiments, a style sheet language (such as Cascading 
Style Sheets or “CSS”) and/ or other resources may be speci 
?ed for each component de?nition. For ?le-based Lumen 
component de?nitions, such resources may be speci?ed via 
the directory in Which the component de?nition is de?ned). 
[0050] De?ning a Component 
[0051] In some embodiments, component de?nitions may 
be both serve-able resources and the building blocks of other 
component de?nitions. Components may be de?ned by cre 
ating a directory With the name of the component de?nition. 
This section includes an example of de?ning a component, 
according to some embodiments. HoWever, this example is 
not intended to be limiting in any Way. 
[0052] In this example, the ?rst component de?nition Will 
be named “zoozmonkey.” Therefore, the “Zoo” directory Will 
be located and a subdirectory called “monkey” Will be made. 
[0053] There are a number of resources that may be placed 
Within the “zoozmonkey” subdirectory. In some implementa 
tions, the naming conventions of these resources may be used 
to locate and/or identify the resources, rather than requiring 
explicit registration in con?guration ?les: 

[0054] /Zoo/ 
[0055] monkey/ 

[0056] monkey.cmp: In this example, monkey.cmp 
is the only required resource. In some embodi 
ments, this resource must have the same name as 

the component de?nition directory (“monkey,” in 
this example). In some embodiments, this may be 
an XML-formatted ?le that de?nes the API and 
vieW of this component de?nition, e.g., the 
attributes, events throWn, events handled, and a tree 
of other component de?nitions that are the building 
blocks of this component de?nition. 

[0057] monkeyModel.apex: This is an optional 
Apex class that can be used as the model of the 
component de?nition. In some embodiments, 
members, methods and/or properties of this class 
that are annotated With @LumenEnabled Will be 
made available on the client-side. When the con 
structor for the model is called, it may access the 
Component by calling, e.g., “Lumen.Component. 
get( )” The returned component de?nition may 
have “getter” methods for each of the Attributes 



US 2011/0289425 A1 

that Were de?ned on the component de?nition, and 
can be called to retrieve the values that Were passed 
into the component de?nition. 

[0058] monkeyController.apex: This is an optional 
Apex class that can be used to de?ne any Actions 
available to the Component. In some embodiments, 
actions must be static methods annotated With 
@LumenEnabled. According to such embodi 
ments, a Controller Will not be instantiated and 
cannot have any state, because everything on the 
Controller is static. 

[0059] monkeyTheme.css: This is an optional CSS 
stylesheet that Will be loaded When this component 
de?nition is used. This stylesheet can be validated 
to ensure that it only contains style that applies to 
the component de?nition. 

[0060] monkeyController.js: This is an optional 
JavaScript class that de?nes client-side Actions. 
This JavaScript class may be much like the Apex 
Controller, except that these Actions can be 
executed on the client side (e.g., Within a broWser 
executing on a client device) and do not require 
communication With the server. The component 
de?nition may be passed into the Actions as a 
parameter. 

[0061] monkeyRenderer.js: This is an optional 
JavaScript class that de?nes client-side Rendering 
of the Component. TWo examples of methods that 
may be implemented on a client- side Renderer are 
render(Component) and rerender(Component). 
These examples Will be described in more detail 
beloW. If the renderer does not exist, or if either 
method is not de?ned, the behavior may be inher 
ited. The base Renderer implementations should be 
su?icient in most cases. 

[0062] monkeyProviderjs: This is an optional Java 
script class. If the monkey Component De?nition is 
de?ned as an abstract Component De?nition, the 
provider’s ‘provide’ method may be used as a fac 
tory for obtaining a concrete implementation of 
monkey to use at runtime. 

[0063] monkeyProvider.apex: This is an optional 
Apex class. If the monkey Component De?nition is 
de?ned as an abstract Component De?nition, The 
provider’s ‘provide’ method may be used as a fac 
tory for obtaining a concrete implementation of 
monkey to use at runtime. 

[0064] monkeyTest.js: This is an optional JavaS 
cript Object that de?nes a test suite to be run in the 
broWser against various con?gurations of this com 
ponent de?nition. 

[0065] images/: This is an optional directory that 
may be used as the root to any image paths speci?ed 
in the Theme for this component de?nition. 

[0066] Example of a .cmp File Format 
[0067] The folloWing is an example of a .cmp ?le format 
according to one or more embodiments. 

[0068] .cmp ?les should be Well-formed XML. The top 
level tag is <lumen:component/> 
[0069] For example, here is /Zoo/monkey/monkey.cmp: 

<lumen:component> 
<lurnen:attribute nalne=“hair” type=“String” 

default=“bald”/> 
<lurnen:attribute nalne=“emotion” type=“String” 
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-continued 

[0070] De?ning an Apex Controller 
[0071] The folloWing is an example of an Apex Controller 
according to one or more embodiments. 

public class MonkeyController { 
@LumenEnabled 
public static Face feedMonkey (Food food) { 

return neW Face (food) ; 

} 
} 

[0072] De?ning an Apex Model 
[0073] The folloWing is an example of an Apex Model 
according to one or more embodiments. 

public class MonkeyModel { 
private Face face; 
public MonkeyModel ( ) { 

Crnp.zoo.rnonkey comp = 

(Cmp.zoo.monkey) Lumen.Component.get ( ) ; 
this.face = neW Face (comp.getEmotion ( ) ) ; 

@LumenEnabled 
public Face getFace ( ) { 

return face; 
I‘ 

l“ 

[0074] De?nition Relationships 
[0075] Following is an example of a grammar-like repre 
sentation of the relationships betWeen de?nitions and hoW 
they are expressed in markup, according to some embodi 
ments: 

[0076] EventDef 
[0077] Attributes: 
[0078] Extends: EventDef 
[0079] Children: 
[0080] AttributeDef 
[0081] InterfaceDef 
[0082] De?nitions 
[0083] In some embodiments, the types of de?nitions may 
include, but are not limited to, root de?nitions, associate 
de?nitions, subde?nitions, and/ or de?nition references. 
According to some embodiments, de?nitions are objects that 
have a name, a location in source code from Which they 
originate and a descriptor, and that are capable of validating 
themselves. Examples of some de?nitions and their relation 
ships Will noW be described With reference to FIG. 1. 
[0084] Root De?nitions 
[0085] In this example, root de?nitions 104 are top-level 
de?nitions. Other de?nitions may be used by a root de?nition. 
In some embodiments, the Lumen lifecycle starts With a root 
de?nition 104, usually of a component. (According to some 
implementations, a “lifecycle” begins When the server is ini 
tialiZed and the De?nition Registries are created, and ends 
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When the server shuts doWn and the De?nition Registries are 
destroyed. A part of that lifecycle is a single request, in Which 
those registries may be consulted.) Examples of root de?ni 
tions 104 may include, but are not limited to component 
de?nitions, interface de?nitions and event de?nitions, Which 
are referred to herein as ComponentDef, InterfaceDef and 
EventDef, respectively. HoWever, some embodiments pro 
vide other types of root de?nitions. 
[0086] Although such relationships are not indicated in 
FIG. 1, in some instances a root de?nition may be associated 
With another root de?nition. For example, markup language 
for one root de?nition may include a pointer to another root 
de?nition. 
[0087] Associate De?nitions 
[0088] In some embodiments, associate de?nitions 112 are 
external to root de?nitions 104. Associate de?nitions 112 
may have their oWn factories, parsers and caching layers. 
[0089] As shoWn in FIG. 1, one instance of an associate 
de?nition 112 may be shared by multiple root de?nitions 104. 
Here, root de?nition 104a holds references to the descriptors 
of associate de?nitions 112a, 112b, 1120 and 112d. Root 
de?nition 1 04b holds a reference to the descriptor of associate 
de?nition 112d. Root de?nition 104c holds references to the 
descriptors of associate de?nitions 11219 and 1120. Examples 
of associate de?nitions may include, but are not limited to 
controller de?nitions, model de?nitions, provider de?nitions, 
renderer de?nitions, theme de?nitions test suite de?nitions 
and documentation de?nitions (also referred to herein as 
ControllerDef (Client and server), ModelDef, ProviderDef, 
RendererDef, ThemeDef, TestSuiteDef and Documentation 
Def). 
[0090] Subde?nitions 
[0091] In some embodiments, subde?nitions are used to 
de?ne root de?nitions, at least in part. For example, if the root 
de?nition is a component de?nition, the attributes of the 
component may be subde?nitions. An action may be a sub 
de?nition of a controller de?nition. 
[0092] In this example, subde?nitions 108 may be part of a 
root de?nition 104 or an associate de?nition 112. Here, sub 
de?nitions 10811 through 10811 are part of root de?nition 10411. 
In this example, subde?nitions 108 do not have their oWn 
parser, factory or cache. Instead, subde?nitions 108 are stored 
directly on their parent de?nition (here, on root de?nition 
104a). Whatever created the parent de?nition may also be 
responsible for creating the corresponding subde?nitions 
108. Examples of subde?nitions 108 may include, but are not 
limited to: AttributeDef, RegisterEventDef, ActionDef, 
TestCaseDef and ValueDef. 
[0093] De?nition Reference 
[0094] In some embodiments, a de?nition reference or 
“DefRef’ is a special kind of subde?nition that points to 
another de?nition. De?nition references may be used, for 
example, by compilers and parsers. According to some such 
embodiments, at runtime a de?nition reference can be turned 
into an instance of the de?nition to Which it points. Examples 
of de?nition references may include, but are not limited to 
ComponentDefRef and AttributeDefRef. A de?nition refer 
ence is a type of metadata. According to some embodiments, 
a component de?nition has a body that includes other com 
ponent de?nitions. In order to point to these other component 
de?nitions, the component de?nition uses one or more de? 
nition references. 
[0095] For example, When a component is instantiated, the 
component de?nition may include attribute de?nition refer 
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ences for each of the component’s attributes. The attribute 
de?nition reference points to the attribute de?nition that the 
process is attempting to de?ne. 
[0096] LumenContext 
[0097] In one or more embodiments, LumenContexts can 
be created and destroyed by LumenContextFilter (e. g., during 
HTTP requests). Context can have a Mode, Which can be 
passed to the ?lter using the lumen.mode request parameter. 
In some embodiments, the default mode may be “PROD” for 
production mode and otherWise it may be “DEV” (for devel 
opment mode). Some embodiments may also provide various 
testing and instrumentation modes. The mode can be repre 
sented by an enum value based on Which various parts of the 
implementation can make decisions. For example, in PROD 
mode, the JavaScript grouping mechanism may decide to 
compress the JavaScript, Whereas in DEV mode it may not. 
More details regarding LumenContexts are provided beloW, 
e.g., With reference to FIG. 3. 
[0098] OvervieW of a Component Request Procedure 
[0099] Some example component de?nition request proce 
dures Will noW be described With reference to FIGS. 2A and 
2B. FIG. 2A outlines steps of method 200, Which may be 
performed on the server side in one example. FIG. 2A out 
lines the steps of method 200 at a very high level. More details 
are provided beloW With reference to FIG. 3 et seq. 
[0100] In step 204, a server receives and parses a request 
from a client. In this example, the request is for an instance of 
a component de?nition. HoWever, a client may request other 
data structures, such as models, events, event de?nitions, data 
stores, etc. The request may originate, for example, from a 
broWser that is executing on a client device. The request may 
be received, e.g., by a Java servlet executing on a server. 
[0101] According to some embodiments, by Way of the 
request, the client device may be asking the server for a 
component de?nition according to a component name and 
(optionally) according to some attributes. The server may, for 
example, convert all query string attributes in the request into 
strongly typed attributes for the component de?nition. In this 
example, the request is made via HTTP. 
[0102] In step 208, the server either builds or retrieves the 
component de?nition. First, the server may determine 
Whether the component de?nition is already cached. The 
server may query a registry of component de?nitions and 
determine Whether the requested component de?nition is in 
the registry. If the registry does have the de?nition cached, it 
Will return that de?nition. In some embodiments, a parsing 
service caches each component’s de?nition, Which may 
include its markup (its de?nition-references to other compo 
nent de?nitions), its attributes, events, controller reference, 
etc. Resources such as CSS may also be parsed and cached. 
[0103] If the registry does not have the de?nition cached, 
the process may be more complicated. Some details are pro 
vided beloW With reference to FIG. 3 et seq. The server may 
build the component de?nition, including all of its dependen 
cies. 

[0104] In some embodiments, a component de?nition may 
have a server-side controller Whose purpose may include 
providing, during initial rendering time, the initial payload of 
data that is needed by the client. Such controllers may be, for 
example, Apex controllers or Java controllers. In some 
embodiments, attributes may be used to “send” data to a 
server controller during construction. In some Apex-based 
embodiments, a controller can read its attributes and use those 
values locally. Alternately, or additionally, the controller can 
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query What it needs via Salesforce Object Query Language 
(“SOQL”). However, if a parent component de?nition Wants 
to send data to a child component de?nition then the parent 
component de?nition can do so via attributes. Then, the client 
component de?nition may not need to refer to a database 
(e. g., to a parent/ detail page that sends each related list com 
ponent data via a “Rows” attribute, queried as part of the 
initial parent SOQL). In some embodiments, Lumen Apex 
controller de?nitions cache designated (e.g., With @Lume 
nEnabled) getter method de?nitions as Well as designated 
static actions, Which form client-side stub methods for call 
backs to the server. 

[0105] In this example, the server Will use the built or 
created component de?nition(s) to instantiate the component 
de?nition(s). (Step 212.) For example, the server may create 
a component instance tree. In some embodiments, the server 
output to the client may also include metadata about compo 
nent de?nition types on the page. Such metadata may include 
CSS and/or other resources. The server output to the client 
may also include the de?nition of the page structure for client 
side rendering. According to some embodiments, this de?ni 
tion does not include the component instances, only their 
schematic layout (as represented in XML, for example). 
[0106] One or more data structures may be referred to 
herein as “trees.” In some embodiments, a tree may be a 
connected graph that includes tWo or more linked nodes 
Where each node has Zero or more children nodes and Zero or 
more parent nodes. According to some implementations, a 
tree may be a directed graph With an identi?ed root node. 
Thus, in contrast to some common de?nitions of the term 
“tree,” some data structures that may be referred to herein as 
“trees” may be either acyclic or not acyclic. 
[0107] In some embodiments, the server Will create a “skel 
eton” component instance data structure or “tree” that does 
not include all of the details of the component instances. More 
details are provided beloW of hoW such skeleton component 
instance trees may be created and hoW they may be used on 
the client side. 
[0108] According to some implementations provided 
herein, the server Will then serialize the results for transmis 
sion to the client. (Step 216.) According to some such imple 
mentations, the server Will then serialiZe the following: (1) the 
component instance data structure or “tree”; (2) data for the 
component instance tree; and (3) metadata that explains each 
item in the component instance tree. The server may serialize 
those elements into JavaScript Object Notation (“JSON”) 
format, for example. The server may then transmit the serial 
iZed component instance tree, data and metadata to the client. 
(Step 220.) 
[0109] FIG. 2B is a How chart that depicts steps ofmethod 
250, Which involves client-side operations that complement 
the steps of method 200. Method 250 may be performed, at 
least in part, by a broWser executing on a client device. A 
high-level overvieW of one example of such client-side opera 
tions folloWs. 
[0110] In step 224, the client sends to the server a request 
for an instance of a component de?nition. In some embodi 
ments, component de?nitions may be requested in this form: 
/<namespace>/<component>.cmp. 
[0111] For the monkey component referenced above, the 
request could be “/Zoo/monkey.cmp.” If any attributes Were 
de?ned on the monkey component, their values could be 
provided in the query string. The attribute values may be 
validated against the component de?nition. If attribute values 
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Were not provided in the query string, defaults speci?ed in the 
attribute de?nition can be used instead. An example of such a 
query string is: 
[0 1 1 2] /Zoo/monkey. cmp ?hair:fuZZy&emotion:hungry 
[0113] The client receives a response from the server (step 
228), Which in this example includes the serialiZed J SON 
structures that are transmitted in step 220 of method 200. In 
some embodiments, the data structures received in the 
response from the server (e.g., the J SON data structures) can 
be used to initialiZe real JavaScript component instances on 
the client. Encapsulated/closured JavaScript objects for com 
ponents, attributes, ComponentDe?nitions, DataStores, etc., 
may be created. The initial page response can provide J SON 
objects representing the data and elements on the page. These 
J SON objects may be su?icient to cause the client to render an 
entire page. Moreover, these I SON objects may be suf?cient 
to initiate the navigation and user Work?oW in a manner that 
may not require a traditional server “post-back” under most 
circumstances. 
[0114] According to some such embodiments, these 
objects may not alloW direct access to the private closure’s 
data members, alloWing for a robust client-side API. For 
example, in some such embodiments private data cannot be 
addressed externally because the pointers to these data cannot 
be accessed outside of the scope in Which it Was de?ned. 
[0115] The client may use the serialiZed J SON structures as 
input and may re-create the component instance tree, e. g., in 
JavaScript. First, the client may deserialiZe the J SON struc 
tures to create a metadata structure. Such a metadata structure 
may be referred to herein as a “tree” even though not all such 
metadata structures Will necessarily have a tree structure. 
(Step 232.) The J SON structures may be provided as a J SON 
string in text format, Which may be parsed to form a hierarchy 
of loosely-typed JavaScript objects (the metadata tree). These 
JavaScript objects may be considered “maps,” because they 
may not have methods set on them. 

[0116] The client may traverse the metadata tree to create a 
JavaScript instance data structure or “tree.” (Step 236.) The 
client device may knoW the format of the JavaScript tree. In 
this example, the client knoWs that the top-level node is a 
component, because the client had requested a component 
instance. The client device knoWs What the properties of that 
component instance Will be, including properties such as the 
de?nition of that component. The client may traverse the 
JavaScript tree, e.g., in a depth-?rst manner, to initialiZe 
objects from the deserialiZed tree. If the client ?nds a de?ni 
tion in the JavaScript tree, then the client Will initialiZe the 
de?nition. If the client ?nds a name in the JavaScript tree, just 
the descriptor rather than the entire de?nition, then the client 
Will knoW that it has pre-loaded and cached the corresponding 
de?nition. 
[0117] According to some such embodiments, traversing 
the JavaScript tree creates strongly-typed JavaScript objects 
that may be used on the client side for the rendering process. 
This group of strongly-typed JavaScript objects may contain 
both data and metadata, as its counterpart did on the server 
side: the resulting group of strongly-typed JavaScript objects 
may have essentially the same structure that the server started 
With, even though constructed by a different machine and in a 
different language. 
[0118] Then, the client may render the desired component 
instance by traversing the instance tree. In some embodi 
ments, the J SON serialiZed form of the component may con 
tain references to everything that is necessary to run and/or 
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render that component instance. This may include a reference 
to a ComponentDef, a model, a controller, attribute values, 
etc. Such a J SON tree may be quite large and may contain 
many references to the same objects. Therefore, in some 
embodiments, each object may only be serialized in full the 
?rst time it is encountered in the tree. The remaining refer 
ences may, for example, just contain a reference ID that can be 
used to recreate the references in memory on the client. 
Accordingly, in some embodiments the deserialiZation pro 
cess may involve resolving serial reference IDs. 
[0119] The initial response may also include a list of name 
spaces for the client device to pre-load. Different customers 
(or other individuals, groups or entities) may have their oWn 
name spaces. The name spaces may be speci?ed in the de? 
nition of the top-level component that has been requested. All 
of the de?nitions in those name spaces may be pre-loaded and 
cached on the client device, so that these de?nitions do not 
need to be put into the component instance tree provided to 
the client device. Having these de?nitions cached on the 
client device helps to keep the tree (or other data structure) 
provided by the server to the client relatively smaller: the data 
structures that are subsequently provided to the client device 
do not need to include any de?nition data from the cached 
name spaces. 

[0120] Some embodiments described herein include an 
engine, such as a JavaScript bootstrapping engine, that may 
be loaded by the initial page response from the server. In some 
embodiments, the engine may be provided, directly or indi 
rectly, as part of the initial page response. For example, if the 
server determines that a request Was not initiated Within an 
expected UI framework, but Was instead initiated by a client’s 
access of a Uniform Resource Locator (“URL”) associated 
With the server, the response from the server may include the 
engine or a Way of accessing the engine. The server may, e. g., 
include a reference to a resource (including the engine) for the 
client device to doWnload. In other embodiments, the engine 
may already be loaded on the client device and may be 
invoked upon receipt of the initial page response from the 
server. 

[0121] After bootstrapping and initialiZing the client 
engine, the client can create instances. According to some 
such embodiments, there are de?nitions and instances on the 
client side and on the server side. More details of related 
client-side operations Will be described beloW With reference 
to FIG. 6A et seq. 

[0122] Examples of Component De?nition Retrieval and 
Construction 
[0123] Referring noW to FIG. 3, examples of more detailed 
component de?nition retrieval and construction processes 
Will noW be described. Method 300 may be considered a 
compile stage, Wherein the server ?nds the code relevant to a 
request and compiles the code into metadata forms that the 
frameWork can use. Accordingly, method 300 may also be 
considered a metadata creation process. 

[0124] In this example, method 300 begins after a request 
for a component de?nition is received, Which may be sub 
stantially as described above With reference to FIG. 2A or 
FIG. 2B. HoWever, the request may not be for a component 
de?nition. In many occasions the request may be for a com 
ponent de?nition, but the client may request Whatever de? 
nition it has a need for. For example, different de?nitions may 
have been Written by different people and may be controlled 
by different enterprises. The corresponding source code may 
or may not be available to the consumer of that component 
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de?nition. Accordingly, some embodiments involve various 
security checks, examples of Which are described beloW. 
[0125] Some Lumen-Based Examples 
[0126] In step 304, it is determined Whether a class-level 
de?nition for the requested component de?nition is cached. 
In some embodiments, a Lumen Uniform Resource Locator 
(“URL”) routes to a Lumen service, Which attempts to 
retrieve the de?nition for the requested top-level component 
de?nition. Query string parameters can provide values for the 
attributes of that top-level component de?nition. 
[0127] In this example, the request is made via HTTP. As 
noted above, in some Lumen-based embodiments, Lumen 
Contexts can be created and destroyed by LumenContextFil 
ter (e.g., during HTTP requests). In some embodiments, after 
a Context is created by LumenContextFilter, HTTP requests 
are directed to a LumenServlet that is running on the server 
side. For GET requests, LumenServlet may use the Lumen 
ComponentService to construct an instance of the requested 
ComponentDef, mapping request parameters to the named 
AttributeDefs on the ComponentDef, so the values of the 
request parameters can be type-checked, validated, and set on 
the component instance as it is constructed by the Lumen 
ComponentService. 
[0128] According to some such embodiments, a Lumen 
Context can include a MasterDefRegistry, Which can be 
retrieved using the getDefRegistry( ) method. The MasterDe 
fRegistry may be the top-level DefRegistry, Which in turn 
may be a Wrapper around a list of DefRegistries that can load 
and cache De?nitions. The MasterDefRegistries may index 
these delegate registries by DefType and Pre?x. Accordingly, 
in some embodiments there may be one DefRegistry that 
handles De?nitions for any given DefType and Pre?x com 
bination. 
[0129] In some embodiments, the LumenContextFilter can 
look up the LumenContextService, and ask for a registry. The 
service can look up LumenRegistryProvider implementa 
tions that are currently available, aggregate the registries that 
they provide, and they can become the delegate registries in 
the MasterDefRegistry. 
[0130] After the proper registry of component de?nitions 
has been identi?ed, the server may query the registry and 
determine Whether the requested component de?nition is in 
the registry. In some embodiments, a DefRegistry (also 
referred to herein as a “registry”) can include a de?nition 
get(DefDescriptor) method. According to some such embodi 
ments, each DefRegistry may have a DefFactory, Which may 
also be referred to herein as a “factory.” The DefRegistry may 
or may not cache de?nitions that are produced from the Def 
Factory, but can exist as an abstraction for the caching of 
them. Some registries may handle types that are already 
cached elseWhere in the system (such as Apex), Whereas 
others may bene?t from caching in the registry (such as 
Components). 
[0131] If the de?nition is cached in the registry or located 
elseWhere in the system, the de?nition Will be returned. The 
process Will then proceed to step 332, Wherein a component 
de?nition tree Will be updated to include the de?nition. In 
some embodiments, a parsing service caches each compo 
nent’s de?nition, Which may include its markup (its de?ni 
tion-references to other component de?nitions), its attributes, 
events, controller reference, etc. Resources such as CSS may 
also be parsed and cached. 
[0132] If the de?nition is not cached, the process may be 
more complicated. In some embodiments, if the de?nition is 
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not cached the server may locate the corresponding source 
code, parse the source code and then compile that source code 
into a de?nition. Then, the server may determine dependen 
cies, search for those de?nitions, etc. According to some such 
embodiments, if a DefRegistry does not contain the requested 
de?nition, it may pass the request on to an associated “Def 
Factory.” In some embodiments, there may be many imple 
mentations of DefFactories. 
[0133] In this example, if the de?nition is not cached, the 
class-level de?nition source code for the component de?ni 
tion may be located. (Step 308.) The component de?nition 
may then be located Within the source code (step 312), and the 
language and de?nition type of the component de?nition may 
be identi?ed. (Step 316.) The registry for the identi?ed de? 
nition type may then be located (step 320), as Well as the 
parser for the language Within the registry. (Step 324.) 
[0134] The server may then begin an iterative process of 
looking for dependencies. According to some embodiments, 
the server may perform a breadth-?rst search. At each step of 
the search, the server may identify What it needs to compile, 
may obtain the appropriate parser and may obtain the code if 
it is not already cached. The server Will make a list of things 
that still need to be compiled. The server may build the 
component de?nition, including all of its dependencies. 
[0135] Control Over the Compiling of Dependencies and 
Memory Usage; DefDescriptors 
[0136] Some compilation methods described herein are 
particularly advantageous for use in multi-tenant systems. In 
such systems a server (or group of servers) may have a large 
number of requests coming in at substantially the same time. 
Each request may be for multiple component de?nitions, each 
of Which may have dependencies on other component de? 
nitions. 
[0137] Other systems knoWn to the inventors Would per 
form a top-doWn parsing Wherein all dependencies are com 
piled until the process is completed. For example, in the 
source of one ?le, a dependency may be found. That depen 
dency Would be compiled. At that point, the server Would 
have tWo ?les open at once. If the dependency also has a 
dependency, the server Would soon have three ?les open, and 
so on. In a multi-tenant system, the server may be processing 
thousands or tens of thousands of component de?nition 
requests, each of Which may involve many dependencies. 
Therefore, if the server folloWs this procedure it may quickly 
run out of memory. 

[0138] Moreover, other frameWorks involve additional 
memory requirements. For example, some such other frame 
Works have references directly betWeen tWo related de?ni 
tions. Both de?nitions reside in memory concurrently. 
[0139] Instead, some embodiments described herein pro 
vide markers that may be referred to herein as “DefDescrip 
tors.” A de?nition may have a DefDescriptor, Which can act as 
the primary key for the de?nition. Rather than have references 
directly betWeen related de?nitions, a DefDescriptor may be 
used to commemorate the reference. The DefDescriptor may, 
for example, have a string form that can encapsulate Which 
subsystem (language) it is part of, What the logical grouping 
name Within that subsystem is, What its local name Within that 
grouping is and/or What type of de?nition is described, etc. 
[0140] A DefDescriptor may be used as a key in a registry. 
Alternatively, or additionally, a DefDescriptor may be used as 
a key passed to a factory to retrieve the actual de?nition When 
it is needed. This loose coupling of de?nitions alloWs for 
higher performance in large scale multi-tenant systems, 
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Wherein the number of de?nitions required to run the system 
may be very high. In conjunction With a caching system, 
DefDescriptors may alloW for describing a complex hierar 
chy With a reduced memory footprint. DefDescriptors may 
also alloW seamless serialiZation and deserialiZation of these 
hierarchies betWeen distributed systems. 
[0141] Some embodiments provide novel methods of man 
aging component de?nition (and other) requests, so that serv 
ers in multi-tenant systems do not become overWhelmed. In 
order to avoid running out of memory, some compiler 
embodiments of the invention do not compile all of the depen 
dencies at once. 

[0142] Some such embodiments use DefDescriptors to pro 
vide such functionality, at least in part. According to some 
such embodiments, the server may convert What is received in 
a component de?nition request (e. g., a name and the type of 
thing that a client device is looking for) into a DefDescriptor. 
The server may iterate through the component de?nition and 
make a list of all of the DefDescriptors that it Will need to 
compile before it can complete the compilation step; this 
process may, for example, be performed serially. 
[0143] The server may determine What DefDescriptors are 
currently on the list and may compile those in order. The 
server may determine Whether dependencies of tho se DefDe 
scriptors produced another list of DefDescriptors. If so, the 
server may compile those in order, and so on. The server may 
go through a process such as this instead of compiling depen 
dencies as soon as the server ?nds them. 

[0144] For example, after a component de?nition has been 
identi?ed (or built), the server may perform an iterative pro 
cess of searching for the component de?nition’s dependen 
cies and of serially compiling each of the dependencies. 
According to some embodiments, component de?nitions are 
the top-level de?nitions: that is Where a request starts and a 
component tree has to be built from one. 

[0145] HoWever, in some embodiments, the dependencies 
are not necessarily for component de?nitions. Various other 
de?nitions may come into play at some point, such as inter 
face de?nitions, controller de?nitions, action de?nitions, 
model de?nitions, etc. These may all be parts of the depen 
dencies that Will be involved in the compilation process. 
[0146] Other Memory Management Methods 
[0147] According to some embodiments, the server does 
not alloW anything to be stored in a main registryior service 
other requestsiuntil the compilation process is completed. 
The server may have a temporary registry that is used for the 
compilation process. Once the temporary registry is complete 
and everything is compiled in it, then (if the compilation 
process Was successful), the contents of the temporary regis 
try may be transferred into the main registry. Subsequent hits 
can ?nd these contents in the main registry. 
[0148] In part because of the number of possible compo 
nent de?nitions that are made possible according to some 
Lumen embodiments, and also because of the likelihood of 
needing to interact simultaneously With a large number of 
clients (e.g., a million or more), in some embodiments it is not 
practical to have everything simultaneously cached in a 
server, or simultaneously stored in any kind of memory in the 
server. Instead, some embodiments alloW predetermined data 
structures to fall out of memory. 

[0149] For example, if there is a Whole tree, it may not be 
necessary that every part of that tree, of every de?nition that 
tree requires, is in memory at the same time. In some embodi 
ments, at least some de?nitions may fall out to a cache server. 


































