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The present invention is directed geﬂerally to a system and method using
persistent programming to deploy self-contained, executable applications, and

more specifically to a system and method for encapsulating an application such

- that it appears to a user as a single executable file.

As computers become more powerful, software applications provide more
functionality and thus become more complex. Current mechanisms for deploying
applications are complex, typically involving installing multiple files on the
machine on which the apﬁ[ication is deployed. Removing the application or
installing a new version is a complex task and typically prone to errors.

" The process of installing an application involves pliysically transferring
specific applicatiqn components, ensunng the consistency of the complete set of
components, and, perhaps, capturing the loca‘tioﬂs of the components fora
_subsequent uninstailaﬁom )

Current practice hormally handles physical transferring of application
cdmponents by bundling the components as a separate file or package and
extracting them at the destination. This latter step involves storing the extracted
components as individual files, and is done either explicitly by the extraction or
under the control of an installation program. Some programming systems,
particularly those operating on i’C platforms, bundle the components into an

executable program that is simply executed to achieve both steps. Other



installing a new version is a conplex task and typically prone to errors.
\Jhe process of installing an application involves physically transferring
specific application conponents, ensuring the consistency of the conplete
set of components, and, perhaps, capturing the |ocations of the conmponents
for a subsequent uninstallation. Current gractice normal I y handl es physi cal
transferring of application conponents by<bundling the conponents as a

separate fi | Brogrammingsystemsssuchiasdays. dynamically doadithe application componentss

| atter step involves storing the extracted conponents as individual files,
and is done aijupdimexplicitly by the extraction or under the control of an
I nstallation program Sone progranm ng systens, particularly those .

operating on PC plock eiRledUdaboRleltith SAHBNRARI files {nBofkistencies may
develop, particularly if components are shared between applications, or if the
component files can be manipulated directly outside the control of the application.
_ Sonmﬁymgmm,ﬁnexmnpkgpwnﬁtmmﬂhgnaﬁmnﬁkshumnﬁngumnu
 customization data (e.g., screen colors) and application-state data to be
manipulated outside the control of the application. Such manipulation may cause
data inconsistencies.

Oﬂxer systems, such as MacOS®, manage inconsistencies by collecting the
code and data for an appiication into a single file. Still other systems, such as
Solaris®, manage inconsistencies by recording dependencies between software
com@onmn&

Aﬁsonmspohuaﬂzranapﬁﬁcwﬁonhmsbcmnhmuﬂkaatmernmyvﬁﬁhﬂ:
remove or upgrade it. Removing applications or upgrading to a new version
requires knowing. the location of the component files. Some installation programs
?xaneanunhmwMJnognnnathwuﬂaﬁonﬁnmnofmﬁﬁnuenxmwwd;fﬁm
appﬁanﬁnL

None of the conventional systems, however, provides complete
aéplication consistency or persistence of the application's components. Therefore,
a need exists for maintaining the consistency of the application components while

assisting installation, manipulation, and removal of the application.
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The present invention addresses this need by encapsulating the application
components as persistent objects in a single, executable persistent store using a
persistent programming system.

In accordance with the purpose of the invention as embodied and broadly
described herein, the present invention includes an encapsulation system and
method that create a self-contained executable application. A compiler compiles
an application including main source code and initialization code to generate a list
of objects needed for execution of the application. A processiné device executes
the compiled application to cause the initialization code to load the listed objects
as persistent objects into a single persi#_tent' store. The processing device
stabilizes the persistent store to create the self-contained executable application

which appears to a user as a single executable file.

 The accompanying drawings, which are incorporated in and constitute a

part of this specification, illustrate an embodiment of the invention and, together

. with the description, serve to explain the objects, advantages and principles of the

invention. In the drawings,

Fig. 1 is a block diagram of a computer implementing the encapsulation

method of the present invention;

Fig. 2 shows the contents of the memory shown in Fig. 1;
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applications, or if the conponent filesscan be manipul ated directly outside



custom zation data (e.g., screen colors) and application-state data to be
“mani pul ated outside the control of the application. Such mani pul ation-nmay
cause data inconsistencies. Oher systens, such as MacOS[err], nanhage

i nconsi stencies by collecting the code and data for an application into a
single file. Still other systens, such as Solaris[err], nmanage

i nconsi stenci es by recordi ng dependenci eS between software conponents. At
sone poi nt af t er Figa3shpws the: doptentsof dparsistentstotelshawnan Fig2; aad) wi sh to
remove or upgrade it. Renoving applications or upgrading to a new version

requires know ngFighd i§ @ flRwchirt Mustdéng @ PReToeéd implementalfonsf st al | ation
progranms create an uninstall programat installation tine to facilitate

removal - of &Q:%psulation method of the present invention.

The following detailed description of the invention refers to the

accompanying drawings that illustrate preferred embodiments of the invention.
Other embodiments are possible and changes may be made to the embodiments
without depérting from the spirit and scope of the invention. The following
detailed description is, therefore, not to be considered as limiting the invention.
The scope of the invention is defined only by the appended claims.

The present invention encapsulates an application's components, including
all the code, configuration data, resoﬁrces, etc., in a single persistent store, such
that the application appears to a useras a singlé executable file.

Fig. 1 shows a computer 1000 implementing the present invention.

~ Computer 1000 includes processor 1010, memory 1020, and input/output 1030.
Processor 1010 may be any type of processor that executes software applications.
Processor 1010 operates using a persistent programming language, preferably the
Persistent Java (PJava) programming language. PJava, an offspring of Java,
provides orthogonal persistence for Java, meaning that all objects, no matter what
their type, have equal rights to persistence including, longevity and brevity. PJava

is described in an article by Michael J. Jordan entitled "Early Experiences with



application. None of the conventional systens, however, provides conplete
appl i cation consistency or persistence of the applications conponents.
Therefore, a need exists for maintaining the consistency of the application
conponents while assisting installation, manipulation, and renoval of the

appl i cation. 3 SUMVARY OF THE | NVENTI ON The present invention addresses
this need by encapsul ating the applications

Persistent Java,” First International Workshop on Persistence for Java, September
16-18, 1996, which is hereby incorporated by reference.

Memory 1020 includes ROM, RAM, optical disks, etc. for storing the
operating code and application software executed by processor 1010, and any data
needed for their execution. Input/output 1030 includes a keyboard, a mouse, a
monitor, a modem, various disk drives, efc. for permitting communication
between computer 1000 and a user or another computer.

Fig. 2 shows the contents of memory 1020. Memory 1020 preferably
includes operating system 2010, one or more persistent stores 2020, compiler
program 2030, and miscellaneous data and files 2040. Operating system 2010
controls the operation of computer 1000, and compiler 2030 compiles source code
into object code as is commonly known in the art. Persistent stores 2020 are
executable self-contained applications. A persistent store, according to the
present invention, is a single, protected entity containing persistently bound data
and code of the application.

Fig. 3 shows persistent store 2020 in more detail. Persistent store 2020
preferably includes initialization code 3010 and compiled source code 3020. |
Compiled source code 3020 includes persistently bound code and data 3022 and
other various resources 3024 needed for execution of the application.

Initialization code 3010 will be described below with respect to Fig. 4.



conponents as persistent objects in a single, executable persistent store
usi ng a persistent progranmi ng system In accordance with the purpose of
the invention as enbodi ed and broadly described herein, the present

i nvention includes an encapsul ati on system and nethod that create a

sel f-cont ai ned executabl e application. A c@npiler conpiles an application
I ncluding main source_code and initialization code to generate a ]ist of
obj ects needed f drigckisaflowshert of apracedure 4900 dor ensa plieatione

executes the conpiled initialization code to load the |listed objects as
persi stent aktading tonhis isventiog) Entepsalatibe procetiarest00Tlinclpdesdfoasiogigalievi ce

stabilizes the persistent store to create the self-contained executable
appl i cati on gabi h,FRRE A oingife #1065 Ekectife £200] BsHffpure 8500, 3hd StabitlzE 4400.

Encapsulation procedure 4000 begins with compiler 2030 compiling the
application [step 4110]. Preferably, compiler 2030, such as a Java compiier,
generates a list of objects (e.g., code, data, resources, efc.) needed to run the
application [step 4120].

From the perspective of determining the set of needed objects, applications
fall into one of three categories: (1) those for which the set of needed objects can
be determined statically by examining the source code; (2) those which
dynamically choose the needed objects from a fixed, statically determined set at
run time; and (3) a variant of the second category in which the set of loadable
objects is open-ended and the objects have dynamically generated names.

The vast majority of applications fall into the first category and a small
number fall into the second. An example of the third category is a highly

~ integrated program development environment that compiles and loads newly
created source code into the same virfual machine as the environment itself.

Precisely determining the set of objects in the first category requires an
analysis similar to that perfoﬁned by a Java compiler. The Java compiler records
the relevant information in an object file generated by the compiler. The set of
objects reachable from one or more root objects can be determined at application

build time by a transitive closure process. The Java compiler’s ability to specify



BRI EF DESCRI PTI ON OF THE DRAW NGS The acconpanyi ng draw ngs, which are

incorporated in and constitute a part of this specification,

illustrate an
enbodi nrent of the invention and,

together with the description, serve to
expl ain the objects, advantages and principles of the invention. In the

drawings, Fig. 1 is a block diagramof a conputer inplenenting the
encapsul ati on nethod of the present inveritjion; Fig. 2

the nmenory ethengbiegts g gpots supports those applications that ggnerate ggj%c\l\ésnatnpei contents _ of
dynamically, such as those applications in the third category.

In an alternative embodimgnt, only root objects, typically the ones
containing a main method of thé application, are identified, and instances of these
objects are created and made persistent in an application initialization mode (to be
discussed below).

After generating the list of needed objects, processor 1010 launches the
compiled application into the initialization mode [step 4210] discussed above. In
the preferred embodiment, the initialization code is separate from the main source
code, as shoWn in Fig. 3. Upon execution of the application, processor 1010
invokes the appropriate code depending on the mode of operation. Altemnatively,
the initialization mode may be launched by a command-line or screen dialog
argument. This latter method, however, does not provide the clean separation of
the initialization code from the main source code as in the former method.

Executing the initialization code forces all needed objects into one of the
persistent stores 2020 {step 4220]. In the alternative embodiment discussed
above, where an instance of a root object is created and made persistent in the
application initialization mode, processor 1010 exercises a feature of PJava that
forces all objects referenced by the identified root objects to be transitively
loaded.

After all the needed objécts have been loaded into persistent store 2020,

the application may be configured. For example, a user may customize the



4 Fig. 3 shows the contents of a persistent store shown in Fig. 2; and Fig.
4 is a flowhart illustrating a preferred inplenentation of the

encapsul ati on nmet hod of the present invention. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS The fol |l owi ng detail ed description of the invention

refers to the acconpanying draw ngs that |Ilustrate preferred enbodi nents
of the invention er odi nent are ssi bl chan es ma e nmade to
Che enbod: mePRIEHiet keien S0 34 f Regbfie iﬁ%@ﬁf(ﬁvﬁam fatof Rl
invention. The follow ng detail ed descrl ption is, therefore, not to be
consi dered includerghangiggthesaresngolorsn. The scope of the invention is defined
only by t he appended cl ai ns.
Additionally, the user might associate one or more security managers with

the application, a feature permitted by PJava. The security manager permanently

controls the kinds of access users are permitted. The configuration data need not

include only customization data or security managers, but may also include

application state data for use in recovery upon a restart.

Processor 1010 loads this configuration data into persistent store 2020 as a
persistent object [step 4330]. Since the configuration data is persistently stored in
persistent store 2020, the application controls all access to it, ﬁlgreby eliminating
any inconsistency between the configuration data and the code that manipulated it.

After loading the needed objects and the configuration data into persistent -
store 2020, processor 1010 stabilizes persistent store 2020, using the stabilization
feature of PJava which atomically commits the objects to the store {step 4410].
Processor 1010 then verifies and optimizes the objects in persisfent store 2020
[step 4420]. The persxstent store should finally be given a name indicative of the .

application [step 4430] to facllmte ldenhﬁcatlon by a user. The application
resides in a single, protected, executable entity and appears to the user as an

ordinary executable file.

The present invention has the following advantages over conventional

systems:



‘The present invention encapsul ates an application's conponents, including
‘all the code, configuration data, resources, etc, in a single persistent .
store, such that the application appears to a user as a single executable
file. Fig. 1 shows a conputer 1000 inplenenting the present invention.
Comput er 1000 includes processor 1010, nenory 1020, and input/output 1030.
Processor 1010 nay be any type of procesQor t hat executes software

appl i cati ons. PibrFheapplitation objectacamnot becamainvensistentdrecaysead]themi ng

| anguage, preferably the Persistent Java (PJava) progranmm ng | anguage.
PJava, an

LAY IR are' st Sh alsRipiestbRy. Java,
meani ng thgéaj al'l™ obj ec%g%ﬁcgdgatter \?\hatﬁeﬁ?}g% ype, havg{%ﬁual rights to

IR VR RPN T I SR
as PJava objects, it cannot bccome inconsistent with the code that manipulated it.

(2) Locating the objects is easy because all of the objects are persistently
bound and physically located in the same store.

(3) Removing the application entails simply deleting the store. A new
version of the application may be deployed either by completely replacing the
existing store, or b& applying an evolution tool to the store. Because Java
provides full type information for all objects, the code may be incrementally
updated and the configuration data may be reliably and easily migrated.

The foregoing description of preferred embodiments of the present
invention has been presented for purposes of illustration and description. It is not
intended to be exhaustive or to limit the invention to the precise form disclosed,
and modifications and variations are possible in light of the above teachings or
nmybeamnﬁnﬂjhnnpnmﬁceofﬂmimwmﬁon.Fbraamqmaﬂmmmnqum
executing the encapsulation method of the present invention need not operate
using the PJava programming language, but may alternatively operate using
another persistent programming language. The scope of the invention is defined

_ by the claims and their equivalents.



S Per si EM] ‘International Wrkshop on Persi st enFrIS SREPRY@S m_u,f‘_
Sept enb m mm'ﬂ%m ich is hereby incorporated by refergnce. ﬁ\@{m&g '
1020 i nclFudes ROW optical disks, etc. for storing the ! S
and application software executed by processor 1010, and any data needed
for their execution. I|nput/output 1030 i k9 udes a keyboard, a nouse, a

moni tor, a R rVAY ix PuLkS sk drives, etc. for permtting communication
' ¥ tdser or another conputer.

1. A method of creating a self-contained executable application
comprising the steps of:

compiling an application including main source code and initialization
code to generate a list of objects needed for execution of the application;

exef.'.uting the compiled application to cause the initialization code to load
the listed objects as persistent objécts into a single persistent store; and

stabilizing the persistént store to create the self-contained executable

application.

2. The method of claim 1, further comprising the step of
configuring the application by permitting a user to enter customization

data to customize the application.

3. The method of claim 2, wherein the configuring step includes the
substep of -

associating a security manager to the application.

4, The method of claim 3, wherein the configuring step further
includes the substep of

loading the customization data and security manager as persistent

objects into the persistent store.

Sheet Has Been RTlaced

il L



oper af one or nore persistent stores 2020, donpi l EEPMGEH am
2030, "andenisscel | dnedus data and files 2040. Operating system Z0TOCoft+oks
t he operation of conput er 1000, and conpiler 2030 conpiles source code into
obj ect code as is’ comonly known in the art Persistent stores 2020 are

execut abl e sel f-cont ed p|IC t.iQ e SISt nt, store, .agco dlng to
the present invehtionlh¢@® °§‘19fgﬂ%m r "éE‘f‘éée FﬁPdPﬂP

persistently bound data and code of the appllcatlon Fig. 3 shoms
persi stent substepof020 in nore detail. Persistent store 2020 preferably
I ncludes initialization code 3010 and conpil ed source code 3020. Conpil ed

source code 3020 incl y5jAmghe ShitbRitiatibn At WS peRdReAibic Rc@e2 and

persistent store.

Fig. g mmmnmnts of memory 1020. Menory 1020 pref erjabil§ ShEATudes peey

6. The method of claim 1, wherein the stabilizing step comprises the

substeps of
atomically committing the listed objects to the persistent store; and
verifying that all the objects are persistently stored in the persistent
store.

7. A computer readable medium configured to store instructions to
create a self-contained executable application, the instructions being capable of
causing a computer to perform the steps of:

generating a list of objects needed for execution of an application
including iniﬁaliiation coda and main source code;

executing the initialization code to load the listed objects as persistent
objects into a single persistent store; and
stabilizing the persistent store to create the self-contained executable

application.
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ious resources 3024 needed for execution of the ap

| . .
"I n| ti “‘m 010 wi || be described bel ow with respegt fr{lglslﬂ T HAS BEEN
6 Fi i‘“ﬂﬁ\m art of a procedure 4000 for encapsul atiing anRE LAC?:D
appl ¢ or+

afcofding to this invention. Encapsul ati on procedure 4000
|nclgdes four logical groups of steps: cogpile 4100, execute 4200,

configure 4300, %gd stabilize 4400. E su,l ation E%’i re 4000 begi ns
with conpiler 20 r@.%‘ﬁ’@@ﬁ%ﬁ? #E’E@B licg$jops or o) v,

conpi | er 2030, such as a Java conpil er,
comprising:

a compiler configured to compile an application including initialization
code and main source code and to generate a list of objects needed for execution
of the application;

a memory device configured to store a persistent store;

a processing device connected to the compiler and the memory device and
configured to execute the initialization code to load the listed objects as persistent

objects into the persistent store, and to stabilize the persistent store to create the

self-contained executable appl_ication.

9, A self-contained, computer executable application stored on a
storage medium comprising:'
persistent code objects wmpﬁshg all code needed for execution of the
application;
persistent data objects comprising all data needed for execution of the
application, the pel;sistent data objects being liriked to the persistent code objects
and being configured to be executed by respective ones of the persistent code

objects; and

i persistent configuration data objects configured to record a state of the

application;

Thll Sllsillileltlilii i Rﬁ




generates a lis obiects (e.g., code, data, resources, etc| JHI§e8HED HAS BEEN
‘run-th Mmﬂm \ﬂ ep 4120]. Fromthe perspective of detefm ni MEPLABED
set of

' + applications fall into one of three categorres (1)
those for which the set of needed objects can be determ ned statically by

exam ning the source code; (2) those whi a3 dynam cally choose the needed
objects froma fixed, statically.determined set. at.cun tine..and.(3) a
vari ant of the sé%@rﬂfr%ﬁf%% °¥4?°§?m§3dﬂ‘9?ﬁk"“§‘gf‘a‘8~r°b!‘?§ d%‘im%ﬂ%Bf‘éﬁt S

open-ended and the objects have dynami cally generated nanes. The vast
maj ority of copfiguration data objeicts tieingstoted in iarsingle persigtent executablefilaion nunber
fall into the second. An exanple of the third category is a highly
integrated pajdcsterapéiieah@pnent environment that conpiles and |oads newy

10.- The method of claim 1, further comprising the steps of
associating a security manager to the application; and

loading the security manager as a persistent object into the persistent store.

11.  The method of claim 1, further comprising the steps of
recording a state of the application; and

loading the application state as a persistent object into the persistent store.

12.  The computer readable medium of claim 7, wherein the
instructions further being capable of causing the computer to perform the step of
configuring the application by permitting a user to enter customization

data to customize the application.

13.  The computer readable medium of claim 12, wherein the
configuring step comprises the substep of

associating a security manager to the application.

This Sheet Has Been.RTlaced




created source code into the sane virtual nachine as the env| THISWHEET HAS BEEN
I tsel | rmning the set of objects in the first cat ~
lmmmmwmmﬁ o

r equi imlar to that perfornmed by a Java conprte+
conpiler records the relevant information in an object file generated by
the conpiler. The set of objects reachablyg fromone or nore root objects

can be determ ne t aﬁFEI .%H:Q j j i 1L | osure

process. The Javg“%onpl erd lfs?’!dat | |éﬂyl€%1usi§§10$%§}m i%qgﬁ'%gl}ﬁ%%j ects as roots
orts those _applicatio t hat .gener at.e obj ect name

SR Ot S N nfighiing step further comprises the substep Of S

loading the customization data and the security manager as

~ persistent objects into the persistent store.

15.  The computer readable medium of claim 12, wherein the

configuring step comprises the substep of
loading the customization data as persistent objects into the
persistent store.
10

16.  The computer readable medium of claim 7, wherein the stabilizing
step comprises the substeps of |
| atomically committing the listed objects to the persistent store; and

verifying that all the objects are persistently stored in the persistent

17.  The computer readable medium of claim 7, wherein the
instructions further being capable of causing the computer to perform the steps of
associating a security manager to the application; and

loading the security manager as a persistent object into the persistent store.

This Sheet Has Been RTlaced
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dynam ose appli cations in the third cat eg
alter nﬂnlm mmummn only root objects, typically the orQ?ISCO fﬂ&éﬁf B%EN
mai n nethotl of t"esapplication, are ident i £ i ed, and instances nf

objects are created and nmade persistent in an application initialization
node (to be discussed bel ow). After genergting the | i st of needed objects,
processor 1010 | gunch t he c e I ca the nitialization
mode [step 4210] “disc 88“‘33 df’ﬂlct'ﬁgd' é?flér é’%&ed?ﬁbent t he
initialization code is separate fromthe mai n source code, as shovvn in Fig.

3. Upon exeinstructionsifurther being capableof capsing thesomputerdo pesformutherstaps of

appropri ate code depending on the node of operation. Alternatively, the
initialization mpstdrdiny alstate aptheapglidution; asdmand-1ine or screen dial og

loading the application state as a persistent object into the persistent store.

19.  The system of claim 8, further comprising
a configuration device configured to permit a user to enter customization

data to customize the application.

20.  The system of claim 19, wherein the configuration device includes
an association device configured to associate a security manager to

the application.

21.  The system of claim 20, wherein the configuration device
comprises
a loading device configured to load the customization data and the

security manager as persistent objects into the persistent store.

22.  The system of claim 19, wherein the configuration device
comprises
a loading device configured to loz#i ﬁe customization data as |
persistent objects into the persistent store.
I —
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argu ' ter nethod, however, does not provide the c S
sepamm“ ﬂ tialization code fromthe main source c BEEN
, St : edeng
M

f or mer ing the initialization code forces all

into one of the persistent stores 2020 [step 4220]. In the alter.natlve
enbodi nent di scussed above, where an msta&ce of a root object is created
and made persistent in the application i % i alization node, processor 1010

exercises a feat @3 ofmsyswmeCIaﬁmBmhemmmob;msmgdﬂvmmwmy t he
identified root objects to be transitively |oaded. After all the needed

obj ects have been | oadggkal maﬁ.@lﬁd itit thd'BstéPbie@std on may be
configured. For exarrplﬁ Stab user y cug?%d%hg&elﬁy it th ’
the persistent store, and to verify that all the objects are persistently stored

in the persistent store.

24.  The system of claim 8, further comprising

an association device configured to associate a security manager to the
application; and

a loading device configured to load the security manager as a persistent

object into the persistent store.

.25, The system of claim 8, further comprising
a recording device configured to record a state of the application; and
a loading device configured to load the application state as a persistent

object into the persistent store.-

26.  The self-contained, computer executable application of claim 9,
wherein the persistent configuration data objects further comprise
persistent customization data objects configured to customize the

application.
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4310] via a graphic user interface (GU upirem
‘m gm’"ﬁm l"@”@?#ﬁl ng the screen colors. Additionall Y, t hd )Tlh{s‘erﬁmgigﬁam
on

associ dtet e security managers wth the applicati dn,—aféat-lre.
permtted by PJava. The security manager permanently controls the kinds of
access users are permtted. The configuration data need not include only
custom zation data or security managers, Bdt may al so i nclude application

state data for ud.in Thecselfecontaiped; camputer executableoapplication ofl daim8ds t hi s
configuration data into persistent store 2020 as a

wherein the persistent configuration data objects further include
persistent security manager data objects configured to associate a

security manager to the application.
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persi stent object [step 4330]. Since the configuration data {3JHIBEREST HRS|BEEN '
stored in persistent store 2020, the- appl ication controls all| accegPLACEDHt .
t hereby elimnating any inconsistency between the confi gurat For—tata—ane-

the code that manipulated it. After |oading the needed objects and the
configuration data into persistent store 2020, processor 1010 stabilizes
persistent store 2020, using the stabilization feature of PJava which
atom cally commits the objects to thel8tore [step 4410]. Processor 1010
then verifi pggprafdren mmmmjmmu mmemmtm OBPLAYANG st ep

4420] . The persiste Iﬂ#ﬂ APpiyerYoNg | ndi cative of
the application [stée gm’iﬁl%i to al.j(:til [ tate | entification by a user. The

applicati oroABSFRAECT I N a single, protected, executable entity and appears
to the user as an ordinary executable file.

The invention creates a self-contained executable application. A compiler
compiles an application including main source code and initialization cods to
generate a list of objects needed for execution of the application. A processing
device executes the compiled application to cause the initialization code to load
the listed objects as persistent objects into a single persistent store. The
processing device then stabilizes the persisfent store to create the self-contained

executable application which appears to a user as a single executable file.

—_—
This Sheet Has

T



The present invention has the foll ow ng advant ages over conventi onal

© systens: 9 (1) The application objects cannot becone inconsistent
because all the objects (including both code and data) are persistently
stored in a single store. Furthernore, because the configuration data is
also contained in this single store, as PJava objects, it cannot becone
“inconsistent with the code that manipulated it. (2) Locating the objects is
‘easy because all of the objects are persistently
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PROCESSOR
INPUT/OUTPUT
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bound and physically located in the same store. (3) Renbving the
application entails sinply deleting the store. A new version of the
application nmay be depl oyed either by conpletely replacing the existing
store, or by applying an evolution tool to the store. Because Java provides
full type information for all objects, the code may be increnentally
updated and the configuration data may be reliably and easily mgrated. The
foregoi ng description of preferred enbodi nents of the present invention has

been presented for purposes of illustrajjpn and description. It is not
intended to be exhaustive or to limt the inventj to the precise form
di scl osed, and nodifications and variations are t ible in light of the
above teachings or may be acquired from practi of the invention. For
exarrpl e, thg—computer
| MEMORY
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executing the encapsul ati on nmet hod of the present invention need not
soperate using the PJava programm ng | anguage, but may alternatively operate
usi ng anot her persistent progranmm ng | anguage. The scope of the invention
is defined by the clains and their equival ents. 10 WHAT IS CLAI MED I S:
1. A nmethod of creating a self-contained executable application
conprising the steps of:

3/4
/A§920
PERSISTENT STORE 3020
COMPILED SOURCE
CODE 3022
¢
/_‘3/010 CODE DATA /
CODE DATA
INITIALIZATION '
CODE
o0 @
CODE DATA
V//3024
OTHER /
RESOURCES

FIG. 3



.

conpiling an application including main source code and initialization code
to generate a |list of objects needed for execution of the application;

| oadi ng the conpiled source code into a single persistent store; executing
the conpiled initialization code to load the listed objects as persistent
objects into the persistent store; and stabilizing the persistent store to
create the self-contained executable application. 2. The net hod of claim
1, further conprising the step of configuring tW@d4applica

tion by permtting
a user to enter custom gatTomrdaye tofTUSTONTZE t he '  on. 3. The
met hod of claim 2, mhesaiq_ﬁhe cynf igpuiang st eps gicl udes the substep of
associ ating a securitxgmng%r t ¢ t@ gpﬁ.'i%at ong @
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4. The nethod of claim 3, wherein the configuring step further includes
the substep of |oading the custom zati'on'data and security manager as
persi stent objects into the persistent store. 5. The net hod of claim

2, wherein the configuring step includes the substep of |oading the
custon1zat|on data as persistent objects into the persistent store. 6.

The nmethod of claim 1, wherein the stabil8zing step conprises the substeps
of atonically pEHgidtEND PROGRAMMENGOSYSTEM ANDtMBTHODS FORePEPEOYING and

verifying that SELF-CONTAINED EXECUTABLE APPLICATIONS
ABSTRACT

The invention creates a self-contained executable _applicatidm A compiler
| ‘compiles an application including main source code and iniﬁaliz'l;ation code to
generate a hst of objects needed for execution of the applicaﬁoxi. A processing
device exec;utm the compiled application to cause the initialization code fo load
the listed objects as persistent objects into a single persistent store. The
proces_i_sing device then stabilizes the mm&ent store to create the self-contained

executable application which appears to a user as a single executable file.

Figure 4
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all theiobjects are peréistently stored in the persistent store. 6705%64—(
conput-er keadabl e medium configured to store ipstructions to ¢reate a self-
cont ai ned executabl e application, the instructions being capable of causing
a conputer to performthe steps of generating a |ist of iﬁmuﬂ.ﬁm 'jor
execution of an application including inggialization cod ,I
code; loading the_ source code_into asingle persistent store: “execdti g the
initialization T4l :i sted objects as persistent objects into
the persistent store; and stabilizing the persistent store to create the
sel f-contai ned executabl e application.

1. A method of creating a self-contained executable application comprising the steps

of:

compiling an application including main source code and initialization code
to generate a list of- objects needed for execution of the application;
loading the compiled source code into a single persistent store;
executing the compiled application to cause the initialization code to load the listed
objects as persistent objects into a single the persistent store; and stabilizing the
persistent store to create the self-contained executable application.

2. The method of claim 1, further comprising the step of configuring the application
by permitting a user to enter customization date to customize the

application.

3. The method of claim 2, wherein the configuring steps includes the substep of

associating a security manager to the application.

4. The method of claim 3, wherein the configuring step further
includes the substep of |
loading the customization data and security manager as persistent objects into the

persistent store.
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12 8. | A systemto create a self-contained executabl e application

conpri'sing: a conpiler configured fo conpile an applicat |—en—4—nc—l—ud4—ng‘_
initialization code and nain source code and to generate a m of ob ects

needed for execution of the application; a nenory device c ,Huml L”um

store a persistent store; a processing demjce connect ed to
the nmenory device and configured to |oad the conpil ed source code into the
persistent store to execute the conpiled initialization code to |oad the
listed objects into the persistent store and

5. The method of claim 2, wherein the configuring step includes the substep of
loading the customization data as persistent objects into the persistent store.

6. The method of claim 1, wherein the stabilizing step comprises the substeps of
atomically committing the listed objects to the persistent store; and verifying that
all the objects are persistently stored in the persistent store.

7. A computer readable medium configured to store instructions to create a self-
contained executable application, the instructions being capable of causing a
computer to perform the steps of:

generating a list of objects needed for execution of an application including
initialization code and main source code; '
loading the source code into a single persistent store;
executing the initialization code to load the listed objects as persistent objects into
a single the persistent store; and

stabilizing the persistent store to create the self-contained executable application.

THIS SHEET HAS BEEN
REPLACED
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ito stabilize the persistent store to create the sel f-contained executable
appli €ati-gn. 9. A self contained, conputer.executable application
stored on a storage nmedi um conprising: persistent code ob”mmsmnﬂmmmmm
‘all conpil ed source code needed for execution of the appl

persistent data objects conprising all dagta needed for exetut fon of" tRe
application, the persistentdata objects being |inked to the persistent code
obj ects and being configured to be executed by respective ones of the

persistent codegobj edlGstetd cREle D seif2Britaif el (xeaitibftl dpplicatioh 8o

‘configured to record a"state of the application; said persistent code

obj ects, said persi sﬁmmwwf@dﬂﬁmﬂmpmﬂw @F@@@EM@@W@M@
data obj ects being spaiaduich cideSind % E_enQFaEeSi fidt ©F bbjects needed for execution of the

application;

a memory device configured to store a persistent store;

a processing device connected to the compiler and the memory device and
configured to load the compiled source code into the persistent store to execute the
compiled initialization code to load the listed objects into the persistent store and
to stabilize the persistent store to create ﬁxe self-contained executable application.

9. A self contained, computer executable application stored on a storage medium

comprising:

persistent code objects comprising all source code needed for execution of the

application;

persistent data objects comprising all date needed for execution of the application,

the persistent date objects being linked to the persistent code objects and being

configured to be executed by respective ones of the persistent code objects; and
persistent configuration data objects configured to record a state of the
application; said persistent code objects, said persistent data objects, and

said persistent configuration data objects being stored in a single persistent

executable file on said storage medium.
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|
execut abl e }I | e on said st.orage nmedium | 13 10. Fhre—nethod nf rl aim 1
xfurther conprl sing the steps of associating a securit
appl i cation; and | oading the security manager as a peaﬂiﬂﬂ% J"ﬂ I
't he persistent store. 11. The nethod of claim1, fu

‘'steps of recording a state of the application; and | oadi ng the appl i catlon
state as a persistent object into the pelr3| stent store.

10.- The method of claim 1, further comprising the steps of
associating a security manager to the application; and

loading the security manager as a persistent object into the persistent store.

11.  The method of claim 1, further comprising the steps of
recording a state of the application; and

loading the application state as a persistent object into the persistent store.

12.  The computer readable medium of claim 7, wherein the
instructions further being capable of causing the computer to perform the step of

configuring the application by permitting a user to enter customization

data to customize the application.

13.  The computer readable medium of claim 12, wherein the
configuring step comprises the substep of

associating a security manager to the application.
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12.  The conputer readabl e mediumof claim7, wherein the instructions

further being capable of ¢ausing the conputer .to perfor
configuring the application by permitting a user to ent rerummml,ﬁmﬁ "H ’!"
data to custom ze the application. 13. The conputer reallabfe fvedi um o

claim 12, wherein the configuring step conpnygses the substep of associating

a security manager 4q thernilifidd r@fiable médium of claim 13, wherein the
configuring step further comprises the substep of
loading the customization data and the security manager as

persistent objects info the persistent store.

15.  The computer readable medium of claim 12, wherein the
configuring step comprises the substep of
| loading the customization data as persistent objects into the
persistent store.
10
16. | The computer readable medium of claim 7, wherein the stabilizing
step comprises the substeps of
atomically committing the listed objects to the persistent store; and
verifying that all the objects are persistently stored in the persistent

store.

17.  The computer readable medium of claim 7, wherein the
instructions further being capable of causing the computer to perform the steps of
associating a security manager to the application; and

loading the security manager as a persistent object into the persistent store.
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?14 dabl e nmedi um of claim 13, wherein the configuring
st ep fu U he substep of | oading the custom zation data and
the securi t«y na persi stent objects into the persi stent store. 15.

The conputer readabl e nedi umof claim 12, wherein the configuring step
conprises the substep of |oading the customisati on data as persistent

objects into the pengi st g coiiputr rdddable mediADICRERY, Whefergtb! € medi um of
claim7, wherein the stabilizing step conprises the substeps of
instructions further being capable of causing the computer to perform the steps of
recording a state of the application; and

loading the application state as a persistent object into the persistent store.

19.  The system of claim 8, further comprising

a configuration device configured to permit a user to enter customization

datd to customize the application.

20.  The system of claim 19, wherein the configuration device includes
an association device configured to associate a security manager to

the application.

21.  The system of claim 20, wherein the configuration device

comprises
a loading device configured to load the customization data and the

security manager as persistent objects into the persistent store.

22.  The system of claim 19, wherein the configuration device
comprises
a loading device configured to load the customization data as

persistent objects into the persistent store.
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atom ca |isted objects to the persistent store; and
verlfyln he objects are persistent]y stored in the persistent
store. Wﬁ‘g& readabl e nedi um of claim 7, wherein the

i nstructions g capabl e of causing the conputer to performthe
steps of associati ng a securi ty manager to tlge application; and |oading the

security nanager as ergistent g
Y g ’§1p ﬁle system otb d z%ﬁ;[ 8, w%e?exh%a ecrzesslsﬁtg ;[rlcgg(o?trrx%nses 15

a stabilizer configured to atomically commit the listed objects to
the persistent store, and to verify that all the objects are persistently stored

in the persistent store.

24.  The system of claim 8, further comprising

an association device configured to associate a security manager to the
application; and

a loading device configured to load the security manager as a persistent

object into the persistent store.

25.  The system of claim 8, further comprising
a recording device configured to record a state of the application; and
a loading device configured to load the application state as a persistent

object into the persistent store.-

26.  The self-contained, computer executable application of claim 9,
wherein the persistent configuration data objects further comprise
persistent customization data objects configured to customize the

application.
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e conputer readabl e medi um of claim 7, wherein the instructions
furt her JM‘E ﬁﬂmﬂ‘m ﬂll cau5| ng the conputer.to performthe steps of
recor di application; and | oading the applicatioh state as
a persi st ent® Obj elt nto the persistent store. 19. The system of claim 8,
further conprising a configuration device cogtll gured to permit a user to

enter custom zati on.dat a 4,0 to t he ica t em of
claim 19, wherein tﬁg cor#lf ﬂs—qqng‘neéiewxgg E’fﬁ?ﬂ@bp qppﬁg%tbo& %é]ﬁ?%‘ﬂy evi ce
configured to associate a securit manager to the application. 21. The
system of cl ai Wirgsin fhepessistenteo idata ehjectefiurther include

persistent security manager data objects configured to associate a

security manager to the application.
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conprises a | oading device confi gured to |load the custonization dataQrIlDB%#-
the security nanager as persistent objects into the persistent store. 22.

The syste m "' mm ein the configuration device conprises a
| oadi ng de\l Illwﬂ nluﬂllla Io | oad the' customi zation data as persi stent
objects intd tRe perSistertt store. 16 N

10

WHAT IS CLAIMED IS:

1. A method of creating a self-contained executable application comprising the steps
of:
compiling an application ihcluding main source code and initialization code
to generate a list of-objects needed for execution of the application;
loading the co_mpiled source code into a single persistent store;
executing. the compiled initialization cods to load the listed
objects as persistent objects into the - persistent stcre; and stabilizing the

persistent store to create the self-contained executable application.

2. The method of claim 1, further comprising the step of configuring the application
by permitting a user to enter customization date to customize the
application.

3. .The method of claim 2, wherein the configuring steps includes the substep of

associating a security manager to the application.

4. The method of claim 3, wherein the configuring step further
" includes the substep of
loading the customization data and security manager as persistent objects into the

persistent store.
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23. | Them&— wherein the processing device conprises a

stabi | i zer”W' omcally commt the listed objects to the
per si st ent mﬁmﬂmﬂﬁ”nhl fy that all the objects are persistently
stored in the persi 9temt store. 24. ~ The systemof claim8, further
conprising an -associ ati on device confipured to associate a security manager
to the application; and a | oading device configured to | oad the security

manager as ‘a persistent object into the persistent store. 25. The system

of claim8, BurthescambicRialth fILGRRAIMA RRcHBle GEIRIRI Belio record a
state of the application; and
a compiler configured to compile an application including initialization code and

main source code and to generate a list of objects needed for execution of the
application; |

a memory device configﬁred to store a persistent store;

a processing device connected to the compiler and the mcmory. device and
configured to load the compiled source code info the persistent store to execute the
compiled initialization code to load the listed objects into the persistent store and

to stabilize the persistent store to create the self-contained executable application.

9. A self contained, computer c:éccutable application stored on a storage medium

comprising: |

persistent code objects comprising all source code needed for execution of the

application; _

persistent data objects comprising all date needed for execution of the application,

the persistentdata objects being linked to the persistent code objects and being

configured to be executed by respective ones of the persistent code objects; and
persistent configuration data objects configured to record a state of the
application; said persistent code objects, said persistent data ijects, and

said persistent configuration data objects being stored in a single persistent

executable file on said storage medium.
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a | dadiing device configured to |oad the application state as a persi@?@étgéq I
object into the persistent store. 26. The sel f-contai ned, conputer

execut abl e application of claim9, wherein the persistent configuration

data objects further conprise persistent custom zation data objects
configured to custom ze the application. 17 27. The sel f-cont ai ned,

conput er execut abl e application of claim93

The present invention addresses this need by encapsulating the application
components as persistent objects in a single, executable persistcnt store using a

persistent programming system. )

In accordance with the purpose of the invention as embodied and broadly
described herein, the present invention includes an encapsulation system and
method that create a self-contained executable application. A compiler compiles
an a'pplicétidn including main source codé and ixﬁtié.lization code to generate a list
of objects needed for execution of the application. A prooessiﬁg device executes
the compilea initialization code to load the listed objects as persistent objects
into a single persistent store. The processing device stabilizes the persistent

store to create the self-contained executable application which appears to a user

as a single executable file.

F DESC ONOF THED GS
The accompanying drawings, which are incorporated in and constitute a
part of this speciﬁcé.ﬁon, illustrate an embodiment of the invention and, together
with the dcscriptioﬁ, serve to explain the objects, advantages and principles of the
inven"cion. In the drawings,
Fig. 1 is a block diagram of a computer implementing the encapsulation
method of the present invention;

Fig. 2 shows the contents of the memory shown in Fig. 1;
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wherein the persi stent configuration data dbj ects further include
persi stent securi. ty manager dat a Obj ects conflgured to associate a security
manager tot he dppl recatton: : :

A

11

5. The method of claim 2, wherein the configuring step includes the substep of
loading the customization data as persistent objects into the persistent store.

6. The method of claim 1, wherein the-stabilizing step comprises the substeps of
atomically committing the listed objects to the persistent store; and verifying that

all the objects are persistently stored in the persistent store.

7. A computer readable medium conﬁgured to store instructions to create a self-
contained executable application, the instructions being capable of causing a
computer to perform the steps of:

generating a list of objects needed for execution of an application including
initialization code and main source code; _
loading the source code into a.single persistent store; _
executing the initialization code to load the listed objects as persistent objects into
the persistent store; and

stabilizing the persistent store to create the self-contained executable application.
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8. A system to create a self-contained éxecutable application comprising:
a compiler configured to compile an application including initialization code and

main source code and to generate a list of objects needed for execution of the

application;
a memory device configured to store a persistent store;
a processing device connected to the compiler and the memory device and
configured to load the compiled source code into the persistent store to execute the
compiled initialization code to load the listed objects into the persistent store and

to stabilize the persistent store to create the self-contained executable application.

9. A self contained, computer executable application stored on a storage medium

comprising:
persistent code objects comprising all compiled source code needed for execution

of the application;

persistent data objects comprising all data needed for execution of the application,

the persistentdata objects being linked to the persistent code objects and being '

configured to be executed by respective ones of the persistent 6ode objects; and
persistent configuration data objects configured to record a state of the
application; said persistent code objects, said persistent data objccfs, and

said persistent configuration data objects being stored in a single persistent

executable file on said storage medium.
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