
Non-Existent Foo & Bar Co.Pro
ess-Change Proposal #28770June 8, 2006
To: Imagine A. ManagerDire
tor, Distributed-Appli
ationsFrom: Suraj N. KurapatiAnalyst, Resear
h & DevelopmentProposal: Use Java RMI to en
apsulate low-level inter-pro
ess 
ommuni
ationin our distributed-appli
ations.Start Date: 1st April 2005.Duration: 6 weeks for evaluation.Requested Funds: $300.00

1



Abstra
tPresently, our distributed-appli
ations employ a low-level approa
hto inter-pro
ess 
ommuni
ation1 (IPC), whi
h burdens our programmerswith proto
ol-design and -syn
hronization issues that are unimportantto the business logi
 they implement. To 
ir
umvent these issues in thefuture, the use of a high-level approa
h to IPC, su
h as Java RMI, is sug-gested; for su
h an approa
h 
an shorten development time, redu
e devel-opment 
osts, and improve the reliability of our distributed-appli
ations.
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9 Java sour
e-
ode whi
h represents our dire
tor's a
tions in issuinga monetary bonus to several brilliant employees. . . . . . . . . . 2510 An example of traditional RPC, written in pseudo-
ode akin tothe Java programming language. Here, pro
ess A instru
ts pro-
ess B to 
ompute and return the sum of two spe
i�ed numbersby 
alling pro
ess B 's addNumbers pro
edure. . . . . . . . . . . . 251 Introdu
tionThis se
tion, intended for non-spe
ialist readers, introdu
es the purpose andsigni�
an
e of this proposal. Please refer to se
tion 2 on page 7 for a morete
hni
al dis
ussion.1.1 ProblemOur distributed-appli
ations, software that operates 
on
urrently on one ormore 
omputers that are 
onne
ted together through a 
ommon 
omputer net-work, presently employ a 
ompli
ated low-level method of IPC. This methodfa
ilities the physi
al transport of individual pie
es of 
ommuni
ation, or mes-sages. Thus, in order to utilize this method, our developers have to 
ustom-design messages, their appearan
e, meaning, and how they are pro
essed.Though not apparent at �rst, this method presents several drawba
ks, dis-
ussed below, whi
h distra
t our developers from implementing business logi
and instead preo

upy them with low-level IPC programming.1.1.1 LaboriousThis method of IPC is inherently in�exible and soon be
omes impra
ti
al asmore fun
tionality is added to a distributed-appli
ation. For example, whena new pie
e of fun
tionality, su
h as retrieving the number of 
omputers 
ur-rently running a given distributed-appli
ation, is added to one of our distributed-appli
ations, a torrent of new messages must be 
ustom-designed. This pro
essis immensely laborious in 
ontrast to implementing the new fun
tionality ina distributed-appli
ation's business logi
�whi
h simply involves writing newsoftware subroutines.1.1.2 InteroperabilityIPC message designs vary between our distributed-appli
ations, as ea
h of themwas designed to perform a wholly di�erent set of business tasks. This vari-ation makes it di�
ult, if not impra
ti
al, for our distributed-appli
ations tointer-operate with ea
h other. In addition, this inability to inter-operate atthe IPC level is the primary obsta
le keeping our 
ompany from marketing ourdistributed-appli
ations in suites. 4



1.1.3 ComplexityBe
ause this method only fa
ilitates the transport of messages, our developersare for
ed to add extra logi
 to prevent mis
ommuni
ation of obsolete or in-
orre
t information, and to organize, delegate, and syn
hronize 
ommuni
ationbetween groups of 
omputers serving our distributed-appli
ations.1.2 Obje
tivesA better method of IPC, whi
h redu
es the aforementioned issues whilst en-abling our developers to fo
us on implementing business logi
, is essential. Inparti
ular, su
h a method must
• hide low-level details of IPC.
• provide an intuitive, 
onsistent, high-level programming interfa
e for IPC.
• fa
ilitate IPC reliably�automati
 or transparent message-syn
hronization,-serialization, -retransmission, and -pro
essing.
• provide a 
lean, reusable, and extensible separation of interfa
e and im-plementation to avoid an explosion of IPC messages upon adding newfun
tionality.At minimum, these 
onditions should be met in order to e�e
tively 
ir
umventthe problems introdu
ed by the present method of IPC.1.3 Signi�
an
eThe proposed approa
h en
apsulates low-level IPC details and enables our de-velopers to better fo
us on more important matters�implementing solid fun
-tionality that allows our 
ustomers to perform their business tasks qui
kly andreliably.1.4 RisksThe amount of risk per
eived depends upon the type of high-level approa
h
hosen to implement IPC in our distributed-appli
ations in the future. Never-theless, the approval of this pro
ess-
hange proposal implies the following risks,whi
h were inspired by, determined, and analyzed using te
hniques presented in[3℄. Note that risks involving produ
t failure exist presently and independentlyof the proposed 
hange.1.4.1 HumanOur distributed-appli
ations' developers must
• be trained in how RMI works and how it 
an be used (see Se
tion 2).5



• rethink how their designs 
an fun
tion using the proposed high-level ap-proa
h to IPC.Otherwise, our developers may produ
e distributed-appli
ations of poor qualitybe
ause they la
k expertise in the use of the proposed approa
h.1.4.2 OperationalThere will be a possibly lengthy pause in the development s
hedule of ourdistributed-appli
ations whilst our developers are learning how to use the pro-posed approa
h to IPC. Consequently, losses may in
ur due to the delay inrelease of produ
ts 
urrently in development.1.4.3 ReputationOur 
ustomers may be disappointed in the delay of our up
oming produ
ts.Thus, we may damage our 
ompany's reputation of being the 
ompany that setsindustry standards in developing distributed-appli
ations of the utmost low-level
omplexity. In addition, some of our top developers, who believe strongly in our
ommitment to developing unne
essarily 
omplex distributed-appli
ations, maylose 
on�den
e in our 
ompany's image, resign, and be
ome employed by our
ompany's 
ompetitors.1.4.4 Pro
eduralBe
ause the proposed approa
h en
apsulates IPC in a manner transparent toour developers, failure in its internal me
hanisms may 
ause our distributed-appli
ations to fail. Thus, our 
ompany may be held, unjustly, a

ountable forlosses if our produ
ts fail under said 
onditions. Furthermore, su
h an event
ould taint our reputation of engineering only the fastest, most reliable, egre-gious of distributed-appli
ations.1.4.5 Proje
tOur developers' possible la
k of expertise in using the proposed approa
h to IPCmay delay the development of 
urrent and future produ
ts; possibly leading toover-expenditure of budget, de
reased reliability of our produ
ts, and in
reasedinvo
ation of 
ustomer-support�whi
h may further drain our 
ompany's 
api-tal.1.4.6 Finan
ialPossible delays in shipping our 
urrent produ
ts in development may negativelya�e
t our presen
e in the sto
k market and in
ur heavy losses in our 
ompany's
apital. At worst, our 
ompany 
ould be
ome bankrupt and render its brilliantemployees unemployed. 6



1.4.7 Te
hni
alA newer, faster, 
leaner, more elegant approa
h to IPC may be more bene�-
ial while introdu
ing less risks than the proposed one. That is, the proposedapproa
h to IPC may be a substandard, insu�
ient, impoverished, or obsoleteapproa
h that is 
ondemned by industry leaders for its short
omings.1.4.8 Politi
alSome of our 
ustomers, being governmental agen
ies, may not approve of havingour distributed-appli
ations' IPC implemented using a a third-party te
hnology.They may require distributed-appli
ations to use a low-level approa
h to IPCbe
ause they �nd it to be more se
ure, reliable, and salvageable in 
ase of failure;in whi
h 
ase, we may lose a signi�
ant portion of our present and potential
ustomer base by implementing the proposed high-level approa
h to IPC.1.5 Bene�tsIn spite of the possible risks, the redu
ed 
omplexity brought about by theproposed approa
h to IPC, will enable our developers to fo
us on implementingbusiness logi
. Consequently, improved produ
t quality, shortened developmenttime, redu
ed development 
osts, and in
reased produ
t sales may result.In addition, our distributed-appli
ations will be interoperable, due to theiruse of a 
ommon, high-level interfa
e for IPC. Su
h fun
tionality may enable our
ompany to market our distributed-appli
ations in suites to gain larger pro�ts.2 Ba
kgroundThis se
tion, intended for te
hni
al readers, introdu
es the purpose and signif-i
an
e of this proposal. Please refer to se
tion 1 on page 4 for a less te
hni
aldis
ussion. Also, the phrase �Java RMI� will be used in referring to the JavaRMI te
hnology, whereas the word �RMI� will be used as an abbreviation for�Remote Method Invo
ation.�2.1 ProblemOur distributed-appli
ations presently employ a 
ustom appli
ation-level2 pro-to
ol, whi
h operates over the Internet Proto
ol (IP) [1℄, for IPC. This proto
oloperates by having two or more parties ex
hange sequen
es of bytes, known asmessages. Thus, this proto
ol 
an be 
onsidered to be message-based [1℄.2.1.1 UsageMessage-based proto
ols are primarily used in two ways: (1) to propagate
hanges in data and (2) to propagate knowledge of o

urren
es of events. The2The top-most level of the OSI networking model [1℄.7



former way is embodied in data-based messages, whi
h spe
ify a subje
t and its
hange whilst implying the event that brought about the 
hange in the subje
t.Whereas the latter way is embodied in event-based messages, whi
h spe
ify anevent that has o

urred whilst implying an asso
iated subje
t and its 
hange.For example, 
onsider a situation where pro
ess3 A is waiting for some
hange to be reported by pro
ess B. Suppose that pro
ess B has �nished per-forming a 
omputation and has stored its result. Now, pro
ess B 
an notifypro
ess A via (1) a data-based message, whi
h would spe
ify the old and newresult of pro
ess B 's 
omputation whilst implying that pro
ess B has performeda 
omputation; or (2) an event-based message, whi
h would spe
ify that pro
essB has �nished performing a 
omputation whilst implying that pro
ess A 
anfet
h the result of pro
ess B 's 
omputation if it so desires.2.1.2 DesignIn addition to implementing pathways�the aforementioned ways in whi
h message-based proto
ols are used�for message ex
hanges, our developers must designmessages and write logi
 to serialize, deserialize, and semanti
ally pro
ess them.In parti
ular, they must design
• how a message appears to the sender
• how a message appears to the re
ipient
• how a message appears while it is being transported
• how the re
ipient shall attempt to 
omprehend a messageand 
onjure strategies for
• how a message is transported to the re
ipient
• what happens if a message is lost during transport
• what happens if a message be
omes distorted during transport
• what happens if portions of a message be
ome distorted during transport
• what happens if a sequen
e of messages is delivered in the wrong order2.1.3 RemarksDepending on the type of tasks performed by our distributed-appli
ations,
hoosing solely an event-based or data-based message ex
hange proto
ol mayminimize the number of messages needed to be designed and implemented.In pra
ti
e, a 
ombination of event-based and data-based messages is of-ten used be
ause event-based messages are more suitable for 
ertain IPC and3A single, running 
opy of a program. 8



data-based messages are more suitable for others. However, using both mes-sage s
hemes signi�
antly bloats the sour
e-
ode dealing with IPC. In addition,both parties of a message ex
hange must be programmed to handle messages in
ommon�whi
h dupli
ates message-handling 
ode in many 
ases.Furthermore, if the semanti
s of a message 
hange, all parties whi
h areprogrammed to handle that message must be updated a

ordingly. Similarly, ifnew fun
tionality added, new messages and their respe
tive handling pro
eduresmust be designed and implemented in ex
ess of the anti
ipated extension ofbusiness logi
. Naturally, su
h events 
onsume huge amounts of developmenttime, are tedious, and may enable a programmer, who does not fully understandthe semanti
s of the message amongst various parties, to introdu
e defe
ts.Finally, it is often futile to avoid re-design and -implementation of messagesby sharing messages between di�erent distributed-appli
ations be
ause it resultsin tightly-
oupled, brittle software. For example, if the semanti
s of a 
ertainmessage 
hanges in one appli
ation, all other appli
ations whi
h intera
t withthe same message must also be 
hanged a

ordingly. Furthermore, be
ause ea
hof our distributed-appli
ations is designed to perform di�erent sets of businesstasks, one appli
ation's messages may not be relevant to, and unne
essarilybloat, another.Thus, message-based proto
ols are in�exible, error-prone, and require anenormous amount of design and programming. Consequently, most of ourdistributed-appli
ations' sour
e-
ode is preo

upied with IPC, rather than busi-ness logi
.2.2 Approa
hJava RMI 
an be thought of as an obje
t-oriented version of traditional RPC(see Appendix 6.1 on page 17). However, it goes a step further from tradi-tional RPC by fa
ilitating transparent serialization of obje
ts and entire treesof their referen
es in addition to that of primitive4 data-types [5℄. This enablesdevelopers to pass 
omplex data-stru
tures as arguments to a RMI, regardlessof whether they exist in the lo
al Java Virtual Ma
hine (JVM) or a remote one[5, 2℄.Furthermore, Java RMI is the 
hoi
e for IPC in (1) Jini te
hnologies, whi
hpower dynami
 servi
e dis
overy in unreliable ad-ho
, mobile wireless networks,and (2) J2EE te
hnologies, whi
h power 
omplex, mission-
riti
al, multi-tiered,enterprise appli
ations [2℄.2.2.1 UtilizationTo visualize how Java RMI is utilized, 
onsider the following s
enario.Suppose that our dire
tor of Human Resour
es wishes to issue a monetarybonus of $100.00 to a few brilliant employees, whose identi�
ation numbers are160, 230, and 986 respe
tively. Naturally, our dire
tor 
reates a new instan
eof the HRDire
tor obje
t, invokes its issueBonusmethod whilst spe
ifying the4Data-types su
h as int, 
har, and float in the Java programming language.9



employees' identi�
ation numbers as parameter, and examines the return valueand standard output and error streams (see Algorithm 9). Surprisingly, that isall it takes to utilize a distributed-appli
ation whi
h uses Java RMI for its IPC.Behind the s
enes, however, the pro
ess is a bit more 
omplex, but nonethe-less simpler than low-level IPC. Let us disse
t and examine this pro
ess step bystep.First, The rmiregistry Daemon5Our 
ompany invests in a dedi
ated RMI server whose primary role is to runthe rmiregistry daemon. This daemon provides naming servi
es for obje
tsthat have registered with it [6℄, mu
h like a Yellow Pages [4℄ telephone dire
toryprovides telephone numbers of businesses that have registered to be listed withinit. It enables any Java obje
ts to dis
over and obtain stubs in order to invokeservi
es provided by their asso
iated skeletons [6℄.Stubs are light-weight interfa
es [6℄ whi
h (1) a
t as representatives forand (2) provide a me
hanism for intera
tion with a more heavy-weight asso
iate�mu
h like a telephone number (1) represents and (2) provides a me
hanismfor intera
tion with a business. These interfa
es are always des
endants ofjava.rmi.Remote [6℄ and all of their methods are marked as being able tothrow a java.rmi.RemoteEx
eption [6℄. This ex
eption is thrown upon:
• �Communi
ation failure (the remote server is unrea
hable or is refusing
onne
tions; the 
onne
tion is 
losed by the server, et
.)� [6℄.
• �Failure during parameter or return value marshalling or unmarshalling�[6℄.
• �Proto
ol errors� [6℄.When a stubs' method is invoked, it 
ommuni
ates with its asso
iate skele-ton in its originating JVM via Java RMI�whi
h in turn utilizes low-level IPC[6℄. However, these details are irrelevant to the method's invoker; a methodinvo
ation on the stub simply feels just like a method invo
ation on any Javaobje
t�the only di�eren
e being that remote methods always are 
apable ofthrowing a java.rmi.RemoteEx
eption [6℄.Skeletons are heavy-weight obje
ts [6℄ whi
h (1) generally provide servi
esfor arbitrary obje
ts and (2) are represented by a more light-weight asso
iatethrough whi
h their servi
es 
an be invoked�mu
h like a business (1) generallyprovides goods and servi
es for arbitrary 
ustomers and (2) is represented by atelephone number through whi
h its servi
es 
an be invoked.When a skeleton is passed as an argument to a RMI, the semanti
s of theRMI is altered depending upon the skeleton's super-
lass. That is, if the skeleton5An ever-present pro
ess whi
h provides servi
es to other pro
esses and persons.10



is a des
endant of java.rmi.server.Uni
astRemoteObje
t, then it is 
astedas its asso
iate stub and passed by value�also known as a live referen
e [6℄.Otherwise, the skeleton is serialized and passed by value, just like a primitivedata-type [6℄.Be
ause skeletons often 
ontain their own non-remote methods in additionto their stubs' remote methods, a more 
omplex situation arises when a remotemethod requires that a skeleton6 be passed as its argument. In su
h a 
ase, ifthe remote method invokes one of the passed skeleton's non-remote methods, aregular method invo
ation takes pla
e where the passed skeleton's non-remotemethod exe
utes within the JVM of the remote method to whi
h the skeletonwas passed [6℄. Whereas if the remote method invokes one of the passed skele-ton's remote methods, then a RMI will take pla
e and the invoked method willexe
ute in the passed skeleton's JVM [6℄.Se
ond, The RMI Naming Servi
eThe FooBarCompany obje
t (see Algorithm 1) initializes its _registry referen
eto our dedi
ated RMI server's naming servi
es and fa
ilitates other obje
ts'a

ess to these naming servi
es via its getRegistry method. That is, obje
ts
an now register themselves with and dis
over already registered obje
ts via thejava.rmi.Registry obje
t [6℄ returned by the FooBarCompany.getRegistrymethod (see 
onstru
tors in Algorithms 5 and 7).Third, Distributed-Obje
t DesignOur Human Resour
es division and its Payroll department, respe
tively1. write sour
e-
ode for stubs for the servi
es they wish to provide (see Al-gorithms 4 and 6)2. write sour
e-
ode for skeletons that implement their servi
es (see Algo-rithms 5 and 7)3. instantiate their skeletons4. register their skeletons as using our 
ompany's RMI naming servi
e (see
onstru
tors in Algorithms 5 and 7)The skeleton registration method java.rmi.registry.Registry.rebind re-quires that a unique name (see variable RMI_REGISTRY_NAME in Algorithms 4and 6) asso
iated with the skeleton be spe
i�ed alongside the skeleton itself [6℄.This unique name is used by other obje
ts when attempting to obtain stubsof registered skeletons [6℄�just as a person uses the name of a business whenattempting to obtain its telephone number in a telephone dire
tory.Also, note that when a skeleton is registered via the aforementioned regis-tration method, the stub asso
iated with the skeleton is registered in its pla
e[6℄. Thus, a skeleton is only a

essible via its asso
iated stub [6℄.6Usually remote methods require that stubs be passed as their arguments instead of skele-tons be
ause they 
an in turn invoke remote methods belonging to the passed stubs.11



Fourth, Obtaining StubsThe HRDire
tor obje
t obtains stubs for servi
es provided by the EmployeeDatabaseand PayrollDatabase skeletons for use by its issueBonus method (see 
on-stru
tor in Algorithm 8). These stubs are obtained by spe
ifying the uniquename with whi
h their asso
iate skeletons registered themselves via the RMInaming servi
e [6℄.Fifth, Utilizing StubsOur dire
tor instantiates the HRDire
tor obje
t, invokes its issueBonusmethod(see Algorithm 8), and the fun begins.First, ea
h employee identi�
ation number spe
i�ed by our dire
tor is veri�edwith the EmployeeDatabase, via its getEmployeeById method, whilst retriev-ing the EmployeeRemote stub asso
iated with the employee whose identi�
a-tion number is presently under s
rutiny. Assuming that the EmployeeDatabaseskeleton is running in a JVM other than that of our dire
tors', the retrievedstub represents a live referen
e of its asso
iate skeleton in a remote JVM [6℄.Se
ond, the PayrollDatabase is instru
ted to issue a bonus, via its issueBonusmethod, to the employee represented by the previously obtained EmployeeRemotestub. Noti
e that we pass both lo
al (our dire
tor's HRDire
tor obje
t and thebonus' amount) and remote (the previously obtained EmployeeRemote stub)obje
ts as arguments to this RMI.Third, the payroll database 
he
ks if the monetary mount spe
i�ed for thebonus is valid, feasible, and issuable. If so, it issues a bonus to the spe
i�edemployee a

ordingly. Otherwise, it throws a InvalidBonusAmountEx
eptionobje
t whi
h, through Java RMI, is automati
ally serialized and passed by valueto our dire
tor's HRDire
tor obje
t [6℄.Additionally, the payroll database may pro
eed to verify that the spe
i�edemployee has not been already been given a bonus during the last work-weekby invoking the EmployeeRemote stub's getIdNumber remote method. In this
ase, the RMI will e�e
tively return a 
opy [6℄ of the skeleton's _id membervariable (see method getIdNumber in Algorithm 3).Finally, if any ex
eptions o

urred during exe
ution of our dire
tor's initialinvo
ation of the HRDire
tor.issueBonus method, appropriate noti�
ationswill be printed to the standard error stream for further s
rutiny by our dire
tor.Otherwise, our dire
tor will see that the invoked method has returned, with avoid return value in this 
ase, without having thrown any ex
eptions.2.2.2 RemarksNoti
e that in the previous example on Java RMI utilization, we were for
ed toseparate the interfa
e from the implementation of our servi
es [6℄. This impor-tant design feature enables skeletons to extend, improve, and evolve indepen-dently of their asso
iate stubs whilst having their implementation 
ompletelyhidden. For example, a business that is listed in a telephone dire
tory maypromote their most egregious employees, but su
h 
hange is not re�e
ted in12



its telephone number. Similarly, an arbitrary 
ustomer seeking the business'servi
es in a telephone dire
tory is usually un
on
erned about promotion ofemployees within the business.Furthermore, the amount of maintenan
e required to modernize or enhan
edistributed-appli
ations, whose IPC is en
apsulated by Java RMI, is dramati-
ally redu
ed when 
ompared to those whose IPC is implemented using a low-level approa
h. That is, with Java RMI, there is no explosion of low-level IPCmessages to be designed and implemented whenever new fun
tionality is addedto a distributed-appli
ation. Rather, a remote method 
orresponding to thenew fun
tionality is added to a stub, implemented in its asso
iate skeleton,and ready for use. This pro
ess is astonishingly similar to the 
ommon pra
-ti
e of adding new fun
tionality to regular, non-distributed-appli
ations. Thus,with Java RMI, our developers need not waste their time thinking about low-level IPC and, 
onsequently, they are better equipped to perform their primaryduties�to design and implement pure business logi
.2.2.3 AlternativesBe
ause our present distributed-appli
ations are written in the Java program-ming language, it would be 
ounterprodu
tive7 to present alternative high-levelapproa
hes that do not operate over a network of heterogeneous pro
essors.That is, with su
h approa
hes, our distributed-appli
ations would no longer runon a broad array of 
omputers ar
hite
tures [5℄. In whi
h 
ase, we would have towrite a separate versions of our distributed-appli
ations for ea
h spe
i�
 
om-puter ar
hite
ture�a tedious, 
ostly, and obsolete approa
h. Thus, only thosealternative high-level approa
hes whi
h fa
ilitate IPC between heterogeneouspro
essors are 
onsidered here.A more thorough treatment of the following alternatives to Java RMI, in-
luding unmentioned, orthogonal approa
hes su
h as MPI and DCOM, is givenin [5℄.CORBA has a 
on
ept of separating servi
e interfa
es from their implementa-tion similar to Java RMI [5℄. It is stati
, requiring manual 
on�gurationof IPC pathways, and not fault tolerant [5℄.PVM provides a traditional RPC approa
h to IPC. It is dynami
, self-healing,and fault tolerant [5℄.Both PVM and CORBA have an advantage of being able to operate over aheterogeneous network of pro
essors and pro
esses [5℄. That is, portions ofa distributed-appli
ation may be implemented in di�erent programming lan-guages. However, be
ause they fa
ilitate IPC between heterogeneous pro
esses,they must perform low-level message translation every time a RPC is invokedbetween su
h pro
esses [5℄. This behavior makes IPC with CORBA or PVMmu
h slower than IPC with Java RMI [5℄.7Our present distributed-appli
ations are able to operate over a network of heterogeneouspro
essors be
ause they are implemented in the Java programming language [5℄.13



Furthermore, be
ause both PVM and CORBA present a traditional RPCapproa
h to IPC, 
omplex data-stru
tures su
h as Java obje
ts, espe
ially livereferen
es to lo
al and remote obje
ts, 
annot be passed to remote pro
edures[5℄. Likewise, only primitive data-types 
an be returned from a RPC [5℄.In addition, if the use of CORBA is desired, Java RMI 
an be used in
onjun
tion with CORBA via its Internet Inter-ORB Proto
ol (IIOP) bindings[7℄. These bindings enable developers to use Java RMI for IPC�as if they weresolely using Java RMI�whilst it transparently 
ommuni
ates with CORBAbehind the s
enes [7℄.3 Des
riptionThis se
tion, intended for de
ision makers, des
ribes the purpose of and pro-
edure by whi
h the proposed approa
h will be implemented. Please refer tose
tion 1 on page 4, or se
tion 2 on page 7, for a more thorough dis
ussion ofthe problem and the proposed approa
h.3.1 ProblemOur distributed-appli
ations presently employ a low-level approa
h to IPC,whi
h burdens our programmers with proto
ol-design and -syn
hronization is-sues that are unimportant to the business logi
 they implement.3.1.1 Assumptions
• Our distributed-appli
ations are implemented using version 1.4 of the Javaprogramming language.
• Our developers have implemented 
ustom low-level IPC for our distributed-appli
ations.
• Our developers have substantial experien
e in de
omposing high-level IPCinto low-level IPC.3.2 Approa
h�If I have seen a little further it is by standing on the shoulders ofGiants.� �Sir Issa
 Newton [8℄Employ an existing, proved, reliable te
hnology�Java RMI in this 
ase�to sim-plify IPC so that our developers are better able to fo
us on implementing busi-ness logi
 instead of re-inventing low-level IPC for every distributed-appli
ationwe 
reate.
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3.2.1 AppropriatenessSin
e our existing distributed-appli
ations are implemented using the Java pro-gramming language, it is only natural to employ a high-level approa
h to IPCprovided by the Java programming language itself. Java RMI seamlessly en-
apsulates low-level IPC and presents it as a regular method invo
ation [6℄.Furthermore, Java RMI fa
ilitates IPC for the J2EE multi-tiered, enterpriseappli
ation framework and the highly dynami
 Jini te
hnology used in ad-ho
wireless and mobile networks [5℄.3.2.2 ImplementationFirst, our developers must rethink how IPC fun
tions in our distributed-appli
ationsin high-level terms. On
e the syntax and semanti
s of intera
tions between dis-tributed obje
ts have been determined, our developers must write sour
e-
odefor the stubs of these distributed obje
ts. Next, the servi
es de�ned by thesestubs are implemented in the sour
e-
ode of their asso
iated skeletons. Finally,these skeletons are instantiated, registered with a 
entral RMI naming servi
e,and ready for use.3.2.3 EvaluationA distributed-appli
ation prototype utilizing Java RMI for its IPC will be 
on-stru
ted by our developers for evaluation purposes. Its reliability, development
ost, and development time will be assessed, analyzed, and 
ompared with thoseof our existing distributed-appli
ations, whi
h were implemented using 
ustom,low-level IPC.4 PlanThis se
tion, intended for de
ision makers, des
ribes plans for realizing8 andevaluating the proposed approa
h. Please refer to se
tion 3 on the previouspage for a brief des
ription of the proposed approa
h, its obje
tives, evaluation,and implementation.4.1 A
hieving Obje
tivesIn order to utilize Java RMI masterfully, our developers will need to be trainedin its use. Be
ause our developers are highly skilled in implementing low-levelIPC, they 
an readily learn and in
orporate te
hniques from well written text-books on Java RMI, without the assistan
e of an external 
onsultant.8Bringing into existen
e.
15



4.2 EvaluationWe 
an evaluate the e�e
tiveness of Java RMI in redu
ing our distributed-appli
ations' development time, and total monetary expenditure whilst improv-ing its reliability by having our developers 
onstru
t a distributed-appli
ationprototype whi
h utilizes Java RMI for its IPC. The prototype's quality, reli-ability, and the time and 
ost required for its development will be assessed,analyzed, and 
ompared with those of our past distributed-appli
ations.4.3 S
heduleTable 1 shows a possible s
hedule for implementation and evaluation of theaforementioned distributed-appli
ation prototype. The debugging phase of thiss
hedule is allotted two weeks be
ause our developers are not yet experien
edin debugging a distributed-appli
ation whi
h utilizes Java RMI for its IPC.Table 1: S
hedule for implementation and evaluation of a distributed-appli
ation prototype whi
h utilizes Java RMI for its IPC.Des
ription Weeks Required Total WeeksLearn Java RMI 1 1Design prototype 1 2Implement prototype 1 3Debug prototype 2 5Evaluate prototype 1 65 Ne
essitiesThis se
tion, intended for de
ision makers, des
ribes materials, monies, andpersons ne
essary for realizing the plans outlined in se
tion 4 on the previouspage.5.1 EquipmentSeveral 
opies of well written text-books on Java RMI are required. The re-quested funds on the �rst page of this pro
ess-
hange proposal gives a roughestimate of the 
ost of these text-books. Other than text-books, equipment inex
ess of that possessed by our developers, su
h as workstations, the Java 1.4
ompiler, et
. are not required.5.2 PersonnelOur developers will learn how to use Java RMI; understand its underlying the-ory, motivation, and design te
hniques; and gain �rst hand experien
e in its16



utilization by 
reating the aforementioned distributed-appli
ation prototype.During evaluation of this prototype, senior IPC design ar
hite
ts or 
onsultants,in addition to our present distributed-appli
ations' developers, 
an be invokedfor their years of experien
e and keen insight may prove well in te
hni
allyevaluating the prototype's parti
ular utilization of Java RMI.5.3 BudgetTo pur
hase two 
opies of several well written text-books on Java RMI, theamount requested on the �rst page of this proposal will be required. Thesetext-books would prove to be a useful return on investment upon su

essfuldeployment of our future distributed-appli
ations using Java RMI, for our 
om-pany may see in
reased pro�ts as it releases better produ
ts, faster than its 
om-petitors. Nevertheless, from an edu
ational viewpoint, these books will serve toenri
h the knowledge of developers and resear
hers throughout our 
ompany.6 Appendix6.1 Remote Pro
edure Call (RPC)RPC enables one pro
ess to engage in IPC with another by 
alling a pro
edure(or invoking a method) on the remote pro
ess. In addition, a RPC a

eptsprimitive data-types as arguments and automati
ally retrieves the return valueof the remote pro
edure. For example, if pro
ess A wishes to have pro
ess Breturn the sum of two numbers, it would simply 
all the appropriate pro
edureon pro
ess B as shown in Algorithm 10.Referen
es[1℄ A. S. Tanenbaum, Computer Networks, 4th ed., New Delhi, India: Prenti
eHall of India, 2003.[2℄ F. Mattern and P. Sturm, �From Distributed Systems to Ubiquitous Com-puting � The State of the Art, Trends, and Prospe
ts of Future NetworkedSystems,� presented at Kommunikation in Verteilten Systemen (KiVS),Leipzig, Germany, 2003.[3℄ Mind Tools, �Proje
t Risk Analysis Te
hniques,� [Online do
ument℄, 2005Apr 5, [
ited 9 Apr 2005℄, Available HTTP: http://www.mindtools.
om/pages/arti
le/newTMC_07.htm[4℄ SBC Knowledge Ventures, L.P. �SBC California White and Yellow Pages,�[Online do
ument℄, 2005 Mar 14, [
ited 2005 Mar 14℄, Available HTTP:http://www.sb
.
om/gen/general?pid=391117



[5℄ S. N. Kurapati, �A Brief Survey of High-Level Approa
hes to Implement-ing Distributed Appli
ations,� [Online do
ument℄, 2005 Feb 23, [
ited 11Mar 2005℄, Available HTTP: http://people.u
s
.edu/~skurapat/
e185/survey_arti
le.html[6℄ Sun Mi
rosystems, In
. �JavaTM Remote Method Invo
ation Spe
i�
ation,�[Online do
ument℄, 2003 De
 11, [
ited 6 Feb 2005℄, Available HTTP: http://java.sun.
om/j2se/1.5/pdf/rmi-spe
-1.5.0.pdf[7℄ Sun Mi
rosystems, In
. �JavaTM RMI over IIOP,� [Online do
ument℄, 2004Aug 12, [
ited 13 Mar 2005℄, Available HTTP: http://java.sun.
om/j2se/1.5.0/do
s/guide/rmi-iiop/index.html[8℄ Wikimedia Foundation, In
. �Issa
 Newton,� [Online do
ument℄, 2005 Mar12, [
ited 2005 Mar 13℄, Available HTTP: http://en.wikipedia.org/wiki/Isaa
_Newton
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Algorithm 1 Java sour
e-
ode for the FooBarCompany obje
t, whi
h serves asa gateway to our 
ompany's dedi
ated RMI server (the rmiregistry daemon).It 
reates and hosts a java.rmi.registry.Registry obje
t, whi
h representsthe naming servi
e provided by our 
ompany's dedi
ated RMI server.import java.rmi.RemoteEx
eption;import java.rmi.registry.Lo
ateRegistry;import java.rmi.registry.Registry;final 
lass FooBarCompany{ // network address or hostname of our 
ompany's dedi
ated RMI serverstati
 final String RMI_SERVER_ADDRESS = "127.0.0.1";private stati
 Registry _registry = null;/** Initializes a referen
e to our 
ompany's dedi
ated RMI server.*/stati
{ try{ _registry = Lo
ateRegistry.getRegistry(RMI_SERVER_ADDRESS);}
at
h(RemoteEx
eption e){ System.err.println("Unable to initialize RMI namingservi
e.");}}/** Returns a referen
e to our 
ompany's RMI naming servi
e.*/stati
 Registry getRegistry(){ return _registry;}private FooBarCompany() {}}
19



Algorithm 2 Java sour
e-
ode for the EmployeeRemote obje
t, whi
h is thestub asso
iated with the Employee skeleton.import java.rmi.Remote;import java.rmi.RemoteEx
eption;interfa
e EmployeeRemote extends Remote{ /** Returns the identifi
ation number of this employee.*/long getIdNumber() throws RemoteEx
eption;}
Algorithm 3 Java sour
e-
ode for the Employee obje
t, whi
h is the skeletonasso
iated with the EmployeeRemote stub.import java.rmi.RemoteEx
eption;import java.rmi.server.Uni
astRemoteObje
t;
lass Employee extends Uni
astRemoteObje
t implements EmployeeRemote{ private long _idNumber;Employee() throws RemoteEx
eption{ // ...}publi
 long getIdNumber() throws RemoteEx
eption{ return _idNumber;}}
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Algorithm 4 Java sour
e-
ode for the EmployeeDatabaseRemote obje
t, whi
his the stub asso
iated with the EmployeeDatabase skeleton.import java.rmi.Remote;import java.rmi.RemoteEx
eption;interfa
e EmployeeDatabaseRemote extends Remote{ stati
 final String RMI_REGISTRY_NAME ="/human_resour
es/EmployeeDatabase";/** Thrown when an employee is not found in the employee database.*/
lass EmployeeNotFoundEx
eption extends Ex
eption {}/** Returns a referen
e to an employee asso
iated with the spe
ifiedidentifi
ation number.*/EmployeeRemote getEmployeeById(long idNumber) throws RemoteEx
eption,EmployeeNotFoundEx
eption;}
Algorithm 5 Java sour
e-
ode for the EmployeeDatabase obje
t, whi
h is theskeleton asso
iated with the EmployeeDatabaseRemote stub.import java.rmi.RemoteEx
eption;import java.rmi.server.Uni
astRemoteObje
t;
lass EmployeeDatabase extends Uni
astRemoteObje
t implementsEmployeeDatabaseRemote{ EmployeeDatabase() throws RemoteEx
eption{ // register this database with our 
ompany's RMI naming servi
eFooBarCompany.getRegistry().rebind(RMI_REGISTRY_NAME, this);}publi
 EmployeeRemote getEmployeeById(long idNumber) throwsRemoteEx
eption, EmployeeNotFoundEx
eption{ // ...}}
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Algorithm 6 Java sour
e-
ode for the PayrollDatabaseRemote obje
t, whi
his the stub asso
iated with the PayrollDatabase skeleton.import java.rmi.Remote;import java.rmi.RemoteEx
eption;interfa
e PayrollDatabaseRemote extends Remote{ stati
 final String RMI_REGISTRY_NAME ="/human_resour
es/payroll/PayrollDatabase";/** Thrown when a monetary bonus spe
ifies an invalid amount of money.**/
lass InvalidBonusAmountEx
eption extends Ex
eption{ InvalidBonusAmountEx
eption(String reason){ super(reason);}}/** Issues a monetary bonus of the spe
ified amount to the spe
ifiedemployee. Also, the bonus is marked as being issued by thegiven dire
tor.*/void issueBonus(HRDire
tor issuer, EmployeeRemote re
eiver, doubleamount) throws RemoteEx
eption, InvalidBonusAmountEx
eption;}
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Algorithm 7 Java sour
e-
ode for the PayrollDatabase obje
t, whi
h is theskeleton asso
iated with the PayrollDatabaseRemote stub.import java.rmi.RemoteEx
eption;import java.rmi.server.Uni
astRemoteObje
t;
lass PayrollDatabase extends Uni
astRemoteObje
t implementsPayrollDatabaseRemote{ PayrollDatabase() throws RemoteEx
eption{ // register this database with our 
ompany's RMI naming servi
eFooBarCompany.getRegistry().rebind(RMI_REGISTRY_NAME, this);}publi
 void issueBonus(HRDire
tor issuer, EmployeeRemote re
eiver,double amount) throws RemoteEx
eption, InvalidBonusAmountEx
eption{ if(amount < 0)throw new InvalidBonusAmountEx
eption("Amount is negative.");else if(Double.isNaN(amount))throw new InvalidBonusAmountEx
eption("Amount is not a number(NaN).");else if(Double.isInfinite(amount))throw new InvalidBonusAmountEx
eption("Amount is infinite.");// ...}}
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Algorithm 8 Java sour
e-
ode for the HRDire
tor obje
t, whi
h serves ourHuman Resour
es dire
tor. Noti
e that Java RMI passes this obje
t by referen
erather than by value to the remote method _payrollDb.issueBonus be
ausethis obje
t is a sub-
lass of java.rmi.server.Uni
astRemoteObje
t.import java.rmi.NotBoundEx
eption;import java.rmi.RemoteEx
eption;
lass HRDire
tor{ EmployeeDatabaseRemote _employeeDb = null;PayrollDatabaseRemote _payrollDb = null;HRDire
tor() throws RemoteEx
eption{ try // fet
h referen
es to Employee and Payroll databases{ _employeeDb = (EmployeeDatabaseRemote)FooBarCompany.getRegistry().lookup(EmployeeDatabaseRemote.RMI_REGISTRY_NAME);_payrollDb = (PayrollDatabaseRemote)FooBarCompany.getRegistry().lookup(PayrollDatabaseRemote.RMI_REGISTRY_NAME);}
at
h(NotBoundEx
eption e){ System.err.println("Unable to fet
h referen
es to Employeeand Payroll databases be
ause: "+ e);}}/** Issues a monetary bonus of the spe
ified amount to employeesasso
iated with the spe
ified identifi
ation numbers.*/void issueBonus(double amount, long... employeeIdNumbers){ for(long id : employeeIdNumbers){ try{ EmployeeRemote employee = _employeeDb.getEmployeeById(id);try{ _payrollDb.issueBonus(this, employee, amount);}
at
h(RemoteEx
eption e){ System.err.println("Unable to issue bonus to "+employee +" be
ause: "+ e);}}
at
h(RemoteEx
eption e){ System.err.println("Unable to query the employee databasebe
ause: "+ e);}
at
h(EmployeeDatabaseRemote.EmployeeNotFoundEx
eption e){ System.err.println("The employee with identifi
ationnumber "+ id +" was not found in the employee databasebe
ause: "+ e);}
at
h(PayrollDatabaseRemote.InvalidBonusAmountEx
eption e){ System.err.println("The amount spe
ified for the bonusis invalid be
ause: "+ e);}}}} 24



Algorithm 9 Java sour
e-
ode whi
h represents our dire
tor's a
tions in issuinga monetary bonus to several brilliant employees.import java.rmi.RemoteEx
eption;
lass Main{ publi
 stati
 void main(String args[℄){ try{ HRDire
tor me = new HRDire
tor();me.issueBonus(100.00, 160, 230, 986);}
at
h(RemoteEx
eption e){ System.err.println("Unable to instantiate my HRDire
torobje
t be
ause: "+ e);}}}
Algorithm 10 An example of traditional RPC, written in pseudo-
ode akinto the Java programming language. Here, pro
ess A instru
ts pro
ess B to
ompute and return the sum of two spe
i�ed numbers by 
alling pro
ess B 'saddNumbers pro
edure.Pro
essB b;// ...int number1 = 3;int number2 = 5;int sum = b.addNumbers(number1, number2);
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