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Abstract. sistence mechanism.

This paper is divided into seven main sections.

This paper describes the experience of portin . .
pap o P P 9% ction 2 describes those features of DRASTIC's
25,000 line distributed Java [GJS97] program {0 . : ) : :
version 0.3.5.1 of the orthoaonally persistent ré:erhlteC'[Ul’e and implementation which are perti-
Lo 9 yp P er[]rent to the port. Section 3 justifies why DRAS-
formed in two stages. The first stage, changin IQ requires persmtenqe and why 't. already had
limited form of persistence provided by ob-
the source code, took two days. The second stage Co . .
: -~ . Ct serialization. Section 4 describes how the
ensuring the ported program exhibited a suitablé ; .
. : : fogrammer selects between object-serialization-
run-time behaviour, took one week. This paper : .
: . : sed and PJama-based persistence and details the
discusses the main changes that were required [0 ) : )
. . changes required to use PJama. Section 5 contains
move from a distributed system with support fof ; L .
persistence via serialization to one that supportt‘%l detailed description of how porting to PJama
ected the use of RMI within DRASTIC. Sec-

an |mplemeqtat!on of orthogonal 'per3|stence W@on 6 describes the use of class loaders within a
support for distributed programming.

PJama persistence context. Section 7 details how
the expectations of the first author led to code that
. crashed the interpreter and section 8 gives some
1 Introduction very brief performance figures for reading from an
ad-hoc store based on object serialization for com-

This paper describes the author's experience Rggrison with PJama. Section 9 offers some conclu-

porting 25,000 lines of Java, spread over 1840NS
classes, to PJama version 0.3.5.1 [AR@] dur-
ing March 1998.

The program is part of the DRASTIC [ED97] plat—2
form which provides support for the run-time evo-
lution of a distributed software system. The plaf
form was originally built using Java and porte

to PJama to make use of orthogonal persistenx
Porting the code to PJama turned out to invol
more than just running the original code in a ne
environment with hooks into the underlying perfhe DRASTIC platform is implemented using

Features of DRASTIC

ection 2.1 describes the main features of DRAS-
IC that were pertinent to the port. Section 2.2
gry briefly describes the components that make

" the DRASTIC run-time system to show how
hese main features are used.



version 1.1.5 of Sun’s JDK. A Java-level object that the application program-
mer wishes to be either remotely invokable across
. a DRASTIC platform or migratable within it, must
2.1 Main Features have the source code of the class passed through
the DRASTIC pre-processor. The collection of
DRASTIC is a distributed, run-time platform thatlasses that are generated contains one class that
supports the evolution of code at program exectiplaces the original so that application-level ob-
tion time. Programmers write their applicatiofect references are redirected through the DRAS-
code to run on top of this platform. The appliT|C platform. This class is instantiated to create
cation is divided into identifiable collections Ofa proxy Object that refers to another object which
components called zones and, for the purposesi®fnstantiated from a renamed version of the orig-
code evolution, the contents of one such zone cgjal class. The proxy class implements a super-set
be replaced at run-time without having to replacs the original interface, to support calls for ob-
others. Pair-wise contracts shared between tyézt migration. The DRASTIC preprocessor also
zones are used to enforce the evolution of typggnerates other code so that such references can
by describing whether these zones may legally ee used in a remote method invocation, supported
change objects of given typeand whether ob- py RMI. The preprocessor also adds the code to
jects of certain types may migrate between thegfiplement thejava.io.Serializable in-
two zones. A DRASTIC supported distributed afterface to all necessary classes to allow objects
plication does not need to be shut-down entirely {astantiated from them to persist in files via the
change some part of it. Only a single zone neegpject-serialization mechanism.
to be suspended and the processes within it termi- )
nated if they need to be evolved. For a descriptidi'® PRASTIC platform uses its own classloader
of the architecture and platform see [ED97]. For® l0ad classes from other processes. This is so

discussion of how evolution is performed using {12t the platform is not reliant on technology such
see [ED98]. as NFS to make classes available to a process

from a remote machine. Zone contracts contain
Before the port was performed, DRASTIC alinformation on which processes have access to
ready contained file-based support for persigmich application-level classes. This information
tence via Java’s object serialization mechanisig.given to the classloader when a process is booted
This form is not orthogonal to type as the progyer a DRASTIC platform. A process can load
grammer has to indicate that an object can Becjass from any other process in the same zone.
made persistent by having its class implemefth;s restriction is imposed because loading classes
java.io.Serializable . At process run- across a zone boundary would make them subject
time the programmer indicates whether they rey evolution. Considering the problem of evolving
quire their process to use this kind of persistencgass bytecodes was not the focus of the DRAS-
If not, the state of the process is completely tramqC project. Section 6 describes how the port af-
sient. fected the use of DRASTIC's classloader.

Support for distribution is provided by Java RMlThe DRASTIC platform contains a simple form of
Each process that boots over a DRASTIC platforfgjt-tolerant invocation. If a reference to a remote
is provided with a remotely invokable object (thpjectis invalid, a daemon process is contacted for
inhandler ) which is used to contact the evoluy yefreshed version. If the reference to the objectin
tion technology in the platform and to communithe gaemon process is broken, a different daemon
cate with application level objects running on topyocess is contacted for a reference to the daemon
of it. process’ object. This escalation of responsibility
Lrepresented as Java classes. is carried out until a top-level daemon is reached.




If this escalation process is not successful, humeagisters itself with the daemon under a program-

intervention is required. If a queried daemon imer selected name. This name is used by other
available and it contains a valid reference, ea@nocesses in the same zone so that they can con-
contacted daemon is given a refreshed refereraet it.

and eventually a working reference to the remoEaCh Zone also contains a numberZEP* pro

object is supplied. The DRASTIC platform en-
Ject IS Suppi P sses. These processes embody and enforce the

sures that new, valid object references are reg tract v i bet "
tered with the relevant daemon processes, so tiﬁ_gp ract currently in use between any two zones.
rexample, in figure 1, zonésandChave a con-

eventually a refreshed reference will be registerea‘.) .
Section 5.2.2 discusses how the port affected tH ctand so zoné has aZBPto represent its half
the A andC contract and zon€ has an equiva-

use of DRASTIC's fault-tolerant invocation mech? o ;
anism. lent process on its side. All inter-zone references

are redirected via the relevadBP processes to
ensure the contract is enforced.

2.2 DRASTIC System Components When an evolution takes place, the zone that is

, to be evolved is informed by thEvolverMgr
Figure 1 shows all the components of a DRASTIg 4t it should suspend all incoming and outgo-

system. This section briefly describes their varioliﬁ.g activity through itsZBP processes. Processes

roles. that contain code that is to be evolved are termi-
The PASManager? contains a description of thenated cleanly by running application-programmer
current application in terms of the zones it is deélefined methods. Objects are inserted aBBs
composed into and the contracts that define tieensure a change inside the zone is not visible
inter-zone communication. THevolverMgr is outside it. Using the pair-wise contract, the pro-
used when the types in one zone need to be @§ammer specifies the objects to be installed into a
dated. If a type is updated in one zone that RarticularZBP. The DRASTIC platform uses this
visible from another, the contracts between thogentract to add the objects to the necessary inter-
zones may need amending. If this is the case, th@ne references to preserve pre-evolution object
EvolverMgr s used to install the new contractéterfaces. Application-level processes are then
in the zone that has initiated the evolution. Thestarted using any evolved code the programmer
Registry is a replacement for the Java RMI reghas provided.

istry that associates a simgéring  based name DRASTIC was designed from the start to make

with a reference toa remotely invokable objecfc. ot o persistent programming language. If a
The Java RMI registry forces the programmer Locess iS running over a persistent store, it is as-

have one registry on each host that makes avg|l-
; ) med that only one process may do so at any one
able a remotely invokable object. The DRASTI ime. If a persistent process is terminated to per-

Registry  relaxes this requirement so that ther, rm an evolution to its code, it is also assumed

only needs to be one registry in the whole Systemat technology exists to evolve the contents of the

Having only oneRegistry IS a'ldeq.u'ate for the store before rebooting the new process over it.
purposes of DRASTIC and it simplifies run-time

name management. Inthe figure, user process 1, in zokecontains an
Each zone contains a singl&PMDaemo# This objecF of typeN th.at holds a logical refgrepce to
an object of typéMin user process 2, which is held

daemon is used by an application process Wher?n'side zoneC. This reference is redirected via the

is booted over a DRASTIC platform. The ProceBRrAsTIC platform in both processes and through

2persistent Application System Manager.
3Zone Specific Process Manager Daemon. 4Zone Boundary Process.




User Process 1

ZSPMDaemon ZSPMDaemon

Fig. 1: A System Wide View of an Application Running over DRASTIC

the ZBP processes in each zone. Thus, #i#2Ps The DRASTIC project always intended to make
can enforce the currently active contract whenevese of an orthogonally persistent language. This
methods on the remote object are invoked orig because it is felt to be the easiest abstraction
an object of either typ®or N is migrated. The to use. The persistent language implementation
typesN andMare not related in the sense one hdsdes complexities such as tracking object move-
evolved from the other. Object just has a refer- ment between main memory and stable storage.
ence to objecwhich is in the other zone. Minimal complexity is exposed via a small num-
ber of APIs that allow the programmer to inte-
grate their code with the persistence technology.
Persistence of application-level objects is achieved

3 Support for Persistence by reachability from specified roots of persistence
and programming by reachability is natural in an

Large, long-lived systems typically have a requir@Pi€ct-oriented language.

ment that their dat_a outlive the process that creatgfithe start of the DRASTIC project an orthog-
them. DRASTIC is concerned with the run-timey,,)1y persistent Java was not available. Sun’s
evolution of such systems and it therefore followg,, o Development Kit (JDK) was therefore used
that DRASTIC should include support for persisg, i the basic platform with the intention of
tence. DRASTIC does not provide the technols,ing 1 a persistent environment at a later stage.
ogy to perform the evolution of a persistent store,

this is assumed to exist, e.g. [Dmi98]. HoweveBefore such an implementation became available,
it does support the programmer in being able the platform was extended to make use of Java's
describe and manage the run-time evolution ofadbject-serialization mechanism. This was pro-
distributed system. vided so that parts of the platform’s state could be



retained between executions, to allow for expefdased persistence.
mentation. It was not made available to the appli-
cation programmer as it is not considered a viable o _
long-term persistence solution. See section 4.1 #rl Original Persistence Support
more detail on the object-serialization-based per-
sistence mechanism. Before the DRASTIC platform was ported to
Before the port was performed, it was decided thgtlama ; glready contalned_ _supp.ort for ,f|le-
ased persistence by reachability using Java’s ob-
all processes should be able to make use of per- . ;
. ject serialization mechanism. When a DRAS-
sistence, except for theSPMDaemos and the : . .
. - TIC process is started, a flag is used to indi-
Registry . This is because these two processes . :
. o cate the type of persistence required. Before
contained named reference bindings. It was cop- : .
) . : .the port, this flag could either bad-hoc or
sidered easier to have a process re-register with a ; . -
. _persistence . If ad-hoC is specified, the
new instance of the daemon and rely on the fat'ﬂf . S .
i . atform uses the object serialization mechanism,
tolerant invocation protocol than manage a daB& . L
Wwhile no_persistence indicates that no per-

mon with persistent name bindings. f the da.es_istence should be provided. An optional flag can

mon is shut down because the system is be|g%o be given to indicate the store’s filename. If

evolved, it is possible that the names bound to 2 . :
. . . this flag is not provided, the platform creates a
reference will change. Allowing processes to sim-

. . . name based on a combination of the persistent ap-
ply re-register with new names was considered . .
. : plication, zone and process names. Processing the
straight-forward solution to the problem.

flags and initialising the system with the required
An application-level DRASTIC process has aersistence mechanism is done by the Persistence
root of persistence containing one object, thdodule.

inhandler . The transitive closure of this objectl_he obiect-serialization mechanism works b
is the state associated with the technology neces- ) y

. ; reachability, starting at a root, each object in the
sary to perform run-time software evolution ange . . . )
ransitive closure is converted into a form suit-

remote method invocations across such a syster{gble for writin ) .
g to a file or sending across a net-

A ZBP process is responsible for enforcing thevork. Enough information is embedded within
contract currently defined between two zones. #he stream so that a graph of the same shape
ZBP process contains twanhandler s, one can be constructed when the stream is deserial-
is used for communication with processes in iiged. When a process is started with ad-hoc persis-
zone, the other is used for communication with tHence selected, the Persistence Module first checks
ZBPin the other zone. When2&BP is booted, it whether a store already exists. If it does, it reads
requires a persistent root with references to its tvitom the file, passing back the persistent root to
inhandler s. the DRASTIC platform. If it does not exist, a

new root is created and passed back. The root for

the ad-hoc persistence is the DRASTIC platform’s

4 Selecting the Persistencanhandler  object.

Model The ad-hoc persistence implementation is con-
oae . . C -
tained in a thread that periodically serializes a
given root into one of two files to give some simple
Section 4.1 describes the kind of persistence sup
port DRASTIC provided before the port together St is referred to as ad-hoc because persistence via object-
. . . .. _serialization is ad-hoc with respect to PJama’s orthogonal ap-
with its implementation. Section 4.2 describesoach, in particular, object identity is not preserved for over-

how the platform was changed to exploit PJamapping sub-graphs.




protection against store corruption. If a store b&ee [Eva98] for more information on why ob-
ing read is found to be corrupted, the other is usgdct serialization in Java is not considered a viable
If this is also corrupt, a new store is created. Whdong-term persistence solution.

writing the store, the persistence thread sleeps for

one secortland the root is once again serialized.

The serialization mechanism will abortthe reading.2 PJama-based Persistence Support
or writing of a store if an error is detected, such as

not being able to find a class when performing a

deserialization. This default behaviour is impose'&ifter the port was performed, the platform was
by th_e serigliza’gion mechanism.and it can only tléaxtended to allow the programmer to boot a pro-
_overndden |fthqava.|9.ExternaI|zable_ cess over a PJama supported store. This required
interface is used. This interface requires the pr@hanges in three areas: the Persistence Module

grammerr:o take por;n;algte go?trpl of;helsenallz?as enhanced; a new class was added, called
tion mechanism including defining the layout o rastic.kernel.persistence.pjama.

the streams used to read and write the datg. Thefs maPersistence . and a script was pro-

fore, DRASTIC uses the default mechanism a'Wded to run the correct Java interpreter.

makes a best-effort to ensure an abort does not take

place. The new class, PJamaPersistence , was
added to the Persistence Module. This class in-

Using the object-serialization mechanism hastggrates DRASTIC with the underlying PJama-

number of problems: reads and writes are vepased persistence. It allows a DRASTIC platform

slow (see section 8); the entire store has to be read create a PJama store; register and retrieve a

before it can be used and it has to be completalgmed root of persistence; stabilise the current

written before the serialization thread sleeps, ajtore and check whether a named store exists. This

lowing another thread to proce®dif an incom- |evel of support is provided to abstract over the

ing remote-method invocation is received whilgarticular persistence technology being used. The

the store is being written, it will be delayed untikame interface is also used to control the use of

the write is completed and the serialization threaHe ad-hoc persistencBJamaPersistence  is

is suspended; as a process now takes considgity 83 lines long.

ably longer to boot when using ad-hoc persistence,

the sequence of events at system boot time Cglﬁe Persistence Module was enhanced to include

be different. This can cause previously true a§J@ma-based persistence and several new flags
sumptions about the ordering of events to be faldiere defined. These let the programmer tell the
such as a process registering itself with a daemBltform that PJama should be used and, option-
so that another may contact it. The waiting prdallly, the name of the store. The Persistence Mo.d-
cess may have to contact the daemon several i Was also extended to handle the case of booting
before the required process has registered its@#BP which requires the persistent root to have
This problem was encountered when ad-hoc p&gferences to the twahandler s, one for com-
sistence was added to the DRASTIC platform. fpunication within the zone, the other for commu-

made programming the boot phase more COmptni_cation with the correspondingBP in the other
cated and error prone and the change in the rf2"€:

time behaviour is something that the applicationy Unix-shell script was written to run the PJama
level programmer would have to be aware of.  nterpreter if PJama persistence was selected and
the Sun Java interpreter otherwise. This was not
6This value can be changed at run-time. strictly necessary as the PJama interpreter can run
7Itis assumed all threads are running at the same prioritycode that does not make use of any persistence fa-




cilities. It was done so that the development @& Registry is provided so that references to re-
DRASTIC could proceed independently of PJamenote objects may be associated with simple string-

As DRASTIC already contained support for adt_)ased names. This allows other objepts to obtain
a copy of a reference to a remote object by con-

hoc persistence, adding the necessary code totmétin the registry, which is at a well-known loca-
tegrate the Persistence Module with PJama topfk 9 gistry,

longer than it would have if only PJama basedpn’ giving it the name usgd to register the refer-
enfce. The reference that is passed to the request-

persistence was being considered because the.e biect i I f biect |
fect on the ad-hoc persistence support had to e ° ject s actually a reference to an o JeCt.m'
Stantiated from the stub class. The Java Registry

checked. Therefore, two working days to perform._ . : .
. . .~ requires that the Registry and the remotely invok-

the first stage of the port is not representative Q ! . ) .
able object being made available are running on

the amount of work required to portto PJama. T . -
strictly PJama related work of integrating with itgﬁe same host. This is enforced by the Registry

. when a reference is bound to a name. If this is
technology took half a working day to complete h ion is raised and d
and test not t e case, an exception is raised an | passe to
) the client. This was felt to be too restrictive for
DRASTIC so the Registry was reimplemented to

remove this requirement.

5 RMland PJRMI

When a remote method is invoked, the client side

code must handle gva.rmi.RemoteException
This section describes how the port changed tirgis is because the remote method may fail in
use of remote-method invocation (RMI) within thgvays that are not possible when invoking a local
platform. This is done by first introducing RMImethod; for example, the remote host may crash.
and its use in the platform in section 5.1 and th@pRASTIC builds on this to provide the simple
in section 5.2 considering the changes that hadftilt-tolerant invocation protocol described in sec-
be made to the platform after porting to PJama. tion 2.1.

A process booted over DRASTIC is provided
51 RMI and DRASTIC with one remotely invokable object. This ob-

ject, theinhandler , is used to contact the evo-
RMI allows an object in one virtual machine to in-luﬂgz ;?102nOllic():gétliolz-Itehveelpég'ceecs;sisair;?/OIIielg u_ﬁﬁg
voke the methods of another object in a different PP € . )
inhandler  is passed all the information neces-

virtual machine. The virtual machines can be run- ) X
ary from the calling process to invoke a method

ning on the same hOSt.’ although, more common§/f the application-level, such as the name of the
they are running on different machines and com- )
ethod and the name of the class the method is

munication across a network is required. Meth getho

eing invoked on. Before the port was performed,

parameters and results are passed between the Ws(;) <tem running on tob of DRASTIC could be
objects using pass-by-value, unless a reference‘gtoy g on top X

; . . : ooted over a combination of transient and ad-hoc

a remotely-invokable object is being passed, in .

. : C ' .persistent stores.
which case, pass-by-reference is used. Primitive

types are copied.

An RMI compiler is used to generate stub an@.2 PJRMI and DRASTIC

skeleton classes that are used at the client and

server side respectively, to copy parameters aRdRMI [Spe98]is the name given to the model and
results between the objects and to handle the pnaplementation of RMI within PJama. PJRMI dif-
sentation of remote exceptions to the client. fers from RMI in a number of ways because it pro-



vides facilities for distributed programming withinprogram: on the re-opening of a store, before or
a persistent context. after the promotion of persistent objects to sta-

This section is divided into three subsections thE{e storage or on store shutdown. Thus, a prede-

reflect the three areas where the port affected t %ed PJA::t:quankdlglr bI'S a}[sszmatetg vgthfet\k/‘-'
implementation and run-time behaviour of DRAS:!Y Femotely-invokable object. A method of this

TIC. With reference to before and after the porf’bjeCt Is executed to re-export the object when the

section 5.2.1 explains the persistence of all e§t_ore is re-apened, before the execution of any ap-

ported objects; section 5.2.2 reconnecting to rBl—'Cat'On code that might use it.
mote objects and section 5.2.3 describes the use@fthe table ofPJActionHandler  bindings is

the Registry. part of the persistent state, all remotely-invokable
objects are reachable from it so they are also made
persistent. The first version of PJIRMI lacks the
necessary support to ensure that the remotely in-

In PJama version 0.3.5.1. that DRASTIC Wa\éokable objects are only made persistent if they

ported to, all objects that are available for remofd © also reachable via a normal reference from a

invocation are made persistent. Although it is d&ersstent application object.

sirable in an orthogonally persistent system for thenis current limitation of PJRMI is made clear
persistence of an object to be independentfrom jis the documentation but it can be confus-
other features, it was not possible to maintain thgy to the programmer.  Since the use of
separation of the persistence and distribution qugdjactionHandlers is implicit, programmers

ities of a remotely invokable object in tffiestver- ysing PJRMI may not be aware that their
sion of PIRMI. remotely-invokable objects are reachable from

Certain information about a reference to a remot@ese persistent objects. If these programmers
object is inherently transient, such as the stai@ve not made their remotely-invokable objects

describing the socket used for inter-object conféachable from another persistent root they will as-
munication. During the execution of a PJamgume that they will not be made persistent at all,

program, remotely-invokable objects may becorkait they will become persistent because of the im-
part of the persistent state, if they become readfementation described above.

able from a root of persistence. In order fopg. porting DRASTIC to PJama, this known
PJRMI .to ”.‘a'”ta'” the illusion of persistence fc?Irimitation did not prove to be a problem for the
an application programmer, when a store contaip-

. . . ; remotely-invokable object (thmhandler ) in-
ing remotely-invokable objects is re-opened, the%?de the DRASTIC platform. This is because

?rgrfscitasnrt]ifzgeto be re-exported to reinitialise th%He state associated with tiehandler  is al-

' ready part of the persistent context and the fact
PJRMI must be able to keep track of thosthat it was also made persistent because of the
exported objects which do become reachahilaplementation above was acceptable. A process
from persistent roots, so that they may be rdooted over a DRASTIC platform only contains
exported automatically the next time the store @ne remotely invokable object. There should not
re-opened. To do this, PJRMI makes use oftee any application-level remotely invokable ob-
PJama feature called the@JActionHandler . jects as this would allow them to bypass the evo-
PJActionHandlers provide a callback ser-lution technology within the platform. To make
vice, enabling code to be associated with an oln application-level object remotely invokable, its
ject, to support special treatment of that objesburce-level class is preprocessed and all refer-
at certain points in the execution of a persisteehces are then indirected via the platform and the

5.2.1 Exported Persistent Objects



process’inhandler . Remote invocations areobject, referential integrity of the original would

then made using the platform, passing the necé® lost. Client references to a remote object indi-
sary information, such as method name and typect through a local stub object. If the programmer
name, to thénhandler  of the target process. retrieved a new stub object, referential integrity is
only maintained if all client-side references can be
updated to refer to the new stub object instead of
the old one. PJRMI maintains the referential in-

N - . .tegrity of all client-side references to a remote ob-
Referential integrity is an important concept in

the field of tent ing | ect by preserving the original, persistent stub ob-
the Tield ol persistent programming fanguages ct, which is a client-side representation of the re-
implementing it prevents, for example, danglin

' L . mote object.
pointers from occurring in the store, thus ensuring
store consistency and correctness. Once a reféiis design is an example of the consequences of
ence to a persistent object is created, the use of thambining distribution and orthogonal persistence
reference is guaranteed to work and will alwayly reachability. Reconnection is required to retain
refer to the same object. In a distributed persithe illusion of referential integrity, so that the use
tent context, references between stores can be @tthe remote object is possible, assuming an error
ated. Guaranteeing referential integrity in such dree distributed communication. In addition, with
environment is not possible because of the potetite current reconnection interface, there is no op-
tial for partial failure within the distributed systemportunity for the programmer to contrbbw this
Consider two stores that are available at two differeference is reconnected; there is no mechanism
ent machines. If an inter-store reference to a pder executing user-defined code before or after the
sistent object is created, its availability cannot bieconnection is attempted. For a more detailed
guaranteed as one of the two machines may cragdlscussion of referential integrity and distribution
for example, or the network between the two mavithin the context of PJama, see [Spe97].
chines may not be available. For this reason, refer-
ential integrity, in the form described above, can-
not be guaranteed in a distributed context. Ho-2.3 The Registry
ever, some aspects of PJRMI's design have been
affected by the perceived need to attempt to retafdRMI follows the design of RMI in terms of how
this concept. the Registry is used. Therefore, PJRMI also re-

. S N .. quires that a Registry is made available on each
To retain the illusion of referential integrity, . . .
: . . ‘'machine that hosts a remotely-invokable object.
PJRMI automatically refreshes client-side persis; . - . . ) ;
. . is is a sensible requirement as the behaviour
tent references to remotely invokable persisten .
. . of an RMI-based system will be the same after a
objects when the reference is brought out of per- . .
. L ; - port to PIRMI, making the port easier. However,
sistent storage. This is required by the definiti . . ; ;
e . RASTIC requires behaviour that is not provided
of referential integrity used above. As the refe

ence is part of the persistent state at the client sig)é/ the original RMI implementation. DRASTIC

when the store is re-started, it should be availab'?g.rma”y assumes that only one Registry is re-

for use. However, the state associated with tﬁéﬂred In the entire system. To get the desired be-

socket is inherently transient. Therefore, PJRI\/?I"’WIOur before the port, thidegistry had to be

. . reimplemented.
automatically reconnects the client to the serveer plemented

through a new socket, so that the reference canT® support this model within PJama, a
used without the need for the programmer to eRIJRMI class, org.opj.distribution.

plicitly retrieve a new reference. If the programPJamaPJExported , also has to be reim-
mer had to retrieve a new reference to the remgiemented to relax the same-host requirement.

5.2.2 Reconnecting Remote References



PJamaPJExported manages the exportingPJStore object. The author is used to the object-
of remotely-invokable, persistent objects. Itseriented programming approach of using an object
implementation assumes the existence of a losghenever it is needed, without having to write a
Registry, where it registers its service to refresdeparate program to use it. In order to encapsu-
references to re-exported, persistent, remotdéte all store manipulation code in one place, the
invokable objects. Without access to the sour&ersistence Module contains code to create a new
code, relaxing this requirement is not possiblstore and to open an already existing one. When a
Neither the Registry nor PJExported DRASTIC platform is started, specifying the cre-
classes provide the programmer with the abilitgtion of a new PJama store, the platform first of all
to switch off this check, therefore, only theboots and then attempts a stabilisation to make the
default behaviour, that of performing the checkewly acquired state persistent. This stabilisation
is possible. It should be possible to augment tloecurs after a significant amount of computation
behaviour of both PJRMI and RMI so that théas been performed and as a result garbage objects
programmer could indicate tHeegistry  is on exist.

a particular host. ) )
Due to a bug in the PJama interpreter, the garbage

collector ran during stabilisation. As stabilisa-

tion was only partly complete, the garbage collec-
6 Classloaders tor did not n¥a$k ag reacﬁable som% objgcts which

were in the process of being promoted to stable
The DRASTIC platform uses its own zone-awargtorage. The garbage collector removed objects
classloader to load in application code from rédrom the system that should be made persistent.
mote processes, so that it is not reliant on aM/hen stabilisation continued, null references were
underlying technology to make classes remotencountered and the interpreter failed.

available, e.qg. NFS. e
9 In the case where calls to stabilisation are made

Before porting DRASTIC to PJama it was nobver an existing store, the garbage collector no
clear how the classloader would perform in a pelonger interferes. However, the problem still exists
sistent context. However, porting to PJama hagen calling stabilisation to create the store. This
not affected the use of the classloader. The clags-a known problem, which is why the documen-
loader is part of the persistent state of the platfortation now recommends that application program-
and the classes it contains will need to be checkatérs use the PJama tagjcs to create an empty
when a store is evolved. However, DRASTIC doestiore before running their application over it. By
not provide support to evolve a store, see [Dmi9king the recommended methodology, it was easy
for a possible solution; its focus is on providing theo avoid the bug described above.

framework to support and help manage the run-

time evolution of a distributed system. The approach of placing all the store manipulation
code into the Persistence Module initially seemed

a sensible one. It was not until this problem came
to light that the need for a separate store-creation
program became necessary. However, this is a new
approach for the first author who is used to pro-
The PJama documentation recommends thatgi@mming in an environment which does not pro-
store is created with one program and opengitie orthogonal persistence. Moving from an en-
and used by another. This methodology was neitonment consisting of an operating system and
followed when DRASTIC was ported to PJamdile-store to one where the file-store is abstracted
Creation of a new store is performed with thaway by the persistent language technology re-

7 Store Creation



quires a change of approach that, at first, feels aede needed to be changed and checked. Now that
tificial. Following the recommended methodologthe move to PJama has been completed, it will re-
requires that a separate program be executedptace the use of object serialization as PJama has
perform the task of creating a store. The reastwecome the preferred persistence solution.

for this becomes clear when the paradigm of de- o )
veloping and running many programs against tHdhe combination of orthogonal persistence and

same store is understood. In this approach therdlStribution caused a number of problems (section
a unique event of creating the store which neegs !t would be useful to be able to switch off the

to be distinguished by a separate act by the dev@p_tomgtic recgnnection to a persistent seryer from
oper. a persistent client so that the programmer is given

maximal control over their application. The cur-
rent requirement that all remotely-invokable ob-
jects be persistent did not affect the DRASTIC
port, although this could be limiting for other pro-
grams. However, this limitation is a known one. If
One of the main differences between using PJam@p JRMI programmer does not want the restriction
based persistence and file based persistence ugingaving oneRegistry  per machine hosting a
object serialization is the time taken to read fronfemotely invokable object, they have to reimple-
the store. ment theRegistry

When using one of the DRASTIC demo programfe methodology described in the PJama docu-
with ad-hoc persistence, a 600Kb file is createfenation (described in section 7 in this paper)
This takes between 30s and 60s to read when bqgt—not intuitive to a programmer who is not used

ing the process over the store. The object serigl; working with an orthogonally persistent lan-

ization system has to read the entire file before t fiage. Creating a store with one program and us-
program can proceed. Therefore, a process is

’ - j it with another initially seems less convenient
layed for at least 30s at boot time, leading 10 thgan performing both operations in a single pro-
problems described in section 4.1. gram. However, why the recommended method-
PJama-based persistence does not suffer from @liggy should be followed becomes clear when the
problem. Objects are incrementally read from thearadigm of running different programs against
store when the program uses them. Thereforeth® same store is understood. As the first author
PJama based program does not suffer from an iflid not have much experience with such an ap-
tial “big-inhale” of the entire graph or from theproach, the expectations of what the environment
other problems described in section 4.1, allowirghould provide were different from those who de-
the programmer to focus on the details of their préeloped the system. Once this is understood, fol-
gram rather than the distracting side effects of ugwing the approach is worthwhile as it separates
ing an ad-hoc store. creating a store from using it, resulting in a more
flexible system. Following the methodology also
had the added benefit of solving the bug encoun-
9 Conclusions tered during stabilisation which caused the inter-
preter to fail.

8 Performance

The experience of porting DRASTIC to PJamblsing PJama is relatively easy. Access to the
was largely a positive one. Porting a 25,000 linenderlying persistence technology is well encap-
Java program took seven working days, longsulated within thePJStore class and, in the

than would be expected as DRASTIC already cogeneral case, porting mainly requires classes to
tained support for ad-hoc persistence and mdre added; very little existing code needs to be



changed. In the case of porting DRASTIC, more
code required changing as there was already sup-
port for ad-hoc persistence. Only 83 lines of
code had to be added to integrate DRASTIC with D971
PJama and the change to the platform took two
working days to perform. However, this is longer
than usual as the code that abstracts over the per-
sistence mechanism had to be changed. Therefore,
half a day is more representative of the amount of
work required when only considering the cost of
moving to PJama.

Orthogonal persistence by reachability is an easy
abstraction for the programmer to use and is the
main reason why changing the code for use witfD98]
PJama is relatively easy. No code changes are
necessary to indicate that a class or object may be
made persistent. The programmer only has to fo-

cus on the state they require to be persistent. This

is easy to indicate througRJStore and pro-

gramming by reachability is natural in an object[—Evagg]
oriented language.
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