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Abstract The initial design of this platform has been reported
[4, 6] and some early experiences with the first proto-

This paper presents the design of a new store layer fgpe, PJamg have been described [17]. Further ex-

PJama. PJama is a platform that provides orthogopelience with building and operating this prototype has

persistence for JabaBased on experience with a prosuggested a refinement of the store architecture. The

totype, PJamg a new architecture has been devisgatessures for change are given here:

to permit incremental store management and to allow

a number of object management regimes to co-exist ine A succession of ports of our technology between

one store. It uses a plug-in model for composing a Java different versions of the JVM [20], an activity that

Virtual Machine (JVM) with the persistent store and a  Will not diminish, has shown the need for better

descriptor abstraction to limit the impact of changes in  insulation between the store management code and

JVMs on store management. Its anticipated advantages the JVM.

over the current scheme include flexibility, adaptability, .

scalability, and maintainability. At present, parts of our code are highly inter-

related which makes maintenance and experimen-
tation difficult. The same problem was discovered
1 Introduction in PS-algol [3] and this led to a more modular de-
sign for its successor, Napier88 [21].

The PJama project is a collaboration between Malcolme A sophisticated model of cache management, with
Atkinson’s team at the University of Glasgow and  the potential for a variety of complementary man-
Mick Jordan’s team at Sun Microsystems Laboratories agement regimes in different regions, is now op-
and is attempting to demonstrate the benefits of an erational [13]. However, at present the persistent
industrial-strength, orthogonally persistent program-  gpject store (POS) layer only operates one regime
ming language [7]. Opportunistically and for technical  and so it is difficult to exploit this potential. The
reasons we have chosen to build an execution platform gyailability of multiple POS management regimes
and additional class libraries that provide orthogonal il allow tailored support for special objects, such
persistence for Java [1, 14]. as those required by multi-media applications.

—— _ onl o . e The recovery technology of our existing POS pre-
*Malcolm Atkinson is currently on leave as a visiting professor at ) : : )
Sun Microsystems Laboratories, Mountain View, CA, USA. vents us-re CyC“ng Ca.Ch.e space that contains up

1Sun, Java, and PJava are registered trademarks of Sun Microsys- dated objects [13] ThI.S |.|m|tS the amount of data
tems Inc. in the USA and other countries. that can be modified within one transaction.



e The present monolithic POS is not convenient for o 3414 Architecture
incremental algorithms, such as garbage collection
or archiving. This places an upper limit on the size @
of the stores over which PJagean operate. / \

For these reasons, and with some data from a year‘ Object Pool “ Java Heap ‘

of operation, we set out to design a new architecture
for our orthogonally persistent Java virtual machine
(OPJVM) as a prelude to implementing the ne uter Foo

version of PJanfa PJama. This paper reports on
the design of one part of that OPJVM, tliJama
Store Layer(PJSL). This interfaces with the object-
caching technology [13] and has descriptors to tell
it the representations used by the supported JVM:
The infinite variety of types of object that a POS , .
may be asked to preserve are reduced to a small Figure 1: PJama Architecture.
number ofkinds The objects are stored partitions
to allow incremental POS-management operations,
and each partition is under the control of a particular
regime The operations that the OPJVM uses to ex-
ecute against a store are specialised by kind and regime.
e to be capable of continuous operation with in-
All the issues presented in this paper are discussed in cremental algorithms for disk garbage collection,
greater detail in a techinical report [25]. archiving, etc.;

—

@

to accommodate at least 10GB of highly struc-
tured data, typically dominated by large numbers
of small objects;

e to be capable of running on a file system or on raw
1.1 Design Goals disk, with a minimum amount of operating-system

. . ) ) dependent code; and
The primary aim of PJSL is to support the operation

of PJama when running real workloads. The typical e to be appropriate for our planned developments,
workload makes long-running and complex use of which are flexible and long-running transactions,
highly structured data, such as that concerned with schema evolution, archiving, and distribution.
software construction [18]. Ultimately, we want
concurrent access to the store to be organised as Idhg implementation will be biased towards complex
running and flexible transactions. It is hoped that ti@mputations that make repeated traversals over a sub-
design of PJSL is sufficiently general that it will servicgraph of the objects that includes a moderate proportion
a wide range of applications and will be used to supp@i the total population. However, the system must sur-
various language implementations. Its flexibility shouldve both total traversals and large bulk-loading oper-
allow for a series of store implementation experimenttions. This must be achieved without requiring guid-
ance from application programmers, otherwise persis-

The specific and immediate goals are: tence independence [7] will be lost.

e to support complete orthogonality, so thaty 1.2 PJama Architecture
object type can be accommodated, including in- _ . _
size: of PJamg, which is based on the JVM developed
by Sun Microsystenfs In Figure 1, the darker of
2pJama was formerly known as PJava, but that epithet has btke shaded regions, which comprises the core of the
trademarked by Sun to denote Personal Java.
3For engineering reasons the current upper bound for arr@yéis  4Currently, the release of PJagria based on JDK1.0.2. However,
bytes. the port to JDK1.1.2 is close to completion.




interpreterand theheap represents the original JVM.
The interpreter allocates, modifies, and reads objects
from the heap.

. Operations
n " ‘
on Partitions

on Objects

In order for the JVM to support persistence, three new
components were added to it. Té®reis kept on disk.
It contains the persistent data and it is cached at the
page level in thebuffer pool All persistent objects,
before they can be accessed by the interpreter, are
copied from the buffer pool into thebject poolin a
format similar to those in the heap. Because of this, the
code used to operate over objects in the heap, can also
operate over objects in the object pool with minim%I
changes.

Partition Regime
Partition Regime

o
\5\9“\@“
o

Operation

Operation

Figure 2: Operation Matrices.

cheme is considered to be the most efficient way
to incrementally garbage collect large spaces, such
as persistent object stores [11, 12, 23]. This view is

New objects are still allocated in the heap. Howev A :
. . . so supported by recent experiments conducted b
if they become persistent (by being rendered reach- PP y P y

. . . Intezis on garbage collecting small stores [24]. These
able from other persistent objects, according to tl& ¢ g g [24]

definiti » it b habil h periments showed that the time needed to garbage
efinition otpersistence by reachabl i71), €Y are cillect stores of sizes between 27MB and 30MB varied
migrated to the object pool and are also copied to t

; i . X Bm 3 secs to 43 secs, depending on the object kinds
store via the buffer poql. The operation which MIgralgge|uded and the degree of connectivity. It is obvious
the”? IS callgdpromotlon Finally, any updatgs ©h t, if these times were extrapolated to apply to a
persistent ObjECFS are propagated from the object P3¥GB store (which is roughly 300 times larger than the
1o the store, again via the buffer pool. sizes mentioned), the garbage collector will require a
F$hibitively long pause to process the entire store in a

This paper will concentrate on the components boun(% gle operation.

r
by the lighter of the shaded regions in Figure 1, namely

?setsgoézzgitgteo?;ﬁgr ssg:’;\gcl_h will be referred tf?/lanaging free-space inside a partition can be achieved
y ' in many ways: compaction, free-lists, etc. The com-
_ bination of the free-space management scheme, along
1.3 Paper Overview with some additional organisation parameters, will
Section 2 introduces partitions, kinds, and regimes ab% referred to as th@artition Regime Partitions of
par ' ' 9Imes afil same regime will have the same internal structure
shows how the appropriate method of an operation_|s . S . )
i : . and will usually contain similar (in structure, size,
selected. Section 3 describes the internal layout of PEL;

titions, the format of persistent identifiers (PIDs), andEhaV'O.ur’ etc.) ~objects. One regime can be more
aPproprlate than another for certain kinds of objects,

the use of descriptors. Section 4 contains our initi : .
erefore several regimes can co-exist in the same store,

views on disk and object space management. I:m‘eﬁﬁdolied to different partitions. Based on this, operations

Sections 5 and 6 present, respectively, related work a " : : . .
conclusions on partitions can be organised in a two-dimensional

array, indexed by the regime and operation (see Fig-
ure 2). This is similar to the single dispatch operation
2 Store Organisation used in object-oriented languages to invoke a method
on a given object [16].
It has been decided that PISL will adof®artitioning
Schemd32]. This means that the store will be splifEurrently, objects in PJama can be divided into four dif-
into smaller parts (partitions) so that each of them c#grent categories: class objects, instances, arrays, and
be garbage collected independehtlfhis partitioning bytecode$ each of which has a different internal struc-

50ther algorithms, such as class evolution reformatting, archiving, 6These are the byte arrays holding the results of compiling meth-
statistics gathering, etc. will also exploit this partition structure.  ods to byte-coded instruction sequences.



ture. These categories will be referred to @bject | operations on Partitions

Kinds or justKinds There are several operations de
fined on objects, some being the same for all kinds (e!g.
move) and others requiring a different implementatiq
for each kind (pointer identification, faulting-in, etc.)
Further, it may be the case that some of these operations +

are regime-specific. So, in a similar manner to oper@a- Operation 1
tions on partitions, operations on objects can be organ- Partition
ised in a three-dimensional array, indexed by the objeet
kind, regime, and operation (see Figure 2). Again, from
an object-oriented point of view, this is a simple imple-
mentation of a double-dispatch operation [16].

=]

Figure 3: Invoking an Operation on a Partition.

e Separating small objects from large ones avoids
2.1 Partition Regimes many boundary checks upon object-faulting as

_ . _ _ _ _ _ they are unnecessary for small objects since they
Six regimes will be implemented in the first version of 5. guaranteed not to span multiple TUs.

PJSL. Notice that hermmallobjects are those which are

small enough to fit into a singlEransfer Unit(TU)". In e When patrtitions only contain arrays, they do not

the same waylarge objects are those which are larger need to include descriptors and their manage-

than a single TU. Thanitial six regimes are listed here. ment structures (see Section 3.6), as arrays have
a compressed-type encoding in their header.

Small Arrays : scalar and object arrays. N o
e Partitions containing only large scalar arrdys

Small Instances: instances of classes. can be very large, since they do not need to be
) ) scanned to identify intra-partition references dur-
Class Objects & Bytecodes: all instances of class  jng garbage collection. Their reference counts (see

Class ?* i.e. all class objects and their bytecodes.  gection 3.3) determine whether they are garbage.
Clustering bytecodes with their classes minimizes

accesses to other partitions during class faultingit is worth mentioning here that the Mneme object store
, ) [22] established a notion similar to regimes. In Mneme,
Large Instan(;es: instances of classes spanning Tlthey are referred to gmolsand can be managed inde-
boundarie$ pendently, allowing object formats to vary implement-
ying different buffer management. They even provide
greater flexibility since it is up to the pool implementor
to define their internal structure. This is not the case for
Large Object Arrays : arrays of instances or arrayghe partition regimes of PJSL, which have to conform
spanning TU boundaries. to the structure described in Section 3.2. This decision
was taken as a compromise between flexibility and ease
Some of the reasons why partitions are organised in tbismplementing new regimes.
way, which relate to the store organisation on which
they are based (see Section 3), are presented below.2_2

Large Scalar Arrays : scalar arrays spanning T
boundaries.

Invoking Operations on Partitions

7A TU is the unit of transfer of data from the disk store to main-. . " ..
memory. Itis a similar concept to a page, however it is named diffJnF_—lgure 3 shows how an operation on a partition Is in-

ently to avoid confusion, since its size might not be the same as ¥@ked. Each partition contains (in its header) a tag
page. In fact, different regimes might use TUs of different sizes. which determines its regime. This tag serves as an index

Strictly java.lang.Class ~ but we omit thejava.lang. into the two-dimensional operations matrix and, along

where we believe it is easily understood. . Lo . .
9Assuming that the minimum TU size is 8KB, a large class inWIth the operation index, yields the code for the desired

stance would have over 1,000 non-static fields, which is extreméiperation. Then the code is executed, accepting as ar-
unusual. However, automatic generation of Java code (by progrgument the partition ID.

translators, user-interface builders, etc.) occasionally results in such

classes. 10commonly images, sound samples, and numeric data.




2.3 Object Kinds Operations on Objects

. Regime Tag

The minimum set of object kinds required by PJama are @ Object Kind Tag
as follows.
Class Objects: instances of clasGlass [14]. These | L /

require special implementations for the OPJVM +
bootstrap and for swizzling [13]. Each of the _ o %
is an image of theClassjava _lang _Class ﬂr Operation Partiion

C structure and of the other C structures that it

points to: constantpool , methodblock s, Figure 4: Invoking an Operation on an Object.
fieldblock s, etc. [20].

Instances of any class, apart fro@lass . Stacks : stack objects which will be used when threads
(i.e. instances of clasehread [14]) are allowed

Bytecodespointed to from thenethodblock s of the to be persistent.

class objects [20]. These could have been repre-
sented as byte arrays, but they need to be handigidtribution Proxies will be needed to denote refer-
differently. ences to objects in remote stores [27].

Scalar Arrays : arrays of any scalar type.

_ _ _ _ 2.4 Invoking Operations on Objects
Object Arrays : arrays of objects (either of instances

or other arrays). Operations on objects are invoked in a similar fashion to
operations on partitions. The regime tag and operation

Descriptors : a kind defined for internal use by PJSlindex are still needed, only this time a kind tag is also
(see Section 3.6). required. This is contained in the object’s header and

will serve as the third index in the three-dimensional
Scalar and object arrays are separated since the poig{firations matrix (see Figure 4). Once the code has

identification operation on them is fundamentallyeen retrieved, it is executed with the partition and ob-
different (returning either none or all of the arrayect IDs as arguments

entries, respectively).

Itis easy to introduce new object kinds and new operd->  Clustering Considerations
tion implementations appropriate for them. This makﬁs
it possible to optimise the handling of some objects. B
amples are presented below.

might seem that grouping objects in different par-
ons according to their kind, as mentioned above,
would cause a high degree of declustering and hence a
. ] . . . . decrease in the performance of PJSL. However, this is
Strings : strings in Java (i.e. instances of the class

String ) are made up of two separate objec{%Ot necessarily the case. Large data structures which

[14]. Since the space-overhead of an object {Xplcally need to be clustered together (linked lists,

PJSL is 16 bytes (see the technical report [25] f oS etc.) tend to. be construct.ed from only a few

more information on this), it might be more szpacv;aIStInCt types of object, usually instances of-a few

efficient to transform sma,lll strings into single Obt_:lasses and arrays. Hence, even though th? Instances
and arrays will be written to different partitions, as

:I%ng as they are clustered close to each other within

these partitions, the overall impact on performance

will be low. It has also been observed that such data
Compressed Objects: large scalar arrays might bestructures are usually larger in persistent systems than
compressed when moved onto disk to save tranNehThe PID of the object encodes or refers to all of this information

time and disk space. Examples are images, SOY&gk section 3.4) so it would suffice as the only argument, though then
samples, etc. some decoding would be repeated.

form them back into Java memory format wh
they are faulted-in.




Clustering Issues ©  Instance of class A Dataflow between VM and Store
b <  Instance of class B Scheme A ! Scheme B ! Scheme C
2™ Tree structure [T T Arayof class A
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Figure 6: Dataflow between the Virtual Machine and

. . the Store Layer.
Figure 5: Clustering Issues.

whereas scheme B will touch the same two TUs it
in traditional ones [5]. previously touched, which are very likely to still be in
the cache. Therefore, the initial cost of touching two

A concrete example is given here. Consider the tré/S has already been absorbed. Obviously, this is a
structure seen in Figure 5 and the way it will be copieffTy Specific example and the performance impact of
to the store. According to scheme A, all objects afither s.cheme is very apphcguon dependent. However,
clustered in the same partition, irrespective of thdipere will always be pathological cases for both of them.
kind. This keeps them close together and minimises

disk accesses when the tree is traversed. Howevt, far as class objects are concerned, keeping them
object management within the partition is hard&lose to instances is not very important since they are

and less efficient, since it has to deal with objects BfPically faulted-in once per execution (assuming that
different structure. size. and behaviour. they are not evicted from the object cache). Also, there

will usually be a large number of instances of a given

Alternatively, according to scheme B, instances aflass and it will be impossible to cluster all of them
' ' ose to the class object. It is more important to cluster

separated from arrays, when copied to the stofg: b d | hei di | bi
However, objects of both kinds will be clustered clost e bytecodes close .tOt €r corresponding class o ject,
to each other within each partition. Object managemesﬁ ce they' are very I|keI.y to be fau!ted-|.n shortlly after
within the partition is now more efficient because f{' JSL willin fact do this, as explained in Section 2.1.
only has to deal with objects of the same kind. Initially,

when the tree is traversed, TUs from both partitiord6 Optimising Dataflow

have to be read, making the startup cost more expensf,Y]e

. ) Thére are several ways to arrange the flow of data be-
than in scheme A. However, assuming that the entjre . . .
L . . ween the store layer and the virtual machine. Figure 6
tree structure is big enough not to fitin a single TU, thi

. . |ﬁ r hr f them:
cost will be absorbed as the rest of the tree is traversel(J:iSt ates three of the

and more TUs are accessed. e Scheme A assumes that the store has been written
specifically for the given virtual machine, there-
In the example in Figure 5, when the first node of fore the virtual machine talks to it directly. This of-

the tree, containing objects b, andc¢, is accessed, fers the highespotential performance. However,
scheme A will touch one TU and scheme B two TUs. the store code is not generic and it is very prone
However, when the next node, containing objedts to change when the specification of the virtual ma-

e, and f, is accessed, scheme A will touch a new TU chine changes.
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Figure 7: Partition Layout.

¢ Inscheme B, the store layer is general-purpose and
totally independent of the virtual machine. How-
ever, since it is very likely that the object format it
supports is different from the one the virtual ma3.1 Partition Identifiers

chine uses, an extra translation layer is introduced o o
to cope with this. This has a negative impact oWhen a partition is created, it will be allocated an ID

the performance of the system. However, the stophich will stay attached to that partition, until it be-
layer code is totally independent from the layefOmMes empty and is reclaimed (if this ever happens).

above it and can be easily re-used with only thEhis 1D will be independent of the position of the par-
translation layer having to be re-written. tition within the store. This way, it is possible to eas-

ily move, resize, and garbage collect a partition without
changing its ID and, therefore, any PIDs in objects in
e Scheme C is the one which will be adopted igther partitions which point to it (see Section 3.4).
PJSL and has been proposed as a compromise be-
fweeq schemgs A. and B. The core of the ls.to(;ﬁe_z Partition Layout
ayer is generic, with only a set of well-specifie
operations (which define, among other things, thégure 7 illustrates how the three main components of a
object format) having to be implemented specifpartition will be laid-out in the store.
cally for the given virtual machine or application
which uses the store directly. This way no trangieader : where the information describing a partition
lation layer intervenes to impact performance and IS stored.
the store can be adapted to and optimised for Py
ticular situations. However, the use of the store IS
not trivial, since the persistent programming lan-
guage implementor has to write the plug-in oper-
ations contained in the two operation matrices dmdirectory : where indirection entries, also contain-
scribed in Sections 2.2 and 2.4. ing reference counts, are stored (see Section 3.3).
As its size increases, the indirectory grows back-
wards in the partition.

Figure 8: Organisation of the Indirectory.

bject Space : where objects are allocated. As its size
increases, the object space grows forward in the
partition.

3  Partition Organisation Ullage : free space on disc into which both the object-
allocation front and indirectory grow.

This section presents a brief discussion on how the pgr- .
titions are going to be organised in PJSL. Itis includ 3 Indirectory

here to give a feel for how the store will operate, wha indirectory entry contains the following fields.
facilities will provide to the higher-levels, and what in-

formation will require from them. The contents of thi©bject Offset : the offset of the corresponding object
section are discussed in greater detail in the technical inside the partition from the start of this partition
report [25]. A 4-byte word is enough for this, as we believe it



Persistent ldentifier Format Virtual Store View
Persistent
Root\ —

Logical Partition ID Indirectory Index 1 ‘@ \@ Y @ @

Physical Store View

A
. . - . \@ \: d .
acceptable to limit the maximum partition size to w \—/
4GB.

Reference Count: the number of references to the
corresponding object from objects ather parti- Figure 10: Virtual and Physical Store Views.
tions. A 4-byte word is sufficient for this as well,
since it is unlikely that there will be more than 4 .
billion cross-partition references to a single objectf.) address stor.es Iarger than 10GB .(our target sge),
even after making pessimal assumptions about object
The use of the indirectory is illustrated in Figure &izes. A full proof of this is given in the technical
When an indirectory entry is allocated for an object, iEPOrt [25].
keeps the same position inside the indirectory during
the entire life-time of that object. If the object is movedf is possible for PIDs to be exhausted within a par-
inside the partition (due to compaction), only the objetition, without the partition being full. This happens
offset in its indirectory entry is updated. when there have been allocat®t objects in the parti-
tion without the object space having reached the indi-
Indirectory entries which have been freed (when thérctory space. In this case, the partition is considered
corresponding objects have been reclaimed) are linkedre full and, during the next garbage collection, an at-
together in a list called thindirectory Free-List The tempt will be made to decrease its overall size by con-
indirectory will grow only when this list is empty. Ittracting the ullage. Similarly, if the disk garbage col-

can also shrink, if a number of contiguous entries at #gctor detects that the ullage is nearly exhausted, but the
end have been freed. PID availability isnt, it will attempt an overall expan-
sion to increase the ullage.

Figure 9: Persistent Identifier Format.

¢
©

3.4 PID Format

Figure 9 illustrates the format of tHeersistent Identi- 3.5 Virtual Store View

fiers(PIDs) in PJSL. The least-significant bit of a PIQxigyre 10 shows the virtual view of the store that is
is always 1 to distinguish it from a memory address. Bresented to the layer above, typically the object-cache
the current JVM, these are all 8-byte aligned, both f%anager. The object-cache manager will specify the
objects and handles, hence their least-significant bitré?gime under which an object has to be stored and
0%2. The remaining space is split between the partiti%y subsequent updates to that object and the store
ID and the index of the indirectory entry correspondingyer will handle the rest: object allocation, reference
to the object. count management, garbage collection, partition

re-organisation, etc. These operations might occur
Even though 31 bit addressing might sound inadequai@nchronously (triggered by events such as updates,
it must be made clear that in PISL we address objegigcations, etc.) or (in later versions of PJSL) asyn-
rather than data, since the indirectory index is used @onously, by daemons running in the background.
part of the PID rather than the position of the object

inside the partition. It tums out that 31 bits are enougthother important point, illustrated in Figure 10, is that

12Any JVM combined with PISL will have to (or will be changed?Oth intra-partition and cross-partition references will
to) allocate its objects and handles so they are at least 2-byte aligr@gd. via the indirectory. It would be possible to optimise




Descriptors . . . . .
A Descriptoris a special object, introduced to abstract

@,&_,VE\,(. over the JVM’s layout conventions, which contains
\ information about the structure of all objects with the
Partition 1 \ same internal structure (at least the position of pointers
in them). Not all kinds of object need a descriptor,

@ @ e.g. bytecodes and scalar arrays don’t need one (there
A are no pointers in them) nor do object arrays (all their

entries are pointers). However, pointers in instances
and class objects intermingle with scalars and it is not
O nstance of class A O Descriptor of Instances of A trivial to identify them, hence descriptors need to be
D o . . . _ introduced for both of these object kinds. All instances

ass Object of class A Descriptor of Class Object of A . . .

of the same class can point to the same descriptor, since

they have the same internal structure. However, class
objects will each need a different descriptor, since their

Figure 11: Use of Descriptors. contents, i.e. number and position of their pointers,
will vary.

Partition 2

the intra-partition references to point directly to the oq=
ject, since i) they do not affect the reference counts ap
i) the indirectory will not need to be visited, avoidin

tential disk Th ; h f A, which describes where the pointers inside the
a potential disk access. There are two reasons w Y {&ances are. This descriptor points to the class object
will not be done. The most important one is that b

inting directly to the obiect. it i ¢ o ded Hself. This is necessary, since instances must point to
pointing directly fo the object, 11S not easy 10 deduqg o, corresponding class objects and, since they point
its PID since this requires the index of its indirectory . descriptor anyway, it is more space-efficient to

en_try (see the PID f_ormgt in Section 3.4) and there_ls [ifake the descriptor point to it rather than introducing
efficient way to retrieve it from the offset of the ObJeC}j new pointer inside each instafe Finally, the

inside the partition. The second reason is a payOﬁdlé‘réscriptor of the class object of A, which describes

Ing compaction since, if all references go viathe in Where the pointers are inside the class object itself, is
rectory, only the indirectory entries need to be updat Hcluded in partition 1 and is pointed to by the class

rather than all the intra-partition references in every o bject. Notice that the descriptor of instances of A is

ject. This can accelerate significantly the. compa_ctu?g licated inside each partition which contains at least
phase of the disk garbage collector, especially in hig e instance of A. This helps to keep the descriptors

inter-connected partitions [24]. close to the instances and to minimise access to other
partitions during disk garbage collection.

e use of descriptors is illustrated in Figure 11. All
tances of class A point to the descriptor of instances

3.6 Descriptors _ , _ _
The introduction of descriptors, apart from contribut-

Itis important to be able to identify efficiently all point-ing towards the efficient and uniform identification of
ers inside an object to speed-up the pointer swizzlingdinters inside objects, also has the following advan-
un-swizzling operations, the scanning phase of garbagges.

collection, etc. Some language designers optimise the

object format itself to facilitate this. For example, the e Descriptors can facilitate schema evolution, in the
pointers in all objects of Napier88 [8, 21] are grouped case when the object format does not change. If a
together at the beginning of the object and can be class object needs to be replaced, only the point-
identified efficiently and uniformly. Unfortunately, ers in the descriptors need to be updated and not
this is not possible for PJama, since the object format pointers in all instances.

used by the JVM does not guarantee this. To keep
the implementation simple, uniform, and generic, a®
new scheme needs to be adopted to deal with thissyyhen instances are faulted into main memory, this indirection is
complication. eliminated.

Descriptors can also optimise the heap garbage




Basic Blocks 4.1 |Inthe Store

Parl Laro Pars_Parl, Pard__Par6 parz The store will be split into fixed-size blocks, callBa-
Eme‘ 1 nm 1 sic Blocks* (BBs). Their size will be between 256KB

and 1MB and probably equal to the smallest partition

[] occupied sasic srock [ ] Free Basic Biock size. When a new partition needs to be allocated in the

store, a number of contiguous BBs will be reserved for

it, which of course implies that a partition size can only

Figure 12: Use of Basic Blocks. be a multiple of the BB size. On the other hand, when

a partition needs to be de-allocated, the BBs it occupies
will be marked as free in order to be re-used later. The

collector of PJama, if the notion of object kindsise of BBs is illustrated in Figure 12.

is retained while the objects are in memory.

Managing the free BBs and allocating space for par-
titions might seem a similar concept to managing free-
e The fact that instances must point to their corrgpace and dynamically allocating memory for programs
sponding class object would normally increase thgo]. Some of the properties of a good dynamic mem-
number of cross-partition references to class 0gry allocator are i) to minimise fragmentation, ii) to
jects and hence would also increase the numbergfapt quickly to changes in allocation patterns, iii) to
changes to their reference counts. However, th@nimise wasted space, and iv) to be fast. However,
introduction of descriptors avoids this, since athe trade-offs in managing free BBs are very different
instances of a given class would point to the dgs managing free-space in memory, as discussed below.
scriptor inside their home partition and only the
descriptors, at most one per partition, will point tragmentation : Since persistent stores are very long-
the class object, via a cross-partition reference.  lived (several orders of magnitude greater than a
program heap), itis vital that fragmentation is kept
as low as possible. Otherwise, it will have a neg-
ative impact on the performance and size of the
store, as its life-time increases, and might intro-
duce indefinetely accumulating space leaks, which
are unacceptable in the context of a long-lived per-
sistent store.

e Keeping the descriptors close to the correspond-
ing objects improves locality and avoids the disk
garbage collector from having to access other par-
titions.

e On disk at least, descriptors will also include the _ h _ : h
type of the fields of the corresponding objects dadapPtation to Changes : Again, due to the store be-

that a store can be used on platforms with different "9 0ng-lived and different applications being able
byte-order to run over it at different times (or even concur-

rently), the BB manager should be able to adapt
easily to new allocation patterns.

Wasted Space: Disks these days are large and rela-
4 Free-Space Management tively cheap and, since the first two properties are
so important, the space taken up by the store can
As mentioned in previous sections, the persistent object be a small percentage (up to 10% or 15%) larger
store will be divided into partitions whose size willvary  than its real size, in order to deal with them more
and will depend on the kind of objects they contain. Be-  efficiently.

cause of this, two levels of free-space management are

needed: one for allocating partitions inside the store ang€€d : Even though speed is vital for a dynamic mem-
ory allocator (since the programs which use it can

one for allocating objects inside a partition. The next a : : o
two sections present a discussion of the differences in €XNibit & very high allocation rate), it is not as

trade-offs, behaviour, and assumptions between the tWoia petter name for them would Binimum Blocksbut unfortu-
levels. nately this is abbreviated to MBs, same as Megabytes.




important in allocating and freeing BBs. PartiFor example, compaction can be beneficial for small
tion allocation and de-allocation will not be exebjects because it can deal with the big number of small
tremely frequent events in PJSL and they will ustiholes” which are created as small objects become
ally be followed by several disk accesses. Thergarbage. Also the fast allocation that it provides can
fore, speed can be sacrificed in order to manaigeprove the performance of promotion, if a large
space more efficiently. number of objects are allocated in the same partition.
Alternatively, free-lists might apply better to larger
Flexible Partition Size : Sometimes partitions mightobjects since it is inadvisable to copy them unneces-
need to grow or shrink. However, when a newarily!® and, because of their size, fewer large objects

size for one is proposed, the BB allocator can kgan be accommodated inside a partition, which has the
allowed to change it within some limits. For expotential to keep the free-lists short.

ample, if a 2MB partition needs to grow, it prob-
ably does not matter whether it becomes 3MB @f is also worth pointing out that clustering objects of

3.5MB (but does matter if it becomes 20MB). Thisimilar size inside each partition has the potential to re-
can allow the BB allocator to be more efficient ijjuce fragmentation considerably.

dealing with fragmentation.

Partition Mobility : Since PIDs do not depend orb Related Work
the position of the partition in the store (see Sec-
tion 3.4), it is possible to move a patrtition, in ordef large number of persistent stores have been con-
to make a larger number of contiguous BBs avai$tructed for a variety of systems and purposes.
able for a big partition. This clashes with the typiMentioning all of them would be too lengthy. There-
cal assumptions a memory allocator usually makése this section is selective.
(e.g. objects allocated dynamically in languages
like C or Pascal are non-migratable). The mov&bjectStore [19] from Object Design Inc. is considered
ment of partitions can only be used as a very lakt be the most successful commercial object store. It
resort, after all other possible solutions have beeses a client-server model and was initially targetted
exhausted. for C++ applications, therefore space re-use relied on
explicit deletes rather than garbage collection. Its latest
The decision on the algorithm to be used for the Bgersion (5.0) provides an API to store Java objects.
management is still being researched. Ideas will be
drawn from previous work in free-space managemenbject Design Inc. have also announced lately a new
for file systems [15, 28] and dynamic memory managproduct called ObjectStore PSE (Persistent Storage
ment and allocation [30]. Engine), which is a lightweight version of their main
product. The main difference is that it is written en-

.. tirely in 100% Pure Java, thus trading-off performance
4.2 In a Partition for portability.

Once a partition has been allocated in the store, thﬁ T bi 261 f h ) i of
free space inside it will be managed at the object lev 1€ lexas O.Je.Ct :f,tolre [26] rom the invers!ty 0
The object space will be reclaimed and compactgﬁxas at Austin is similar to ObjectStore in that it was

using garbage collection [29]. Additionally, due to thifrgetted for C++ and explicit deletes. It implements

introduction of partition regimes (see Section 2.1), it gomter—swmzhng at page-fault time [31] and uses a

possible for different partitions to implement differentle‘;hniqug similar to the descriptors (see Section 3.6) in
free-space management policies, optimised for tRETET t0 dO SO.
kinds of objects they contain.

161t has been observed that the average lifetime of large objects is
usually greater than that of smaller ones [30]. This argument still

150f course, this does not mean that the BB manager might requirseds supporting experimental evidence in the context of persistent
1 sec or more to allocate a partition. It just means Bmnhespeed stores. However, if it does hold and compaction is used, large ob-
might be sacrificed in order to achieve more efficient BB managjects will be forced to be copied unnecessarily, causing an increased
ment. number of disk accesses.




The object store implemented for the persistent lamcremental store administration algorithms.

guage Napier88 [9, 10, 21], from the University of St

Andrews, Scotland, has a good model of reachabilionstruction of this new store will take place this sum-
and hence makes disk garbage collection possibieer and we plan to report on the extent to which the
However, the object format which it uses groups allesign matches our expectations at the workshop. The
pointers in the beginning of the objects [8, 9, 10]. I§tore will be integrated with a JVM and performance
the application which uses it does not have a similafeasurement and tuning will quickly follow. The next
object format (which is the case for PJama), expensikase will involve three parallel investigations:
translations are necessary when objects are copied to

and from the store. o exploration of disk garbage collection strategies;

Finally PJSL was influenced by the Mneme object storee evaluation of the utility of specialized partition
[22]. As mentioned in Section 2.1, it has a similar par- regimes; and

titions and regimes called pools. Each pool can be in-

dependently managed and can support different objec® validation that the store will support its intended
formats. Also, Mneme was designed with disk garbage l0ad and planned functionalities:

collection in mind. It is not known whether a garbage

collector has actually been implemented for it. — flexible and long transactions;
— concurrent archiving and disk garbage col-
6 Conclusions and Future Work lection;

— schema evolution; and
The design of a store layer for the support of an orthog-
onally persistent platform for Java has been described.
Important features are:

¢ the grouping of store-objects into a small numbgr ACknOWIedgementS
of kinds;

— a model of distribution [27].
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