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Abstract

Memory intensive applications, constrained by fixed-size or low memory environments, can
combat this limitation by leveraging persistent disk-based storage systems (most notably rela-
tional databases). Others, however, may incur significant penalties at runtime as main memory
overflows and the use of extended virtual memory leads to thrashing. Worse yet, some sys-
tems may choose a database solution while not necessarily requiring the benefits of a Database
Management System, such as querying or transaction management.

Object-relational mapping tools, such as the Hibernate, ease the persistence and retrieval
of data into and from a relational database. However, such tools are ill suited to systems using
a database for relieving main memory. Manually managing the offloading of main memory
objects to disk is tedious, error prone, and unmaintainable. A new classification of objects is
proposed–Thin Objects; that is objects whose data is partially stored in main memory and on
disk. Thin Objects are divided into critical (thick) and non-critical (thin) portions, allowing
critical pieces of data to remain resident in main memory while non-critical data is stored on
disk.

The Automated Thin Object Management System (ATOMS) is proposed as a means for
transparently storing and retrieving data from the non-critical region of Thin Objects in order to
reduce the main memory footprint of a running application. Designed for the Java programming
language, ATOMS utilizes the garbage collection facility of the Java Virtual Machine as an
optimal page replacement algorithm in a variable sized buffer–the heap. Paralleling the buffer
management component in Database Management Systems [11, 15], ATOMS monitors changes
in non-critical data values so that those lacking reachability beyond the scope of their defining
object are persisted to disk.

Using aspect-oriented programming principles, ATOMS maintains the obliviousness [18]
quality while maintaining the utmost flexibility, reusability, and configurability. Adhering to the
principles of orthogonal persistence [3] within persistent programming languages, Thin Objects
reduce the complexity and increase maintainability by separating this persistence functionality
as a cross-cutting concern. ATOMS supports the use of any persistent data storage component;
however, a reference implementation includes one relational database and one non-relational
database.
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Related Work

The proposed solution closely relates to three separate areas of research: (1) buffer management
(2) memory management and (3) orthogonal persistence. Buffer management has been studied
intensely over the recent decades beginning with [15] and [11]. The buffer manager is the
component of most Database Management Systems that is responsible for interacting with the
disk to perform physical I/O operations. The buffer manager manages a set (usually static in
size) of buffers in main memory that serve as a cache for physical disk access. Much research has
been completed in this area and is beyond the scope of this proposal. See [7, 8, 11, 15–17, 24, 27]
for further reference.

Memory management, since the separation of main memory from disk memory, has been
studied vigorously throughout much of the history of modern computing [12]. Of particular
significance is two key areas of research: (1) virtual memory management and (2) garbage
collection. Virtual memory, the decoupling of physical addresses from logical addresses, is
paramount in the buffer management systems previously noted. [12] provides a thorough, yet
outdated survey of the research in this field.

Much attention in the recent two decades has been given to garbage collection algorithms in
virtual-machine based languages, used by high-level languages such as Java. Garbage collection
was devised as a means of freeing the developer from the constraints, complexity, and difficulties
of manual memory management. [9] has proposed a garbage collector that performs heap com-
pression to reduce the memory footprint of Java applications. [20] addresses the fundamental
of many garbage collection algorithms–objects that lose reachability are no longer usable. The
authors contend that reachability is not synonymous with usability. They consequently propose
an algorithmic extension to the Java garbage collector that automatically detects loitering ob-
jects in main memory, i.e. those considered idle or obsolete. Further research related to garbage
collection can be found in [6, 9, 10, 13, 21, 22, 28, 30–32]. Related to garbage collection, the
use of weak reference objects within the Java language is detailed in [1, 14, 19].

Lastly, the concept of orthogonal persistence was introduced in [5]. Otherwise known as the
Orthogonal Persistence Hypothesis [4], the goal of orthogonal persistence is “allowing programs
to be expressed independently of the longevity of the data they manipulate, and conversely, so
that the longevity of an object is independent of the way it is manipulated” [23]. Three aspect-
oriented implementations have been developed in effort to support this concept [25, 26, 29].
[2] identifies several flaws with these approaches with respect to type orthogonality, persis-
tence independence and transitivity, suggesting that persisting containers and path expression
pointcuts overcome these flaws.
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