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Forward Citations:

Abstract:

The present invention provides techniques that allow concurrent collection of cyclic garbage on reference counting systems. In
general, candidate objects are found that may be part of cyclic garbage. Each candidate object has a reference count. Two tests
are performed to determine if concurrent operations have affected the reference counts of the candidate objects. If concurrent
operations have not affected the reference counts, the candidate objects are collected as garbage. Additionally, during garbage
collection, the decrements to reference counts are delayed so that increments occur before decrements and so that decrements
are held a predetermined time before being applied. This prevents decrementing a reference count and collecting a cycle as
garbage right before a reference is added to an object in the cycle.
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Objects in a computing environment are often utilized by threads through an object lifecycle, and are destroyed at the end of the
object lifecycle to reclaim the computing resources used by the object. In some cases, a thread that initiates an object
destruction of an object may be unable to complete the destruction (e.g., a second thread may hold a synchronization lock over
an object resource of the object). An object destruction workflow initiates the destruction of an object on behalf of a thread. If the
object destruction workflow encounters a failure to complete the object destruction, a new reference to the object is inserted into
an object destruction list, as the last reference to the object. A second thread discovers and releases the last reference in the
object destruction list, prompting the object destruction workflow to resume the attempt to destroy the object on behalf of the

second thread.
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The present invention relates to systems and methods for freeing shared resources that remain allocated to a particular resource
allocating process after the resource allocating process has terminated The invention is useful in a computer system where
shared hardware is accessed via a shared hardware driver layer The shared hardware driver layer interfaces with either a shared
API layer or a nonshared API layer. Processes wishing to access the shared hardware access the hardware through either the
shared or nonshared API layer. To release resources and destroy objects in either the shared API layer or the shared hardware
driver layer, the present invention uses a helper process that cleans up after termination of the resource allocation process. The
helper process first calls, cleanup function in the shared API layer to release resources and destroy objects in the shared API
layer and associated hardware driver. The helper process then loads a copy of the nonshared API layer and makes a call to a
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similar cleanup function to release any remaining resources and destroy any remaining objects. In the alternative, the helper
process loads a copy of the nonshared API layer and calls to the similar cleanup function are made by the cleanup function in the
shared API layer.

HELFER PROCESS
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The analysis of the lifetime of objects in a garbage-collected system may be accomplished quickly and effectively using reference
counts and cyclic garbage analysis. A reference count is maintained for each of the objects to indicate the number of incoming
pointers. Each time the graph structure is altered, the reference counts are updated. Timestamps are recorded each time the
reference count for objects change. If a reference count goes to zero, the corresponding object may be indicated as dead. A
garbage collection need only be run once (perhaps at the end), and after it is run the system may indicate which objects are
cyclic garbage. The timestamps for objects which are cyclic garbage are then reviewed in reverse chronological order. For each
timestamp found, the corresponding object and any object reachable from the corresponding object are indicated as dead. These
objects are then removed from the set of cyclic garbage.
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The present invention is a method and system of automatic memory management (garbage collection). An application
automatically marks up objects referenced from the "extended root set". At garbage collection, the system starts traversal from
the marked-up objects. It can conduct accurate garbage collection in a non-GC language, such as C++. It provides a
deterministic reclamation feature. An object and its resources are released immediately when the last reference is dropped.
Application codes automatically become entirely GC-safe and interruptible. A concurrent collector can be pause-less and with
predictable worst-case latency of micro-second level. Memory usage is efficient and the cost of reference counting is significantly

reduced.
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A system and method determines an object's lifetime. An object lifecycle engine may work with an object oriented environment.
As objects are created, an object graph may be constructed having one or more roots. A root record graph may be constructed,
and edges of the root record graph may point in an opposite direction than the edges of the object graph. As objects, entities,
and references are added, removed, or deleted from within the environment, the object graph and the root record graph may be
updated. A root finder may search the root record graph to determine whether a given root record is no longer rooted. If a root
record is no longer rooted, then the object associated with that root record may be determined to be unreachable and at the end
of its lifetime. If the root finder search is performed when references are removed, then objects may be destroyed in a
deterministic manner.
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A reference counting a garbage collection process employs a reference counting technique in which only the "last" detected
strong pointer is followed to an object. Moreover, no assumptions are made about the phase locking used in the transaction and
strict WAL is not followed. Indeed, a relatively restricted local traversal of the object graph is employed which leads to higher
efficiency. Furthermore, in a client-server arrangement, updates made by a transaction running at the client may be reflected at
the server after the transaction ends, and the updates are not required to be forced to the server before the end of the

transaction.
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Memory management to support calls between objects in language environments support automatic garbage collection and
language environments requiring explicit control of object destruction is provided. Reference counting is used to automatically
control the lifetime of objects requiring explicit destruction and that are to be accessible across the language boundary. A data
structure is maintained in a runtime component for each object that is accessed over a language boundary. The reference count
for each non-garbage collected object is incremented by the runtime in accordance with the number of cross-language references
held to it. When the count reaches zero through decrements as the references are returned and destroyed, the non-garbage
collected object can be safely and automatically destroyed. The runtime creates a strong reference to any garbage collected
object accessed by a cross-language call. The reference is visible to the garbage collector, and prevents the object being
collected while the reference is in existence.
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Abstract:

A software object's lifetime may be controlled to allow it to complete certain tasks asynchronously after all references to the
object have been released. The object may be created in a first state and transitioned to a second state under certain
circumstances. For example, if it is known that the object needs to complete certain tasks asynchronously after all references to
the object have been released, the object may be transitioned to the second state. If the object is created in a technology which
uses reference counting, the reference count may be artificially incremented upon state transition. After the object transitions
from the first state to the second state, and all references to the object have been released, the object is so notified and if
appropriate, the object can undertake certain tasks appropriate under those circumstances.
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Abstract:

A method of reclaiming memory space allocated to a data structure comprising data objects (910-960) linked by identifying
pointers, in which the memory allocated to data objects is reclaimed using two systems: a first system (980), by which a selected
part of the data structure is traversed by following the pointers, one of at least two identifiers being allocated to the data objects,
a first identifier which indicates that the data object has been traversed so that the data objects referenced by the pointers of that
data object have been identified, and a second identifier which indicates that the data object is referenced by a pointer, but the
data object has not yet been traversed; and a second system (990), by which an individual data object is selected for deletion to
enable the associated memory space to be reclaimed. The second system (990) reads the first system identifier for the individual
data object, and if the first identifier is present deletes the data object thereby reclaiming the associated memory space. If the
second identifier is present, it allocates a third identifier, where the first system (980) operates to reclaim the memory space
allocated to data objects having the third identifier.
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