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(57) ABSTRACT 
Recyclable locking for multi-threaded computing environ 
ments is disclosed. In one embodiment, a system includes at 
least one thread, a pool of locks, at least one object, and a 
recyclable locking mechanism. Each object has an associ 
ated variable. The mechanism associates a lock With an 
object using the associated variable of the object as a pointer, 
upon a ?rst request by a thread. 
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RECYCLABLE LOCKING FOR 
MULTI-THREADED COMPUTING 

ENVIRONMENTS 

CROSS-REFERENCE TO A RELATED PATENT 
APPLICATION 

[0001] This application is a continuation of US. patent 
application Ser. No. 09/217,389, ?led on Dec. 21, 1998. 

FIELD OF THE INVENTION 

[0002] This invention relates generally to multi-threaded 
computing environments, and more particularly to optimis 
tic recyclable locking using complex locks for such envi 
ronments. 

BACKGROUND OF THE INVENTION 

[0003] Traditionally, computing environments in Which 
computer programs are run have been single threaded. This 
means that only one task can be run Within the computing 
environment at a time. This places constraints on both users 
and programs. A user for example, is thus able to only run 
one program at a time. Similarly, a program is only able to 
run a single task, or thread, at a time. 

[0004] Therefore, computing environments have been cre 
ated that are multi-threaded. A user, is thus typically able to 
run more than one computer program in such environments 
at a single time B for example, both a Word processing 
program and a spreadsheet program. Similarly, a program is 
in such environments usually able to run multiple threads or 
tasks concurrently B for example, a spreadsheet program can 
calculate a complex formula that may take minutes to 
complete While concurrently permitting the user to still 
continue editing a spreadsheet. 

[0005] A problem arises, hoWever, When tWo threads B 
either of the same or different programs B attempt to access 
the same data object (Which may in a non-limiting and 
nonexclusive sense be de?ned as a softWare component) at 
the same time, Where exclusive access to the object is 
required by one or both of these threads. Such concurrent 
access of the same object may result in corruption of 
programs’ data structures, ultimately causing the computer 
to crash. Therefore, When a given thread accesses an object, 
generally it is provided a AIOCkEOIl that object B for 
example, utiliZing a lock object B so that other threads can 
only acquire limited rights to the object until the given 
thread is ?nished With using the object. For instance, to 
improve thread throughput, it may be desirable to implement 
Read-Write locks, alloWing for multiple threads to read the 
data structure, but only one thread modifying it. Another 
example may be a SQL database, in Which appending is a 
very common situation, and thus it is desirable to make it a 
non-blocking procedure, Which is often done by implement 
ing a complex lock structure. 

[0006] Locking mechanisms may be inef?cient, hoWever. 
If a lock object exists for every object Within a given 
computing environment, or system, the result is a doubling 
of the number of objects Within the system just to enable 
objects to be locked. Such an approach is thus an inef?cient 
use of resources, both in terms of memory to store the lock 
objects, as Well as the overhead to maintain these objects. 
For these and other reasons, there is a need for the present 
invention. 
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SUMMARY OF THE INVENTION 

[0007] The above-identi?ed problems, shortcomings and 
disadvantages With the prior art, as Well as other problems, 
shortcoming and disadvantages, are solved by the present 
invention, Which Will be understood by reading and studying 
the speci?cation and the draWings. In one embodiment, a 
system includes at least one thread, a pool of locks, at least 
one object, and a recyclable locking mechanism. Each object 
has an associated variable. The mechanism associates a 
complex lock With an object using the associated variable of 
the object as a pointer, upon a ?rst request by a thread. All 
operations can be expressed using Win32 API’s thus pro 
viding for portable implementation on the prevalent soft 
Ware operating systems. 

[0008] Thus, embodiments of the invention provide for 
advantages not found in the prior art. The number of 
complex locks can be much less than the number of objects 
in the system. When a thread desires to use an object, in one 
embodiment it sends a request to the recyclable locking 
mechanism, Which then associates a lock from the pool of 
locks to the desired object. When the thread is ?nished With 
the object, and no other threads require use of the object, the 
associated lock is recycled for reuse. 

[0009] The invention includes systems, methods, comput 
ers, and computer-readable media of varying scope. Besides 
the embodiments, advantages and aspects of the invention 
described here, the invention also includes other embodi 
ments, advantages and aspects, as Will become apparent by 
reading and studying the draWings and the folloWing 
description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 shoWs a diagram of the hardWare and 
operating environment in conjunction With Which embodi 
ments of the invention may be practiced; 

[0011] FIG. 2 shoWs a block diagram of a system accord 
ing to one embodiment of the invention; 

[0012] FIG. 3 shoWs a ?oWchart illustrating a method 
according to one embodiment of the invention; 

[0013] FIG. 4(a) shoWs a diagram of a pool of locks 
according to an embodiment of the invention; and, 

[0014] FIG. 4(b) shoWs a diagram of a variable of an 
object according to an embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0015] In the folloWing detailed description of exemplary 
embodiments of the invention, reference is made to the 
accompanying draWings Which form a part hereof, and in 
Which is shoWn by Way of illustration speci?c exemplary 
embodiments in Which the invention may be practiced. 
These embodiments are described in suf?cient detail to 
enable those skilled in the art to practice the invention, and 
it is to be understood that other embodiments may be utiliZed 
and that logical, mechanical, electrical and other changes 
may be made Without departing from the spirit or scope of 
the present invention. The folloWing detailed description is, 
therefore, not to be taken in a limiting sense, and the scope 
of the present invention is de?ned only by the appended 
claims. 
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[0016] The detailed description is divided into ?ve sec 
tions. In the ?rst section, the hardware and the operating 
environment in conjunction With Which embodiments of the 
invention may be practiced are described. In the second 
section, a system of one embodiment of the invention is 
presented. In the third section, a method, in accordance With 
an embodiment of the invention, is provided. In the fourth 
section, data structures, in accordance With an embodiment 
of the invention, are given. Finally, in the ?fth section, a 
conclusion of the detailed description is provided. 

HardWare and Operating Environment 

[0017] Referring to FIG. 1, a diagram of the hardWare and 
operating environment in conjunction With Which embodi 
ments of the invention may be practiced is shoWn. The 
description of FIG. 1 is intended to provide a brief, general 
description of suitable computer hardWare and a suitable 
computing environment in conjunction With Which the 
invention may be implemented. Although not required, the 
invention is described in the general context of computer 
eXecutable instructions, such as program modules, being 
eXecuted by a computer, such as a personal computer. 
Generally, program modules include routines, programs, 
objects, components, data structures, etc., that perform, 
particular tasks or implement particular abstract data types. 

[0018] Moreover, those skilled in the art Will appreciate 
that the invention may be practiced With other computer 
system con?gurations, including hand-held devices, multi 
processor systems, microprocessor-based or programmable 
consumer electronics, netWork PCS, minicomputers, main 
frame computers, and the like. The invention may also be 
practiced in distributed computing environments Where 
tasks are performed by remote processing devices that are 
linked through a communications netWork. In a distributed 
computing environment, program modules may be located 
in both local and remote memory storage devices. 

[0019] The exemplary hardWare and operating environ 
ment of FIG. 1 for implementing the invention includes a 
general purpose computing device in the form of a computer 
20, including a processing unit 21, a system memory 22, and 
a system bus 23 that operatively couples various system 
components include the system memory to the processing 
unit 21. There may be only one or there may be more than 
one processing unit 21, such that the processor of computer 
20 comprises a single central-processing unit (CPU), or a 
plurality of processing units, commonly referred to as a 
parallel processing environment. Underlying CPU has to 
implement means of atomic operations, be it interlocked 
operations found on Intel X86 architecture, or lock/store 
conditional found on Alpha and PoWerPC architectures, or 
some other atomic operation. The computer 20 may be a 
conventional computer, a distributed computer, or any other 
type of computer; the invention is not so limited. 

[0020] The system bus 23 may be any of several types of 
bus structures including a memory bus or memory control 
ler, a peripheral bus, and a local bus using any of a variety 
of bus architectures. The system memory may also be 
referred to as simply the memory, and includes read only 
memory (ROM) 24 and random access memory (RAM) 25. 
Abasic input/output system (BIOS) 26, containing the basic 
routines that help to transfer information betWeen elements 
Within the computer 20, such as during start-up, is stored in 
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ROM 24. The computer 20 further includes a hard disk drive 
27 for reading from and Writing to a hard disk, not shoWn, 
a magnetic disk drive 28 for reading from or Writing to a 
removable magnetic disk 29, and an optical disk drive 30 for 
reading from or Writing to a removable optical disk 31 such 
as a CD ROM or other optical media. 

[0021] The hard disk drive 27, magnetic disk drive 28, and 
optical disk drive 30 are connected to the system bus 23 by 
a hard disk drive interface 32, a magnetic disk drive inter 
face 33, and an optical disk drive interface 34, respectively. 
The drives and their associated computer-readable media 
provide nonvolatile storage of computer-readable instruc 
tions, data structures, program modules and other data for 
the computer 20. It should be appreciated by those skilled in 
the art that any type of computer-readable media Which can 
store data that is accessible by a computer, such as magnetic 
cassettes, ?ash memory cards, digital video disks, Bernoulli 
cartridges, random access memories (RAMs), read only 
memories (ROMs), and the like, may be used in the eXem 
plary operating environment. 

[0022] A number of program modules may be stored on 
the hard disk, magnetic disk 29, optical disk 31, ROM 24, or 
RAM 25, including an operating system 35, one or more 
application programs 36, other program modules 37, and 
program data 38. Auser may enter commands and informa 
tion into the personal computer 20 through input devices 
such as a keyboard 40 and pointing device 42. Other input 
devices (not shoWn) may include a microphone, joystick, 
game pad, satellite dish, scanner, or the like. These and other 
input devices are often connected to the processing unit 21 
through a serial port interface 46 that is coupled to the 
system bus, but may be connected by other interfaces, such 
as a parallel port, game port, or a universal serial bus (USB). 
A monitor 47 or other type of display device is also 
connected to the system bus 23 via an interface, such as a 
video adapter 48. In addition to the monitor, computers 
typically include other peripheral output devices (not 
shoWn), such as speakers and printers. 

[0023] The computer 20 may operate in a netWorked 
environment using logical connections to one or more 
remote computers, such as remote computer 49. These 
logical connections are achieved by a communication device 
coupled to or a part of the computer 20; the invention is not 
limited to a particular type of communications device. The 
remote computer 49 may be another computer, a server, a 
router, a netWork PC, a client, a peer device or other 
common netWork node, and typically includes many or all of 
the elements described above relative to the computer 20, 
although only a memory storage device 50 has been illus 
trated in FIG. 1. The logical connections depicted in FIG. 
1 include a local-area netWork 51 and a Wide-area 
netWork 52. Such netWorking environments are 
commonplace in of?ce netWorks, enterprise-Wide computer 
netWorks, intranets and the Internet, Which are all types of 
netWorks. 

[0024] When used in a LAN -netWorking environment, the 
computer 20 is connected to the local netWork 51 through a 
netWork interface or adapter 53, Which is one type of 
communications device. When used in a WAN -netWorking 
environment, the computer 20 typically includes a modem 
54, a type of communications device, or any other type of 
communications device for establishing communications 
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over the Wide area network 52, such as the Internet. The 
modem 54, Which may be internal or external, is connected 
to the system bus 23 via the serial port interface 46. 

[0025] In a networked environment, program modules 
depicted relative to the personal computer 20, or portions 
thereof, may be stored in the remote memory storage device. 
It is appreciated that the netWork connections shoWn are 
exemplary and other means of and communications devices 
for establishing a communications link betWeen the com 
puters may be used. 

[0026] The hardWare and operating environment in con 
junction With Which embodiments of the invention may be 
practiced has been described. The computer in conjunction 
With Which embodiments of the invention may be practiced 
may be a conventional computer, a distributed computer, or 
any other type of computer; the invention is not so limited. 
Such a computer typically includes one or more processing 
units as its processor, and a computer-readable medium such 
as a memory. The computer may also include a communi 
cations device such as a netWork adapter or a modem, so that 
it is able to communicatively couple other computers. 

System 
[0027] In this section of the detailed description, a descrip 
tion of a computeriZed system according to an embodiment 
of the invention is provided. The description is provided by 
reference to FIG. 2. Referring noW to FIG. 2, a system 
according to an embodiment of the invention is shoWn. The 
system includes a thread 200, an object 202, a pool of locks 
204, and a recyclable locking mechanism 206. Only one 
thread 200 and one object 202 are shoWn for purposes of 
descriptive clarity. Those of ordinary skill Within the art can 
appreciate, hoWever, that the invention is not so numerically 
limited. 

[0028] The thread 200 is an executable task Within the 
system of FIG. 2. The task may be a computer program in 
and of itself, or may be one of a plurality of tasks of a single 
computer program. Where there are or can be more than one 
thread, such as the thread 200, the system of FIG. 2 is said 
to be a multi-threaded computing environment, as those of 
ordinary skill Within the art can appreciate. 

[0029] The object 202 is a softWare object, as has been 
previously described in the background section. The inven 
tion is not particularly limited to a given type of the object 
202. Such object types include a Java object, a Component 
Object Model (COM) object, a C++ object, etc. The object 
202 has an associated variable, Which in one embodiment 
can be an integer, as that construct is used Within computer 
languages such as C and C++. For the object 202 to be 
locked to the thread 200, it has the associated variable act as 
a pointer to one of the locks Within the pool of locks 204. 

[0030] The pool of locks 204 includes a plurality of 
complex lock objects, such as the lock object 208. Each lock 
object, such as the lock object 208, is a speci?c type of 
softWare object that is speci?cally utiliZed to lock an object, 
such as the object 202, to a thread, such as the thread 200, 
When a pointer of the object points to the lock object. In one 
embodiment, there are signi?cantly less lock objects Within 
the pool 204 than there are total softWare objects, such as the 
object 202. 

[0031] The recyclable locking mechanism 206 associates 
a lock Within the pool 204, such as the lock object 208, With 
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an object, such as the object 202, using the associated 
variable of the object as a pointer to the lock, upon a ?rst 
request by a thread, such as the thread 200, in one embodi 
ment Where the object 202 has not been previously locked by 
another thread. Pursuant to a second request by the thread, 
the mechanism 206 further deassociates the lock from the 
object, such that the lock is Arecycled, E that is, can be 
reused. 

[0032] Thus, the lock objects Within the pool 204 are not 
permanently assigned to any one object; rather, they are 
temporarily assigned to objects as needed. When no thread 
is using a given object having an associated variable point 
ing to a given lock object, the pointer is reset, and the lock 
object is available for use as to another object. In this 
manner, feWer lock objects than objects are necessary. In 
general, only a number of locks is needed as to the maximum 
number of objects that need to be locked at any given time. 

[0033] The system of FIG. 2 may operate in accordance 
With one embodiment of the invention as folloWs. The thread 
200 desires to use the object 202. To ensure that it Will have 
exclusive access to the object 202, it sends a ?rst request to 
the mechanism 206. Assuming that the object 202 is not 
being used by another thread, the mechanism 206 uses the 
associated variable of the object 202 as a pointer to an 
available lock object of the pool 204, such as the lock object 
208. In the case Where another thread is currently using the 
object 208 exclusively, the object 208 has an in-use status 
such that the thread 200 cannot use it until the other thread 
is ?nished (in another embodiment, nonexclusive access to 
the object is permitted, such that both threads are able to use 
the object). Furthermore, in the case Where the thread 200 
sends a ?rst request to the mechanism 206 While the mecha 
nism 206 is in the midst of assigning the associated variable 
of object 202 to a lock object, the object 202 has a spin status 
such that the thread 200 understands that it must try to obtain 
access to the object 202 at a later time. 

[0034] HoWever, in the case Where the thread 200 does in 
fact obtain access to the object 202, When it is ?nished using 
the object 202, it sends a second request to the mechanism 
206. This time, the mechanism 206 deassociates the asso 
ciated variable of the object 202 so that it no longer points 
to the lock object 208, assuming that no other threads are 
seeking to use the object 202, such that the lock object 208 
is again available for use in conjunction With the same object 
or another object. In the case Where another thread had 
Wanted to use the object 202 and the thread 200 had 
exclusive access to the object 202, hoWever, the lock object 
208 remains associated With the object 202 via the associ 
ated variable of the object 202, so that this other thread can 
then have exclusive access to the object 202. 

Method 

[0035] In this section of the detailed description, a method 
according to an embodiment of the invention is presented. 
This description is provided in reference to FIG. 3. The 
computeriZed method is desirably realiZed at least in part as 
one or more programs running on a computer—that is, as a 
program executed from a computer-readable medium such 
as a memory by a processor of a computer. The programs are 
desirably storable on a computer-readable medium such as 
a ?oppy disk or a CD-ROM, for distribution and installation 
and execution on another (suitably equipped) computer. 
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Thus, in one embodiment, a recyclable locking mechanism 
program is executed by the processor from the medium to 
associate a lock With an object using an associated variable 
of the object as a pointer. The method of FIG. 3 can further 
be used in conjunction With the system of FIG. 2, as Will be 
apparent to those of ordinary skill Within the art. 

[0036] Referring noW to FIG. 3, a ?oWchart of a method 
according to one embodiment of the invention is shoWn. In 
300, Which is an initialiZation phase, an associated variable 
of an object, such as the object 202 of FIG. 2, is reset by in 
one embodiment by being set to —1. The associated variable 
includes a set of high bits and a set of loW bits, Where the set 
of high bits folloWed by a Zeroed set of loW bits acts as a lock 
pointer, and the set of loW bits acts as a status variable 
regarding Whether the object is currently being used. The 
number of loW bits corresponds has to be greater or equal to 
the logarithm With base 2 of the maXimum number of 
threads they may attempt to associate a lock With an object 
at the same time. Moreover, it is assumed that all locks are 
aligned at addresses of Which all loW bits are Zero. 

[0037] In one embodiment, the set of high bits and the set 
of loW bits are ordered Within the variable in the format 
hhhhhhhhhhhhhhhhhhhhhhhhhhhhlllll, Where each h repre 
sents a high bit and each 1 represents a loW bit. 304, 306, 
307, 309 and 311 make up a lock arbitration phase, in Which 
a ?rst lock instruction has already been asserted by a thread. 
In 304, the associated variable of the object is incremented, 
in one embodiment by 1 by the thread itself, in another 
embodiment, a recyclable locking mechanism, such as the 
mechanism 206 of FIG. 2, performs the incrementation, for 
instance by calling Win32 API InterlockedIncrement( 

[0038] In 306, it is determined Whether the associated 
variable is greater than a predetermined boundary value, in 
one embodiment by the recyclable locking mechanism such 
as the mechanism 206 of FIG. 2. In one embodiment, the 
boundary value is equal to 32. In such an embodiment, there 
are ?ve loW bits Within the set of loW bits of the associated 
variable of the object, such that the ?rst high bit Within the 
set of high bits of this variable is the siXth bit, such that 2 to 
the ?fth bit equals the boundary value of 32. 

[0039] If the associated variable is less than the boundary 
value, but nonZero, this signi?es that none of the high bits 
have been set to one, such that the set of high bits folloWed 
by a number of Zero bits equal to the number of loW bits (that 
is, the associated variable With the loW bits Zeroed) does not 
point to a lock object. Thus, the object has a spin status, 
meaning that a lock object is in process of being assigned to 
the object, such that in 308 the thread Waits until the lock 
object is pointed to by the set of high bits of the associated 
variable of the object, as the set of high bits is folloWed by 
a number of Zero bits equal to the number of loW bits. In this 
case, the thread shall yield control, for instance by calling 
Win32 function Sleep( 

[0040] Upon the associated variable of the object With the 
loW bits Zeroed pointing to a lock object, as assigned by the 
recyclable locking mechanism, control proceeds from 306 to 
307. 

[0041] In 309 it is determined Whether the set of loW bits 
is equal to Zero. If they are, then this means that the object 
is currently being used by another thread (i.e., the object has 
an in-use status), and the thread that asserted the instruction 
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must Wait in 309 until this other thread has ?nished using the 
object, in the case Where this other object has exclusive 
access to the object. Once the set of loW bits is not equal to 
Zero, then this means that no other threads are using the 
object, and control proceeds to 311, Where the lock is 
allocated. Then in 312, the set of high bits of the associated 
variable (folloWed by a number of Zero bits equal to the 
number of bits in the set of loW bits) is used as a pointer to 
a lock object. It is noted that the conditions of 306 and 307 
are arbitrarily ordered as shoWn in FIG. 3, and in another 
embodiment, the conditional testing of 307 can be per 
formed prior to the conditional testing of 306, as those of 
ordinary skill Within the art can appreciate (i.e., testing for 
a nonZero of the set of loW bits is performed ?rst, and then 
testing for a greater than boundary value condition of the 
associated variable is performed). 

[0042] Once the thread has ?nished using the object, it 
decrements the associated variable of the object, in one 
embodiment by 1, in 314. In another embodiment, the thread 
accomplishes this decrementation by sending a second, 
unlock request to the recyclable locking mechanism, and the 
mechanism itself performs the decrementation. In another 
embodiment, the thread accomplishes the decrementation 
itself. In 316, it is determined Whether the associated vari 
able is equal to a predetermined threshold, in one embodi 
ment, —1. If this is the case, then this means that no other 
threads are desiring to use this object (i.e., no other objects 
are Waiting in 310 in their traversal through the ?oWchart of 
FIG. 3), and the lock object is recycled in 318 for reuse; the 
method then ends at 320. If this is not the case, then the 
method ends at 320 Without recycling the lock object, since 
it is still being used to lock the object because the object is 
being used-by other threads. 

Data Structures 

[0043] In this section of the detailed description, data 
structures according to an embodiment of the invention are 
shoWn, by reference to FIG. 4(a) and FIG. 4(b). Referring 
?rst to FIG. 4(a), a diagram of a pool of locks according to 
an embodiment of the invention is shoWn. The pool of locks 
400 has siX locks, such as the lock 402. Each lock address 
is separated from a subsequent lock address by 32, or 2 to 
the ?fth poWer, as shoWn. 

[0044] Referring neXt to FIG. 4(b), a diagram of an 
associated variable of an object, according to this embodi 
ment of the invention, is shoWn. The associated variable 404 
has a set of loW bits 406 Which corresponds to a status 
variable of the object, and a set of high bits 408 Which, When 
the loW bits 406 are Zeroed, corresponds to a lock pointer for 
the object. As shoWn, the set of loW bits includes 5 bits, and 
the set of high bits includes 27 bits. 

[0045] It is noted that the boundaries betWeen the lock 
addresses Within the pool of locks of FIG. 4(a) are at 
intervals equal to 2 to the number of loW bits of the set of 
loW bits of FIG. 4(b) poWer. Thus, When the set of high bits 
of FIG. 4(b) is nonZero, and the set of loW bits is Zeroed, 
then the resulting associated variable points to one of the 
locks Within the pools of locks of FIG. 4(a). This relation 
ship may be generaliZed: the locks Within a pool of locks are 
in one embodiment at intervals equal to 2 to the number of 
loW bits of the set of loW bits of an associated variable of an 
object poWer. Furthermore, in this embodiment there is a 
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sufficient number of high bits to be able to address all the 
locks Within the pool When the set of loW bits is (tempo 
rarily) zeroed. 

Conclusion 

[0046] Recyclable locking for multi-threaded environ 
ments has been described. Although speci?c embodiments 
have been illustrated and described herein, it Will be appre 
ciated by those of ordinary skill in the art that any arrange 
ment Which is calculated to achieve the same purpose may 
be substituted for the speci?c embodiments shoWn. This 
application is intended to cover any adaptations or variations 
of-the present invention. Therefore, it is manifestly intended 
that this invention be limited only by the following claims 
and equivalents thereof. 

1. A system comprising: 

at least one thread; 

a pool of locks; 

at least one object that is capable of representing a 
resource needed by the at least one thread, the at least 
one object having a variable; and, 

a recyclable locking mechanism for associating a lock 
from the pool of locks With the at least one object using 
the variable as a pointer When requested by the at least 
one thread, the lock returning to the pool of locks 
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Without having to destroy the at least one object When 
the at least one thread no longer needs to access the 
resource. 

2. The system of claim 1, Wherein the recyclable locking 
mechanism further is to deassociate the lock from the object 
upon a second request by the thread. 

3. The system of claim 1, Wherein the variable of each of 
the at least one object comprises an integer. 

4. A computer comprising: 

a processor; 

a computer-readable medium; and, 

a recyclable locking mechanism program eXecuted by the 
processor from the computer-readable medium to asso 
ciate a lock With an object using a variable of the object 
as a pointer When requested by a thread, the lock being 
capable of returning to a pool of locks Without having 
to destroy the object When the object is no longer 
needed by the thread. 

5. Acomputer-readable medium having a recyclable lock 
ing mechanism program stored thereon for execution on a 
computer to associate a lock With an object using a variable 
of the object as a pointer When requested by a thread, the 
lock being capable of returning to a pool of locks Without 
having to destroy the object When the object is no longer 
needed by the thread. 

* * * * * 


