
DlRECT-UPDATE SOFTWARETRANSACTIONAL MEMORY Technical
Field [0001] The invention relates generally to
computer memory operations, and more particularly to
direct-update software transactional memory.
Background [0002] It is common for multiple threads of
a multi-thread process to share common memory
locations during concurrent execution. Consequently,
two different threads of a multi-threaded program may
read and update the same memory location accessible by
the program. However, care must be taken to ensure
that one thread does not modify a value of the shared
memory location while the other thread is in the
middle of a sequence of operations that depend on the
value. [0003] For example, suppose that a program is
accessing the contents of two different software
objects, wherein each object represents an amount of
money in a different bank account. Initially, the
amount of the first account is $10, stored at memory
address Al, while the amount of the second account is
$200, stored at memory address A2. A first thread of a
banking program is coded to transfer $100 from A2 to
Al and a second thread is coded to calculate the total
amount of funds in both accounts. The first thread may
start by adding $100 to the contents of Al, updating
it to $ 110, and then proceed to subtract $100 from
the contents of A2, updating it to $100. However, if
the second thread executes between these two
operations, then the second thread may compute an
incorrect total of $310 for both accounts, rather than
the correct total of[0004] A software transactional
memory provides a programming abstraction through
which a thread can safely perform a series of shared
memory accesses, allowing the thread to complete its
transaction without interference from another thread.
Accordingly, transactional memories can be employed in
software to ensure that the 



transaction including the exemplary addition and
subtraction operations of the first thread is "atomic"
as to the memory locations Al and A2, and therefore
the second thread will compute the correct total
amount in both accounts. [0005] However, existing
approaches for implementing transactional memories in
software suffer from performance problems. For
example, in one existing approach, when a thread
accesses a sequence of memory locations within a
transaction, the thread maintains a separate list of
the memory locations and values it wishes to read and
update (i.e., write to) during the transaction and
then, at the end of the transaction, the thread
updates all of these values at the actual shared
memory locations. If, during the transaction, the
thread wants to re-read or re-write to any memory
location in its list, the thread must search for the
memory location's entry in the list to access the
entry, which is a slow proposition programmatically.
Accordingly, this indirect method of implementing a
transactional memory in software suffers from poor
performance. Summary [0006] Implementations described
and claimed herein address the foregoing problems by
providing a transactional memory programming interface
that allows a thread to directly and safely access one
or more shared memory locations within a transaction
while maintaining control structures to manage memory
accesses to those same locations by one or more other
concurrent threads. Each memory location accessed by
the thread is associated with an enlistment record,
and each thread maintains atransaction log of its
memory accesses. Within a transaction, a read
operation is performed directly on the memory
location, and a write operation is attempted directly
on the memory location, as opposed to some
intermediate buffer. If the thread detects an
inconsistency between the enlistment record of a
memory location and its transaction log, the thread
determines that the memory accesses within the
transaction are not 



reliable and the transaction should be re-tried.
Furthermore, if the thread attempts to write to a
memory location within a transaction and determines
that another thread has already updated the memory
location within another, uncompleted transaction, the
first thread can either wait and retry the transaction
later or can attempt to resolve the contention with
the other thread. In addition, the thread may maintain
an undo log of its write memory accesses during the
transaction, including the original value and the
address of the location, to allow the thread to undo
these operations in the event that the transactions is
aborted. [0007] In some implementations, articles of
manufacture are provided as computer program products.
One implementation of a computer program product
provides a computer program storage medium readable by
a computer system and encoding a computer program.
Another implementation of a computer program product
may be provided in a computer data signal embodied in
a carrier wave by a computing system and encoding the
computer program. [0008] Other implementations are
also described and recited herein. Brief Descriptions
of the Drawings [0009] FIG. 1 illustrates two
concurrent threads accessing shared memory locations
via exemplary direct-update software transactional
memory interfaces.[0010] FIG. 2 illustrates operations
for executing a memory access via an exemplary
direct-update software transactional memory interface.
[0011] FIG. 3 illustrates exemplary operations for
enlisting a read operation on a memory location within
a transaction. [0012] FIG. 4 illustrates exemplary
operations for enlisting a write operation on a memory
location within a transaction. [0013] FIG. 5
illustrates exemplary operations for committing a
transaction in a 



direct-update software transactional memory interface.
[0014] FIG. 6 illustrates a system that may be useful
in implementing the described technology. Detailed
Descriptions [0015] FIG. 1 illustrates two concurrent
threads 100 and 102 accessing shared memory locations
104 and 106 via exemplary direct-update software
transactional memory interfaces 108 and 110 (e.g.,
application programming interfaces or APIs). The
thread 100, for example, represents a computation of
bank account transfers (resulting in the report 112),
and the thread 102, for example, represents a
computation of a total of the two bank accounts
(resulting in the report 114). The shared memory
locations 104 (Al) and 106 (A2) reside in a shared
memory region 116 and store values representing the
amount of funds in two separate accounts, initially
$10 and $200 respectively. [0016] Each shared memory
location can be associated with a range of memory
addresses (e.g., an array, a list, a table, a software
object, etc.) within the system. An enlistment record,
such as e-rec 118 or e-rec 120, acts as a control
structure for directupdate software transactional
memory accesses is associated with each memory
location. An enlistment record may be associated with
a memory location in a variety of ways,one enlistment
record for each memory location, one enlistment record
for each software object, or one enlistment record for
a block of memory locations, such as a page in the
process's virtual address space. In one
implementation, an enlistment record includes two
fields: a version field and a scratch field, although
the version field may also hold transaction
identifiers. In another implementation, an enlistment
record includes a single version field, although the
version field may also hold transaction identifiers or
transaction log pointers. Other enlistment record
structures are also contemplated. [0017] In the
illustrated example, the thread 100 includes at least
two atomic 



operations in a single transaction for transferring
$100 from the first account, corresponding to memory
address 104, to the second account, corresponding to
memory location 106. A first operation adds 100 to the
value corresponding to memory location 104 and a
second operation subtracts 100 from the value
corresponding to memory location 106 to effect the
transfer. The concurrent thread 102 includes an atomic
operation in a transaction for totaling the amounts in
both accounts. [0018] To ensure safe memory accesses
for each transaction, the threads 100 and 102 access
the shared memory locations 104 and 106 using the APIs
108 and 110. A thread performs read operations within
a transaction through an API directly on a memory
location, and at the completion of the transaction,
receives a signal indicating whether the thread can
rely on the results of the transaction. Likewise, a
thread performs write operations within a transaction
through the API directly on the shared memory
location, provided another thread has not already
marked a write operation to that shared memory
location. [0019] Each thread maintains a transaction
log (e.g., transaction log 122 or transaction log 124)
to manage its direct-update transactional memory
accesses. In one implementation, a transaction log has
two component lists, one for reads and one forupdates.
In an alternative implementation, a transaction log
has a single list, with list entries being
parameterized as "reads" or "updates". Each
transaction log also includes a status field, which
holds a value indicating ACTIVE, ABORTED, or
COMMITTED. Individual list entries include a pointer
(e.g., a reference) to an enlistment record of an
associated memory address and may also include a
version value. In alternative implementation, a list
entry may also include a scratch field. Another data
structure, called an undo log, holds a list of memory
addresses that have been updated within the
transaction and their previous values (i.e., before
the memory location was updated). In 



yet another implementation, a single log is used
combining the functions of the transaction log and the
update log, with list entries being parameterized as
"read", "update" (or "write"), or "undo" entries.
[0020] Each transaction also maintains an undo log
(126 and 128), which can be used to undo the memory
write accesses of a given transaction. In one
implementation, an undo log records the original value
and memory address associated with each write access
of the transaction. In this manner, if the transaction
is aborted, then entries in the undo log can be
executed in reverse order to restore the shared memory
locations written to by the transaction to their
pre-transaction states. [0021] By following the
protocol specified for the APIs 108 and 110, the
threads 100 and 102 can safely perform sequences of
memory accesses to shared memory locations within
individual transactions without the risk of undetected
interference by another thread. [0022] FIG. 2
illustrates operations 200 for executing a sequence of
memory accesses within a transaction via an exemplary
direct-update software transactional memory interface.
The operations 200 represent calls made through the
API by an individual thread accessing one or more
shared memory locations. For example, ashared memory
location may correspond to a software object for an
individual bank account. Each shared memory location
is associated with a memory address and an enlistment
record at creation of the corresponding software
object. [0023] An initiation operation 202 initiates a
new transaction for a thread. In one implementation,
the initiation operation 202 is represented within an
exemplary directupdate software transactional memory
interface by a "TransactionStart()" operation, which
allocates and initializes a transaction log for the
new transaction. The transaction log is maintained in
local (i.e., non-shared) memory accessible by the
thread. At 



initiation, the transaction log for a thread is empty
and its status is set to ACTIVE. In one
implementation, the initiation operation 202 also
allocates and initializes a new undo log associated
with the transaction. [0024] An enlistment operation
204 enlists a specified memory location for a memory
access operation, such as a read operation or a write
operation. In one implementation, the enlistment
operation 204 is represented within an exemplary
directupdate software transactional memory interface
by an "EnlistAddrForRead(Addr r)" operation, wherein
the address r represents the address of the specified
memory location. In another implementation, the
enlistment operation 204 is represented within an
exemplary direct-update software transactional memory
interface by an "EnlistAddrForWrite(Addr r)"
operation, wherein the address r represents the
address of the specified memory location. A more
detailed description 'of enlistment operations is
provided below. [0025] An access operation 206
performs a memory access to the specified memory
location, such as by a read operation or a write
operation. In one implementation, the access operation
206 is represented by a direct read to the specified
memory location. In another implementation, the access
operation 206 is representedwithin an exemplary
direct-update software transactional memory interface
by a "TransactionRead(Addr r)" operation, wherein the
address r represents the address of the specified
memory location and the operations reads the value
directly from the specified memory location. In yet
another implementation, the access operation 206 is
represented by a direct write to the specified memory
location. In this implementation, a separate
UpdateUndo(Addr r) may also be employed to update an
undo log (as discussed above). In yet another
implementation, the access operation 206 is
represented within an exemplary direct-update software
transactional memory interface by a 



"Transaction Write(Addr r, Value v)" operation,
wherein the address r represents the address of the
specified memory location, the value v represents the
value to be written to the memory location, and the
operation adds an entry to an undo log [0026] A
decision operation 208 determines whether another
memory access operation remains in the transaction
sequence. If so, and the transaction has not
previously accessed the specified memory location of
the next memory access operation, the processing
proceeds to the enlistment operation 204.
Alternatively, the processing may bypass the
enlistment operation 204 because the specified memory
location has already been enlisted within the current
transaction. [0027] In any event, the processing steps
through each memory access in the transaction sequence
until no more memory access operations remain in the
transaction sequence, at which time a commitment
operation 210 attempts to commit the transaction. In
one implementation, the commitment operation 210 is
represented within an exemplary direct-update software
transactional memory interface by a
"TransactionCommitO" operation. Generally, the
commitment operation 210 determines whether all of the
memory read operations within the transaction were
completed within the transaction without an
interfering update by another thread. If the
commitmentoperation 210 fails, the thread determines
that the transaction has failed and will retry the
entire transaction, if appropriate. If the commitment
operation 210 succeeds, then the thread determines
that the transaction has completed successfully and
that the thread can rely on the transaction results
(e.g., the read values and the update operations). At
the completion, the commitment operation 210 "stands
down" the transaction's enlistments so that the
associated memory locations become accessible to other
threads. In one implementation, the standing-down is
accomplished by iterating through the write
transaction entries in the transaction log and, for
each associated enlistment record, 



storing a new version number in the version field of
the enlistment record (e.g., incrementing the version
number) of an updated memory location. [0028] It is
possible to overrun the version numbers (e.g., all of
the available numbers in the version field may have
been used overtime). For example, if the version is
incremented by one with each update (e.g., 0, 1, 2, 3,
etc.) and eventually exceeds a maximum version number
"N", then a mechanism to "rollover" or otherwise
handle the overflow of the version number may be in
order hi one implementation, if the number of
transactions executed overtime exceeds N, then the
transactions active at that point can be aborted.
Alternatively, if the number of transactions executed
overtime exceeds N, the transactions active at that
point may be partially committed, such that invalid
transactions are aborted and valid transactions remain
active. In yet another implementation, the size N may
be made so large that reasonable processes are
extremely unlikely to exceed N. [0029] An abort
operation, which may be provided within an exemplary
directupdate software transactional memory interface
by a TransactionAbort() operation, abandons the
current transaction associated with the current thread
and rewinds any updates performed within the
transaction prior to the abort event. In
oneimplementation, the status field in current
transaction log is set to ABORTED and the entries in
the undo log are executed in reverse, restoring the
pre-transaction values in the updated memory
locations. Once the aborted transaction's updates are
undone, the abort operation "stands down" the
enlistments. [0030] FIG. 3 illustrates exemplary
operations 300 for enlisting a read operation on a
memory location within a transaction. Responsive to a
call by a thread to an enlistment-read operation (see
discussion regarding FIG. 2) relative to a given
memory address r, a locating operation 302 locates the
enlistment record (i.e., "e-rec") associated 



with the memory address r. In one implementation, the
enlistment record is a data structure associated with
a memory address r (e.g., as part of a software object
at the memory address r or as referenced by that
software object). [0031] A versioning operation 304
reads the version value associated with the memory
address from the located enlistment record. A decision
operation 306 determines whether the read version
value actually represents a version, an identifier
indicating the current transaction, or an identifier
indicating another transaction. If the read version
value represents a version, then a logging operation
308 adds the version and a pointer (e.g., a reference)
to the located enlistment record to an entry in a read
transaction list (e.g., a linked list) of the
transaction log. The thread can then proceed to read
the value at the memory address directly. [0032] If
the read version value represents an identifier
written to the enlistment record of the memory address
by the current transaction, then the transaction log
has already been updated by a write operation in the
current transaction and the thread can merely continue
(as indicated by continuation operation 310) to read
the value at the memory address directly. By
continuing, the thread is acknowledging that a
transaction log entry for the enlistment record has
already been generated in the transaction log ofthe
transaction. An identifier of a transaction may be an
arbitrary, unique transaction identifier, a pointer
(e.g., a reference) back to a scratch field in the
transaction log, or some other unique identifier.
[0033] If the read version value represents an
identifier written to the enlistment record of the
memory address by another transaction, then the
transaction log has already been updated by a write
operation in the other transaction and the thread
invokes a resolution operation 312 and then retries
the enlistment. In one implementation, an exemplary
resolution operation 312 is actually a no-op
instruction, which would cause 



the enlistment operation to spin-wait. Alternatively,
a mutual exclusion lock could be associated with the
enlistment record to avoid spinning. In yet another
alternative implementation, each transaction log could
be associated with a revocable lock. In this
implementation, the resolution operation of a later
accessing transaction (T2) could acquire the revocable
lock from the earlier transaction (Tl). With the
revocable lock, T2 could perform a TransactionAbort()
on behalf of Tl, and then release the revocable lock
of Tl . Thereafter, T2 could re-enlist the memory
address r for its read operation, and Tl could be
displaced to a recovery function that could raise an
exception to indicate that Tl has been aborted and
should be restarted at an appropriate point in
processing. [0034] In an alternative implementation,
an EnlistAddrForRead() operation omits the decision
operation 306 of the version value that it has read
and just assumes the content of the version field in
the enlistment record is a version. In this
implementation, the TransactionCommit() operations
catches any conflicts in a shared memory location,
whether the conflict was caused by a version conflict
or by reservation of the shared memory location by a
write access of another thread). [0035] FIG. 4
illustrates exemplary operations 400 for enlisting a
write operation on a memory location within a
transaction. Responsive to a call by a thread to
anenlistment-write operation (see discussion regarding
FIG. 2) relative to a given memory address r, a
locating operation 402 locates the enlistment record
(i.e., "e-rec") associated with the memory address r.
In one implementation, the enlistment record is a data
structure associated the memory address r (e.g., as
part of a software object at the memory address or as
referenced by the software object). [0036] A
versioning operation 404 reads the version value
associated with the memory address from the located
enlistment record. A decision operation 406 determines
whether the read version value actually represents a
version, an identifier 



indicating the current transaction, or an identifier
indicating another transaction. If the read version
value represents a version, then a logging operation
408 adds the version and a pointer (e.g., a reference)
to the located enlistment record to an entry in a
write transaction list (e.g., a linked list) of the
transaction log. A marking operation 410 uses an
atomic compare-and-swap operation to set a mark
designating the current transaction in the version
field of the enlistment record of the memory address
r, thereby temporarily reserving the memory address r
(and associated memory location, range of memory
locations, object, etc.) for the current transaction.
If the compare-and-swap operation succeeds (as
determined by decision operation 412), the version
value saved in the write transaction list within the
transaction log is written to a scratch field of the
enlistment record, and then the thread can then
proceed to update the value at the memory address
directly. Alternatively, if the compare-and-swap
operation fails, the version and pointer (e.g., a
reference) to the located enlistment record are
deleted from the write transaction list within the
transaction log and enlistment is attempted again in
locating operation 402. [0037] In one implementation,
the scratch field may be included in a transaction
entry, instead of an enlistment record. In this
implementation, a transaction identifier ina version
field of the enlistment record is a pointer (e.g., a
reference) into the transaction entry. In this manner,
a quick compare-and-swap operations may be employed,
and the version scratch is stored in local, unshared
memory, only for updated memory locations in a
transaction. [0038] If the read version value
represents an identifier written to the enlistment
record of the memory address by the current
transaction, then the transaction log has already been
updated by a write operation in the current
transaction and the thread can merely continue (as
indicated by continuation operation 416) to update the
value at the 



memory address directly. If the read version value
represents an identifier written to the enlistment
record of the memory address by another transaction,
then the transaction log has already been updated by a
write operation in the other transaction. As such, the
thread invokes a resolution operation 418 and then
retries the enlistment. Exemplary resolution
operations have already been discussed with regard to
resolution operation 418. [0039] FIG. 5 illustrates
exemplary operations 500 for committing a transaction
in a direct-update software transactional memory
interface. A log entry operation 502 reads the pointer
(e.g., a reference) from an entry in the read
transaction list of the transaction log. Using this
pointer, an enlistment record operation 504 reads the
version field of the enlistment record associated with
the memory address. A decision operation 506
determines whether the value read from the version
field actually represents a version, a mark indicating
the current transaction, or a mark indicating another
transaction. [0040] If the value read from the version
field is actually a version, a read operation 508
reads the version from the transaction log entry from
which the pointer (e.g., a reference) was read in log
entry operation 502. If the two versions match (as
determined by decision operation 510), the thread may
still be able to completesuccessfully because the
memory address associated with the current log entry
was not updated by another thread during the
transaction. If this is true for all log entries in
the read transaction list, all reads within the
current transaction to that memory address are valid
and the transaction may be valid. [0041] A decision
operation 512 determines whether a next transaction
log entry exists in the read transaction list. If so,
processing proceeds to log entry operation 502.
Otherwise, a success operation 514 signals a success
from the commitment operation and sets the status of
the current transaction log to COMMITTED. A versioning



operation 520 updates the version values of all
enlistment records associated with write transaction
list entries to indicate that a transaction completed
successfully in association with that memory location.
A termination operation 522 removes all transaction
log entries from the transaction log and deletes the
transaction log itself. [0042] If the decision
operation 510 determines that the versions do not
match, the mismatch indicates that the reads to the
memory location are not valid because the memory
address was updated by another thread during the
current transaction. In this case, processing proceeds
to a failure operation 518, which signals a failure of
the commitment operation. Furthermore, an abort
operation aborts the transaction, as described above.
[0043] If the decision operation 506 determines that
the value read from the version field of the
enlistment record actually represents an identifier
indicating the current transaction, a reading
operation 516 reads a version value from a scratch
field. In one implementation, the scratch field is
part of the enlistment record of the memory address.
In an alternative implementation, the scratch field is
stored in an entry in the transaction log. Processing
then proceeds to the read operation 508 and the
decisionoperation 510 to compare the version from the
scratch field to the version in the transaction log.
[0044] If the decision operation 506 determines that
the value read from the version field of the
enlistment record actually represents an identifier
indicating another transaction, the update to the
memory address is precluded by an update of another
concurrent transaction. Therefore, the failure
operation 518 signals a transaction failure.
Furthermore, an abort operation aborts the
transaction, as described above. [0045] The exemplary
hardware and operating environment of FIG. 6 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 2 1. 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. The computer 20 may
be a conventional computer, a distributed computer, or
any other type of computer; the invention is not so
limited. [0046] The system bus 23 may be any of
several types of bus structures including a memory bus
or memory controller, a peripheral bus, a switched
fabric, point-to-point connections, 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. A basic 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
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 magneticdisk 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. [0047] 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 interface 33, and an optical
disk drive interface 34, respectively. The drives and
their associated computer-readable media provide
nonvolatile storage of computerreadable instructions,
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 computerreadable
media which can store data that is accessible by a
computer, such as magnetic 



cassettes, flash memory cards, digital video disks,
random access memories (RAMs), read only memories
(ROMs), and the like, may be used in the exemplary
operating environment. [0048] 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. A
user may enter commands and information 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 2 1 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.[0049] 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 illustrated in FIG. 6. The logical
connections depicted in FIG. 6 include a local-area
network (LAN) 5 1 and a wide-area network (WAN) 52.
Such networking environments are commonplace in office
networks, enterprise-wide 



computer networks, intranets and the Internet, which
are all types of networks. [0050] When used in a
LAN-networking environment, the computer 20 is
connected to the local network 5 1 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 network adapter, a type of communications
device, or any other type of communications device for
establishing communications over the wide area network
52. The modem 54, which may be internal or external,
is connected to the system bus 23 via the serial port
interface 46. 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 computers may be used.
[0051] In an exemplary implementation, a
TransactionStart() module, an EnlistAddrForReadO
module, an EnlistAddrForWrite() module, a
TransactionRead()module, a Transaction Write() module,
a TransactionAbort() module, a Transaction CommitO
module, and other modules may be incorporated as part
of the operating system 35, application programs 36,
or other program modules 37. Transaction logs,
enlistment records, and other data may be stored as
program data 38. [0052] The technology described
herein is implemented as logical operations and/or
modules in one or more systems. The logical operations
may be implemented (1) as a sequence of
processor-implemented steps executing in one or more
computer systems and (2) as interconnected machine or
circuit modules within one or more computer systems.
Likewise, the descriptions of various component
modules may be provided in terms of operations
executed or effected by the modules. The resulting 



implementation is a matter of choice, dependent on the
performance requirements of the underlying system
implementing the described technology. Accordingly,
the logical operations making up the embodiments of
the technology described herein are referred to
variously as operations, steps, objects, or modules.
Furthermore, it should be understood that logical
operations may be performed in any order, unless
explicitly claimed otherwise or a specific order is
inherently necessitated by the claim language. [0053]
The above specification, examples and data provide a
complete description of the structure and use of
exemplary embodiments of the invention. Since many
embodiments of the invention can be made without
departing from the spirit and scope of the invention,
the invention resides in the claims hereinafter
appended. In particular, it should be understood that
the described technology may be employed independent
of a personal computer. Other embodiments are
therefore contemplated.Claims WHATIS CLAIMED IS: 1. A
method of managing memory access to a shared memory
location within a transaction of a first thread, the
shared memory location being accessible by the first
thread and a second thread, the method comprising:
identifying an enlistment record associated with the
shared memory location; marking the enlistment record
to reserve the shared memory location for the
transaction, if the enlistment record indicates no
conflict with a write memory access to the shared
memory location by the second thread; and recording a
reference to the shared memory location and its
contents in an undo log. 2. The method of claim 1
further comprising: performing within the transaction
a write memory access to the shared memory 



location, responsive to the marking operation. 3. The
method of claim 1 wherein the marking operation
comprises: writing a transaction identifier to the
enlistment record, the transaction identifier
identifying the transaction of the first thread. 4.
The method of claim 1 wherein the enlistment record
indicates a conflict by a write memory access to the
shared memory location by a second thread, if the
enlistment record is marked by the second thread. 5.
The method of claim 1 wherein the undo log includes an
ordered sequence of shared memory location references
and associated contents, and further comprising:
writing the contents to the associated shared memory
locations, wherein individual write accesses are
performed in reverse order in the sequence. 6. The
method of claim 1 further comprising: recording a
transaction log entry including a reference to the
enlistment record, the transaction log entry being
recorded in a transaction log containing transaction
log entries of a plurality of write memory accesses
within the transaction.7. The method of claim 1
further comprising: if the enlistment record indicates
a conflict by a write memory access to the shared
memory location by the second thread, resolving the
conflict to allow a write memory access to the shared
memory location within the transaction of the first
thread. 8. The method of claim 1 further comprising:
writing a new version value to the enlistment record
of the shared memory location at termination of the
transaction. 9. The method of claim 1wherein the
enlistment record includes a version field and the
marking operation comprises: recording contents of the
version field in a scratch field; 



writing a transaction identifier into the version
field. 10.A computer-readable medium having
computer-executable instructions for performing a
computer process implementing the method of claim 1.
11.A method of managing memory access to a shared
memory location within a transaction of a first
thread, the shared memory location being accessible by
the first thread and a second thread, the method
comprising: identifying an enlistment record
associated with the shared memory location; generating
a transaction log entry associated with the
transaction, the transaction log entry referencing the
enlistment record associated with the shared memory
location; executing the read memory access to the
shared memory location within the transaction by the
first thread; and committing the transaction to the
read memory access, if the transaction log entry and
the referenced enlistment record do not indicate a
conflict by a write memory access to the shared memory
location by the second thread, responsive to the
executing operation. 12. The method of claim 11
wherein the enlistment record includes a version
field, and further comprising: reading contents of the
version field of the enlistment record, prior to the
executing operation; andif the contents represent a
transaction identifier of the first thread,
acknowledging that the transaction log entry for the
enlistment record has already been generated within
the transaction. 13. The method of claim 11wherein the
enlistment record includes a version field, and
further comprising: reading contents of the version
field of the enlistment record, prior to the 



executing operation; and if the contents represent a
transaction identifier of the second thread, aborting
the transaction. 14. The method of claim 11wherein the
enlistment record includes a version field, and
further comprising: reading contents of the version
field of the enlistment record, prior to the executing
operation; and if the contents represent a version
value, recording the version value in the transaction
log entry. 15. The method of claim 11 further
comprising: identifying a conflict by a write memory
access to the shared memory location by the second
thread, if a version value recorded in the transaction
log entry does not match a version value recorded in
the enlistment record at the time of commitment. 16.
The method of claim 15 further comprising: aborting
the transaction, if a conflict is identified. 17. The
method of claim 11wherein the enlistment record
includes a version field and further comprising:
reading from a scratch field associated with the
enlistment record a version value previously stored in
the version field of the enlistment record; and
identifying a conflict by a write memory access to the
shared memory location by the second thread, if a
version value recorded in the transaction log entry
does not match the version value recorded in the
scratch field at the time of commitment.18. A
computer-readable medium having computer-executable
instructions for performing a computer process
implementing the method of claim 11. 19. A method of
managing memory access to shared memory locations
within a 



transaction of a first thread, the shared memory
locations being accessible by the first thread and a
second thread, the method comprising: enlisting the
shared memory locations within the transaction;
maintaining a transaction log including a transaction
log entry associated with the transaction and an
enlistment record for each shared memory location;
maintaining an undo log including entries of write
memory accesses to the shared memory locations, each
entry including an address associated with a shared
memory location of the write memory access and prior
contents of the shared memory location; performing
memory accesses directly to the shared memory
locations; and committing the transaction to the
memory accesses, responsive to the performing
operation, if no conflict by a write memory access to
the shared memory location by the second thread is
detected. 20. A computer-readable medium having
computer-executable instructions for performing a
computer process implementing the method of claim 19. 


