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SOFTWARE REPLAYER FOR TRANSACTIONAL MEMORY PROGRAMS

Technical Field

[0001] Embodiments pertain to transactional memory.

Background

[0002] Hardware transactional memory (HTM) systems may be available for wide

scale adoption in the near future. HTM systems, combined with tested and stable

software transactional memory systems, may be a more attractive alternative than

lock-based parallel programming, in terms of programmability and performance.

[0003] Hybrid transactional memory (TM) systems ("HyTM") are systems that

employ both HTM and software transactional memory (STM). Traditional debugging

techniques, such as breakpoints and ad hoc I/O debugging, do not apply to HyTMs

because traditional debugging techniques can cause hardware transactions to abort

when the debugging techniques use certain instructions (e.g., interrupts, I/O, context

switches, etc.) that are illegal for hardware transactions. Hence, a question that

arises with HyTM systems is how to debug a transactional memory program that

executes some hardware transactions.

Brief Description of the Drawings

[0004] FIG. 1 is a block diagram of a record and replay (RnR) system, according to

embodiments of the present invention.

[0005] FIG. 2 is a block diagram of a replayer/transactional debugger, according to

embodiments of the present invention.

[0006] FIG. 3 is a flow diagram of a method to facilitate debugging of a

transactional program, according to an embodiment of the present invention.

[0007] FIG. 4 is a block diagram of a processor core in accordance with an

embodiment of the present invention.

[0008] FIG. 5 is a block diagram of a system in accordance with an embodiment of

the present invention.



Detailed Description

[0009] A record-and-replay (RnR) system is presented herein that includes an RnR

software replayer. The RnR system may provide debugging support for a HyTM

system (also "HyTM" herein) that uses HTM. In the record-and-replay system (RnR

system) presented herein, a transactional memory (TM) program is executed and

recorded by a hardware system, and is then replayed by a software system that uses

a combination of emulation of underlying hardware and implementation of software

portions of the HyTM system.

[0010] Using hardware-based recording, the RnR system presented herein leaves

intact a contention signature of the TM program, allowing correctness TM bugs (e.g.,

programming errors) and performance TM bugs (e.g., efficiency-related issues) to be

recorded. Using software-based replay, a recorded TM program can be replayed

using a combination of the STM and an emulation of the HTM, so as to provide a

useful correctness and performance debugging analysis.

[001 1] An RnR transactional debugger (TDB) system presented herein may

precisely record and replay TM programs with negligible perturbation to execution of

the TM program. The methods and apparatus presented herein do not alter the

contention signature of a buggy TM program. The RnR TDB system may capture an

exact location and cause of transactional aborts, which may enable a programmer to

analyze a TM program to determine a cause of execution failure.

[001 2] FIG. 1 is a block diagram of an RnR system 100, according to embodiments

of the present invention. The system 100 includes hardware recording logic 102,

storage 106, and a software replayer 108 that includes software transactional

debugger (TDB) replay software 110 and a virtual machine instrumentation tool 112 .

[001 3] In operation, the (hardware) recording logic 102 may record events that

occur during execution of a TM program 104. Events may include, but are not

limited to, transaction-start, transaction-end, and transaction-abort. The events may

be recorded in the storage 106 as recorded log files.

[0014] The software replayer 108 may be configured to emulate the recording logic

102 including hardware transactional memory (HTM) used in program recording.



The virtual machine instrumentation tool 112 may be configured to instrument and

replay application binary code. The software replayer 108 may replay the TD

program 104 and analyze results, e.g., identify correctness errors and performance

errors.

[001 5] TM systems typically do not support full escape actions, and therefore

instructions executed within the context of a hardware transaction can become part

of that hardware transaction's execution. If the replayer 108 were to use the

hardware recording logic 102 (e.g., including HTM), then all management operations

to coordinate ordering of program threads would appear within a hardware

transaction and would result in an alteration of the original recorded program's

behavior. That is, the hardware transactions would include additional instructions

that would likely change an execution behavior of the hardware transactions.

[001 6] Additionally, even if escape actions were supported, some operations, such

as context switches and input/output (I/O) operations, might still be illegal for

hardware transactions. If such illegal operations were performed within a hardware

transaction, the hardware transaction could immediately abort. Context switching,

interrupts, and I/O commands are operations that may be considered in replaying a

recorded program. For example, shared memory inter-leavings between threads are

typically managed in a replayer by stalling execution of one thread to resume

execution of another thread (e.g., context switching).

[001 7] Transactional abort reproduction with precise error codes is included in the

HTM emulation because such error codes may be used by a contention manager,

resulting in different contention management behavior for each of the error codes.

[0018] Transactional commit reproduction may also be emulated for similar reasons

as described above regarding transactional aborts. Software fallbacks are typically

present for any best-effort HTM. Therefore, software fallbacks enable HTMs to

make forward progress. Thus, to replay a recorded HTM-based program, the

software transactional memory (STM) may be used to both record the program

execution and to replay the recorded program. So long as the STM used in

recording is used in replaying, the program can replay correctly.



[001 9] FIG. 2 is a block diagram of a replayer/transactional debugger system 200,

according to embodiments of the present invention. Components of the system 200

include a replayer engine 202, non-transactional execution 204, transactional

execution 206, STM implementation 208, HTM emulation 2 10, a post transaction

instruction handler 2 12, and a HyTM contention manager 216.

[0020] The (chunk based) replayer engine 202 replays a TM program and

determines if each instruction is a transactional instruction or a non-transactional

instruction. If an instruction is determined to be non-transactional, the instruction is

replayed at 204 (e.g., normal execution). The non-transactional execution may be

performed with strong STM isolation for correctness debugging. If the normal replay

execution 204 detects an aborted instruction, the instruction may be sent to the

HyTM contention manager 2 16 .

[0021] If the instruction being replayed at the replayer engine 202 is a transactional

instruction, the instruction is sent to transactional execution 206. If the instruction is a

transactional instruction associated with a software transaction, the replay is

performed using the STM (STM implementation) 208. If the transactional instruction

is associated with a hardware transaction, the instruction is sent to HTM emulation

2 10 . Post transaction instruction handler 2 12 can determine information about

conflict(s) that have arisen, and includes a precise conflict detection component 2 12

to analyze conflicts and determine a cause of each conflict. If the instruction aborts

or commits, the instruction may be sent to the hybrid transactional memory (HyTM)

contention manager 216 for resolution.

[0022] The hybrid transactional memory contention manager (HyTM CM) 2 16 is to

emulate a HyTM CM used in program recording so that the reproduction of commits

and aborts is identical to a recorded program. If the HyTM CM is not replicated, then

there is a possibility that the replayed program will not be identical in output to the

recorded program. HyTM CM 2 16 decides which transactions are to be aborted and

which transactions are to be committed, and when a hardware transaction or a

software transaction should be re-executed upon transaction abort. If the HyTM CM

2 16 does not emulate the HyTM CM used in program recording, then a transaction



abort and commit order can be violated, which may result in a potentially different

final replayed state than was originally recorded.

[0023] For an HTM, the abort decision-making portion of contention management is

automatically provided by underlying hardware. Therefore, the abort decision

making of HTM instructions is handled by HTM emulation 206. The remaining HyTM

CM portions may be implemented in software and may be outside of the scope of the

STM implementation 208, depending on whether the HyTM CM 2 16 supports

dynamic contention management strategies, in which case an STM contention

manager may be found in an auxiliary library. For at least this reason, HyTM CM

2 16 is shown as a separate component from STM implementation 208.

[0024] The replayer engine 202 replays instructions within a chunk of instructions,

the chunk defined by a recognizable beginning marker and a recognizable end

marker. For example, a chunk may begin at a start of a transaction and may end at

an end of the transaction, or when a conflict arises, or when an unsupported

instruction is discovered, etc. The replayer engine 202 is to replay instructions such

that a causal ordering between shared memory accesses of concurrently executing

threads is preserved in replay, and includes all types of shared memory

synchronization mechanisms, including acquiring and releasing locks, executing

atomic instructions, etc. In addition, the replayer engine 202 is to correctly replay

nondeterministic input system events (OS-level) as they were recorded.

[0025] The replayer engine 202 may be chunk-based because of chunk-based

recording. Without chunk-based replay, the recorded program would not replay

correctly. The chunk-based replayer engine 202 may include a parser for recorded

nondeterministic memory events, a parser for recorded nondeterministic input

events, and an instruction-by-instruction replay engine. The replayer engine 202

may perform emulation of non-HTM instructions and also may replay macro-

instruction atomicity violations.

[0026] The post-transaction instruction handler 2 10 includes a precise conflict

detection component 2 12 for replayed transactions. Precise conflict detection

between hardware and software transactions is to be implemented while retaining



the program's transactional isolation semantics for hardware and software

transactions as originally recorded. The precise conflict detection described here is

used to track a source of transactional conflicts by the (chunk-based) replayer

engine 202, and does not change semantics or behavior of the program as originally

recorded.

[0027] Precise conflict detection may be implemented in the following example:

assuming a software transaction is aborted by a hardware transaction, there may be

a lack of precision in terms of identification of a conflict between the software

transaction and the hardware transaction because the STM does not have direct

knowledge of the hardware transaction that causes the software transaction to abort.

By including precise conflict detection between software transactions and hardware

transactions (e.g., only for conflict identification purposes), the system 200 can

identify an exact location (within a program) of a conflict, which may improve quality

of debugging, e.g., by eliminating false positives or guessed locations for memory

conflicts that may otherwise occur.

[0028] Non-transactional replay execution 204 includes strong STM isolation. One

of the properties achievable with the RnR system 200 is simulation of strong STM

isolation for replayed software transactions. This is initially possible because of

underlying RnR recording hardware, which can order interleaved shared memory

accesses. During replay, shared memory interleavings can be used to identify

correctness bugs between weakly isolated software transactions that access

memory and that may be concurrently accessed outside of a transaction. Strong

isolation does not change replayed behavior. Rather, strong isolation can identify

when software transaction isolation is violated by a raw memory access.

[0029] FIG. 3 is a flow diagram of a method 300 to facilitate debugging of a

transactional program, according to an embodiment of the present invention. At

block 302 a replayer engine is to replay a next instruction in a TM program.

Continuing to decision diamond 304, if the instruction is not a transactional

instruction, advancing to block 306 the instruction is treated as a normal (e.g., non-

transactional) instruction and evaluated with strong STM isolation. Moving to

decision diamond 308, if the instruction is not aborted, returning to block 302 the



replayer engine replays the next instruction of the program. If the instruction is

aborted, advancing to block 3 18 the instruction is sent to a hybrid transactional

contention manager to resolve a conflict.

[0030] Returning to the decision diamond 304, if it is determined that instruction is a

transactional instruction, proceeding to decision diamond 310 it is determined

whether the instruction is a hardware transactional instruction, and if so, continuing

to block 3 12 the HTM is emulated with respect to replay of the instruction, which may

enable identification of correctness and/or performance TM errors ("bugs").

[0031] If, at decision diamond 310, it is determined that the instruction is a software

transactional instruction, continuing to block 314 STM may be used to replay the

instruction and to identify bugs, e.g., one or more errors that may include correctness

errors and/or performance errors associated with the instruction.

[0032] Advancing to decision diamond 316, if a conflict associated with the

instruction is detected by a post transaction instruction handler, moving to block 3 18,

the instruction (whether transactional or non-transactional instruction) is sent to a

hybrid transactional contention manager to resolve the conflict and advancing to

decision diamond 320 it is determined whether all instructions in a current chunk

have been replayed. If additional instructions in the current chunk have not been

replayed, returning to block 302 the replayer engine replays the next instruction of

the program. If all instructions of the current chunk have been replayed, the method

ends at 320.

[0033] If no conflict is detected by the post-transaction instruction handler at

decision diamond 3 16, advancing to decision diamond 320 if additional instructions

in the current chunk have not been replayed, returning to block 302 the replayer

engine replays the next instruction of the program. If all instructions of the current

chunk have been replayed, the method ends at 320.

[0034] Embodiments can be implemented in many different processor types. For

example, embodiments can be realized in a processor such as a multicore

processor. Referring now to FIG. 4, shown is a block diagram of a processor core in



accordance with one embodiment of the present invention. As shown in FIG. 4,

processor core 400 may be a multi-stage pipelined out-of-order processor.

[0035] As shown in FIG. 4, core 400 includes front end units 4 10, which may be

used to fetch instructions to be executed and prepare them for use later in the

processor. For example, front end units 4 10 may include a fetch unit 401 , an

instruction cache 403, and an instruction decoder 405. In some implementations,

front end units 410 may further include a trace cache, along with microcode storage

as well as instruction storage. Fetch unit 401 may fetch macro-instructions, e.g.,

from memory (not shown) or from instruction cache 403, and feed them to instruction

decoder 405 to decode the macro-instructions into primitives such as instructions for

execution by the processor.

[0036] Coupled between front end units 4 10 and execution units 420 is an out-of-

order (OOO) engine 4 15 that may be used to receive the instructions and prepare

them for execution. More specifically OOO engine 415 may include various buffers

to re-order instruction flow and allocate various resources needed for execution, as

well as to provide renaming of logical registers onto storage locations within various

register files such as register file 430 and extended register file 435. Register file

430 may include separate register files for integer and floating point operations.

Extended register file 435 may provide storage for vector-sized units, e.g., 256 or

5 12 bits per register.

[0037] Various resources may be present in execution units 420, including, for

example, various integer, floating point, and single instruction multiple data (SIMD)

logic units, among other specialized hardware. For example, such execution units

may include one or more arithmetic logic units (ALUs) 422. The execution units 420

may include a hybrid transactional memory (HyTM) 472 to execute and record a

program in an HTM portion of the HyTM 472. The HyTM 472 may include a

replayer/transactional debugger configured to execute a replay and error detection of

the program (or a chunk of code) using software (e.g., STM) of the HyTM 472 and

and/or software emulation of a hardware transactional memory HTM portion of the

HyTM 472, according to embodiments of the present invention.



[0038] When operations are performed on data within the execution units, results

may be provided to retirement logic, namely a reorder buffer (ROB) 440. More

specifically, ROB 440 may include various arrays and logic to receive information

associated with instructions that are executed. This information is then examined by

ROB 440 to determine whether the instructions can be validly retired and result data

committed to the architectural state of the processor, or whether one or more

exceptions occurred that prevent a proper retirement of the instructions. In

embodiments of the present invention, ROB 440 may include a hybrid transactional

contention manager (not shown) to resolve conflicts detected by the replayer of

HyTM 472, according to embodiments of the present invention. Additionally, ROB

440 may handle other operations associated with retirement.

[0039] As shown in FIG. 4, ROB 440 is coupled to cache 450 which, in one

embodiment may be a low level cache (e.g., an L 1 cache) and which may also

include translation lookaside buffer (TLB) 455, although the scope of the present

invention is not limited in this regard. From cache 450, data communication may

occur with higher level caches, system memory and so forth.

[0040] Note that while the implementation of the processor of FIG. 4 is with regard

to an out-of-order machine such as a so-called x86 ISA architecture, the scope of the

present invention is not limited in this regard. That is, other embodiments may be

implemented in an in-order processor, a reduced instruction set computing (RISC)

processor such as an ARM-based processor, or a processor of another type of ISA

that can emulate instructions and operations of a different ISA via an emulation

engine and associated logic circuitry. Furthermore, other embodiments may be

implemented in a graphics processor.

[0041] Embodiments may be implemented in many different system types.

Referring now to FIG. 5, shown is a block diagram of a system in accordance with an

embodiment of the present invention. As shown in FIG. 5, multiprocessor system

500 is a point-to-point interconnect system, and includes a first processor 570 and a

second processor 580 coupled via a point-to-point interconnect 550. (In other

embodiments not shown, the processors may be connected via star topology, mesh

topology, cross-bar topology, or by another connection scheme). As shown in FIG.



5, each of processors 570 and 580 may be multicore processors, including first and

second processor cores (e.g., processor cores 574a and 574b, and processor cores

584a and 584b), although potentially many more cores may be present in the

processors.

[0042] Still referring to FIG. 5, first processor 570 further includes a memory

controller hub (MCH) 572 and point-to-point (P-P) interfaces 576 and 578. Similarly,

second processor 580 includes a MCH 582 and P-P interfaces 586 and 588. As

shown in FIG. 5, MCHs 572 and 582 couple the processors to respective memories,

namely a memory 532 and a memory 534, which may be portions of system memory

(e.g., DRAM) locally attached to respective processors. First processor 570 and

second processor 580 may be coupled to a chipset 590 via P-P interconnects 562

and 554, respectively. As shown in FIG. 5, chipset 590 includes P-P interfaces 594

and 598. Furthermore, chipset 590 includes an interface 592 to couple chipset 590

with a graphics engine 538 by a P-P interconnect 539.

[0043] Each of processor cores 574a and 584a may include a hybrid transactional

memory (HyTM) 502 and 504 respectively, according to embodiments of the present

invention. Each HyTM (502, 504) may execute and record a corresponding program

in an HTM portion of the HyTM. Each HyTM (502, 504) may include a

replayer/transactional debugger configured to execute a replay and error detection of

the corresponding program (or a chunk of code) using software of the corresponding

HyTM and and/or software emulation of a hardware transactional memory (HTM)

portion of the corresponding HyTM, according to embodiments of the present

invention.

[0044] Chipset 590 may be coupled to a first bus 5 16 via an interface 596. As

shown in FIG. 5, various input/output (I/O) devices 514 may be coupled to the first

bus 5 16, along with a bus bridge 518, which couples first bus 5 16 to a second bus

520. Various devices may be coupled to the second bus 520 including, for example,

a keyboard/mouse 522, communication devices 526, and a data storage unit 528

such as a disk drive or other mass storage device that may store code 530, in one

embodiment. Further, an audio I/O 524 may be coupled to second bus 520.

Embodiments can be incorporated into other types of systems including mobile



devices such as a smart cellular telephone, tablet computer, netbook, Ultrabook™,

notebook, desktop computer, or so forth.

[0045] Other embodiments are described below.

[0046] In one example, a system includes a processor including a hybrid

transactional memory (HyTM) that includes hardware transactional memory (HTM).

The processor also includes a program debugger to replay a program that includes a

hardware transactional memory (HTM) instruction and that has been executed using

the HyTM. The program debugger includes a software emulator to replay the HTM

instruction by emulation of the HTM. The system also includes a dynamic random

access memory (DRAM) to store the program.

[0047] In an example, the program debugger is further to replay a software

transactional instruction of the program through use of a software transactional

memory (STM).

[0048] In an example, the program debugger is to replay a non-transactional

instruction of the program with strong software transactional memory (STM)

isolation.

[0049] In an example, the program debugger is to identify at least one of

correctness errors and performance errors in the program.

[0050] In another example, at least one computer readable storage medium has

instructions stored thereon for causing a system to replay a program that has been

executed by a hybrid transactional memory (HyTM) system that includes hardware

transactional memory (HTM). The replay is performed at least in part through

software emulation of the HTM.

[0051] In an example, the HyTM system also includes software transactional

memory (STM). In an example, when a program instruction to be replayed is a

transactional instruction that is associated with a software transaction, the replay is

executed using the STM.

[0052] In an example, the at least one computer readable storage medium further

includes instructions to identify one or more conflicts in the program via the replay of



the program including instructions to identify at least one of correctness errors and

performance errors.

[0053] In an example, the replay exactly emulates a recording of execution of the

program performed by the HyTM.

[0054] In an example, the instructions to replay the program include instructions to

determine whether a program instruction of the program is a transactional instruction

or a non-transactional instruction. When the program instruction is a non-

transactional instruction replay is performed with strong software transactional

memory (STM) isolation.

[0055] In an example, when a program instruction to be replayed is a transactional

instruction that is associated with a hardware transaction, replay is performed by the

software emulation of the HTM.

[0056] In an example, the stored instructions cause the system to replay the

program without perturbation of the program.

[0057] In an example, the at least one computer readable storage medium further

includes instructions to cause the system to capture at least one of a location and a

cause of a transactional abort.

[0058] In an example, replay of the program includes at least one context switch

that causes a stall of execution of a first thread and a resumption of execution of a

second thread, and the replay is performed using the software emulation of the HTM.

[0059] In an example, the at least one computer readable storage medium further

stores instructions to emulate, via software emulation, an abort decision-making

portion of a transactional memory contention manager of the HTM.

[0060] In another example, a method includes replaying a program that has been

executed in a hybrid transactional memory (HyTM) system that includes hardware

transactional memory (HTM), where the replaying is performed at least in part using

a software emulation of the HTM. The method also includes identifying one or more

conflicts in the program via replaying the program.



[0061] In an example, the method includes emulating via software emulation, an

abort decision-making portion of a transactional memory contention manager of the

HTM.

[0062] In an example, the HyTM includes software transactional memory (STM),

the method further comprising utilizing the STM to replay one or more software

transactional instructions of the program.

[0063] In an example, replay of a non-transactional instruction of the program is

performed with strong software transactional memory (STM) isolation.

[0064] In an example, the method includes capturing at least one of a location and

a cause of a transactional abort associated with the program.

[0065] In an example, an apparatus may perform any of the above-described

methods.

[0066] In an example, machine-readable storage including machine-readable

instructions, when executed, may implement any of the above-described methods.

[0067] Embodiments may be used in many different types of systems. For

example, in one embodiment a communication device can be arranged to perform

the various methods and techniques described herein. Of course, the scope of the

present invention is not limited to a communication device, and instead other

embodiments can be directed to other types of apparatus for processing instructions,

or one or more machine readable media including instructions that in response to

being executed on a computing device, cause the device to carry out one or more of

the methods and techniques described herein.

[0068] Embodiments may be implemented in code and may be stored on a non-

transitory storage medium having stored thereon instructions which can be used to

program a system to perform the instructions. The storage medium may include, but

is not limited to, any type of disk including floppy disks, optical disks, solid state

drives (SSDs), compact disk read-only memories (CD-ROMs), compact disk

rewritables (CD-RWs), and magneto-optical disks, semiconductor devices such as

read-only memories (ROMs), random access memories (RAMs) such as dynamic



random access memories (DRAMs), static random access memories (SRAMs),

erasable programmable read-only memories (EPROMs), flash memories, electrically

erasable programmable read-only memories (EEPROMs), magnetic or optical cards,

or any other type of media suitable for storing electronic instructions.

[0069] While the present invention has been described with respect to a limited

number of embodiments, those skilled in the art will appreciate numerous

modifications and variations therefrom. It is intended that the appended claims cover

all such modifications and variations as fall within the true spirit and scope of this

present invention.



What is claimed is

1. A system comprising:

a processor including:

a hybrid transactional memory (HyTM) that includes hardware

transactional memory (HTM); and

a program debugger to replay a program that includes a hardware

transactional memory instruction and that has been executed using the HyTM,

wherein the program debugger includes a software emulator to replay the HTM

instruction by emulation of the HTM; and

a dynamic random access memory (DRAM) to store the program.

2 . The system of claim 1, wherein the program debugger is further to replay a

software transactional instruction of the program through use of a software

transactional memory (STM).

3 . The system of claim 1, wherein the program debugger is further to replay a

non-transactional instruction of the program with strong software transactional

memory (STM) isolation.

4 . The system of any one of claims 1 to 3, wherein the program debugger is to

identify performance errors in the program.

5 . The system of any one of claims 1 to 3, wherein the program debugger is to

identify correctness errors in the program.

6 . At least one computer readable storage medium having instructions stored

thereon for causing a system to:

replay a program that has been executed by a hybrid transactional memory

(HyTM) that includes hardware transactional memory (HTM); and

wherein the replay is performed at least in part through software emulation of

the HTM.



7 . The at least one computer readable storage medium of claim 6, wherein the

HyTM also includes software transactional memory (STM).

8 . The at least one computer readable storage medium of claim 7, wherein when

a program instruction to be replayed is a transactional instruction that is associated

with a software transaction, the replay is executed using the STM.

9 . The at least one computer readable storage medium of claim 6, further

including instructions to identify one or more conflicts in the program via the replay of

the program including instructions to identify correctness errors.

10 . The at least one computer readable storage medium of claim 6, further

including instructions to identify one or more performance errors in the program via

the replay of the program.

11. The at least one computer readable storage medium of claim 6, wherein the

replay exactly emulates a recording of execution of the program performed by the

HyTM.

12 . The at least one computer readable storage medium of claim 6, wherein the

instructions to replay the program include instructions to determine whether a

program instruction of the program is a transactional instruction or a non-

transactional instruction, wherein when the program instruction is a non-transactional

instruction replay is performed with strong software transactional memory (STM)

isolation.

13 . The at least one computer readable storage medium of claim 6, wherein when

a program instruction to be replayed is a transactional instruction that is associated

with a hardware transaction, replay is performed by the software emulation of the

HTM.



14. The at least one computer readable storage medium of claim 6, wherein

replay of the program includes at least one context switch that causes a stall of

execution of a first thread and a resumption of execution of a second thread, and

wherein the replay is performed using the software emulation of the HTM.

15 . The at least one computer readable storage medium of claim 6, further storing

instructions to emulate, via software emulation, an abort decision-making portion of a

transactional memory contention manager of the HTM.

16 . The at least one computer readable storage medium of any one of claims 6 to

15, further including instructions to cause the system to capture at least one of a

location and a cause of a transactional abort.

17 . The at least one computer readable storage medium of any one of claims 6 to

15, wherein the stored instructions cause the system to replay the program without

perturbation of the program.

18 . A method comprising:

replaying a program that has been executed in a hybrid transactional memory

(HyTM) system that includes hardware transactional memory (HTM), wherein the

replaying is performed at least in part using a software emulation of the HTM; and

identifying one or more conflicts in the program via replaying the program.

19 . The method of claim 18, further comprising emulating via software emulation,

an abort decision-making portion of a transactional memory contention manager of

the HTM.

20. The method of claim 18, wherein the HyTM includes software transactional

memory (STM), the method further comprising utilizing the STM to replay one or

more software transactional instructions of the program.



2 1 . The method of claim 18, wherein replay of a non-transactional instruction of

the program is performed with strong software transactional memory (STM) isolation.

22. The method of claim 18, further comprising capturing at least one of a location

and a cause of a transactional abort associated with the program.

23. An apparatus including means for performing the method of any of claims 18

to 22.

24. Machine-readable storage including machine-readable instructions, when

executed, to implement the method of any of claims 18 to 22.
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