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Abstract

Performance of multithreaded programs is heavily in-
fluenced by the latencies of the thread management and
synchronization operations. Improving these latencies be-
comes especially important when the parallelization is per-
formed at fine granularity.

In this work we examine the interaction of speculative
execution with the thread-related operations. We develop
a unified framework which allows all such operations to
be executed speculatively and provides efficient recovery
mechanisms to handle misspeculation of branches which af-
fect instructions in several threads.

The framework was evaluated in the context of Inthreads,
a programming model designed for very fine grain paral-
lelization. Our measurements show that the speedup ob-
tained by speculative execution of the threads-related in-
structions can reach 25%.

1 Introduction

Modern processors use a complex of ILP-enhancing
mechanisms, such as speculation and multithreaded execu-
tion. When combined carefully, these mechanisms com-
plement and amplify each other [28]. However, the mech-
anisms may interfere and hurt each other’s performance.
Moreover, the lower the locking granularity, the more sig-
nificant the performance impact of synchronization [30].

In this work, we investigate the interaction of control
speculation with thread management and synchronization
instructions. We develop a general framework that en-
ables speculative execution of such instructions and pro-
vides an efficient mechanism for misspeculation recovery.
The framework, based on identifying and keeping track of
the interactions between instructions of different threads,
provides a common mechanism that handles speculative ex-
ecution of synchronization, thread starting and even thread
�
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termination. The case of thread termination involves pecu-
liar side effects due to its reverse effect on speculation, as
described in Section 3.1.

We apply the framework to Inthreads [6], a lightweight
threading model that allows parallelization at a resolution
comparable to that of speculative execution. Due to the low
parallelization granularity, Inthreads programs are highly
sensitive to synchronization latency and benefit from the
speculative execution of thread-related operations.

The rest of this paper is organized as follows. In Sec-
tion 2 we develop the framework of speculative execution
of thread management and synchronization instructions. In
Section 3 we apply the framework to Inthreads. Section 4
discusses the implementation and Section 5 presents the re-
sults of the experimental evaluation. Finally, Section 6 de-
scribes the related work and Section 7 concludes the paper.

2 Multithreaded Speculative
Execution Model

Modern processors use a variety of mechanisms for im-
proving the computation parallelism. Two such mech-
anisms are speculative execution, intended to improve
instruction-level parallelism, and multithreading, aimed at
thread-level parallelism. Usually, these mechanisms oper-
ate at different levels and are orthogonal. However, in case
of low granularity parallelization, the synchronization may
stand in the way of efficient speculative execution.

For an example, consider the program in Figure 1. When
the program is executed serially, branch prediction may al-
low the processor to execute as many iterations in parallel
as the hardware can accommodate. However, in the case of
parallelized code, the presence of synchronization limits the
number of iterations that can be issued speculatively: since
a mutex affects execution of other threads’ instructions, it
is dangerous to enter the mutex before the if has been re-
solved. As a result, in each thread, the if must be resolved
before the next if can be issued. Therefore, the number
of iterations that can proceed in parallel is at most one per
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Sequential code Thread ��� of �
for(i=0; i<N; i++){
if(d[i%K].val>i)
{
d[i%K].count++;

}
}

for(i=k; i<N; i+=T){
if(d[i%K].val>i)
{
MUTEX_ENTER
d[i%K].count++;
MUTEX_LEAVE

}
}

Figure 1. Low granularity parallelization example

active thread, potentially leading to lower ILP than that of
the serial, but speculative, code.

To realize the potential of both speculation and multi-
threading, we must enable speculative execution of instruc-
tions that involve communication between threads, such as
interactions between instructions involved in a synchroniza-
tion or between instructions accessing a shared variable. In
order to recover from misspeculation, we must keep track
of all the communication events, and take care of all the in-
structions, from all the threads, that have been affected by
the misspeculated instruction.

Examples of communication events are transfer of a
value through a shared variable or an interaction between
synchronization instructions. For the purposes of this sec-
tion, it is enough to note that a communication event con-
sists of a pair of interacting instructions, a producer one
providing some information to a consumer one.

The speculation model of sequential computation is lin-
ear, as shown in Figure 2a: if an instruction is misspec-
ulated, all the following instructions are squashed. In con-
trast, the speculation model of multithreaded computation is
non-linear. Consider the execution in Figure 2b with threads���
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Another observation is that misspeculation recovery is
timing sensitive. Consider the misspeculation recovery of
� . The misspeculation propagates to
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squashing the instructions following the consuming instruc-
tion of event � . As a result, the producing instruction of
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Figure 2. Speculation models for single-threaded and
multithreaded execution

acute when misspeculation is propagated through longer se-
quences of events, such as the sequence of 2, 3 and 5 that
would result from misspeculation of � .

A straightforward, albeit expensive, approach to this
problem would require stopping the front-end during the
propagation of branch misprediction. Our approach, de-
scribed below, performs the recovery in one step without
the need for propagation.

2.1 Speculative Execution Framework

The definitions in this section are conceptually similar
to the happens-before relation defined by Lamport [14] and
the related notion of vector clocks by Mattern [18]. These
works are developed for distributed processors over a not
necessarily in-order medium. Furthermore, the feasibility
of bounded timestamps is shown in [5, 7, 11], although sys-
tem is not truly distributed and thus is simpler.

Our framework is defined over a set of threads rather than
processors, and directly models the control speculation and
the interactions between instructions. The framework can
be applied to an architecture by identifying the possible in-
teractions, and handling them as described in Section 2.2.
In Section 3.1 we apply the framework to Inthreads.

Let � be the set of threads supported by the processor.
We model the program as a set of instructions organized
in program orders for each thread �XWY� . We denote that
instruction Z belongs to the program order of thread � by
�[Z[\^]�_`� . The program order defines a full order for instruc-
tions of each thread. We denote that instruction Z precedes
instruction a in the program order by Z4bca .

Execution of the program proceeds through sliding win-
dows of instructions. There is one sliding window dfe for
each thread � . dge operates as a FIFO: instructions are intro-
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Figure 3. Example execution with speculation and com-
munication events

duced at one end and retired at another. d e��� "! denotes the
contents of d e at time  and d �# "! _%$ e'&)( d e��# "! .

Instructions are classified into plain and speculation
point ones. The speculation point instructions are intro-
duced as unresolved. When resolved, a speculation point
instruction can be found to be misspeculated, in which case
all the following instructions must be squashed. We de-
note the set of speculation point instructions by * and the
set of currently unresolved ones by *,+ �# "! (clearly, *-+ �# "!/.*10 d �� "! ). Also, we define *-+ �� 	2 � ! _3*4+ �� "! 0 d e �� "! .

Some instructions participate in communication events.
A communication event 5 consists of two instructions, the
producing one 6 5 and the consuming one 7 5 ( 5 _ � 6 5 2 7 5 ! ).5 introduces a dependency: if 6 5 is squashed, then 7 5 must
be squashed as well. Z98 a denotes that a depends on Z
through some chain of dependencies. We denote the set of
communication events by : .

In the example in Figure 3, * _<;�Z 	 2 Z>= 2 Z>? 2 aA@)B , *,+ �� "! _;�Z>= 2 Z>? 2 aA@
B , and : _C;A5 � _ � Z>@ 2 aED !F2 5 	 _ �HG � 2 a 	 !�2 5�@ _� aA= 2IGKJ�!F2 5FD _ � aA? 2 Z JA! B .
Each instruction Z has a timestamp, �MLN] . The timestamps

are assigned independently for each thread, in such a way
that �ML#]ON �MLFPRQ Z b a . A timestamp vector, �MLESB] , defines
the latest instruction in each thread � that Z depends on:

�MLES ] � � ! _ TVUXW�Y[Z &)\E]_^ ]a` �ML 6 Z 2 � W �cbd;��[Z[\ ] B
�ML ] 2 � _ �[ZR\ ] 2

where :fe � Z ! is the set of instructions that affect Z through a

chain of communication events 5 � 2hgEghgh2 5�i :

: eR� Z ! _Vjk5mlon ZqpIrtststs r Z'u &)\42 5 _v5 �hw 7 5 i b Z wx P &�y � ststs i�z ��{ � 7 5 P bm6 5 P}| � ! ~ g
The value of �MLES P can be used to determine if a depends on
a given instruction Z :

Z-8 aRQ �ML ]_� �MLES P � �[Z[\ ] !
When a speculation point instruction � is found to be mis-
predicted, we need to squash all the instructions ;�Z W
d �# "! l �MLES�] � �[Z[\�� !�� �MLA��B . Consequently, the set
of speculative instructions at time  is ;#Z W d �# "! ln � &)����^a� ` �MLES�] � �[Z[\�� !k� �MLA��B .

In the example in Figure 3, �MLhS
PH�c_�� � 2 � 2E��� , �MLESAP'� _� � 2I��2E��� , �MLESB�I� _�� � 2���2��
� and �MLES ]�� _�� � 2I��2h��� . If aA@ is
mispredicted, checking the �MLES reveals that both ZM� and G�J
must be squashed. The speculative instructions (i.e., those
that might be squashed) are ZM� in

���
, aED gEghg aA? in

���
and,

because of communication event 5E@ , GKJ�gEghgIG ? in
�
	

. Note
that a 	 is not speculative, since no unresolved speculation
point instructions precede G � .

In the remainder of this section, we will develop efficient
ways for computing the set of speculative instructions and
for performing misspeculation recovery.

First, if an instruction Z preceded by ZM� does not take part
in a communication event, then �MLES ] � � ! _ �MLES ]a� � � ! for any
thread ���_ �[ZR\ ] . Therefore, in recovering from a misspec-
ulation from a speculation point � , the earliest squashed in-
struction in every thread except �[Z[\�� must be an instruction
that takes a consumer part in a communication. As a result,
it is sufficient to just scan the instructions in : 0gd �# "! in
order to determine which instructions must be killed as a
result of misspeculation. In addition, it is sufficient to com-
pute �MLES only for the communicating instructions.

Second, we note that since the timestamps are monoton-
ically increasing in each thread, we need to scan only the
earliest unresolved speculation point in each thread in order
to determine which instructions are speculative.

To summarize, the determination of speculative instruc-
tions and the misspeculation recovery are performed in the
following way. First, we compute the set of earliest spec-
ulation points in each thread by scanning all the currently
unresolved speculation point instructions:*¢¡ � � ! _`�ML��Ol�� W£* +I�# "2 � ! wX¤ � ��&)����^�� r e ` � � bo�
Using * ¡ , we can determine whether a given communica-

tion instruction 7 5 is speculative:LM¥[¦�5 7 Z _ n e'* ¡ � � ! N �MLES 7 Z � � !
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Now we can compute the timestamps of the earliest specu-
lative communication instructions in each thread::-¡ � � ! _`�ML 7 Z l 5 WX: 0 d e��# "! w L}¥[¦A5 7 Zw�¤ 7 Z p � 7 Z l�L}¥�¦�5 7 Z p
With *¢¡ and :-¡ , we can determine whether instruction Z
is speculative by checking that �ML ] � * ¡ � �[Z[\ ] !�� �ML ] �: ¡ � �[Z[\ ] ! . The speculative instructions may not be retired
even if their execution is completed.

When a speculation instruction � is found to be misspec-
ulated, we determine the set of instructions to be squashed
in the following way. For each thread, we scan the com-
munication instructions to determine the earliest squashed
one:

: ���¡ � � 2 � ! _ �ML 7 Z l 5 WX: 0 d eF�# "! w
�MLES 7 Z � �[Z[\�� !/� �ML�� w¤ 7 Z p � 7 Z l��MLES 7 Z p � �[ZR\�� !O� �ML��

Instruction Z must be squashed during the recovery of � if
�ML ] � : ���¡ � � 2 �[Z[\ ] ! .

Finally, the computation of �MLES is performed according
to its definition by scanning the instructions in : 0 d �# "! .

Returning to the execution in Figure 3, the computations
would proceed in the following way: * ¡ _ � ��2 � 2 � �H2 : ¡ _� � 2 � 2��
� , exactly as in the original definitions. If a
@ is mis-
speculated, then : ���¡ � aA@ ! _ � � 2 � 2}�)� , implying that the in-
structions squashed in addition to the instructions following
a @ in

� �
are Z � , G J and G�? .

2.2 Handling Communication Instructions

For each instruction Z that can potentially take part in a
communication event, we must choose one of the two alter-
native implementations:

� Issue Z speculatively. In this case, we need to dynami-
cally determine the instructions that participated in a com-
munication with Z . The �MLhS for these instructions must be
updated accordingly to enable proper recovery.

� Delay Z until it becomes non-speculative. Naturally, the
instruction that participates in communication with Z will
not be able to issue before Z . On the positive side, squash-
ing of Z cannot affect instructions from other threads, and
thus the �MLES of the instruction receiving the communica-
tion need not be updated.

3 Speculation in the Inthreads Model

The Inthreads model is based on a fixed number of
threads running over shared registers in the context of a
single SMT thread. The model provides an extremely

lightweight threading mechanism: the fixed number of
threads allows for thread management to be performed en-
tirely in hardware. In addition, the shared registers provide
a straightforward and efficient communication mechanism:
a value can be transferred by writing it into a register in one
thread and reading it from the same register in another.

Each thread has a thread ID ( �[Z[\ ) which is determined
at thread creation. The main thread, identified by �[Z[\ _
	 ,
is always active, while other threads can be started and ter-
minated on demand. Three instructions control the starting
and stopping of threads: inth.start, inth.halt and inth.kill.
inth.start creates a new thread with a given �[Z[\ at a given
address. To terminate itself, a thread issues an inth.halt in-
struction. inth.halt is executed synchronously, guarantee-
ing that all the instructions preceding it will complete. One
thread can kill another by issuing an inth.kill instruction.

The synchronization mechanism consists of a set of bi-
nary semaphores stored in condition registers controlled by
three instructions: cond.wait, cond.set and cond.clr. A
cond.wait checks whether a given condition is set. If it
is, the condition is cleared; otherwise the issuing thread is
stalled until some other thread performs a cond.set to that
condition. If several cond.wait instructions accessing the
same condition are issued in parallel, only one of them will
proceed. A cond.set sets the given condition. If there was a
cond.wait suspended on the same condition, the cond.wait
is awakened and the condition remains cleared. Finally, a
cond.clr clears the given condition.

The programming model is described in detail in [6]. A
similar architecture, although using a dedicated namespace
for shared registers, is described by Jesshope [12].

3.1 Communication Events in the
Inthreads Model

A Synchronization event occurs between a cond.set and
a cond.wait that accesses the same condition. Synchroniza-
tion events are relatively easy to detect, as the number of
synchronization instructions that must be concurrently in
flight is low (see Section 5). cond.wait and cond.clr in-
structions never take a producer part in communication, and
can be executed speculatively with no need for recovery.

A Variable value transfer event occurs between any in-
struction writing a value to a variable (whether in a register
or at some memory location) and a subsequent instruction
reading the value from that variable.

In contrast to the communication through synchroniza-
tion, communication through regular variables is harder to
detect: any two instructions can potentially communicate,
and moreover, communication between memory instruc-
tions can be detected only after the addresses for both in-
structions have been computed.

The Inthreads architecture handles the communication
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through variables at the architecture level. To this end,
the Inthreads-parallelized programs are required to be data-
race-free [1], i.e., to ensure that any two instructions that
access the same location are separated by synchronization.
As a result, recovery of synchronization instructions implies
correct squashing of all instructions involved in shared-
variable communication.

A Thread starting event results from the communication
between an inth.start and the first instruction of the started
thread. Thread starting events are handled similarly to the
synchronization ones. The only difference is that the in-
struction receiving the communication does not belong to
a specific instruction type, but is just the first instruction
started by the thread. For this, we hold a �MLES for every
thread, as if the whole thread receives the communication.

A Thread killing event occurs between an inth.kill and
the first killed instruction of the target thread. While an
inth.kill does not supply any “real” information, it does in-
teract with the killed thread since the instructions following
the inth.kill should not interact with the ones killed by it.

The situation is further complicated by the fact that
inth.kills have a reverse effect on speculation: the instruc-
tions in the target thread are squashed only if the inth.kill
is not misspeculated. Therefore, it is not sufficient to delay
execution of an inth.kill until it becomes non-speculative,
as instructions following it might interact with the target
thread. Moreover, since an inth.kill terminates other instruc-
tions, recovery would be considerably more complex than
just killing the dependent instructions. As a result, in this
work we consider the inth.kill instructions as communica-
tion events, but execute them only non-speculatively.

4 Implementation

In principle, the architecture of Inthreads is quite sim-
ilar to SMT—both architectures execute multiple indepen-
dent instruction streams on a shared execution core. There-
fore, the microarchitecture re-uses most of the mechanisms
present in SMT processors, such as multiple fetch units,
multiple ROBs, shared physical register file and functional
units and so on (a notable exception is the Register Allo-
cation Table (RAT), which is shared between threads in an
Inthreads processor). Therefore, we take the SMT microar-
chitecture as a basis, and only describe the design of the
thread management mechanisms.

The mechanisms that support Inthreads execution are
outlined in Figure 4. The pipeline includes an additional
stage, Instruction Wait, which implements delaying instruc-
tions of the threads which waiting on a condition. The de-
layed instructions are stored in the per-thread Wait Buffers
(WBs). The WBs read the state of condition variables from
the Available Conditions line to determine which instruc-
tions can be released.
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Figure 4. Inthreads microarchitecture outline
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Figure 5. Thread Control Unit

The Thread Control Unit (TCU), described in Sec-
tion 4.1, orchestrates the execution of the threads on the
processor. The Condition Speculation Table (CST) is used
to keep track of the unresolved branch instructions. The
computations performed by the TCU and the CST corre-
spond to the multithreading speculation model developed
in Section 2 and the Inthreads-specific details in Section 3.

4.1 Thread Control Unit

The TCU, depicted in Figure 5, is used to 1) carry out the
side effects of the synchronization and thread management
instructions, 2) compute which instructions are speculative,
and 3) control the squashing of dependent instructions in all
the threads in response to a mispredicted branch.

The TCU holds the instructions in two queues, CIQ for
the synchronization instructions and TMQ for the thread
management instructions. Both CIQ and TMQ keep �MLhS
of all the contained instructions. The CIQ and TMQ receive
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Parameter No threads Inthreads

Pipeline Length 8 9
Supported threads N/A 8
Fetch policy 8 per cycle ICOUNT2.8
Branch predictor bimodal
L1I size 64KB
Logical Registers 64GP+64FP
Physical Registers 512GP,512FP 384GP,384FP
ROB size 512 128*8
Issue Queue size 80
Memory Queue size 40
Functional units 6 Int,6FP,4 Branch
Max outst. misses 16
Max unresolv. branches 16
Max active synch insns 16
Memory ports 2
L1D size, latency 64KB, 1 cycle
L2 size, latency 1MB, 20 cycles
Memory latency 200

Table 1. Basic processor parameters

from the CST the timestamps *4¡ of the currently unresolved
branches and use them to determine which of the instruc-
tions they contain are non-speculative and can be issued. In
addition, the CIQ and TMQ receive information on branch
mispredictions, in order to control the squashing of instruc-
tions from different threads.

Execution of synchronization instructions in the CIQ
involves the computation of the currently available con-
ditions, which are used by the WBs to determine which
cond.wait instructions can be released. The Committed
Conditions register (CCR) holds the committed state of the
condition variables. The value of the CCR is fed into the
CIQ, which updates it according to the synchronization in-
structions (cond.wait and cond.clr instructions clean the
corresponding bit, and cond.set instructions set it). When
instructions are issued from the CIQ, they update the corre-
sponding conditions in the CCR.

5 Evaluation

We have extended the SimpleScalar-PISA model [3]
with the Inthreads-related extensions. The basic proces-
sor is modelled with a 8-stage pipeline, and the Inthreads-
enabled variant has one more stage for synchronization
functionality. Fetching was managed by the ICOUNT pol-
icy [29]. Table 1 summarizes the parameters.

We assume that the instructions dispatched to the TCU
execute in as few as two cycles: one to compute the �MLES , and
one cycle to issue the instruction if it is ready. The logic
involved in the TCU is similar to that of the Issue Queue,
while the number of instructions held in the TCU is sig-
nificantly lower: in our experiments there was no measur-
able effect to increasing the TCU size over 16 instructions.

Still, we measured the effect of increasing the TCU latency,
shown in Figures 7 and 8.

The evaluation is based on three benchmarks from the
SPEC2K suite [8]: 179.art, 181.mcf and 300.twolf, and four
programs from the MediaBench suite [15]: Adpcm encode,
Adpcm decode, G721 and Mpeg2. As a measure of the pro-
grams’ run time we used the number of clock cycles re-
ported by the simulator.

We denote the speculation settings with three letters, one
for each speculation mechanism from those described in
Section 3.1. For example, TFF means that the speculative
execution of synchronization instructions was turned on,
and speculative value transfer between variables and specu-
lative thread starting was turned off.

5.1 Microbenchmark

To explore the performance behavior of the speculation
mechanisms, we have implemented a microbenchmark with
a tunable frequency of thread management events. The
benchmark contains two nested loops. The inner loop con-
sists of four independent sequences with heavy branching.
The inner loop size, or the iteration size of the outer loop,
determines the frequency of the synchronization, thread cre-
ation and termination events. The number of iterations of
the outer loop determines the total number of such events.

The results are summarized in Figure 6. The first row of
the graphs shows the speedup in comparison with the serial
code, while the second one displays just the speedup that
results from turning on speculation. The third row displays
the percentage of squashed instructions.

The first three columns plot the performance for a fixed
iteration size and varying number of iterations. The speedup
remains relatively stable, except at a small number of it-
erations due to uneven branch prediction. Predictably, the
speedup grows with the iteration size as the speedup caused
by parallelization overcomes the thread management over-
head. A more interesting effect is the growth in the addi-
tional speedup that results from speculation (row 2). Spec-
ulative execution of thread instructions allows different iter-
ations of the outer loop to proceed in parallel, which is more
important with a larger iteration size where the difference in
the amount of work performed by the threads grows.

The rightmost three columns of Figure 6 show the be-
havior of parallelization for a given number of iterations of
the outer loop. We can see that the speculation reaches its
potential only with a relatively large number of iterations.

Finally, Figure 7 shows the effect of the latency of the
TCU on performance. For the smallest possible parameters,
a 14-cycle latency cancels out the benefits of parallelization.
With larger parameters, the communication becomes less
frequent, and the code is less sensitive to the latency.
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Figure 6. Behavior of the microbenchmark at various size options
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Figure 9. Performance of SPEC and Mediabench benchmarks with speculative execution

5.2 SPEC2000 and Mediabench

The benefit of speculative execution depends on the
amount of time saved by earlier execution of thread-related
instructions and the frequency of such instructions. Table 2
shows the frequencies and average age of the cond.set and
inth.start instructions, measured from the time they enter
the TCU and until they are issued.

The results of applying speculative execution of thread-
related instructions to the benchmarks are summarized in
Figure 9. The first row shows the overall speedup, and the
second one—the speedup increment caused by speculation.

Mcf parallelizes consequent iterations that communicate
heavily. This communication is sped up when executed
speculatively, explaining the sensitivity of Mcf to specula-
tive variable transfer. Art uses very fine grain synchroniza-
tion, and thus receives most improvement from speculation
on synchronization instructions. Both Art and Mcf perform
thread starting relatively unfrequently, and therefore do not
benefit from speculation in thread starting.

In contrast, Twolf uses threads to parallelize small inde-
pendent sections of code with heavy branching, and benefits
from all the forms of speculative execution.

Both Adpcm programs split the execution into portions
executed by threads arranged in a virtual pipeline, using
synchronization at a low granularity. As a result, execution
is sped up by speculative synchronization.

Both g721 and mpeg2 are barely affected by the spec-
ulation, albeit for opposite reasons. In g721, the hard-

Benchmark
cond.set inth.start

Age Freq Age Freq
Mcf 41 0.018 7.0 0.003
Art 32 0.04 391 0.000019
Twolf 4.4 0.057 3.3 0.014
Adpcm enc. 6.3 0.059 2.0 0.000029
Adpcm dec. 2.4 0.061 3.0 0.000031
G721 3.7 0.05 3.1 0.012
Mpeg2 1.5 0.014 9.1 0.014

Table 2. Average ages and frequencies of
thread-related instructions

to-predict branches are executed just before synchroniza-
tion, resulting in poor speculation success rate. In contrast,
mpeg2 has long non-speculative sequences, obviating the
need for speculative synchronization.

The effect of the TCU latency is shown in Figure 8.
Mcf and Art are least sensitive due to the relatively long
age of the synchronization instructions. The speedup of
adding speculation to thread-related operations, shown in
Figure 8b, decreases with the latency when it grows larger
than the benefit of speculation. It is interesting to note that
the speculation speedup for Mcf almost does not decrease
with latency. The reason is that when the latency grows, ad-
ditional parallelism is achieved by an increase in the number
of iterations that execute in parallel.
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Figure 10. Performance of SPEC benchmarks under varying memory latency

Finally, for the SPEC benchmarks we have measured the
effect of memory latency on speedup, shown in Figure 10.
While the overall speedup may be sensitive to memory, the
additional benefit of speculation remains almost constant.

6 Related Work

Synchronization operations are often redundant and can
be ignored speculatively. Examples are Speculative Syn-
chronization [17], Transactional Memory [9] and Specula-
tive Lock Elision [21]. In contrast, just speed synchroniza-
tion up by executing it speculatively. This avoids the need to
detect collisions, and also allows speculation in other thread
operations, like starting and terminating.

Thread Level Speculation issues threads derived from a
serial program, speculating on a fact that the threads will
turn out to be independent. In Multiscalar processors [24],
the program is partitioned into speculative tasks that exe-
cute concurrently while observing data dependencies. Spec-
ulative multithreaded processors [16] and Dynamic multi-
threading processors [2] generate threads at control specu-
lation points. In those works, the threads are usually very
small, often with limited control flow. In contrast, the mech-
anisms in our work apply to general threads and provide a
unified mechanism for speculation of both synchronization
and thread management instructions. Other works in this
area are [10, 13, 19, 20, 25, 26, 27].

The high cost of branch misprediction has prompted sev-
eral works that aim at reducing the penalty by retaining
those instructions that would execute in the same way re-
gardless of the branch outcome [4, 22, 23]. Our approach
can be seen as achieving about the same in software by
speculatively starting threads with dependencies marked up
by communication instructions.

7 Conclusion

This work provides a unified framework for speculative
execution of multithreading-related instructions, including
both synchronization primitives and instructions for starting
and killing of threads. The framework can be applied to a
given architecture by identifying the interactions between
instructions of different threads.

The Inthreads architecture has four types of interactions:
synchronization, data transfer through variables, thread
starting and thread termination. All the types except for data
transfer are linked to specific instructions and are easy to de-
tect. The transfer through variables is handled by requiring
the programs to be data-race free. As a result, misspecu-
lation recovery of synchronization instructions implies cor-
rect recovery shared variable communication.

An additional aspect of this work is that our speculation
mechanisms, due to the sharing of the processor resources
among several threads, provide a good trade-off between the
performance improvement and the increase in the percent-
age of squashed instructions. This implies that the tech-
niques can be used for improving the power efficiency. We
plan to explore this issue in depth in our future work.
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