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Abstract

This paper investigates simultaneous multithreading (SMT). This technique
allows a processor to choose instructions from several streams at once. This
paper introduces SMT in detail and shows how it can be further optimized. It the
compares it to multiprocessor systems, another popular technique available. We
find SMT the clear winner for small-scale systems. This paper concludes by
looking at some recent work and future work regarding SMT.



Introduction

Simultaneous multithreading (SMT) is a processor architecture proposed in 1996. It allows the
hardware to execute multiple threads of execution at the same time. This allows the processor to
dynamically choose the best instruction to execute from the pool of available instructions. The
processor can make this choice in such a way that will best utilize the processor resources. For
example, if one thread is stalled due to a memory latency, the other threads can continue to do
meaningful work. This allows a processor to much more efficiently allocate its resources. There
are even models that reduce the complexity of processor design by identifying and eliminating
data forwarding and dependency issues at the dispatch phase. SMT allows a processor to execute
instructions more efficiently and therefore can dispatch more instructions in a given time. While
the performance of individual threads will be decreased, the overall performance of the system
can be dramatically improved.

SMT is not a perfect. There are some negative impacts of adding SMT to a system. The largest
of these is that multiple threads do not have the same degree of locality as a single thread. This
makes it more difficult for the cache to maintain enough context for all threads. The number of
registers required to support many contexts can also be a bottleneck. If the memory system was
a bottleneck before adding SMT, SMT will probably make it worse. Finally, the dispatch unit is
likely to become a bottleneck. This unit must manage between the contexts of all threads. If this
unit is not fast enough to keep up, the whole system will slow down.

Architecture

The basic idea of SMT is that by providing multiple threads of execution, the processor can mix
the instructions in such a way as to maximize the resource usage of the processor. This hides the
latencies encountered by a given thread by allowing the processor to continue on other threads.
However, it does more than just hide simple latencies. SMT allows the processor to balance
normal fluctuations in resource usage. As a result, it allows thread that wish to use a popular
resource to continue, but slowly, while threads that wish to use less popular resources will be
dispatched more quickly. SMT allows the processor to more efficiently grant access to its
resources among fluctuating demands. While SMT sounds like a major architectural upheaval, its
strength lies in how easily this architecture can be added to an existing superscalar processor.

There are only several changes needed to update an existing well-designed processor to use SMT.
The primary difference is that the system will need one register set for each thread. To identify
which group of registers a given register is from it will need to have some tag bits added. This can
be handled nicely by existing register renaming techniques. We also need to get the instructions
streams to the the processor. As a result, the fetch unit will need to fetch from multiple threads.
The only other component needed is a component to choose which instructions from the
available instructions are dispatched. It is in this choice that the benefits of SMT are revealed.

The utilization of the processor depends heavily on how well we decide which instructions to



execute. However, the utilization of the processor is not the only consideration. The processor is
measured by how much useful work it does. For example, if the processor is busy executing
instructions that turn out to be on a mispredicted path of a branch, then the work is wasted. Just
trying to keep the processor busy, for example, by using a round robin scheduler, will result in
only a minor performance enhancement. SMT can also try to choose instructions that are less
likely to stall. Despite lost cycles due to mispredicted branches and other poor choices of
instructions, the first SMT simulation found a significant performance increase of 84%. [Tullsen,
et al, 96] When compared to how difficult it’s been for processors to improve their IPCs using
previous techniques, this is quite a breakthrough.

SMT can deliver even more performance if we pick better instructions. The group then looked at
some simple things they could check to determine a method of choosing the best instructions.
The most effective method they found was simply to count the number of instructions currently
operating through the system from each queue. [Tullsen, et al, 96] The processor would then
dispatch instructions from the available threads with the smallest number. This method forces an
instruction scheme that is well mixed from the available threads. It also allows threads that are
effectively moving instructions through execution units to dispatch more instructions. Combined
with a scheme to minimize the impact of an instruction cache miss, their SMT processor was
improved by 37%. Combined with the earlier increase of 84%, their SMT processor executes two
and a half times as many useful instructions per cycle as the original superscalar processor. These
performance improvements are confirmed by other results. For example, [Lo, et al. 98] found that
the improvements were actually a little greater in a disk-intensive database environment.

The Tera computer [Alverson, et al. 90], now known as the Cray MTA, uses fine-grained
multithreading. This system deals with dependencies in an interesting way that could be extended
to an SMT system. This system doesn’t worry about dependencies. In fact, there is no cache.
Each processor cycles between up to 128 different threads. By the time the next instruction gets
processor time, the memory system has had up to 128 cycles to get the memory item to the
processor. A system using SMT would be even more powerful. Such a system, hypothetically
call it the Cray SMT, would allow the processor to operate on any combination of the
instructions that have received their inputs from memory. This would allow the system to
improve overall performance by favoring the threads using memory more efficiently. Each
instruction includes a memory access, an arithmetic operation, and a control operation. SMT
could schedule the available instructions to keep all three of these units busy, even when there
was a noop in an instruction slot. If there tend to be more noops in one slot than others, or one of
these operations could be made fast enough to handle multiple instructions per cycle, then the
performance could be improved even more by adding an additional bottleneck resource. Such
optimizations are not possible using other forms of fine-grained multithreading.

SMT has several advantages over multiprocessing. These can be simplified to the fact that a small
incremental amount of hardware can result in a large performance gain [Tullsen, et al, 95]. With
multiprocessing, the performance gain is not as straightforward. For simple problems that can be
expressed in a completely parallel way with no shared resources, the performance increases



roughly linearly with the number of processors. The incremental performance of SMT falls
dramatically as additional threads are added. [Hammond, et al. 97] claims that the abundance of
transistors will drive to putting multiple processors on a chip. They have two arguments along
these lines. The authors point out that it is much easier to design a single superscalar processor
and duplicate it than it is to design a single, more complex, superscalar processor. They also
point to the fact that communication times between components (interconnect delays) are not
decreasing as quickly.

The design costs of an SMT processor are higher than for a chip multiprocessor (CMP) or the
equivalent performance. However, the cost of the production chip and the failure rate are based
on the area of the unit. The push to deliver faster performing systems will initially result in a
CMP solution. However, after the first generation CMP, market forces will push to decrease the
cost of that performance. A company that added SMT to a processor will be able to decrease the
per unit cost because the costs will be lower. The push towards lower power processors will also
favor the SMT processor. However, because of the limit to the number of threads on a SMT
processor, eventually there will be CMPs made up of SMT processors. The same cycle will
repeat itself again with these systems and the next great architectural breakthrough.

The other argument made was that interconnect delays are not decreasing as the number of
transistors. This argument is based on the assumption that the communication paths in a SMT
processor are significantly more complex than a superscalar without SMT. The dispatch and
completion unit is not as large a portion of the complexity of a processor as the author would
have us believe. [Jaffe, 01] shows a picture of a PowerPC™ 620 processor with the various
components labeled. As you can see, even if the complexity and size of the dispatch and
completion unit were doubled, the overall complexity of the processor would seem to increase by
less than 20%.

SMT is a clear winner over CMP and similarly over traditional multiprocessors. A significantly
smaller processor with significantly less overall complexity can generate significantly faster
performance while using less power. Instead of duplicating resources, SMT allows a processor to
make better use of its existing resources.

Most of the current work regarding SMT involves making use of spare threads to improve the
operation of the existing threads. Some example include fault tolerance, memory prediction, and
branch prediction. There appear to still be many possibilities for uses of idle threads. The fault
tolerance version runs additional versions of the executing threads on the idle threads. This allows
failures to be detected and recovered from [Reinhardt, et al. 00]. The memory prediction scheme
is based on the discovery that pre-fetching memory is often difficult. In order to predict what
addresses a program will use may require running the program. If an SMT processor has idle
threads, it could run the instructions from another thread to generate memory pre-fetches before
the original thread needs the values [Luk, 01]. Finally, the branch prediction scheme allows less
likely branch paths to run on idle threads. If the original predication was incorrect, the processor
can switch the threads instead of just flushing the incorrect path [Wallace, et al. 98]. These



techniques require a priority scheme so that the threads doing productive work are not slowed by
the activities of these additional threads.

Conclusion

SMT is an exciting architectural breakthrough in computer architecture. By giving the processor
the flexibility to choose instructions from multiple threads, the processor can hide latencies and
maximize execution resource usage. SMT is clearly the best available way to extract additional
performance for future architectures.
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