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ABSTRACT 
 
The paper describes the SMT implementations in the IBM POWER5 processor and the 
Intel Xeon. The detailed introduction of the structure of a processor is followed by the 
comparison of the presented architectures. The differences and similarities of the 
depicted solutions are emphasized at the end of the article. 
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1 Introduction 
Current superscalar processors take advantage of Instruction Level Parallelism (ILP) from 
a single thread, which allows them to execute several instructions during a clock cycle. 
However, the amount of a parallelism in one thread is limited due to control and data 
dependencies, what has motivated the research on other forms of parallelism. 
In a multiprocessor several threads run in parallel at a given time on different sets of 
hardware resources, only sharing some levels of the cache hierarchy. This does not 
provide efficient use of resources, since if the thread in one core experience long time stall 
(for example, level two cache miss) the threads from the other cores are not allowed to use 
the resource of the stalled thread’s core. 

The next solution is coarse-grain multithreading architecture, also called switch-on-
event by the Intel® consortium. In this approach only one thread executes at any given 
instant in time. The architecture swaps to a different thread when a given thread 
experiences a long latency event, such as cache miss. By allowing a thread to run when the 
first one is idle, the overall throughput of the architecture increases. However, there is a 
significant context switch delay, while swapping the threads, which has a negative 
influence on the performance. 

Fine-grain multithreading architectures, also called time-slice, are an alternative to the 
presented above. The main difference is that here the context switching occurs more often 
(in some implementations every clock cycle). In this processor the reason to undertake the 
context switching may not be necessarily long-latency event. Therefore, even the latency of 
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short-latency operations may be hided by allowing the ready to execute thread to proceed. 
However, still only one thread may proceed at a time. 

The latest solution is the simultaneous multithreading (SMT) architecture. Here the 
processor is able to issue instructions from the different threads in the same cycle. As a 
result, not only the switching between the threads may be undertaken in order to hide the 
latency of the short-latency operations by using their idle cycles, but also unused issue 
slots may be filled at a given cycle. Therefore, two forms of parallelism are available here: 
ILP that comes from the possibility of executing several instructions from a given thread, 
and also Thread-Level Parallelism (TLP), that comes from executing several threads in 
parallel at any given time. With SMT, the system adjusts dynamically to the environment 
by allowing running threads to compete with each other for the available resources. If one 
thread is stalled due to long-latency operation, the other one may use all the available 
resource, since the stalled thread is not able to make any use of them. This form of thread 
management achieves the highest performance. 

 

 
Figure 1: A possible classification of multithreaded architectures  

This paper describes the latest implementations of the SMT architecture in the IBM® 
POWER5 and Intel® Xeon architectures, which are the state-of-the-art processors available 
on the market. 

2 Comparing different implementations 
There are different approaches for SMT implementation in the presented architectures. 
In all architectures one may distinguish the in-order part and out-of-order part. There 

is an in-order part of the pipeline for the POWER5 architecture since the beginning of the 
pipeline till the mapping stage, while the rest of it, starting from instruction issue stage 
and till the end, is the out-of-order processing part. For the Xeon case, before the 
microcode queue one may find the in-order part, after this stage (including it) one may 
distinguish out-of-order execution engine. The POWER5 architecture is deeply pipelined: 
with 17 stages, while Xeon has only10 stages. Since the POWER5 is more pipelined 
architecture, it could be the reason for instruction grouping that has been used in this 
architecture. 

Xeon and POWER5 implemented 2 threads in their architectures. However, it is 
significant to notice, that POWER5 is the dual-core architecture, therefore, achieving 4 
logical processors in the chip. 

In both architectures the number of program counters is multiplied by the number of 
threads executing in the processor. Therefore, there are 2 program counters in both 



architectures. In fact, each core in POWER5 machine has its own, identical architecture, 
which makes 4 program counters in the entire chip. The caches are shared. In Xeon it is the 
Trace Cache (named Execution Trace Cache), which is storing already decode instructions, 
in order to accelerate the fetch-decode process. In POWER5 and Xeon branch history 
tables are shared, even if each branch is belonging to a different thread, while the 
lookaside buffers are not shared – they are duplicated, one for each thread. Moreover, 
decode logic is shared in both machines. 

Different instruction queues organizations may also be noticed. In POWER5 instruction 
queue is shared. The number of entries belonging to a given thread depends on the thread 
fetch order. In Xeon architecture the instruction queue has been partitioned (precisely, 
each of the instruction queue has been partitioned, since there are two queues) and each 
cycle the thread selection is undertaken to forward the instructions to the scheduler stage. 

From now on, there are not so many differences between the presented architectures. 
Out-of-order execution engine is shared between the threads. In POWER5 architecture 
everything is shared since the instruction queue stage (in all the out-of-order part of the 
pipeline), except the group completion stage (2 structures, one for each thread) and 
doubled store queue. Similarly, in the Xeon machine, the store queue and re-order buffer 
have been partitioned for two threads. In general, POWER5 usually doubles the critical 
resources, while Xeon usually partitions them. 

POWER5 use instruction grouping, while Xeon does not. POWER5 builds the groups 
of up to 5 instructions that are next tracked during the out-of-order execution. These 
instructions are than committed in parallel, which means that all of the executed 
instructions in the group are committed at the same time. If one instruction has been 
executed earlier (since there is an out-of-order execution engine) it must wait for all of the 
instructions in the group to be committed (retired) with them. This solution, however, 
simplifies the pipeline architecture. 

3 Conclusions 
In 1999 Rick Merritt said [Merritt1999]: “Intel has staked out fresh ground in instruction-

level parallelism (ILP) with its newly christened Itanium architecture – formerly known as Merced 
— which relies heavily on compiler technology and such new techniques as speculative processing. 
IBM took a hardware approach, using chip multiprocessing (CMP) by putting two cores on its 
Power4 processor”. As it may be observed in this paper, this is no longer true, since the 
Xeon architecture already uses the TLP, however, it shows the different philology 
approaches of the different manufactures. We may echo Michael Slater’s2 words: 
"Ultimately, everybody will do all of it, [but] initially they are all trying to solve different problems 
and have unique starting points" [Merritt1999]. 

Two different SMT implementations have been depicted in the paper: the POWER5 of 
IBM and the Xeon of Intel. The differences and similarities of the machines have been 
underlined at the end of the article. 

In both Xeon and POWER5 machines adding another active thread to the environment 
increase the overall performance. In general, the performance benefit strictly corresponds 
to the benchmark being executed and to the current thread priority levels – it is not 
possible to say that in every case the throughput progress is fixed. The best overall results 
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for the POWER5 machine were obtained when two threads had the same priority level. 
Even beneficial in many cases for some programs SMT is counter productive. This is 
meanly due to the threads competition in shared resources. If the benchmark used to 
evaluate the architecture is a very demanding one, strictly dependent on the cache 
performance then SMT mode may lead even to worse performance compared to the ST 
(single thread) one. It is because cache memory is a shared resource in the studied 
architecture; two threads requiring big caches and competing for the same cache memory 
resource may limit its performance. 

Simultaneous multithreading is the solution to increase performance, which is 
commonly used in a processor implementation. The progress of computational machines 
has reached the point, where the resources in current architectures may not be fully 
utilized due to data and control dependency in a given workload. The thread level 
parallelism is a good answer on how to increase performance without drastically 
increasing the resources. 
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