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Survy of Pipeline Stage Unification effective
in ARM instruction set
Hiroaki IWATA
Abstract

Recent mobile processors are required to exhibit low-energy consumption
as well as high performance. To satisfy these requirements, a method called
dynamic voltage scaling or DVS is currently employed. DVS reduces energy
consumption by decreasing the supply voltage when a processor runs at a low
clock frequency. Although DVS is an effective method for reducing energy con-
sumption, its effectiveness will be limited in future process generations because
the variable supply voltage range will become small. As an alternative, we pro-
pose a method called pipeline stage unification or PSU, which unifies multiple
pipeline stages when the processor runs at a low clock frequency, leaving the
supply voltage at its maximum level. The reason why PSU can reduce consump-
tion energy is as follows. Firstly, PSU saves power consumption by reducing the
total load capacitance of the clock driver. This is accomplished by stopping the
clock signal to bypassed pipeline registers. Secondly, PSU reduces the execution
time of program by reducing the number of pipeline stages.

Previous PSU evaluations have only done with instruction set called Sim-
pleScalar PISA. However, the energy consumption reduction with PSU is inverse
proportion to the IPC improvement so that the energy consumption reduction
will be changed if the instruction set or pipeline organization have changed.
In this paper, I consider the effectiveness of PSU in the other instruction set.
The instruction set which I use in this research is ARM instruction set. The
reason why I chose that instruction set is as follows. Firstly, ARM instruction
set have unique features compared to the typical RISC instruction sets such
as SimpleScalar PISA. Secondly, ARM instruction set occupies large percent in
current market.

There are four unique features in ARM instruction set such as conditional
execution, shift operand, load /store multi instruction and abbreviation of float-
ing point arithmetic unit. I have discussed influence to give each PSU.

e Conditional Execution : The compiler can eliminate branches from a small
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if-else structure by using this feature. So, the processor can avoid aborting
fetch by change of instruction address or suffering branch misprediction
penalty. This feature reduces IPC loss from branch misprediction penalty
so that it reduces the PSU effectiveness because IPC improvement from
branch misprediction penalty reduction becomes small.

e shift operand : It summarizes two conventional orders in 1, and I think
that there is little influence for an effect of PSU.

e Load/store multi instruction : Load/store pipeline has been shorten by
applying PSU so that consecutive load/store operations will be finished
quickly. According to this, load contribution of the load/store pipeline
which is caused by load/store multi instruction will be alleviated. Thus,
the PSU effectiveness becomes large with this feature.

e Abbreviation of floating point arithmetic unit : The executed instruction
will increase by using a soft-float library. Then, the usage of pattern history
table for branch prediction and caches will increase and the brach prediction
accuracy and cache hit rate will become worse. Thus, the effectiveness of
branch misprediction penalty reduction and cache hit latency reduction will
increase and the effectiveness of PSU will increase.

On average I think that an effect of PSU grows big, than the above.

At first, I compared the number of the orders between ARM instruction set
and the SimpleScalar PISA. So, the geometric mean of the ratio became 1.07.
Though ARM instruction set did floating point arithmetic with a soft-float
library, I understood that the number of the orders on average did not change
between two instruction set. I evaluated the effectiveness of PSU in ARM
instruction set by hand-made software simulator which is based on assumed
pipeline organization. Then I compared that result with SimpleScalar PISA
that the instruction set used in previous research. The evaluation result shows
that the effectiveness of PSU for ARM instruction set is 14.5% larger than the
SimpleScalar PISA in 2-stage unification and 17.2% larger in 4-stage unification.
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