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I nstruction Scheduling for L ow-Power Architecture
with Slack Prediction
Tomohisa Fukuyama
Abstract

We proposed an instruction criticality prediction technique based on prediction
of instruction slacks. When the execution time of a program doesn’t become longer
even if an instruction of the program is delayed by s cycles, the maximum of s is
referred as the slack of the instruction. Thus the slack of a critical instruction is zero
cycles. The slack value is stored to the prediction table to be a predicted value for
the next time.

A slack predictor is composed of a slack table and a definition table, and the
definition table is composed of a register definition table and a memory definition
table. The slack table is a prediction table itself, and stores slack values. On the
other hand, the definition table is used for calculating the slack values.

This paper describes instruction scheduling for low-power architecture with slack.
We propose that a microprocessor has some fast and power-hungry ALUs and some
slow and power-efficient ALUs, and the instructions whose slack values are zero are
executed in the fast ALUs and the instructions whose slack values are more than
zero are executed in the slow ALUs. Using this scheduling strategy , we can reduce
microprocessor energy consumption while maintaining its performance.

We propose three ways to calculate the slack value for instruction scheduling.
In the first way , we use the basic slack calculation, that is, we calculate the slack
value by subtracting a definition time from a use time. In the second way, we use a
effective definition time. In the third way, the most accurate calculation is done by
detecting apparently critical instructions. Adding a flag to the definition table enable
these three calculations.

In the simulation, our microprocessor has three fast ALUs and three slow ALUs.
We evaluate our instruction scheduling by comparing IPC and EDP with those of the
case that all ALUs are fast ones.

Evaluation result shows :

e |f the first way is used, EDP is reduced 14.5% at the cost of 4.5% IPC degrada-
tion, and 31% instructions are executed in slow ALUs.



e If the second way is used, EDP is reduced 37% at the cost of 14% IPC degrada-
tion, and 78% instructions are executed in slow ALUs.

e If the third way is used, EDP is reduced 19% at the cost of 4.5% IPC degrada-
tion, and 39% instructions are executed in slow ALUs. The rate of instructions
executed in the slow ALUs is almost equal to that of instructions whose slack is
more than one in the case that all ALUs are the fast ones.

These results show that with the third way we can calculate the slack value ac-
curately. But although third way is most accurate calculation, IPC is decreased by
4.5%. This is caused by next two matters :

e The slack prediction makes a mistake.

e A number of critical instructions executed per cycle must not exceed three, be-
cause the microprocessor have only three fast ALUSs.

The evaluation result shows that microprocessor energy consumption is reduced
while maintaining its performance and the slack prediction can be applied to instruc-
tion scheduling for low-power architecture.
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