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Dual Turbo Boost:
Adaptively Selecting Resource Resizing and Clock Frequency Boost

KYOHEI YAMAGUCHI,t RYOTA SHIOYA' and HIDEKI ANDOT

The TDP (thermal design power) of a processor is determined under the assumption where
all cores are working. However, such a case is not often, and thus power budget is left in
many cases. In current microprocessors, a method that boosts the clock frequency by allocat-
ing the left budget to working cores is introduced to increase performance. Unfortunately, this
method is ineffective in memory-intensive programs, because memory access time dominates
the execution time. On the other hand, we previously proposed the resource resizing scheme
that improves performance of memory-intensive programs. However, this scheme has a draw-
back that more power is consumed and it cannot improve performance of computer-intensive
programs. This paper proposes a scheme called dual turbo boost that effectively utilizes left
power budget when several cores are idle. The scheme selects the resource resizing or clock
frequency boost by predicting whether the executing phase is memory-intensive or not, and
exploit each advantage. Our evaluation results using SPEC2000 programs show that the dual
turbo boost achieves performance improvements over the resource resizing or clock frequency
boost solely by 12% or 8%, respectively.
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1: cycle = 0; // current clock cycle
2: level = 1; // resource level
3: shrink_timing = -1; // timing of shrink
4: do_shrink = 0; // flag instructing shrink of the resources
5:
6: foreach cycle {
7: if (L2_miss) {
8: level = min(level + 1, max_level); // enlarge the resources
9: shrink_timing = cycle + memory_latency;
10: do_shrink = 0;
11: } else if (cycle == shrink_timing) {
12: do_shrink = 1;
13: }
14: if (level > 1 && do_shrink) {
15: // check if the regions of ROB, IQ, and LSQ to be removed by shrinking are vacant
16: if (is_shrinkable(level)) {
17: level = level - 1; // shrink the resources
18: shrink_timing = cycle + memory_latency;
19: do_shrink = 0;
20: } else {
21: stop_alloc(); // stop resource allocation to increase the vacancies in resources
22: }
23: }
24: }
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4 fpALU, 2 fpMULT/DIV/SQRT

L1 I-cache 64KB, 2-way, 32B line
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Main memory 300-cycle min. latency,
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level
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1 2 3
1Q entries 64 384 544
pipeline depth 1 2 3
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pipeline depth 1 2 2
LSQ er'ltri(?s 64 384 544
pipeline depth 1 2 3
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