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Abstract Non-Uniform cache architecture (NUCA) has almost been the trend of the large on-
chip cache design. Data promotion technique moves frequently accessed data into cache banks
closer to processors for reducing the access latency of NUCA. Hence, data promotion plays a sig-
nificant role in NUCA optimizing. However, current promotion technique uses fixed promoting
policy and does not take the real state of cache banks into account when promoting. Thus, it may
push useful data in the promoted cache bank far from the processor, leading to cache pollution
problem. This paper proposes smart multihop promotion, which can feel the status of the candi-
date banks for promotion and select the right target bank dynamically. The smart multihop pro-
motion not only reduces the cache pollution problem, but also improves the performance of data
promotion. Meanwhile, the smart multihop promotion makes use of the access path of processor
and does not add extra accesses to cache banks. Finally, this paper gives test results to 15 bench-
marks from NAS Parallel Benchmark and Livermore Benchmark using a full-system simulator.
Compared with the current promotion technique, the evaluation results show that the smart mul-
tihop promotion achieves 1. 50 X improvement in saved cycles per promoting operation on average
and 2. 61X at best. Meanwhile, the approach improves IPC performance by 6.24% on average

over current promotion and by 19. 03% at best.
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Algorithm FindTargetBank
input: BSBV, srcBID;
output: desBID;
//BSBV & bank AR A 5] &
//sreBID J& 5 bank
//desBID & H #5 bank

closestEmptyBank=—1;
farthestCleanBank= —1
//BID 3 i #) bank tt BID 3 i—1 4 bank i CPU i
for BID from bank 0 to bank sreBID —1
do
if (BSBV[BID].V==0) then
// %5~ BID 1§ bank J&%5 1Y
closestEmptyBank=BID;
break;
else if (BSBV[BID].D==0) then
//4%5 % BID 1) bank A8 T4+ 404
farthestCleanBank= BID;
done

if CclosestEmptyBank!=—1) then
desBID=closestEmptyBank;

else if (farthestCleanBank!=—1) then
desBID= farthestCleanBank;

else if (sreBID!=0)
desBID=srcBID —1;

else
return —1;

return desBID;
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Background

The speed gap between processors and memories has al-
ways been the bottleneck of computer performance. Cache
memory is an effective technique for alleviating the memory
wall problem. Thus, cache studies always attract much at-
tention of industry and academe. Along with the development
of integrated circuits, cache capacity has become larger and
larger leading that wire delay problem limits the traditional
cache design method. In 2002, Non-Uniform Cache Archi-
tecture (NUCA) is proposed for large cache designs. When a
processor accesses a NUCA, the access time may be one of
many different ones. The closer to the processor the bank
containing the data is, the faster the access operation is. The
key problem concerned by this paper is how to move the fre-
quently accessed data into cache banks closer to processors
for reducing the access latency of NUCA. The data migration
operation is called promotion. Current promotion technique
uses fixed promoting policy and does not take the real state of

cache banks into account. Hence, it may push useful data in
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the target cache bank far from the processor., which is so-
called cache pollution problem. This paper proposes smart
multihop promotion, which can feel the status of the candi-
date banks for promotion and select the right target bank dy-
namically. The approach proposed in this paper not only re-
duces the cache pollution problem, but also improves the per-
formance of promotion. Meanwhile, the smart multihop pro-
motion makes use of the access path of processor and does
not add extra accesses to cache banks.

The project, this paper belongs to, is about cache archi-
tecture researches for improving the cache efficiency. This
project mainly focuses on the memory wall problem. In this
area, the authors have proposed Data-Object Oriented Cache
(DOOC) technique, which is published in many papers and
gets a national patent of China. This paper belongs to the re-
search of highly efficient data layout technique for NUCA,

which is an important part of the project.



