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A Cache-conscious Hierarchical-clustering
Data Placement Technique: An Experimental
Comparison with a Cache-oblivious Technique

MASAHIRO YASUGL ! Yusuke Goro, 1
SET UMATANIT! and Taricur Yuasaf!

The increasing processor-memory performance gap makes improving the
cache locality as important as the virtual memory locality. In some applications,
such as search algorithms on pointer-based large data structures, locality-poor
data-object placement significantly increases cache misses and TLB misses (and
page faults in some cases). Thus, for garbage collection, several clustering copy-
ing algorithms have been proposed instead of breadth-first copying and depth-

first copying. In this research, we have proposed “hierarchical clustering” which
groups data objects at multiple hierarchical levels and provides better locality
at both the cache and virtual memory levels of the memory hierarchy. For
example, when employing a binary search tree and an array of associative lists,
our algorithms achieved approximately two (sometimes five) times speedups
compared to the conventional breadth-first copying algorithms. In this paper,
we propose a new copying algorithm that achieves cache-conscious data place-
ment with multiple scan pointers for their own levels of memory hierarchy, de-
veloped from our previously proposed algorithm that achieves cache-oblivious
data placement with multiple stacks; we report an experimental comparison of
these two algorithms.
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pointer free, scan; // the free pointer, the scan pointer

/* copy live objects referred to by objects located between "scan" and "free" */
scavenge () {
while (scan < free) {
for (pointer *pa : CHILDREN(scan)) // pointer addresses in scanned objects
if (FROM_SPACE(*pa))
if (TO_SPACE(FWD_PTR(*pa)))
*pa = FWD_PTR (*pa) ;

else { // allocate and copy (move) an object at "free"
OBJCPY(*pa, free); *pa = FWD_PTR(*pa) = free; free += SIZE(free);
¥
scan += SIZE(scan);
}
}
01 Cheney JO0D0O0UOOODOODOOD
Fig.1 Cheney’s nonrecursive copying algorithm.
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Fig.3 Breadth-first copying result.
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Fig.2 To-space of Cheney’s algorithm.
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Fig.4 Depth-first copying result.
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Fig.5 Clustering copying result. Fig.6 To-space of Moon’s algorithm.
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Fig.7 An example of hierarchical clustering.
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Fig.8 To-space of our cache-conscious hierarchical clustering algorithm with multiple scan pointers.
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pointer free; // the free pointer
/* Constuct a cluster of level "level" with the leader object at "pO". */
copy_cluster(pointer pO, int level) {
pointer scan = free; // the local scan pointer in TO-space
pointer leader = free; // the leader object in TO-space
if (level == 0) {
OBJCPY(pO, free); FWD_PTR(pO) = free; free += SIZE(free); return;

copy_cluster(p0, level-1); // the leader cluster
pointer ext = extension_target(leader, level); // an extension target
if (free >= ext) return;
while (scan < free) {
for (pointer *pa : CHILDREN(scan))
if (FROM_SPACE(*pa))
if (TO_SPACE(FWD_PTR(*pa)))
*pa = FWD_PTR(*pa);
else { // offspring clusters
copy_cluster(*pa, level-1); *pa = FWD_PTR(*pa);
if (free >= ext) return;
}
scan += SIZE(scan);
}
}

0 9 cache-conscious 00000000000 OOOOOOO
Fig.9 Cache-conscious hierarchical clustering copying algorithm.
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Table 1 System parameters.

CPU UltraSPARC-IIe 500 MHz Pentium 4 3.00 GHz Xeon X5460 3.16 GHz
Hyper-Threading Quad-Core
L1D 16 KB 32B-line (two 16- | 16 KB 64B-line 8 way set- | 32 KB 64B-line 8 way
cache byte sub-blocks) direct- | associative
mapped
L2 cache | 256 KB 64B-line 4 way 1MB 128B-sector (64B- | 6 MB(x2) 64B-line 24 way
line) 8 way
prefetch enabled HW prefetch: disabled,
(No BIOS option) adjacent line prefetch:
enabled
TLB 64-entry dTLB 64-entry DTLB 16-entry DTLBO,
256-entry 4 way DTLB1
VM page 8KB 4KB 4KB
memory 256 MB 512 MB 8GB
O8S Solaris 9 Linux 2.6.25 Linux 2.6.25
CcC GCC 3.2 -mcpu=ultrasparc | GCC 4.3.2 -03 GCC 4.3.2 -03
-03 -fno-strict-aliasing -fno-strict-aliasing -fno-strict-aliasing

0 2 cache-conscious 00000000000 OOO
Table 2 Cache-conscious hierarchical clustering parameters.

UltraSPARC-IIe
L1 | 64 B block

Pentium 4 Xeon
64 B block 64 B block

L2 8 KB block 256 B size, 128 B align 128 B block
L3 4 KB block 4 KB block
L4 16 KB size, 64 B align
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Fig. 10 Search benchmarks.
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Fig.11 Average search time on binary search tree.
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Fig.12 Average search time on array of binrary-search-trees.
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Fig. 18 GC time on array of binary-search-trees.
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