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VAST-Tree: Vector-Advanced Structure for Massive Data Tree-Traversal
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Abstract We propose a compact and efficient index structure for range queries on massive data. There are wide-
ly-used and well-known approaches for these queries: the binary-tree and the B-+tree. Unfortunately, we find that
these techniques on massive data lead to three shortcomings; for one thing, the size of these indices is too large to
fit in regular main memories, and the others are that inefficient processing on CPUs causes low instructions per
cycle (IPC), and the number of instructions increases dynamically. Our state-of-the-art index technique provides a
solution of these shortcomings by employing a compressed and SIMD-friendly structure. We implement its proto-
type and demonstrate that the index size was decreased up to 99.53% compared to the binary-tree. And also, it
improved IPC to 0.433 from 0.246 and needed instructions was held down to 0.514%.
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/*
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region.num: 0000000000 HsOHieOHg O 300

: Hlregion.num]: 00000000000000 HO
CH[regionnum|: 0000000000000000O0O CHO
: SHregionnum|: SIMD 00000O00000000O0O SHO
*/

: binary_tree = build_tree(keys|]);

=
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: for i + 1 to region_num do
for j «+ 1 to H[i]/CHJi] do
comp.array[] = {};
13: for k < 1 to CH[i]/SH]i] do
14: simd_array[] = extract_tree(binary_tree, SH[i], i, j, k);
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15: push_array(simd_array|[], comp_array|]);

16: end for

17: minval = get_minval(compress_array]|]);

18: prefix = get_prefix(compress_array(]);

19: comp-array|] = comp-_keys(comp_array|], minval, prefix);
20: write_file(minval, file_p);

21: write_file(prefix, file_p);

22: write_file(comp_array(], file_p);

23:  end for

24: end for
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: total simd size[x]: 00 xO0000 SIMDOOOOOOOOO
: total_compresssizex]: 00 x000000000000000
: persimd_size: 00O SIMD OOOOOOO

: per_compresssize: 00000000000

*/

: for i + 1 to Hg/CHg do

minval = get_minval(current_idx);
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prefix = get_prefix(current_idx);

—
N

compressed_key_q = compress_key_q(key_q, minval, prefix);

-
e

current_idx += sizeof(minval) + sizeof(prefix);

-
"

simd_key_q = simd_load8(compressed key_q);

-
o

simd_offset = 0, top-idx = current_idx;
for j «+ 1 to CHg/SHg do
simd_ckey = simd_load128(current_idx);

== e
@ X 2

simd_result = simd_compare8(simd_key_q, simd_ckey);

simd _offset = simd_offset * 2558 L calc_offset(simd _result);

o =
e ©

current_idx = top_idx + simd_offset * per_simd_size + to-

tal_simd_size[j];

21:  end for

22:  compress_offset = compress_offset * 2€8 | simd_offset;

23:  current_idx = compress_offset * per_compress_size + to-
tal_compress_size[Hs2 + Hig + i;

24: end for
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