
the most recent nodes in the main memory and therefore have in-
creased number of I/Os when there are more queries on the histori-
cal nodes. TSB-small and TSB-cond have especially large numbers
of I/Os for these cases due to their bad disk behavior. TSB-small
uses small nodes and need to access the hard disk more often to re-
trieve the same amount of data. TSB-cond uses optimal nodes sizes
for disk access, but because the data in nodes are not clustered as
well as in the HV-tree, TSB-cond also has much more I/Os.

The response time comparison shown in Figure 19(b) exhibits a
similar pattern to the comparison on the number of I/Os. All meth-
ods perform well when α = 10 but the response time increases as
α becomes smaller. However, the HV-tree’s response time remains
a very small value and outperforms all the TSB-tree variants by a
large margin.

D.4 Key-Range Queries with Large Datasets
The results of key-range queries on 1,000MB datasets are shown
in Figure 20. For time-slice queries (Figure 20(a)), every method
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Figure 20: Key-range queries with 1000MB dataset.

performs slower as expected. Because the datasets require all of
the main memory to be used, even the HV-tree must access the
hard disk. However, we still see that the HV-tree is an order of
magnitude faster than the best performing TSB-tree variant, TSB-
stand. As selectivity increases, the performance of HV-tree ap-
proaches that of TSB-stand. Similar to the experiments on the
500MB datasets, TSB-stand outperforms other TSB-tree variants
significantly in most cases. Only at the large selectivity of 1%, the
HV-tree is outperformed by TSB-stand because of the same rea-
son given for the experiments on the 500MB datasets. Figure 20(b)
shows varying key-range selectivities with a constant time-range
selectivity of 50%. But this time the HV-tree is better than TSB-
stand in all cases.

D.5 Time-Range Queries
In these tests we perform time-range queries. A time-range query
returns a requested fraction of the history of a record. We first
varied the time selectivity from 25% to 100% using the 500MB
dataset. Figure 21(a) shows results when just a single key is queried
and Figure 21(b) shows results when a 0.1% key-range selectivity
is used.

For both Figures 21(a) and 21(b), we see that the HV-tree is far
better than the TSB-tree variants. TSB-stand is still the best of
the TSB-tree variants. The HV-tree is about 1000 times faster than
TSB-stand. This is because the HV-tree performs less time splits
(meaning less redundancy), and of course the HV-tree has better
cache behavior on current nodes and more historical nodes kept in
the main memory. Again, the improvement of the HV-tree over
other techniques here is much higher than in update/search oper-
ations because the time-range query involves returning a lot more
records than updates and point queries.

We repeated the previous tests using a 1,000MB dataset and the
results are shown in Figures 22(a) and 22(b). All methods perform
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Figure 21: Time-range queries with 500MB dataset.

slower as expected. The comparative performance is similar to that
shown in the experiments using the 500MB dataset. The HV-tree
outperforms all TSB-tree variants with at least an order of magni-
tude improvement in all tests.
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Figure 22: Time-range queries with 1000MB dataset.

In summary, the HV-tree dominates all the TSB-tree variants for
time-range queries. This is because the HV-tree performs more
key splits and less time splits, which means more versions of the
same records are likely to exist in fewer nodes. Together with better
cache behavior and delayed data migration, the HV-tree has huge
advantage in time-range queries.

D.6 Verification of Threshold Value Choice
In section 4.2, we discussed our choice of T . Here we run experi-
ments to validate the analysis. We conduct a series of tests varying
the update frequency u of datasets and T values used in the imple-
mentation of the HV-tree. We average the update time, search time
and memory usage over each of the update frequency values. Fig-
ure 23 shows the relative search, update and memory performance
as we vary T . We also combine all three results with equal weights
to give an overall “combined” performance.
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Figure 23: Investigating the choice of T .

We observe that the update and search performance is the best
when T takes the values around 0.15, and T = 0.25 gives a very
close performance to this best point. When the three measures are
combined, T = 0.25 gives the best overall performance. This re-
sult confirms that the value of 0.25 suggested by our analysis is a
very good choice. This choice of T value is quite different from the
threshold value, 0.67, recommended for the TSB-tree [14, 12].
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