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Setup
q Vary query interval extend, vary θ and k
q Query processing with or without bounds
q Also, for kRelQuery, native traversal or best-first

Motivation

Experiments

Interval Indexing

Query Processing

Interval Data
q Temporal databases, validity intervals
q Uncertain data, uncertainty intervals
q Anonymized data, interval values on sensitive attributes
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Upper Relevance Bound UB(P) = Rel(sub, q)
q Shortest possible interval sub maximizing absolute relevance Rel(sub, q)

Lower Relevance Bound LB(P) = Rel(slb, q)
q Interval slb minimizing absolute relevance
q While maximizing |slb U q| for Relr and |slb| for Relrq
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Unified Processing Framework
q Applicable to any interval indexing
q Requires cheap-to-compute stats, minimum and maximum endpoints
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Table 1. Characteristics of tested datasets

BOOKS WEBKIT BTC TAXIS
[8] [20] [2] [8]

Cardinality 2,050,707 2,347,346 2,538,921 169,290,307
Size [MBs] 32 28 52 2,794
Domain 1 year 15 years 3 months 1 year
Min duration 1 hour 1 sec 1 sec 1 min
Max duration 1 year 15 years 6 days 5 hours
Avg. duration 67 days 1 year 40 mins 12 mins
Avg. duration [%] 18.4 7.22 0.03 0.002

Table 2. Overhead in space and maintenance costs for HINT

overhead BOOKS WEBKIT BTC TAXIS
space 0.02% 0.04% 2.2% 0.09%
insertions 0.3% 0.4% 3.3% 3.1%
deletions 1.2% 0.2% 5.8% 3.1%

We experimented with 4 datasets of real intervals, which have also been used in past studies;
Table 1 summarizes their characteristics. BOOKS [9] contains the periods of time in 2013 when
books were lent out by libraries in the city of Aarhus, Denmark.11 WEBKIT [19] records the �le
history in the git repository of the Webkit project from 2001 to 201612; the intervals indicate the
periods during which a �le did not change. BTC [2] contains historical price intervals of Bitcoin13;
the low and high prices are used to determine the BC0AC and the 4=3 points, respectively. TAXIS
[9] stores the time periods of taxi trips (pick-up and drop-o� timestamps) from NY City in 2009.14
Datasets BOOKS and WEBKIT represent inputs with long intervals, covering on average over 5% of
the domain, whereas BTC and TAXIS contain short intervals, covering less than 0.1% of the domain.
Lastly, the number of bits< for the HINT index on each dataset is automatically set utilizing the
cost model in [14].

Our analysis focuses on the relative relevance de�nitions from Section 2.1, i.e.,'4;A (B,@),'4;A3 (B,@)
and '4;A@ (B,@). We omit '4;0 (B,@) which gives the same results as '4;A@ (B,@) if we divide its \ by
|@ |. To assess the performance of the methods, we measure their throughput (number of queries
per second), while varying (1) the extent of the query interval as a percentage of the domain size
inside the {0.01%, 0.0%, 0.1%, 0.5%, 1%} set of values, (2) the value of \ inside {0.1, 0.3, 0.5, 0.7, 0.9}
for threshold-based queries, and (3) : in {3, 5, 10, 50, 100} for ranking queries. In each test, we run
10K random queries and vary one of the above parameters while �xing the rest to their default
value (0.1% for the query extent, 0.5 for \ and 10 for :). Lastly, we also assess the accuracy of the
lower and upper relevance bounds in Section 3.3 from the min/max bounds in Sections 3.2.

4.2 Computing and maintaining stats & bounds
In our �rst set of experiments, we study the merit of the bounds employed by our framework. We
start o� with the min/max endpoint statistics detailed in Section 3.2 and showcase the overhead of
storing and maintaining them in each partition of HINT.15 Table 2 reports the relative overhead
11https://www.odaa.dk
12https://webkit.org
13https://www.kaggle.com/datasets/swaptr/bitcoin-historical-data
14https://www1.nyc.gov/site/tlc/index.page
15For the interval tree, there is no overhead, as the statistics can directly derived from the !BC and !4=3 lists in each node.
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Fig. 9. �ery processing on the interval tree; defaults, 0.1% query interval extent, \ = 0.5, : = 10
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Fig. 2. Example of an interval tree

pro�les in terms of query performance and storage requirements. Speci�cally, the interval tree
typically has the lowest space requirements while HINT achieves the highest query throughput.

2.2.1 Interval tree. The interval tree [22] is a binary search tree, which occupies $ (=) space and
answers selection queries on interval data in $ (log= +  ) time, where  is the number of query
results. The tree divides the 1D domain hierarchically as follows. We �rst use the median"1 of the
2= endpoints of all intervals to de�ne the root E1 of the tree and partition the set ( of data intervals
into three sets: the intervals which include"1 are placed in the root, the set of intervals (! which
end before "1 are assigned to the left subtree of the root and the set of intervals (' which begin
after "1 are assigned to the right subtree of the root. The intervals in the root E1 are placed in
two sorted lists: E1.!BC keeps the intervals in increasing order of their B .BC0AC endpoint and E1 .!4=3
keeps the intervals in decreasing order of their B .4=3 endpoint. (! and (' are divided recursively
using their respective medians "2 and "3, to de�ne E2 and E3, the left and right children of E1.
Figure 2 shows an example of an interval tree (bottom) for a set of 14 intervals (top).
Point and range queries can be evaluated as shown by Algorithm 1. Consider the range query

@ = [@.BC0AC,@.4=3] shown in Figure 2. Since @.BC0AC > "1, we scan E1.!4=3 to �nd any intervals in
the root that overlap with @. As soon as we access one interval (e.g., B6) for which the end point is
smaller than @.BC0AC , we terminate the scan (e.g., B6.4=3 < @.BC0AC ) because subsequent intervals B
(e.g., B8, B7) have an even smaller B .4=3 . Condition @.BC0AC > "1 dictates that we have to search
the right subtree, so we access E3 and compare "3 to @. In this case, "3 is included in @, so all
intervals assigned to E3 are guaranteed to overlap with @. To report them, we can scan any of E3.!BC
or E3 .!4=3 . Since "3 is included in @, we have to recursively search both subtrees of E3. To the
left, "6 < @.BC0AC , so we scan E6 .!4=3 , obtain B10, and stop the scan at B9 since B9 .4=3 < @.BC0AC .
To the right, "7 > @.BC0AC , so we scan E7 .!BC and obtain B13 (scanning is stopped at B14 since
B14.BC0AC > @.4=3).

2.2.2 HINT. HINT [14, 15] hierarchically and uniformly divides the domain into 2✓ partitions for
✓ = 0 to<, de�ning< + 1 levels, as shown in Figure 3. Partitions at level ✓ are denoted by %✓,0
to %✓,2✓�1. Each interval B is normalized, discretized in the [0, 2<�1

] domain, and assigned to the
smallest set of partitions from all levels that cover B (at most 2 partitions per level). For example, in
Figure 3, intervals B1, B3, B4 are assigned only to partition %2,0, while interval B5 to partitions %3,1 and
%3,2, and intervals B6, B8 to partitions %2,1 and %3,4. The intervals in each partition % are split into two
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2 Preliminaries
We �rst introduce necessary notation and formally de�ne the problem of relevance search on
interval data. Then, we brie�y describe two state-of-the-art indexing structures for interval data;
later in the paper, we will elaborate on how to evaluate relevance queries e�ciently using these
structures.

2.1 Notation and problem definitions
Given a discrete or continuous 1D space, an interval is de�ned by a starting and an ending point
in this domain. For instance, in the space of all non-negative integers N, an interval [BC0AC, 4=3]
with BC0AC , 4=3 2 N and BC0AC  4=3 , is the subset of N, which includes all integers G with
BC0AC  G  4=3 .

We denote by [B .BC0AC, B .4=3] the interval which is associated to a data object B; for example,
B could be a version of a record in a temporal database, or a probabilistic object in an uncertain
database. We denote by |B | the extent (i.e., length) of an object B , which equals the extent of its
associated interval, i.e., |B | = B .4=3 � B .BC0AC in the domain is continuous or |B | = B .4=3 � B .BC0AC + 1
if the domain is discrete. Given a query interval @ = [@.BC0AC,@.4=3], the intersection of an object
B with @ is B \ @ = [max{B .BC0AC,@.BC0AC},min{B .4=3,@.4=3}]. Last, we denote by '4; (B,@) the
relevance of an object B to a query @. We introduce four alternative de�nitions for '4; (B,@):

'4;0 (B,@) = |B \ @ | (1)

'4;A (B,@) =
|B \ @ |

|B [ @ |
(2)

'4;A3 (B,@) =
|B \ @ |

|B |
(3)

'4;A@ (B,@) =
|B \ @ |

|@ |
(4)

where B [ @ denotes the interval that covers the collective range of B , @, i.e.,

B [ @ = [min{B .BC0AC,@.BC0AC},max{B .4=3,@.4=3}]

Equation 1 computes an absolute relevance of B to@, while Equations 2–4, a relative relevance. For the
relative relevance, we particularly distinguish between a symmetric version de�ned in Equation 2
and the data- or query-relative asymmetric one, de�ned in Equations 3 and 4, respectively.
Given a collection of data objects ( and a query interval @, we next de�ne two variants of

relevance search on ( .

De�nition 2.1 (Threshold-based). Let \ be a relevance threshold; the threshold-based relevance
query denoted by \'4;&D4A~ ((,@), returns all objects in ( whose relevance to query interval @
exceeds \ . Formally,

\'4;&D4A~ ((,@) = {B 2 ( : '4; (B,@) � \ }

De�nition 2.2 (Ranking). Let : be a positive integer; the ranking relevance query denoted by
:'4;&D4A~ ((,@), returns the : subset of the objects in ( with the highest relevance to query interval
@, Formally,

• |:'4;&D4A~ ((,@) | = : , and
• :'4;&D4A~ ((,@) = {B 2 ( : 8B0 2 ( \ :'4;&D4A~ ((,@), '4; (B0,@)  '4; (B,@)}

2.2 Background on indexing intervals
We revisit the popular interval tree [22] and the recently proposed HINT [14, 15] for indexing a
collection of data objects S. Based on the analysis in [15], the two structures represent the best
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