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Temporal Relations

▶ Sample temporal relation with antibiotic prescriptions

drug Ts Te duration
r1 Amoxicillin June 08 June 14 (6 days)
r2 Amoxicillin June 10 June 12 (2 days)
r3 Ceftriaxone June 20 July 05 (15 days)
r4 Levofloxacin June 24 July 04 (10 days)

▶ Amoxicillin was prescribed for 6 days from June 8 to June 14

▶ Other examples include:
▶ Aviation data with departure and arrival time
▶ Query logs with start and return time
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Range Queries on Temporal Relations

Q: Find all prescriptions active between June 15 and July 15.

drug Ts Te duration
r1 Amoxicillin June 08 June 14 (6 days)
r2 Amoxicillin June 10 June 12 (2 days)
r3 Ceftriaxone June 20 July 05 (15 days)
r4 Levofloxacin June 24 July 04 (10 days)

r2

r3

r4

r1

Jun 15 Jul 01 Jul 15
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Duration Queries on Temporal Relations

Q: Find all prescriptions with a treatment duration between 5 and 15
days.

drug Ts Te duration
r1 Amoxicillin June 08 June 14 (6 days)
r2 Amoxicillin June 10 June 12 (2 days)
r3 Ceftriaxone June 20 July 05 (15 days)
r4 Levofloxacin June 24 July 04 (10 days)

r2

r3

r4

r1

Jun 15 Jul 01 Jul 15
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Range-Duration Queries on Temporal Relations

Q: Find all prescriptions active between June 15 and July 15 with a
treatment duration between 5 and 15 days.

drug Ts Te duration
r1 Amoxicillin June 08 June 14 (6 days)
r2 Amoxicillin June 10 June 12 (2 days)
r3 Ceftriaxone June 20 July 05 (15 days)
r4 Levofloxacin June 24 July 04 (10 days)

r2

r3

r4

r1

Jun 15 Jul 01 Jul 15
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Contributions

▶ RD-index, a novel index structure for temporal queries involving
both the duration and the range of time intervals.

▶ Efficient algorithms for constructing and querying.

▶ Bounds on the performance of RD-index, tunable with a single
page size parameter s.

▶ Extensible open source implementation and benchmark against
state-of-the-art competitors, showing significantly better
performance across several workloads. In particular, for mixed
workloads.
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State-of-the-art

Duration Queries

▶ Indices for simple scalar (range) query on the duration

▶ B-tree or sorted indexes

Overlap Queries

▶ Indices for overlap queries on the time interval

▶ Interval tree (VLDB 2000 [4]), HINT (SIGMOD 2022 [3])

Range-Duration

▶ Indices considering more than one dimension

▶ Period Index (SSTD 2019 [2]), R-tree (SIGMOD 2000 [1]), Grid File
(TODS 1984 [5])
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The RD-index

▶ Partitions tuples in a grid according to their start time and duration

▶ Adapts to data distribution:
▶ Size of partitions is controlled by page size s
▶ Columns contain the same number of elements
▶ Cells within a column have the same size
▶ Duplicates for start times and durations result in larger columns/cells.

⇒ not problematic since either fully part of the query or fully
excluded.

▶ Store the column/cell boundaries

▶ Binary search for quickly finding the range of columns/cells that can
contain tuples matching a query
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The RD-index Grid

Example RD-index grid for s = 70

Jan, 01 Mar, 28 May, 25 Jul, 12 Oct, 27 Dec, 15

Apr, 08 Jun, 07 Aug, 08 Oct, 02 Dec, 31 Feb, 14

col_minstart:

col_maxend:
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Columns contain s2 = 4 900 and cells contain s = 70 tuples
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The RD-index Query Time Complexity

For a temporal relation of size n with page size s:

O
(

n

s2
log

n

s
+

n

s
+ s2 + k

)
Finding the right cells to query

Candidates which are not part of the output

Output size
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The RD-index Implementation

▶ We address the in-memory use case

▶ Arrays to store column/cell boundaries (in external memory we
could use B-trees)

▶ Data/Intervals (not pointers) stored in cell ⇒ cache-friendly
evaluation

▶ Implementation in Rust:
https://github.com/Cecca/temporal-index
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Experimental Evaluation

Evaluation

▶ Range-duration queries

▶ Mixed workloads (range, duration, and range-duration)

Comparison:

▶ B-Tree

▶ Interval-Tree (VLDB 2000 [4])

▶ Grid-File (TODS 1984 [5])

▶ Period-Index⋆ (SSTD 2019 [2])

▶ R*-Tree (SIGMOD 2000 [1])

▶ HINT (SIGMOD 2022 [3])

Query per second (qps) on synthetic and real world datasets
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Range-Duration Queries
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Range-Only Queries
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Duration-Only Queries
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Mixed Workloads

Ratio of duration (D), range (R), and range-duration (RD) queries
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Mixed Workloads: Examined Interval
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Conclusion and Future Work

In summary:

▶ RD-index: efficient index structure for range-duration queries

▶ Data adaptive grid with page size parameter s

▶ Effective for mixed workloads

Future work:

▶ Extend RD-index to support range-duration joins

▶ Consider spatial/multidimensional data
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Thank you!

Code: https://github.com/Cecca/temporal-index
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