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Background and Motivation

Temporal Databases
Record how data changes over time
Different query languages, operators and data structures have been
proposed
Renewed interest from database vendors (temporal features in
SQL:2011)

Snapshot Semantics
Important class of temporal queries
Considers a temporal database as a sequence of snapshots
Existing approaches in some cases fail to fulfill fundamental correctness
criteria

We propose . . .
the first provably correct approach for snapshot semantics
that works for bags, sets, and more (e.g., provenance)
and is implemented using SQL period relations
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Snapshot Semantics

Snapshot Semantics
Evaluates a non-temporal query Q over a temporal database D

The query is evaluated over each snapshot τT (D)

The result is a temporal database - how Q’s answer changes over time

Definition (Snapshot Reducibility)
τT (Q(D)) = Q(τT (D))

Each time point T is associated with the result of the query at this
point in time
Essential correctness criterion for snapshot semantics!
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Snapshot Semantics - Example

Qonduty : SELECT count(*) AS cnt FROM works

name skill period
Ann SP [03, 10)
Joe NS [08, 16)
Sam SP [08, 16)
Ann SP [18, 20)

name skill
Ann SP

cnt
1

Qonduty

Ann, SP

Joe, NS

Sam, SP Ann, SP

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
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Snapshot Semantics - Example
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name skill period
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Joe NS [08, 16)
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Snapshot Semantics - Example
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Snapshot Semantics - Example

Qonduty : SELECT count(*) AS cnt FROM works

Merging of snapshot into intervals
Possible interval encoding of the query result

name skill period
Ann SP [03, 10)
Joe NS [08, 16)
Sam SP [08, 16)
Ann SP [18, 20)

Qonduty

cnt period
0 [00, 03)
1 [03, 08)
3 [08, 10)
2 [10, 16)
0 [16, 18)
1 [18, 20)
0 [20, 23)
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Problem I: Aggregation Gap (AG) Bug

Qduty : SELECT count(*) AS cnt FROM works

works
name period
Ann [01, 05)
Sam [02, 05)
Ann [08, 11)
Ann [08, 11)

QAG−→

cnt period
0 [00, 01)
1 [01, 02)
2 [02, 05)
0 [05, 08)
2 [08, 11)
0 [11, 12)

Ann
Sam

Ann
Ann

0
1

2
0

2
0

No approach correctly handles gaps for aggregation!
→ Violation of snapshot reducibility!

Slide 7 of 27 A. Dignös - Snapshot Semantics for Temporal Multiset Relations: Three Problems
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Problem II: Bag Difference (BD) Bug

QBD : SELECT name FROM assign EXCEPT ALL SELECT name FROM works

assign
name period
Ann [00, 04)
Sam [01, 04)
Ann [07, 10)
Ann [07, 10)

works
name period
Ann [8, 9)

QBD−→

name period
Ann [00, 04)
Sam [01, 04)
Ann [07, 08)
Ann [07, 08)
Ann [08, 09)
Ann [09, 10)
Ann [09, 10)

Ann
Sam

Ann
Ann

−T
Ann

Ann
Sam

Ann Ann
Ann

Ann
Ann

Most approaches perform a NOT EXISTS
→ Violation of snapshot reducibility!

Slide 8 of 27 A. Dignös - Snapshot Semantics for Temporal Multiset Relations: Three Problems
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Problem III: Unique Interval Encoding

What?
Snapshot reducibility only tells us snapshots of the result

Why uniqueness?
Equivalence rules hold, eg., r ∩ s ≡ r − (r − s)

How?
Generalized coalescing

name period
Ann [00, 04)
Ann [01, 04)
Sam [01, 03)
Sam [03, 04)

name period
Ann [00, 01)
Ann [01, 04)
Ann [01, 04)
Sam [01, 04)

Ann
Ann

Sam
Sam

Ann
Ann

Ann
Sam
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Related Work

Approach B
ag

A
G

bu
g

fr
ee

B
D

bu
g

fr
ee

U
ni

qu
e

en
co

di
ng

Interval preservation [Böhlen et al., 2000] (ATSQL) X × × ×
Teradata [Teradata, 2015] X × N/A ×a

Change preservation [Dignös et al., 2012, Dignös et al., 2016] × × N/A ×
TSQL2 [Snodgrass, 1995, Snodgrass et al., 1994, Soo et al., 1995] × N/A N/A X
ATSQL2 [Böhlen et al., 1995] X N/A × ×
TimeDB [Steiner, 1998] (ATSQL2) X N/A × ×
SQL/Temporal [Snodgrass et al., 1996] X × × ×
SQL/TP [Toman, 1998]b X X X ×
Our approach X X X X

aOptionally, coalescing (NORMALIZE ON in Teradata) can be applied to get a unique
encoding at the cost of loosing multiplicities.

bSequenced semantics can be expressed, but this is inefficient
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Requirements

Approach for snapshot semantics that . . .
supports bags, sets, and more
provably snapshot-reducible
unique encoding
can be implemented for SQL period relations
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OverlapIntervalPartitionJoin
Anton Dignös, Michael H. Böhlen, and Johann Gamper

{adignoes, boehlen}@ifi.uzh.ch, gamper@inf.unibz.it

Goal and Approach Key Points

Example

SummaryImplementation

Published in: Proceedings of the 2014 ACM SIGMOD International Conference on Management of Data, Snowbird, Utah, USA, June 2014.

Contributions

First provably correct approach for snapshot semantics over
multisets

Based on semiring annotated databases (treat time as annotations)
Supports also set semantics and provenance, incompleteness, . . .
Supports expressive query language (full relational algebra +
aggregation)

Unique encoding
Through generalized coalescing

Implementation
Supports set and bag semantics over SQL period relations

Slide 12 of 27 A. Dignös - Snapshot Semantics for Temporal Multiset Relations: Three Problems
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Bags as Semirings

We employ semirings to annotate temporal relations

Bag semiring (N,+, ·, 0, 1)

name N
Ann 1
Sam 2

∪
name N
Ann 1
Joe 1

=

name N
Ann 1 + 1
Sam 2
Joe 1

name N
Ann 1
Sam 2

./
name N
Ann 1
Joe 1

=
name N
Ann 1 · 1

Aggregation based on using symbolic expression for
values [Amsterdamer et al., 2011]
Difference based on monus [Geerts and Poggi, 2010]
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We employ semirings to annotate temporal relations

Bag semiring (N,+, ·, 0, 1)

name N
Ann 1
Sam 2

∪
name N
Ann 1
Joe 1

=

name N
Ann 1 + 1
Sam 2
Joe 1

name N
Ann 1
Sam 2

./
name N
Ann 1
Joe 1

=
name N
Ann 1 · 1

Aggregation based on using symbolic expression for
values [Amsterdamer et al., 2011]
Difference based on monus [Geerts and Poggi, 2010]
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Running Example

Relation “works” with factory workers and specializations

name skill period
Ann SP [03, 10)
Joe NS [08, 16)
Sam SP [08, 16)
Ann SP [18, 20)

Number of specialized workers in the company
Qonduty :

SELECT count(*) AS cnt
FROM works
WHERE skill = ‘SP’
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Approach - In a Nutshell

Im
pl

em
en

ta
ti
on

SQL period relations

name skill period
Ann SP [03, 10)
Joe NS [08, 16)
Sam SP [08, 16)
Ann SP [18, 20)

cnt period
0 [00, 03)
1 [03, 08)
2 [08, 10)
1 [10, 16)
0 [16, 18)
1 [18, 20)
0 [20, 24)

REWR(Qonduty )

PeriodEnc−1 PeriodEnc PeriodEnc−1 PeriodEnc

Lo
gi

ca
l

Period K-relations

name skill NT
Ann SP {[03, 10) 7→ 1, [18, 20) 7→ 1}
Sam SP {[08, 16) 7→ 1}
Joe NS {[08, 16) 7→ 1}

cnt NT

0 {[00, 03) 7→ 1, [16, 18) 7→ 1, [20, 24) 7→ 1}
1 {[03, 08) 7→ 1, [10, 16) 7→ 1, [18, 20) 7→ 1}
2 {[08, 10) 7→ 1}

Qonduty

τ00, . . . , τ23 EncN τ00, . . . , τ23 EncN

A
bs

tr
ac

t

Snapshot K-relations
00 7→ name skill N. . .
08 7→ name skill N

Ann SP 1
Joe NS 1
Sam SP 1. . .

18 7→ name skill N
. . . Ann SP 1

00 7→ cnt N
0 1

. . .
08 7→ cnt N

2 1

. . .
18 7→ cnt N
. . . 1 1

. . .
Qonduty

. . .
Qonduty

. . .
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Implementation

Approach
Encode period N-relations as SQL period relations
Rewrite queries with period N-semantics into SQL

SQL Rewriting

R R′

Q(R) Q′(R′)

PeriodEnc

Q Q′ = Rewr(Q)

PeriodEnc−1

Optimization
Elimination of redundant coalescing steps
Optimized rewrites for individual operators
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Setup

Systems:
PG: a version of Postgres (PG) with native support for temporal operators
DBX: commercial DBMS with native support for snapshot semantics
DBY: a commercial DBMS, DBY without native support for snapshot semantics

Methods:
Seq: used our approach to translate snapshot queries into standard SQL queries
Nat: ran the queries also with the native solution for snapshot semantics paired with
our implementation of coalescing to produce a coalesced result

Datasets:
TPC-BiH: the bi-temporal version of the TPC-H benchmark dataset (1GB and 10GB)
Employee: contains ≈ 4 million records and consists of six period tables

Workloads:
TPC-BiH: 9 of the 22 standard TPC-BiH queries without nested subqueries or LIMIT
Employee: 10 queries over the employee dataset (join queries, aggregation queries and
difference queries)
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Sequenced Query Performance

TPC-BiH (10GB)
Query Q1 Q5 Q6 Q7 Q8 Q9 Q12 Q14 Q19
PG-Seq 63.85 5.85 7.70 28.70 21.78 129.01 10.49 26.55 9.60
PG-Nat TO (2h) 1794.10 126.91 1642.20 1484.61 TO (2h) 264.57 3436.30 2873.13

Employee
Query join-1 join-2 join-3 join-4 agg-1 agg-2 agg-3 agg-join diff-1 diff-2
PG-Seq 91.97 1543.81 0.01 0.52 7.02 0.06 1.42 6643.61 14.18 63.58
PG-Nat 118.01 1543.81 4.91 12.85 5980.85 10.31 0.02 19195.03 6.88 79.63

In the paper we . . .
compare against additional systems
evaluate performance of multiset coalescing
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Conclusions

We present the first provably correct realization of snapshot semantics
for multiset relations

Our solution is based on semiring-annotated data
⇒ it also applies to sets, provenance, probabilistic data, . . .

Implementation as a rewriting-frontend
Applies to data stored as SQL period relations
Run on-top of a standard DBMS
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Future Work

Native implementation of K-coalescing

Extensions for multiple time dimensions

Study applicability to broader classes of temporal queries
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Questions?

Thank you for your attention!

Webpage:
http://www.cs.iit.edu/~dbgroup/projects/tempdb.html

Github:
https://github.com/IITDBGroup/gprom

SQL syntax:
https://github.com/IITDBGroup/gprom/wiki/temporal
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