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Abstract
Aqua is a system for providing fast, approximate answers to aggregate queries, which are very
common in OLAP applications. It has been designed to run on top of any commercial relational
DBMS. Aqua precomputes synopses (special statistical summaries) of the original data and stores
them in the DBMS. It provides approximate answers (with quality guarantees) by rewriting the
queries to run on these synopses. Finally, Aqua
also incrementally keeps the synopses up-to-date
as the database changes.

1 Motivation
Traditional query processing has focused solely on providing exact answers to queries, in a manner that seeks to minimize response time and maximize throughput. However,
in large data recording and warehousing environments, providing an exact answer to a complex query can take minutes, or even hours, due to the amount of computation and
disk I/O required.
There are a number of scenarios in which an exact answer may not be required, and a user may prefer a fast,
approximate answer. For example, during some drill-down
query sequences in ad-hoc data mining, initial queries in
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the sequence are used solely to determine what the interesting queries are. An approximate answer can also provide
feedback on how well-posed a query is. Moreover, it can
provide a tentative answer to a query when the base data is
unavailable. Another example is when the query requests
numerical answers, and the full precision of the exact answer is not needed, e.g., a total, average, or percentage for
which only the first few digits of precision are of interest
(such as the leading few digits of a total in the millions, or
the nearest percentile of a percentage).
Motivated by these concerns, we have developed the
Approximate QUery Answering (Aqua) system. Aqua is
a system designed to provide fast, approximate answers to
aggregate as well as set-valued queries. The work is tailored to data warehousing environments. Our goal is to
provide an estimated response in orders of magnitude less
time than the time to compute an exact answer, by avoiding
or minimizing the number of accesses to the base data.

2 Architecture
Aqua is designed as a module that sits on top of any SQLcompliant DBMS managing a data warehouse. Aqua precomputes statistical summaries on the relations in the warehouse. Currently, the statistics take the form of various
types of samples and histograms, and are stored as regular
relations inside the warehouse; they are also incrementally
maintained up-to-date as the base data is updated.
Aqua answers user queries using the pre-computed summaries. Approximate answers are provided by rewriting
the user query over the summary relations and executing
the new query. The rewriting involves suitably scaling the
results of certain operators within the query. Finally, the

Figure 1: The Aqua architecture.
query and the approximate answer are analyzed to provide
guarantees on the quality of the answer, and report error
bounds. The high-level architecture of Aqua is depicted in
Figure 1, along with the steps taken during query processing. As new data arrives, Aqua maintains the synopses up
to date, with few or no accesses to the original data.

3 Aqua Technical Results and Operational
Details
There are several technical problems arising in answering
approximate queries. We have identified and solved a few
of them, and incorporated the solutions into Aqua. Many
of these results appear in [GMP97, GM98, AGPR99]. The
key features of Aqua are as follows:
Novel incremental maintenance techniques for keeping histograms and samples up-to-date in the presence
of database updates.
Improved error bounds based on a novel subsampling
scheme.
Strategies for allocating space among various summary statistics.
Biased samples for improving the accuracy for queries
with group-by operations.
Improved sampling techniques (concise and counting
samples) that use less space than traditional samples.
We have shown that schemes for providing approximate
answers to multi-table queries that rely on using random

samples of base relations alone suffer from serious disadvantages. We have developed an approach, which we
call join synopses, that overcomes these disadvantages. We
have shown both theoretically and empirically that join
synopses provide highly-accurate answers and tighter confidence bounds than sampling from base relations.
In a recent work [AGP99], we demonstrate the drawback of uniform samples to effectively answer group-by
queries, a key component of drill-down and roll-up analysis in OLAP. We propose new biased sampling techniques
to address this handicap. Incorporation of these techniques
into Aqua have shown their utility in making group-by
queries significantly more accurate in practice.
As an illustration of query processing in Aqua, we
present a key component, the query rewrite process using a
simple example (details in [AGPR99]). Figure 2 gives an
example of this rewriting that takes into account join synopses. The query is based on the schema for the TPC-D
benchmark. When the query is submitted to Aqua, it identifies the join being computed in the query and rewrites the
query to refer to the appropriate join synopsis. Specifically,
the table names lineitem and order are replaced by
the Aqua table names bs lineitem and js order. In

this example, the resulting join synopsis is a
sample of
the join between lineitem and order, so the sum aggregate in the select clause is scaled by 100. The rewritten
query submitted to the warehouse is shown in Figure 2(b).
(Calculation of error bounds is not shown here for simplicity.)
Aqua also provides a web-based interface to allows
users to pose queries. A screenshot of the interface is

select sum(l quantity)
from lineitem, order
where l orderkey = o orderkey
and o orderstatus = F

select 100*sum(l quantity)
from bs lineitem, js order
where l orderkey = o orderkey
where o orderstatus = F

(a) Original query

(b) Rewritten query

Figure 2: Query rewriting to use join synopses.

Figure 3: Aqua user interface
shown in Fig 3. It shows the actual answer and the approximated answer generated by Aqua for a simplified version

of Query
of the TPC-D suite along with the running
times. The results are for a 0.1 scalefactor TPC-D database
(100 MB). The approximate answer window also shows the
error bound calculated for each group (errB1), along with
a count of the tuples used to generate the estimate (AquaCount).

4 Related Work
Statistical techniques have been applied in databases for
more than two decades now, but primarily inside a query
optimizer for selectivity estimation. However, the appli-

cation of statistical techniques to approximate query answering has started receiving attention only very recently.
Hellerstein et al. [HHW97] proposed a framework for approximate answers of aggregation queries called Online
Aggregation, in which the base data is scanned in random
order at query time and the approximate answer is continuously updated as the scan proceeds. Unlike Aqua, this work
involves accessing the base data at query time, thus being
more costly; but at the same time, this approach provides
the fully accurate answer gradually. Other systems support
limited on-line aggregation features; e.g., the Red Brick
system supports running COUNT, AVG, and SUM. Since
the scan order used to produce these aggregations is not
random, the accuracy can be quite poor. In the Approximate

query processor, developed by Vrbsky and Liu [VL93], an
approximate answer to a set-valued query is any superset
of the exact answer that is a subset of the cartesian product.
Recently, Ioannidis and Poosala have developed a robust
numerical measure for computing the error in an approximate set-valued query answer and also provided histogrambased techniques for answering complex queries [IP99].
There has also been some work on using histograms and
wavelets to approximate the data cube for providing approximate answers to aggregate queries [PG99, VWI98].
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5 Details of the Demo
The main focus of the demo will be on the ability of Aqua
to provide quick and high-quality approximate answers to
queries of varying complexities. The data warehouse will
consist of the popular TPC-D benchmark data loaded into
a commercial DBMS. The queries include many of the
benchmark queries as well as some generated by us, chosen
to demonstrate the benefits of various statistical techniques
in Aqua. In particular, we will show that join synopses outperform base samples for queries with joins and that biased
samples outperform uniform samples for group-by queries.
We will also show some of the key features of the Aqua
front-end, such as the ability to execute a query using any
one of the available sets of statistics.
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