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Modern relational database systems incorporate a
query optimizer module to identify the most efficient
strategy, or plan, to execute the declarative SQL
queries submitted by users. Optimization is a manda-
tory exercise since the difference between the cost of
the best plan and a random choice could be in orders
of magnitude. The role of query optimizers has be-
come especially critical in recent times due to the high
complexity of current data warehousing and mining
applications.

In this tutorial, we will conduct a visual explo-
ration of the plan choices made by industrial-strength
(commercial and public-domain) optimizers as a func-
tion of the input parameter space, whose dimensions
include database, query and system-related features.
We begin by presenting a suite of diagrams (called
plan, cost and cardinality diagrams) that capture the
overall behavior of the optimizers over this parameter
space. These diagrams are typically remarkably com-
plex and intricate with a large number of plans cover-
ing the space, often appearing similar to cubist paint-
ings. They provide a variety of interesting insights,
including that current optimizers make extremely fine-
grained plan choices, that the plan optimality re-
gions may have highly intricate patterns and irregular
boundaries, indicating strongly non-linear cost mod-
els; that non-monotonic cost behavior exists where
increasing result cardinalities decrease the estimated
cost; and, that the basic assumptions underlying the
research literature on parametric query optimization
often do not hold in practice.

In the next stage, we will show how these complex
diagrams can almost always be reduced to much sim-
pler pictures, featuring only a few plans, without ma-
terially affecting the query processing quality. The
reduction property has several useful implications for
the design and usage of query optimizers, including
quantifying the redundancy in the plan search space,
providing better candidates for plan-cacheing, enhanc-
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ing the viability of PQO techniques, improving the
efficiency of least-expected-cost plans, and minimizing
the overheads of adaptive query processing techniques.

We will present the plan diagram reduction issue
from theoretical, statistical and empirical perspectives.
Our analysis shows that reduction is an NP-hard prob-
lem in general, and remains so even for interesting con-
strained variations. We will present an online greedy
reduction algorithm with tight and optimal perfor-
mance guarantees, whose complexity scales linearly
with the number of plans in the diagram. We then
present an estimator that is able to accurately predict
the location of the best tradeoff between the query pro-
cessing quality and the reduction in plan cardinality.

In the last stage, we will focus on the chronic prob-
lem of selectivity estimation errors faced by database
systems, and demonstrate how our plan diagram re-
duction scheme can be extended to identify plans that
are comparatively robust to such errors. The extension
is based on a generalized mathematical characteriza-
tion of plan cost behavior over the parameter space,
that lends itself to efficiently establishing guarantees
on the behavior of the substitute plans as compared
to the optimizer’s standard choices.

Finally, we will show how the diagram post-
processing techniques can be incorporated directly into
the online query optimization process itself, resulting
in a new query optimizer design that delivers a small
and select set of robust plans to execute user queries.

All the above-mentioned concepts have been im-
plemented in the (free) Picasso query optimizer vi-
sualization tool, and validated on a suite of popular
industrial-strength query optimizers with the TPC-H
and TPC-DS benchmarks. The Picasso tool is now in
use by major database vendors and academic institu-
tions worldwide.

The target audience of the tutorial includes devel-
opers, researchers and students interested in database
internals, and the pre-requisite is basic knowledge of
SQL query processing in relational database engines.
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