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Abstract

On-Line Transaction Processing (OLTP) workloads are
crucial benchmarks for the design and analysis of server
processors. Typical cached configurations used by
researchers to simulate OLTP workloads are orders of
magnitude smaller than the fully scaled configurations
used by OEM vendors to achieve world-record transaction
processing throughput. The objective of this study is to
discover the underlying relationships that characterize
OLTP performance over a wide range of configurations.
To this end, we have derived the “iron law” of database
performance. Using our iron law, we show that both the
average instructions executed per transaction (IPX) and
the average cycles per instruction (CPI) are critical to the
transaction-throughput performance. We use an extensive,
empirical examination of an Oracle based commercial
OLTP workload on an Intel Xeon multiprocessor
system to characterize the scaling behavior of both the
IPX and the CPI. We demonstrate that across a wide
range of configurations the IPX and CPI behavior follows
predictable trends, which can be accurately characterized
by simple linear or piece-wise linear approximations.
Based on our data, we propose a method for selecting a
minimal, representative workload configuration from
which behaviors of much larger OLTP configurations can
be accurately extrapolated.

1. Introduction

On-Line Transaction Processing (OLTP) is a
lucrative market for shared-memory multiprocessors
(SMPs) and naturally, OLTP workloads are crucial
benchmarks for the design and performance analysis of
server processors used in SMPs. Unlike other standard
benchmark suites, such as SPEC [20], OLTP workloads
are difficult to configure for a number of reasons. First,
setting up a physical OLTP system requires the fine-tuning
of a myriad of configuration parameters. The setup
complexity is further compounded by the inaccessibility of
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proprietary database source code. Finally, scaled OLTP
setups are prohibitively expensive for most researchers;
hence, the typical OLTP setups used by researchers in
simulations and those used in production can differ by up
to three orders of magnitude.

Researchers, using full-system simulators and binary
instrumentation tools, can only simulate small-scale OLTP
setups, known as cached setups. Cached setups
significantly scale down the database size so that the
working set fits within system memory, resulting in
negligible disk I/O. Cached setups, while still difficult to
configure, are relatively inexpensive to set up as they use
small amount of system memory and only a few disks.
These setups allow researchers to focus on the interactions
between CPU and the memory subsystem, without
worrying about the I/O interactions.

On the other hand, production environments have
much larger OLTP setups, known as scaled setups. OEM
system vendors configure scaled setups to showcase
world-record transaction processing throughputs. These
setups use a large number of disks, are dominated by disk
I/O, and their working sets far exceed the memory
capacity. These setups are tuned carefully for optimal
performance using each processor’s own performance-
monitoring counters. These setups are infeasible to
simulate; therefore, using these setups to explore new
microarchitecture ideas is impractical.

Despite the importance of the OLTP workloads in
server processor design, we are not aware of any definitive
published study that characterized the workload behavior
ranging from cached to scaled setups. Such a
characterization is essential to understanding how
simulation based design decisions perform in real-world
production environments. Therefore, the primary objective
of this study is to understand the differences in system
behavior between cached and scaled setups, and to
discover the underlying relationships that characterize
OLTP performance over a wide range of configurations.

Based on one of the most comprehensive
experimental analysis of a commercial OLTP workload on
a physical IA-32 multiprocessor system, this paper makes
several contributions. First, it proposes a simple extension
to the well known iron law of processor performance to
characterize OLTP performance. Using the new iron law
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of database performance we show that transaction
processing throughput is primarily determined by both the
instructions executed per transaction (IPX) and cycles per
instruction (CPI). Second, using detailed performance
measurements from performance counters, we show that
the contribution of the branch and compute instructions to
the overall CPI is nearly unchanged across a wide range of
OLTP configurations. Expectedly, L3 cache misses are the
single largest bottleneck and contribute nearly 60% to the
overall CPI. Unexpectedly, coherence traffic in our small-
scale multiprocessor system has minimal impact on
performance, indicating that OLTP workloads would scale
well on future CMP designs. Third, we demonstrate that
across a wide range of configurations the IPX and CPI
behavior follows predictable trends, which can be
accurately characterized by linear approximation models.
We propose a method for selecting a minimal,
representative workload configuration from which
behaviors of much larger OLTP configurations can be
accurately extrapolated.

The rest of this paper is organized as follows. Section
2 briefly describes relevant prior work on OLTP workload
analysis. Section 3 describes our OLTP workload, the
Oracle Database Benchmark (ODB), and the experimental
methodology used in this study. Section 4 presents an
analysis of the system-level behavior of ODB across a
wide range of configurations. Section 5 relates the system-
level behavior to the processor-level behavior. Section 6
characterizes the scaling behavior of ODB using linear
approximation models. We conclude in Section 7.

2. Previous OLTP Workload Analysis

Most of the recent microarchitecture research on
OLTP workload was based on simulations using cached
setups [2][3][5][7][9][18][19]. These studies focused on
analyzing the performance impact of architectural features
on database workloads. Most of these studies show that
database applications have large instruction and data
memory footprints, suffer from frequent context switches,
and have significant cache miss rates.

Several previous studies [1][8][10][12][21] analyzed
the behavior of OLTP workloads by monitoring physical
system behavior using embedded performance counters.
These studies primarily focused on the characterization of
the memory and disk I/O subsystems. Although these
studies were based on data measurements from a physical
system using a scaled setup, they are limited to one OLTP
configuration. In particular, they did not focus on how the
behavior varies with changing OLTP configuration. The
emphasis of this study is to examine the workload
behavior ranging from cached to scaled setups and to
establish fundamental workload characteristics that span
the entire range.

In [21], they used a scaled OLTP workload and
studied the workload behavior by varying the amount of
memory and the number of warehouses. Using examples,

they demonstrated that the configuration of the OLTP
system could impact several key architectural and
operating system characteristics, such as the breakdown of
user and kernel time, the disk I/O rates, and the cycles per
instruction (CPI) of the processors. They concluded that
departures from a well-balanced scaled system can
adversely affect the workload behavior and can mislead
designers down the wrong path. However, their study did
not focus on the reasons for the observed changes in
system behavior. Our paper differs from their study in that
while we also observe changes in the system behavior, our
in-depth study shows that the situation is not dire, as the
behavior across a wide range of OLTP configurations can
be accurately characterized.

3. Experimental Methods

For this research, we use an OLTP workload that
uses Oracle as the underlying database server. We run
this workload on a small-scale multiprocessor system
consisting of four Intel Xeon processors [15]. The
performance counters [14] in the Xeon processors are used
to collect our experimental data.

3.1 Oracle Database Benchmark (ODB)

In this study, we use the Oracle Database Benchmark
(ODB)1, which is an OLTP workload derived from the
Oracle 9i Release 2 RDBMS, as the underlying database
server. ODB simulates an order-entry business where
clients execute transactions against a database. ODB
database comprises of a collection of warehouses, each
warehouse supplies data to ten sales districts, and each
sales district serves three thousand customers. Typical
transactions include entering and delivering customer
orders, recording payments received from customers,
checking the status of a previously placed order, and
checking inventory levels at a warehouse.

Figure 1 presents a graphical overview of the ODB
workload and shows the interactions between various
ODB processes. When ODB starts execution, the
underlying Oracle database spawns two types of
processes: user processes and Oracle processes. A user
process executes a database client’s application code. An
Oracle process can be either a server process that performs
the actual database queries on behalf of the user or a
background process that performs maintenance tasks. Two
background processes of note are the database writer and
the log writer. The database writer searches the pool of
database blocks that are cached in the main memory and
writes modified blocks back to disk. The log writer
process records to disk all changes made to the database.

1
ODB is not a compliant TPC-C Benchmark , even though there may
be similarities in the database schema and the transactions in the
workload. Any results presented here should not be interpreted as or
compared to any published TPC-C Benchmark results. TPC-C
Benchmark is a trademark of Transaction Processing Performance
Council (TPC).
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