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Abstract

Spreadsheets are used extensively for calculations in many domains.
Their easy to use and intuitive interface allow the users to build various
complexities of calculations. That often lead to maintainability issues,
including performance problems. Despite the number of resources con-
taining possible spreadsheets formulas performance anti-patterns, little
research has been done to validate them. In this paper, we analyze
40,122 spreadsheets from four different data sources to investigate the
effect of 20 spreadsheet performance-related metrics. These metrics
are chosen following a smell-driven analysis. Thereafter, our analysis
constructs a linear regression model with 12 metrics that are found sig-
nificant to the explanation of the spreadsheet performance. We further
identify each metric contribution to the performance model. Initial
Results show that the most three significant spreadsheet metrics are:
the repetition of a formula over a large range (35.89%), the conditional
formatting of cells (19.53%) and the calls to special Excel functions,
such as lookup functions (18.84%).

1 Introduction

Spreadsheets are used commonly in practice, in various business domains [1, 2]. Despite their popularity, spread-
sheets suffer from several problems. For example, spreadsheets contain a mixture of data and formula calculations,
which make them hard to understand. Moreover, they have a long life span in organizations, which means they
grow in size and complexity over time. Finally, spreadsheets, like software, suffer from smells that could lead
to errors [3, 4, 5]. Previous research focused on improving the quality of spreadsheets: comprehension, error
detection and migration among others. In this paper, we explore a new direction of the analysis of spreadsheet
quality: the performance. Performance of a spreadsheet is crucial because any latency affects the sense of im-
mediate calculation provided to the user. While there are some tools that profile spreadsheet performance [6, 7],
and blog posts [8, 7] hypothesizing what might contribute to spreadsheet performance, we are not aware of any
papers that attempt to measure it.

Therefore, the goal of this paper is to establish spreadsheet performance understanding using the quality
metrics of the spreadsheet: its smells. To achieve this we perform a large scale analysis on 40,122 spreadsheets
collected from four datasets of spreadsheets; three public datasets [9, 10, 11], and one collection of spreadsheets
we crawled from the public web. With these spreadsheets, we aim to answer the following research questions:
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RQ1 What spreadsheet smell-based metrics may affect the performance?

RQ2 Which of these metrics are found to affect the performance?

RQ3 How do the significant metrics contribute to the spreadsheet performance?

In order to answer these questions, first we establish a set of metrics which describe different aspects of
calculations in spreadsheets. To define these metrics, we implement Smell-driven performance analysis (SDPA)
which is introduced by Chambers and Scaffidi [12]. In SDPA, a code smell is treated as an indicator to a
performance anti-pattern. In the same time, we measure the calculation time, as the performance indicator,
for the spreadsheets in our dataset. Subsequently, we build a linear regression model for the calculation time
against the collected metrics. Finally, we further analyze the statistical model to assess the contribution of
each metric in the performance model. The result of our analysis identifies 12 metrics which are statistically
significant in describing the spreadsheet performance. Among the top three metrics contributing to the model
are the repeating of formulas, the conditional formatting and the calls to special Excel functions. The main
contributions of this paper are:

• A set of metrics which are related to the performance of a spreadsheet. Some of the metrics are introduced
for the first time in research.

• The results of an experiment that yields a statistical model which describes the relation and contribution of
these metrics to the spreadsheet performance.

2 Background and Motivation

Smell-Driven Performance Analysis
Smells in software are code segments which function correctly, but hinder the quality and maintainability of
the software [13]. Several smells are related to complexities of the code design and structure, which make them
suitable for detecting performance anti-patterns. Chambers and Scaffidi [12] follow this basic idea to introduce
the smell-driven performance analysis (SDPA). They applied SDPA to detect performance anti-patterns in
end-user applications, LabView models in particular. A similar approach in analyzing performance was
followed by Wang et al. who detected performance anti-patterns in HPC applications [14]. In spreadsheets,
there is an established research on smells and their role in hindering the quality and understanding of a
spreadsheet [2, 3, 15]. We use the outcome of these research efforts, in a smell-driven performance analysis, to
define a set of spreadsheet metrics that affect its performance.

Motivation
Spreadsheets are known to provide immediate results to the end-users. The smallest latency in performing the
calculations hinders both the satisfaction of the end-user, and the business process behind the spreadsheet.
However, little research has been done on spreadsheet performance. One research focused on the real-time
generation of .NET code from a spreadsheet to speed it up [16, 17]. In their studies, a benchmarking experiment
was performed which found that the generated code is faster than some other spreadsheet software, but not
Excel. They did not provide explanations to the performance of Excel spreadsheets. In practice, Microsoft
knowledge articles and Excel experts electronic (online) resources [18, 7] provide a mixture of information
about possible causes of spreadsheet performance problems. However, these potential causes have never been
evaluated in a scientific experiment. In this paper we aim to perform a scientific study that measures spreadsheet
performance, and provides an understanding into which metrics contribute to the performance problem.

3 SATToSE Presentation

Under the Work in Progress category at SATToSE2017, we would like to present the basic concept of the
paper: linking the code smells with performance. We will go through the experiment setup, the smell-based
metrics extracted and the approach to extract them. We will present and discuss initial results which show a
significant relation between smell-based metrics and the performance of a spreadsheet. Finally, we will describe
the following action plan: To what extent does refactoring these smells help in improving the performance, in
addition to improving he quality?
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