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Learning Objectives for this Lesson

By the end of this lesson, you should be able to...

 Recognize commonly used metrics in software development

 Understand limitations and dangers of making development decisions based
on metrics
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Tracking Development Progress

Metric: Lines of Code

Additions and Deletions per week
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Tracking Development Progress

Metrics: Bugs open/closed, tests passing/failing
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McNamara Fallacy

Reflecting on Vietham decision making

 Measure whatever can be easily measured
* Disregard that which cannot be measured easily

 Presume that which cannot be measured easily
IS not Important

 Presume that which cannot be measured easily
does not exist




Software Metric: McCabe Cyclomatic Complexity

Is this code complex to understand?

public static char[] percentDecode(char[] input) {
char[] result = new char[input.length - 2 * count(input, '%')];

int size = 0;
for(int 1 = 0; 1 < input.length; i++) {
if(input[i] == '%") {
result[size++] = hexToChar(input[i + 1], input[i + 2]);
1 += 2;
} else {
result[size++] = input[i];
}
}
return result;

Input: “Hello%20Wor Ld”
Output: “Hello World”



Software Metric: McCabe Cyclomatic Complexity

Is this code complex to understand?

o
M =E - N+ 2P
M =10 — 9 + 21
M =3

Is this good??



Software Metric: McCabe Cyclomatic Complexity

What does this value mean?

A critique of cyclomatic
complexity as a software
metric

by Martin Shepperd

McCabe’s cyclomatic caomplexity metric is 1 Intreduction
widely cited as a useful predictor of various

software attributes such as rdiability and Ihe need for some objective measurement ol software

mnrmrlavibe, hae haan lana asbanwladand Tum aasde

Table 1 Empirical validations of cyclomatic complexity
Researchers LOC Errors Programming Bug Program Design
density absolute effort location recall effort
Basili (Ref. 38) r=094 ris -ve
Basili (Ref. 39) R=048 R=0.21
Bowen (Ref. 40) =047 r=-009
Curtis (Ref. 41) r’=0410810.79 r=-035"
Curtis (Ref. 42) r2=0.81,0.66 r=04042
Davis (Ref. 43) ris -ve, +ve
Feuer (Ref. 44) re=090"**
Gaffney (Ref. 45) r=060
Henry (Ref. 46) rr=084""" r=092*"**
Kitchenham (Ref. 47) r=0.86,088 r2=046,0490.21"**
Paige (Ref. 48) =090
Schneiderman (Ref. 49) r~=061"""" r=032**"""
Shen (Ref. 50) r=0.78"""
Sheppard (Ref. 51) r2=0.79 re=0.38 _ r=035
Sunohara (Ref. 52) ri=04,038 r=0.720.7
Wang (Ref. 53) =062 rt=059
Woodfield (Ref. 54) r=0.26,A=0.39
Woodward (Ref. 22) =090
r? = Pearson moment R = Rank Spearman
. r was ‘improved’ when modified for potentially ‘aberrant’ results
' correlated with N (i.e. Halstead's token count)
***  asimple decision count (i.e. v(G)-1)
**** indirect error count (i.e. version count), or program change count
***** using log-log transformations .
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Absirac!—Practical guidelines on what code has better quality
are in great demand. For example, it is reasonable to expect
the most complex code to be buggzy. Structuring cedc imto
reasonably sized fles and dasses also appears o be prudent.
Many attempis to determine (or declare] risk thresholds for
various code metrics have been made. Im this paper we want
to examine the applicability of such thresholds, Hence, we
replicate a recently published technique for calculating metric
thresholds to determine high-risk files based on cede size (LOC
and numher of methods), and complexity (cyclomatic complexity
and module interface coupling) using a very large set of open
and closed source projects writien primarily in Java. We relate
the threshold-derived risk to (a) the probability that a file would
have a defect, and (b) the defect density of the files in the high-
risk group. We find that the probability of a file having a defect is
higher in the very high-risk group with a few exceptions. This is
particularly pronounced when using size thresholds. Surprisingly,
the defect density was uniformly lower in the very high-risk
group of files. Our resnlis suggest that, as expected, less code s
associated with fewer detects. However, the same amount of code
in large and complex files was associated with fewer defects than
when located in smaller and less complex files, Hence we conclude
that risk thresholds for size and complexity metrics have o be
used with caution if at all. Our findings have immediate practical
implications: the redistribution of Java code into smaller and less
complex files may be counterproductive.

Index Terms—Sollware mwetrics: Thresholds; Defect models;

I. INTRODUCTION

Thera has heen a considerable amount of research in the
ficld of softwarc dcfect prediction. cspecially in the last
decade. Over 100 papers have been published just from 2000
- 2011 in this area of Empirical Software Engineering (ESE)
rescarch alerc [16, 27]. The primary goal of such rcscarch s
to be able to provide guidelines to practitioners on waat kind

metrics themselves [11, 14], error models [6, 10, 26], cluster
technigues (22, 34], and metric distributions [21, 32).

Almost all of these approaches ireat extreme values of file
metrics as detrimental. Defect prediction approaches that use
a lincar statistical model, conclude that an extreme value of
the metrics implies peor quality of code, by virtue of choosing
such a model. For example, ‘larger filas will have more de-
fects' is a common refrain in ESE rescarch 715]. Altematively
the “Go.dilocks Principle” suggests that extreme values of a
metric are a sign of poor guality code [17, 18], Fenton and
Ncil provide a morc comprchensive list of rescarch studics
with respect to metrics based deftect predictiion |1Z). ‘They
find that the literature has contradictory evidence regarding
the relationship between software defects and software metrics
hike s1ze and complexity. It ig, thus, unclear if metric thresholds
should he used 0 identifly sowrce code files thar ane al high
risk.

Consequently, we aim Lo observe if a consistent relationship
between metric threshoids and software quality is present in
OSS and industrial projccts. Thercforce we conduct & casc
study con three OSS and four industrial projects. The metrics
that we choose to evaluate are size bhased (Total LOC in
a file, and Module interface size in a file), and complexity
based (cyclomatic complexity and module inwaré coupling).
We evaluate software qualily using (wo crileria - (@) delect
proneness (probability of @ file having a defect), and (b) defect
density (the number of defecis/LOC).

We replicate the most recently published state-of-the-art
technique (proposed by Alves et al. [3]) to determine the
thresholds for these metrics, and found them 1o be very close
to ones reported carlier, In order 0 use this approach, we
need a set of projects to calculate the thresholds from. In



Goodhart’s Law

When a measure becomes a target, it ceases to be a good measure
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Productivity Metrics

Intrinsic & Extrinsic Motivations
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