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In order to achieve high safety standards, avionic software needs to be developed with very high requirements regarding safety,
reliability, and determinism as well as real-time constraints, which are often in conflict with the development of maintainable
software systems. Nevertheless, the ability to change the software of an airplane is of increasing importance, since it consists of a
multitude of partially hardware-specific subsystems which may need replacement during a plane’s lifespan of typically numerous
decades. Thus, as a first step towards optimizing maintainability of avionic software we have benchmarked the cabin software of
a commercial airliner with common software metrics. Such a benchmarking of avionic software contributes valuable insights into
the current practice of developing critical software and the application of software metrics in this context. We conclude from the
obtained results that it is important to pay more attention to long-term maintainability of aviation software. Additionally we have
derived some initial recommendations for the development of future avionic software systems.

1. Introduction

It is a (relaxing) fact that requirements for avionic software in
terms of safety, reliability, and predictability need to adhere
to very rigorous standards and hence software used within
avionic systems must be certified before it is allowed to fly.
The avionic industry accounts for these aspects by develop-
ing highly optimized, application specific solutions with an
enormous amount of validation and verification effort [1, 2].
In order to allow easier certifiability, guidelines for the devel-
opment of avionic software (such as DO-178B [3]) usually
constrain the use of programming constructs and strive for
manageable complexity. Due to the enormous recertification
effort, avionic software systems in the past were normally
rarely changed once they were certified and deployed in a
certain airplane type. However, recent technology advances,
especially in the field of entertainment and communication
systems, have changed the needs and desires of airline
customers considerably: a twenty-first century passenger
demands functionalities such as video on demand, video
games, and Internet access during the flight. Consequently,

the demands for airlines and plane manufacturers are rapidly
changing and require faster maintenance times and shorter
product update cycles in order to quickly (in terms of avionic
software development this may still mean years) react on
the new capabilities of electronic consumer devices and their
software.

Additionally, airplanes themselves keep changing as more
and more electronic devices and sensors have found their
way into modern aviation systems so that each new airplane
generation is further increasing the amount of electronic
equipment on board. As software is becoming an ever more
important part of all electronic devices in an airplane,
manufacturers are forced to deal with an increasing desire
to change the software deployed on board, while in practice
they have found that the effort for such an undertaking is
currently in no healthy relation to its benefit [4]. Thus, on the
one hand, avionic software solutions remain currently well
suited for their specific purpose and meet the required high
reliability and safety standards; on the other hand, however,
despite (or because of) the tremendous effort invested,
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aviation software and related systems seem to have become a
real “maintenance challenge” for airplane manufacturers. As
a consequence, the interest of the avionics industry in apply-
ing modern software engineering techniques for increasing
maintenance has been constantly rising in recent years.

However, assessing the maintainability of existing soft-
ware and deriving recommendations for increasing it is still
an area of ongoing research: traditionally, software metrics
[5] have been considered as helpful for identifying weakly
maintainable (i.e., complex) system parts, but unfortunately,
to date only few of the relations between software metrics
and software quality have been actually understood (such as
the relation between metrics and bugs, e.g., uncovered by
Nagappan et al. [6] and Schröter et al. [7]). Only recently,
the open source movement has made it easier for researchers
to intensively gauge numerous real-life desktop software
systems (such as Mozilla [8]) with common software metrics
and to create at least a set of common values (i.e., initial
benchmarks) for the applied software metrics. Nevertheless,
there is still no clear consensus on the implications of
this exercise for software maintenance and the situation for
proprietary embedded and avionic software is even worse:
comprehensive case studies are barely published and hence
researchers and developers lack common baselines against
which they could compare newly built systems in order to
gain a better insight of the mechanisms at work here. In
other words, at the time being, most statements on the actual
maintainability of avionic software are based on “hearsay.”

In order to shed some light on this important aspect, we
have performed a systematic assessment of a recent cabin
management and monitoring system (from hereon we will
abbreviate it with CMMS) taken from a current Airbus plane
type (which we are unfortunately not allowed to disclose).
Due to the numerous tasks (such as passenger announce-
ment, light, and climate control, etc.) it needs to manage, a
CMMS is a complex piece [9] of software (in our case,
comprising more than 1.5 MLOC, mainly written in the
C programming language) to which numerous contractors
need to contribute. Since the rigorous safety regulations
for aviation software also apply for it, it is a particularly
interesting subject for a maintainability study for which
we have gauged it with various common software metrics
such as those from Halstead [10] or McCabe [11]. In this
paper we do not only present the results of our efforts, but
also a comparison with recently published benchmarks from
other domains and an analysis of correlations discovered
between various metrics. Before we explain this related
work in more detail in Section 3, we briefly introduce
some of the idiosyncrasies influencing avionic software
development in Section 2. Section 4 describes the results of
our analysis and briefly presents the findings for our case
study from a maintainability perspective. Section 5 draws
some more advanced conclusions on correlations amongst
metrics before we conclude our paper in Section 6.

1.1. Research Questions and Contributions. In order to give a
more detailed overview of this work, we briefly summarize
its main contributions in the following: the focus of this case
study presented here was on analyzing maintainability and

changeability of a recent avionic software system, with the
focus of making suggestions about improvements for current
development standards and designs. Our work extends the
existing body of knowledge with the following long neglected
contributions: first, it presents the results of measuring a
large piece of embedded software with a comprehensive
set of common software metrics. To our knowledge it is
the largest data set presented in the avionics domain so
far that makes concrete metric results available. Second, it
investigates whether and how far current software metrics
can actually predict software quality and maintainability.
Finally, it analyzes and uncovers correlations between various
well-known software metrics.

To guide our study beyond the mere measuring of met-
rics, we have formulated the following research hypotheses
under the very general assumption that higher metrics values
usually indicate a lower maintainability.

Hyphothesis 1. Due to the (presumed) enormous domain
complexity of the system under study, we expect the metrics
values measured for it to be significantly higher than for
the systems in the previous similar studies. This includes the
average values (H1a) as well as the maximum metrics values
(H1b).

Hyphothesis 2. We expect all metrics that have been pro-
posed for predictor models in the literature to be indepen-
dent from each other, that is, there is no correlation between
them detectable.

2. Software Development in
the Avionic Industry

Since the requirements and the environment for developing
software in avionic industry differ considerably from widely
known “mainstream” software development, for example,
in a business context, we briefly describe some of its
important fundamentals in this section. First and foremost,
avionics systems have high requirements on reliability since a
malfunction can result in injuries or in the worst case even in
the loss of lives. This is obviously not only the case for cockpit
and flight control software, but with cabin software as
well. Consider, for example, if the passenger announcement
system failed the ability of the flight attendants for addressing
the potentially around 800 passengers of an Airbus A380 with
potentially safety-relevant information would be lost.

In order to avoid or at least minimize the effects of such
malfunctions in avionic systems, every airplane needs to
adhere to guidelines issued by the Federal Avionic Admin-
istration in the US (FAA, cf., e.g., Chilenski and Miller
[12]) and the European Avionic Safety Agency (EASA),
respectively. Both governmental agencies maintain several
guidelines, such as DO-178B (software [3]) and DO-254
(hardware [13]) describing the mandatory steps for develop-
ing and testing hardware and software in airplanes in order
to get them certified. In case of software, amongst other
regulations, the former standard demands requirements
traceability and special testing procedures depending on the



ISRN Software Engineering 3

criticality of a piece of code, which is classified into five safety
levels. Software on the highest level, for instance, requires full
modified condition/decision test coverage (MC/DC [12]). A
further requirement of DO-178B regulates that tests on high
safety levels have to be independently assessed and audited.
Furthermore, different safety levels need to be isolated from
each other and critical system parts need to be implemented
redundantly, that is, hardware devices may need backup
power supplies, additional communication lines, or even
completely redundant “stand-by” backup systems.

3. Background and Related Work

When it comes to software maintainability, the ISO/IEC
Standard 9126 [14] is still widely cited in the literature
as it provides a simple model dividing maintainability
into four central subcharactericstics. In order to provide
optimal comparability with previous works (discussed in
Section 3.3) we have also used this model and not its
successor ISO 25010 [15] that has recently been finalized
with revised maintainability subcharacteristics. ISO 9126
lists a number of quality characteristics [16] (such as
usability and reliability) that are supposed to predict the
quality of software as a product and also defines that
“Maintainability is the capability of software to be modified.”
Maintainability itself is then subdivided into four further
characteristics: the first is analyzability, which constitutes
the effort required to understand and analyze the program
code (i.e., its complexity). The second is changeability, which
describes the time needed to adapt the program to external
change requests. The third maintainability characteristic is
stability: it describes the probability that changes or fixes to a
program might introduce new faults. The fourth is testability,
characterizing the ease of testing and hence certifying a
program.

As we explain in the next subsection, literature (e.g.,
Spinellis et al. [17]) attributes various software metrics to
each of these characteristics, in order to define a commonly
usable maintainability model. Even some commercially
successful tools (such as IBM Rational Logiscope (http://
www-01.ibm.com/software/awdtools/logiscope/, accessed
April 2012)) define such a model, but nevertheless, the
empirical and theoretical underpinning is thin. Conse-
quently, it is hard to answer concrete questions when
the maintainability of a system is to be investigated,
which also limits the applicability of structured measurement
approaches such as GQM [18] in this context. The few pub-
lished examples that actually attempted such an approach
(such as [17]) must hence be criticized for simply mirroring
the categories of ISO 9126 [14] without breaking them up
into independently and concretely measurable subgoals as
usually required by GQM. In order to avoid such a mistake,
we simply benchmarked our case study with common
metrics, as explained in the following subsection. We are
convinced that it is important to have such benchmarks
available from various domains in order to allow detailed
analysis of the underlying metrics before actual prediction
models can be derived.

3.1. Software Metrics. Over the years, a large variety of soft-
ware metrics has been published in the literature including
“traditional” metrics for imperative programming languages
(the metrics of Halstead [10] and McCabe [11] are probably
best known in this context) and object-oriented metrics
(e.g., by Chidamber and Kemerer [19]). However, these
metrics alone are only of limited value since they are not
correlated with the above-mentioned quality characteristics
of a software system. Nevertheless, in recent years, numerous
studies have attempted to establish such a correlation and
have certainly been most successful in the area of predicting
faults [6]. In terms of maintainability, comparable results
are scarce, however, and hard to find due to the difficul-
ties in establishing the actual maintainability of a system
without expensive empirical experiments [20]. In order to
nonetheless contribute a useful piece of work that might
instigate other researchers to carry out and publish similar
studies, we have gauged several well-known software metrics
for our system in order to compare them with the previously
published results from other domains.

Table 1 illustrates the metrics we have selected and
presents an allocation to the maintainability characteristics
mainly adopted from ISO 9126 [14]. As described there, one
metric can be linked to more than one characteristic, for
example, the maximal nesting is linked to analyzability and
changeability.

Various of the presented metrics have already been pro-
posed in the 1970s when Halstead [10] has defined his widely
known set of so-called software science metrics (which in
turn has also been under considerable discussion since then).
All Halstead metrics are derived from the distinct number
of operators (such as <, &, |, etc.) and operands (variable
names, literals, etc.) and the total number of used operators
and operands (we have used Scientific Tool Inc.’s Understand
for measuring the metrics). The program length metric is
the sum of the total number of operators and operands;
thus, it is defined completely independently from the code
formatting. The so-called program Vocabulary is the sum of
the number of unique operators and operands in a piece
of code. Furthermore, Halstead has defined the difficulty
(D) of a program, which is supposed to represent the effort
a developer needs to understand code. Probably the best-
known Halstead metric is the so-called Volume. It describes
the information content of a program in mathematical bits.
The effort (E) for a program is supposed to represent the
time and work, that are needed to implement or understand
a program. Halstead’s Vocabulary frequency indicates the
hardness of a software code to be maintained [10].

Another software metric, called the average size of state-
ments, is intended to give an indication for the complexity of
code on the level of statements. The Fan-In/Fan-Out metric
was defined by Henry and Kafura [21] and measures all
incoming or outgoing dependencies (i.e., the functions called
and the global variables set in case of the used tool) for a
function or a module. Clearly, the higher the Fan-In of a
specific module, the greater is the dependency with other
modules (low cohesion). The lack of cohesion of functions
measures the occurrence of global variables that is supposed
to decrease the cohesion of functions and modules.
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Table 1: Relationship between maintainability characteristics and software metrics (adapted from [6]).

Maintainability
characteristic

Commonly related software metrics

Analyzability
Vocabulary size, difficulty, volume, effort, average size of statements, fan-out,
cyclomatic complexity, maximal nesting

Changeability
Vocabulary frequency, unconditional jumps, maximal nesting, lack of cohesion,
coupling

Stability Number of entry points, number of exit points, fan-in

Testability Test coverage

One of the most common metrics, Cyclomatic Com-
plexity, was also used in our study. According to McCabe
[11], it is defined as the number of predicate nodes (i.e.,
branch statements) in the flow graph of a piece of code (i.e.,
usually a function) plus one. McCabe defines a cyclomatic
complexity greater than 10 as being too high, other authors
suggest a threshold of 20 [17]. Furthermore, we measured the
maximum nesting level, which describes the depth of nested
predicate nodes (i.e. if, while, for, and switch). The deeper
the nesting within the code, the higher is the presumable level
of complexity. Coupling [22] is another metric for counting
dependencies between modules on the level of files, that
is, if a file uses two distinct files from the same module,
this is counted as coupling of two. Another indication for
the difficulty to implement change requests is the number
of GOTOs, since “GOTO is considered harmful” [23] for
structured programming and maintainability.

3.2. Maintainability Prediction Models. As discussed before,
it is still not clear which concrete metrics form good
predictors for which quality characteristic. Even worse, the
applicability of those metrics varies with the programming
paradigm and their expressiveness is sometimes at least ques-
tionable [24] and has been issue of an ongoing debate in the
software engineering community. Hence, to our knowledge
the literature contains no commonly accepted prediction
model that would allow assessing the maintainability of a
software system, since the models exemplarily discussed in
the following are usually neither very well understood nor
evaluated.

A prime example is the so-called maintainability index
proposed by Coleman et al. [25] in the 1990s, which has
never been systematically validated and is hence subject to a
lot of criticism. Spinellis et al. [17] presented one of the rare
general software quality models (cf. Table 3) that also aimed
at including maintainability and recommends a number of
object-oriented metrics (such as weighted methods per class
[19]) to be measured for this purpose. However, beyond its
unclear validity it is not applicable in the context of our case
study that has been developed in a procedural language.

Heitlager et al. [26] have defined another practical model
for predicting maintainability based on software metrics
based on a set of about one hundred smaller programs from
several industrial applications. Their model is based on a
minimal set of metrics that is supposed to predict software
maintainability characteristics as defined by ISO 9126 [14].
Examples for the metrics used include lines of code, code

clones, cyclomatic complexity, or the unit test coverage. In
order to create the model, they have analyzed the distribution
of metrics values statistically and have derived four classes
of values for each metric. These classes are measured for
each function in the code base of a system and indicate low,
moderate, high, or very high risk from a maintainability
perspective. Depending on the risk distribution over the
whole system, a star rating ranging from two to five star,
indicating the overall maintainability of the system, can
be calculated. Alves et al. [27] have recently also gauged
a number of systems with software metrics and derived
thresholds for the metrics (e.g., for McCabe’s cyclomatic
complexity) based on the gathered values. In a more recent
work [28], the authors improved the method by using an
N-point rating system; however, given the experience with
other approaches, more evaluations are necessary to show the
usefulness of their approach.

A systematic survey evaluating maintainability models
has recently been published by Riaz et al. [29]. The authors
concluded that many maintainability prediction methods are
merely based only on one of the three attributes, program
size, complexity, or coupling. Methods based on cross-
validation, prediction models, or accuracy measures are only
rarely proposed let alone evaluated or really used in practice
so that the use of one of these models without great expertise
and care can easily lead to wrong results.

3.3. Comparable Results. Interestingly, industry seems to
have a more pragmatic attitude towards using software
metrics since measuring tools such as IBM Rational Logis-
cope (that reports a significant user base [30]) often con-
tain maintainability models that claim to give indications
whether a piece of code is in acceptable shape or should be
inspected or rewritten. Stamelos et al. [30] have also received
notable attention for their study of various open source
applications from the Linux ecosystem (comprising slightly
over 600,000 LOC) and contributed one of the rare sets of
metrics data that can be used to compare our case study to.
Table 2 provides an overview of their results.

Ramos et al. [31] have recently performed another main-
tainability analysis for five Cobol-based information systems
and have also contributed some concrete numbers for the
systems they studied.

However, it is important to note that the systems just pre-
sented [17, 30] are considerably smaller than the case study
we present in this paper and originate from a completely
different domain.
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Table 2: Comparable results by stamelos et al. [30].

Min. Max. Mean SD Median

Number of statements 3.00 92.00 23.43 12.25 21.65

Cyclomatic complexity 1.00 35.00 7.70 4.28 5.58

Max. nesting 1.00 8.00 2.99 0.81 2.94

Number of paths 1.00 32,767 1266.34 3317.85 704.96

Unconditional jumps 0.00 1.96 0.14 0.30 0.00

Comment frequency 0.00 1.32 0.11 0.15 0.08

Vocabulary frequency 1.5 9.90 2.75 0.93 2.67

Program length 18.00 516.00 133.38 73.17 122.82

Average size 3.68 14.96 6.35 1.58 5.96

Number of in/out 2.00 6.03 2.92 0.77 2.80

Table 3: Comparable results by Ramos et al. [31].

Range

Line of code per system 469 k–816 k

Line of code per module 3 k–43 k

Cyclomatic complexity 11.7–50.6

Comment frequency 20.3%–29.8%

Program effort 32.7–1407.4

Fan-Out 0.5–9.4

4. Assessing the CMMS

Due to its significant size, we have performed an automated
static code analysis of the CMMS in order to collect con-
crete values for the metrics used for our system evalua-
tion. We have used Scientific Tools Inc. Understand (http://
www.scitools.com/ (retrieved 07/2011)) in version 2.6 that
supports most of the metrics introduced before. The central
motivation behind this “measuring exercise” was to identify
weak spots within the current architecture from a maintain-
ability point of view that can be improved in future cabin
software systems.

4.1. Collected Data. As briefly mentioned before, the inves-
tigated CMMS comprises roughly 1.5 million lines of C
code. Interestingly, their distribution on 71 modules is quite
uneven as there exist two modules (numbers 5 and 71),
which alone represent more than 21% of the overall code.
The average number of statements per module is 7,901 (the
standard deviation is 10,527). Furthermore, each module
contains an average of 112 functions (standard deviation 207
yielding a total of 7,951 functions in the system) and 16 files
(standard deviation 15.7). The maximum number of files is
81 in module 7 while the maximum number of functions
(also found in module 7) is 1,678.

Table 4 summarizes the metrics collected for this study
and is intended as a starting point for the discussion and
interpretation of the results following afterwards. As long as
not otherwise stated, all values are measured for each source
file within a module and then summed, respectively, averaged
per module.

The heterogeneity found in the code sizes per modules is
also characteristic for most other metrics we have collected
for the CMMS. While most average values are within the
recommended ranges, there are also a number of modules
that stick out significantly—for example, having more than
240 functions in one file is clearly very (if not too) high. As
far as space permits, we discuss some mentionable results in
more detail to give a better impression of the heterogeneity
found for each maintainability characteristic.

4.1.1. Analyzability. The literature suggests various metrics,
such as those proposed by Halstead [10] or McCabe [11],
for understanding the analyzability of (or in other words
difficulty to understand) a piece of code. In our CMMS the
Halstead’s program length clearly indicates modules 25 and
19 as being the most substantial ones. Module 25 has a length
of over 70,000, which is more than six-times larger than the
second-largest module number 19 with 12,930. Nevertheless,
module 19 is still nearly two-times larger than the next largest
module. Furthermore, we recognize a few modules that are
remarkable as their Vocabulary size is close to or even higher
than 1,500 different terms, which is a clear warning sign for
a high complexity and hence for code that might be hard to
understand and eventually hard to maintain.

Module 5 reaches the highest maximum difficulty with
2,324 within one of its files. Furthermore, module 19 has the
highest average difficulty with 961. The average Halstead vol-
ume of files within our case study is 20,697 per file (standard
deviation: 78,183) and thus far beyond the recommended
limit of 8,000. Consequently, 53.5% of the modules are on
average above the threshold volume.

The largest Halstead effort measured is 4.516 billion (for
module 25), the second largest is 6 million for module 71,
and the average over all modules is 69.503 million. The box
whisker plots (BWP) in Figure 1 illustrate the effort for the
five most substantial modules (the effort per module is the
sum of all measured file efforts within the module). Consider
the plot of module 25 as an example, it contains a minimal
effort of 72 K, a lower (1.6 M) and upper quartile (509 M),
the median of 67 M, and a maximal Effort of 1.6 B found in
all files of the module.

A recommended maximum found in the literature for
the average size of statements (S) is 7 [32]. Based on that
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Table 4: Results overview.

Metric Recommended Worst Mean Std. Dev. Median Within Rec. Remarkable modules

Lines of code — 72,300 7,901 10,527 4,925 — 5, 71

Number of modules
—

71 16 15 10
— 5, 71, 67

Functions per module 1,113 111 58

Halstead length — 70,000 2,845 8,257 9,493 —

Amount of comments ≥ 0.5 0.25 0.82 0.37 0.72 81% 1, 19, 46

Functions (per file) 7 ± 2 242 7 5,34 6 71% 5, 22, 48

Vocabulary size — 2,245 445 354 358 — —

Difficulty <30 2,324 186.5 143 152 2.8% 5, 71, 61

Volume 100–8000 667 K 20,697 78,183 9,053 46% 25, 71

Effort — 4,516 Billion 69.50 531 M 2.3 M — 25, 71

Size of statements ≤7 46 2.99 7.92 0.90 95% 19, 27, 49, 50

Fan-In ≤7 1,476 196 215 136 0% 5, 66

Fan-out ≤7 3,701 195 443 105 0% 5, 66

Cyclomatic complexity 0–10 383 5.74 51 30 45% 5, 31, 33, ≥57

Nesting 0–5 12 7.2 2.4 7 59% 53, 6, 2

GOTOs 0 0 0 0 0 100% —

Frequency — 101 0.08 11.68 3.85 — 26

Coupling (out) — 235 44 41 38 — 5, 67, 68

Coupling (in) — 294 41 47 29 — 5, 67,68

Entry nodes 7,951 — 112 207 — — —

Exit nodes (per function) 5,618 — 3.34 — — — —

5 19 23 25 30

R
an

ge

1× 102

1× 103

1× 104

1× 105

1× 106

1× 107

1× 108

1× 109

1× 1010

Figure 1: Halstead effort as Box-Whisker plot containing the most
prominent modules.

prerequisite, most CMMS modules are again absolutely
unremarkable since they have an average statement size of
smaller than 5. However, four modules clearly stick out in
this measure and hence “qualify” for a detailed inspection
later, namely, modules 19 (S = 46), 25 (S = 31), 49 (S = 11),
and 50 (S = 40). The average fan-out of all modules is 11
(standard deviation is 10). The highest measured Fan-Out is
62 in module 5, which is thus more than five-times greater
than the average and far beyond good and evil regarding the
recommendation. Furthermore, it underlines that module 5
is depending on 87% of all other modules in the system.
Besides module 5, modules 68 (Fan-Out 52) and 67 (Fan-
Out 43) have also recognizably high values. This can be

interpreted as another clear warning sign that some modules
may be incoherent and too complex.

The calculation of McCabe’s cyclomatic complexity for
the case study also delivered quite interesting results: the
CMMS has an average of 5.7 (standard deviation: 2.29) per
function and hence lies well within the recommended range
[11]. Figure 2 gives an overview of average and maximum
values per module.

Alarmingly, however, the highest measured cyclomatic
complexity is 383 for a function in module 10, and further-
more, 74% of all modules have at least one function with
complexity equal or greater than 20. As visible in Figure 2,
we have even found five modules containing functions with
Cyclomatic Complexities over 100.

The maximum nesting level measured for the CMMS is
12 (found in module 5). Furthermore, the modules 16 and
17 come close to this value with their nesting of 11 so that
76% of the modules in the CMMS exceed the recommended
threshold of 5 at least in one function.

4.1.2. Changeability. Some common changeability metrics
such as the average size of statements have already been
discussed before. Others, such as Halstead’s vocabulary, are
commonly seen as a helpful indicator for estimating change-
ability. Again most modules seem to be unremarkable in this
regard; only module 25 with a value of over 100 clearly stands
out. Fortunately, the number of GOTOs in the CMMSs
investigated code base is zero.

As the CMMS was developed under hard real-time con-
straints, we expected to find quite a number of global var-
iables and were not disappointed since in total it contains
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Figure 2: Cyclomatic complexity per module.

approximately 1,300 of them. On average this yields around
18 global variables per module, a number that is confirmed
by a few manual samples showing that, for example, module
71 contains 8, module 12 contains 13, and module 68
contains 23 global variables. This will certainly influence
changeability negatively since as soon as one of these vari-
ables needs to be changed the complete code-base needs to
be checked for statements accessing it.

The highest in-bound and as well out-bound coupling
has been measured for modules 5 in 294/out 235, 67 in
203/211, and 68 in 200/216. All other modules have less than
120 dependencies, respectively clients, which is still a very
high value, though.

4.1.3. Stability. Additional metrics and analysis methods we
used for measuring the stability of the CMMS are the number
of entry and exit points, and the Fan-In per module. This is
because of the fact that basically every C function has exactly
one entry point (as long as no GOTOs are used), and thus the
number of entry points per module can easily become large
and is equal to the number of functions. Consequently, the
system has 7,951 entry points, which makes an average of 112
per module (standard deviation: 207). Although this is per se
not very remarkable for a C program, it bears a significant
risk for maintainability as every function can be called from
anywhere in the whole system. This means that the change of

any function’s signature may entail changes scattered all over
the system.

Similar to the entry point metric, every C function has
at least one exit point, namely, the end of the function.
However, in contrast to entry points, a function can have
additional exit nodes whenever a return statement is used
within, for example, an “if” statement before the actual end.
In total, we have counted 5,618 return statements which
average at 3.34 returns per function and thus give us no cause
for increased concern. The average fan-in in the CMMS is
195 (standard deviation 443). Module 5 again stands out
as it has the highest fan-in with 3,700 calls coming in from
various places and is thus used by almost half of the CMMS.

4.1.4. Testability. The final facet we investigated is testabil-
ity, characterizing the ease of testing, which is one very
important step in the development of every aviation system.
Standards and guidelines, such as DO-178B [3], define the
required steps and methods for testing airplane and related
software. Hence, we have evaluated the size of test suites,
the achieved test coverage, and metrics such as cyclomatic
complexity, nesting, and unconditional jumps.

As explained earlier, every aviation system needs to be
certified against the regulations of governmental agencies
based upon DO-178B. Thus, code is classified into different
design assurance levels (DALs) that need to fulfill different
testing requirements depending on their criticality for safety.
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Table 5: Comparison of maximum values found in data sets.

Metric Ramos Stamelos CMMS Rec. Limits

Overall LoC 3 M 606 K 1.5 M —

LoC per module 3 k–43 k 4 k–40 k 172–72,300 —

Comment LoC 20.3%–29.8% 0–132% 20–242%

Cyclomatic complexity 11.7–50.6 1–35 0–383 <10

Nesting — 1–8 0–12 0–5

Fan-out 0.5–9.4 2.00–6.03 1–143 —

Frequency — 1.5–9.9 0–2242 —

Length — 18–516 0–70,173 —

Effort 32.7–1407.4 — 0–4.5 B —

The most critical DAL A code needs to achieve full MC/
DC [12] coverage, which automatically includes decision
coverage and statement coverage. However, our CMMS case
study does neither contain DAL-A nor DAL-E code. Func-
tions on DAL B still need to prove full decision coverage,
which in turn implies full statement coverage. 46% of the
CMMS’s source code is on DAL-B. On DAL-C an airplane
manufacturer still has to demonstrate statement coverage of
100%. In the CMMS this is the case for 38% of the source
code. Finally, DAL-D constitutes 16% of the code, which is,
however, not subject to any special testing requirements.

5. Further Analysis and Discussion

The results presented so far in this paper are raw metrics
values with a limited significance. All we can do on this basis
is to speculate that modules with exceptionally high values
should be inspected manually for maintainability problems.
Nevertheless, we have formulated the hypothesis that we
expect the metrics values of the CMMS to be higher than
other numbers reported in similar studies ([17, 30, 31]) with
less presumed domain complexity (H1).

In comparison to the other results, our maximum values
are actually much higher which confirms hypothesis H1b. As
example, the highest measured cyclomatic complexity in the
CMMS is 383, while Stamelos et al. [30] has measured a max-
imal value of 35 and Ramos et al. [31] of 50. Furthermore, the
Halstead effort of the CMMS is over 4 billion compared to
merely 1,407 in the Ramos study. The results listed in Table 5
illustrate that we have found significantly larger values for
almost all metrics measured.

As also visible in the table, the measured maximal values
for nesting (CMMS 12/recommendation <6) and cyclomatic
complexity (383/<10) are significantly higher than the
thresholds recommended in the literature. Interestingly, the
outcome for the average values (H1a) is somewhat different,
as shown in the following Table 6.

Only the average values of the Halstead metrics are
significantly higher for the CMMS. All other values are in
a similar range, which clearly shows that the CMMS has
higher peak values, but in average the values are relatively
“normal,” at least compared to the relatively small number
of published similar studies. This may be an indicator for a

Table 6: Average results in comparison to other studies.

Metric CMMS Stamelos Ramos

Cyclomatic complexity 5.74 7.70 23.82

Maximum nesting 7.2 2.99 —

Unconditional jumps 0 0.14 —

Number of FAN/out 3.33 2.92 2.92

Effort 69 M — 595.78

Number of statements 3,173.42 23.43 —

higher inherent (domain) complexity, but is certainly subject
to further investigation.

5.1. Metrics Dependencies. The expressiveness of software
metrics from the perspective of software maintenance has
been subject of an ongoing discussion for many years. Espe-
cially the Halstead metrics have been criticized repeatedly for
not being very useful in this context since they are deemed
being too closely related with each other. In order to obtain
a better understanding in this context, we decided to analyze
whether there is a correlation between the (module-based)
metrics we have used, which was our second hypothesis
(H2). Since our measurement results merely yielded ordinal-
level data, the common Pearson correlation cannot be used.
Thus, we decided to calculate the more general Spearman
rank correlation coefficient [33] for the ranks of each module
per metric. The outcome of this effort is presented in the
correlation matrix illustrated in Table 7.

The matrix illustrates two clusters with high correlations,
visualized with bold text, that all also have a P value smaller
then 0.05. The first cluster, in the upper left corner, con-
tains the Halstead metrics Vocabulary, volume, difficulty,
and length. All these metrics are based on the “Halstead
fundamentals” operators and operands and hence it is no
surprise they are closely correlated with each other. The
second cluster includes all lines of code-based metrics, such
as Blank LOC, commented LOC, declarations, statements,
and the overall LOC, and thus is also understandable.

Another interesting fact revealed by the matrix is that
Halstead’s difficulty and McCabe’s cyclomatic complexity,
both metrics that are intended to indicate complexity of
code, are not correlating. On the other hand, Halstead’s effort
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Table 7: Matrix of Spearman rank correlations.

Voc. Vol. Diff. Eff. Avg. CC Max. CC Nest. BLOC Decl Stat. CLOC LOC

Len. 0.95 1.00 0.95 0.71 0.25 0.44 0.35 0.46 0.42 0.51 0.53 0.50

Voc. 0.93 0.95 0.59 −0.08 0.35 0.32 0.39 0.37 0.45 0.49 0.45

Vol. 0.94 0.72 0.28 0.46 0.35 0.47 0.43 0.51 0.53 0.51

Diff. 0.58 0.19 0.35 0.35 0.36 0.35 0.42 0.42 0.41

Eff. 0.39 0.70 0.41 0.85 0.79 0.84 0.85 0.85

Avg. CC 0.68 0.55 0.43 0.30 0.39 0.29 0.35

Max. CC 0.61 0.77 0.63 0.74 0.68 0.72

Nest. 0.45 0.33 0.47 0.40 0.42

BLOC 0.91 0.95 0.94 0.96

Decl. 0.95 0.92 0.96

State. 0.95 0.99

CLOC 0.98

seems to correlate significantly with the size of the code again,
which seems logical since more code needs more effort to
be written. The relatively high correlation of the maximum
cyclomatic complexity with the LOC seems also reasonable
as longer code is also likely to contain more branches.

5.1.1. Threads to Validity. Due to the size of our code base
there was no other alternative to derive the desired metrics
than to collect them automatically. We have used a proven
state of practice tool and hence see no reason to expect large
errors caused by the measurement approach. However, we
cannot guarantee that another tool would have measured
the exact same values since especially some fundamentals
of the Halstead metrics (operators and operands) may still
be interpreted slightly different from another tool. Since we
performed all measurements with the same version of the
tool and the same code base, we see no threads to the internal
result validity. Clearly, the results in our data set are from a
very specialized domain so that it is likely that they are only
valid within the avionics domain for similar systems. Since
this is the first comprehensive data collection of its kind we
are aware of, its results should still be taken with a grain of
salt or even better be complemented with benchmarks from
similar systems in order to gain a better understanding of the
factors influencing the maintainability of avionic software
systems.

5.1.2. Lessons Learnt. Our case study revealed once again that
measuring maintainability of a software system still remains
a difficult challenge. As a consequence, it is not possible to
label a large system as a whole or even its modules as being
maintainable or not. Since comparable studies are scarce, we
cannot make any reliable absolute statement in this regard,
but only compare various modules of the case study amongst
each other and identify those that raise suspicion due to
extreme results for some metrics. Currently our only hope for
resilient comparative values is that our case study motivates
the future publication of similar studies that might deepen
the understanding of maintainability metrics and perhaps
even underpin their expressiveness with empirical studies

in which actual change requests are implemented for the
systems under investigation.

Thus, as previously indicated, one central result of our
study is that the maintainability of our case study sometimes
seems to vary even within one module. This fact is probably
influenced by the relatively large number of independent
project partners that have contributed to the system. Hence,
one consequence of this result should be the creation and
establishment of more strict coding guidelines that include
measuring at least some of the metrics used in this study
and ensuring that rather tight standards for them are met.
Given the large size of the investigated CMMS it makes sense
to automate this effort as far as possible with tools such as
Checkstyle [34]. However, it clearly must be avoided that a
system is only optimized for metrics values in the future.

In order to improve the volume and the length of pro-
gram files, we suggest separating commonly used modules
from modules with specific functions (i.e., enforce a stricter
encapsulation of functionalities). In order to reduce the
high coupling, we suggest developing an improved com-
munication model, which defines clear interfaces between
modules. Interestingly, the large number of contributors is
somewhat contradicting the high coupling we have found
between numerous modules. Although this is probably
mostly owed to real-time constraints and the sometimes
difficult integration of various hardware devices into the
system, this is another issue that needs to be solved for future
cabin software systems. In general, we see a clear need for
a more sustainable system architecture that has a stricter
separation of concerns and also defines standards (such as
the use of layering) for the internal structure of individual
modules. The recently completed revision of the DO-178
guidelines standard is certainly another necessary step for
making progress in this direction, since many potentially
interesting techniques (such as object-orientation) could not
be certified for use on an airplane with the old DO-178B.
The new version, which was finally accepted in January 2012
(http://www.rtca.org/comm/Committee.cfm?id=55), even-
tually allows object-orientation and model-driven devel-
opment for all design assurance levels. Furthermore,
the supplemental DO-332 [35] describes the usage of
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object-oriented methods and garbage collection in safety-
critical environments.

6. Conclusion and Future Work

In this article, we have presented an assessment of the
maintainability of a large avionic software system. Since
similar studies in the literature are sparse [17, 30] and from
different domains, we believe that we have contributed a
useful benchmark of metrics in a practically relevant case
study. Over all, we were able to determine that large parts of
our case study’s code-base are well within the recommended
limits found in the literature, although there are a few outliers
somewhat blurring this good impression. It is also interesting
to note that on average the investigated CMMS does not
have higher metrics values than the few other—presumably
less complex—systems presented so far in the literature.
Only some maximum values are much higher so we have
to assume that only a small part of the CMMS carries the
core of its complexity. However, since the impact of concrete
metrics on maintainability is generally still not understood
in detail it is currently impossible to directly label modules as
maintainable or not. Hence, the central benefit of this study
can be seen in the identification of “suspicious” modules that
perform poorly in various metrics and thus seem to be a
good starting point for architectural considerations in future
software versions.

After this analysis, we have to conclude that it is about
time to learn how to apply modern software engineering
techniques (such as objects or components) for the devel-
opment of aviation software in order to keep track with
the ever growing complexity in this field. This should also
help to ensure a better long-term maintainability at the same
time, but clearly requires to keep testing and certification
standards high, which may also require developing new
techniques for this purpose in the future. The recently
published guidelines (DO-178C [36]) are important steps
in this direction that open new possibilities for software
design (as, e.g., already sketched in [37]) and development
for aviation systems on the one hand. On the other hand, it
will certainly require some time until the aviation industry
and the certification bodies have developed the necessary
procedures and guidelines to use these new possibilities
successfully.
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