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Abstract—Most of the software metrics known and applied 

today are measured on a per file or even per function basis so 

that it is difficult to interpret their results for higher-order code 

ensembles such as components or whole systems. In order to 

overcome this weakness, we propose the hm-Index as a simple 

metric to condense the dependencies, i.e. the Fan-out, between 

source units in such code ensembles into a single number. As it is 

inspired by the h-Index in bibliometrics, it is based on a well-

known procedure that already had significant impact in a 

different field. We expect the hm-Index to become a simple 

metric for comparing the code complexity of different compo-

nents or systems in software engineering and present promising 

preliminary results from real-world systems confirming our 
assumption in this paper. 

Index Terms—Software Metrics, Code Quality and Complexity 

I. INTRODUCTION  

Numerous measurement approaches are widely used in the area 

of software engineering, such as code coverage in software 

testing, software development time estimations based on 

function points or the various complexity metrics intended to 

predict software – or at least code – complexity and quality [7]. 

Existing software metrics, however, are rather fine grained 

since most of them measure features of individual functions 

(such as the McCabe’s Cyclomatic Complexity [1]) or files 

respectively classes (such as Coupling and most other object-

oriented metrics [10]). Consequently, the use of these metrics 
on large software systems can – depending on the size of the 

code base – create hundreds if not thousands of individual 

results that make the quality of the overall system difficult to 

interpret. The only way to make a statement about the whole 

system usually is to somehow aggregate all those individual 

numbers. However, most metric definitions are incomplete in 

this regard as they do not describe how to apply them at the 

package, component or even system level. In practice, often 

simple mathematic operations like averaging or identifying 

maximum values etc. are used to get an overview for a whole 

program. As for example demonstrated by our recent 
comparison [11], this still leads to a vast number of metric 

values that is hard to interpret and thus hard to compare 

between different systems (also cf. e.g. [8] and [14]).  

In order to overcome this dilemma, it is necessary to find a 

measurement approach that is able to capture the complexity of 

higher-order software ensembles such as packages, 

components or whole systems. The fundamental idea of the 

approach we introduce to overcome this challenge in this paper 

is based on two descriptive characteristics of software systems 

that have been shown being useful before. The first is code 
units, such as classes in object-oriented languages or files in 

other paradigms that summarize functionalities. The second is 

the number of outgoing connections between these units, which 

link the functionalities together to higher-order “ensembles”. In 

order to distill this fingerprint for each ensemble into a single 

number that is easy to grasp, we propose the hm-Index (for “h-

metrics”) as described in more detail in section III of this 

paper. The fundamental idea is to condense the number of 

outgoing connections per ensemble in pretty much the same 

way that Hirsch’s well-known h-Index [12] from the area of 

bibliometrics condenses references between publications. The 

expected benefit of our software-centric index will be a fast 
and automatable method to measure the complexity of higher-

order source code ensembles like components or even systems 

for which a high index number indicates a complex ensemble 

structure. Such an aggregated number will allow easy tracking 

of the complexity during the evolution of a program as well as 

a comparison amongst different systems or components. 

Finally, our approach is also expected to be much more useful 

for stakeholders in projects that need a pragmatic measure for 

judging the overall source code complexity.  

In order to better demonstrate the usefulness of the hm-

Index, we have analyzed a small number of (mostly) open 

source applications and found that it seems to correlate well 

with their superficially recognizable complexity. We will 

present these examples in section III.A of this paper. Apart 
from that, this work is structured as follows – section II 

discusses some necessary background on, and limitations of, 

software metrics, before section III introduces the hm-Index in 

detail. After some application examples have been presented, 

we round off our contribution with a short discussion in section 

IV, a summary of the findings we have made so far, and a brief 

outlook on potential future work in section V. 

II. SOFTWARE METRICS  

A plethora of software metrics has been developed over the last 

few decades (see e.g. [7]) and are widely used in industry, 
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since they allow automatically generating various numbers 

supposed to indicate the code quality of an application. As an 

example, consider McCabe’s Cyclomatic Complexity (CC) [1] 

that is one of the best known software metrics, designed to give 

a simple assessment of the complexity of an investigated 

function. Halstead’s software science metrics [2] are also well 
known and can be easily calculated by counting the number of 

operators and operands in a program file. More recently, 

Kemmerer and Chidamber [10] have developed a set of metrics 

for object oriented programming languages.  

Until today, however, most of these metrics seem quite 

ineffective to assess code quality in practice, since there exist 

almost no widely accepted thresholds and only few published 

values of other systems to compare to. Take the three recent 

studies by Ramos et al. [6], Stamelos et al. [5], or Burger and 

Hummel [11] that have analyzed various projects with common 

software metrics. Burger and Hummel [3] have attempted to 

interpret the results of these studies in terms of code quality 

and found that numerous measurement results went far beyond 

common best practice recommendations. Consider a measured 

CC of 383 that was found in the safety critical cabin software 
of an airplane. This value is more than 38 times higher than the 

threshold of ten recommended by McCabe. However, this code 

has undergone a rigorous safety certification and so far no 

problems were reported, although some further large metric 

values have been found in it.  

Another problem with software metrics that has been 

underlined by this study again, is the fact that metric results are 

indeed hard to compare between different systems, as 

illustrated in TABLE I.  

TABLE I.  EXAMPLARY RESULTS FROM PREVIOUS STUDIES. 

Metric Stamelos [6] NASA [5] Cabin SW[3] 

Overall LOC 606k 376k 1.5M 

LOC per Module 4k - 40k 1 - 3,442 172 -72,300 

CC 1 – 35 1 - 470 0 – 383 

Fan-Out 2.00 - 6.03 - 1 – 143 
 

It is nearly impossible to say whether the system with the most 
LOC or the highest CC has the most complex source code or 

whether it is perhaps the system that has the highest average 

values for its source units. Methods such as finding the 

maximum result, averaging over all files or using the median 

also seem ineffective to convey system complexity quickly. To 

underline this, TABLE II illustrates some average and standard 

deviations values for the studies from before. In the case of CC, 

the average of all three applications (actually very different 

systems) is similar and almost identical for two of the systems. 

A similar effect can be observed for the Fan-out results.  

TABLE II.  EXEMPLARY AVERAGES FROM PREVIOUS STUDIES. 

Metric Stamelos NASA Cabin SW 

Cyclomatic Complexity 7.70 5.83 5.74 

Fan-Out 2.92 n/a 3.30 
 

Various attempts have been made to overcome this problem 

and to condense metrics results pragmatically. For instance, 

consider the Maintainability Index [16] that was developed in 

the 1990s for this purpose, but it is not considered useful 

anymore today [18]. Another approach recently proposed is 

using metric results from different systems in order to establish 

a typical distribution per metric, which would probably allow 

deriving thresholds for healthy values [17] that could facilitate 

comparisons on a function or file level. However, it still does 

not directly provide aggregated information on the system 
level. Only recently, Serebrenik and van der Brand have 

adapted the Theil index [20] from econometrics to aggregate 

software metrics, however, although this approach seems 

promising, it aims to visualize inequality in the distribution of 

measured metrics values within a single system. 

III. OUR APPROACH: ONE RESULT PER ENSEMBLE 

We believe it is helpful to have one significant number as a 

fingerprint for the complexity of a given source code ensemble, 

which would easily allow comparing one ensemble with 

another and judging which is more complex. Like the authors 

of various other metrics, we agree that the complexity of a 

graph derived from the source code should be a good 
representative for its overall complexity. However, we do not 

target individual source units like most previous approaches, 

we target aggregated ensembles (i.e. packages, components or 

systems) of an arbitrary size. In order to unveil the complexity 

contained within such an agglomeration, we have decided to 

use the well-known Fan-out metric [9] as it closely resembles 

the idea of citations in Hirsch’s original h-index. Some other 

metrics (such as the Cyclomatic Complexity) might also be 

usable as base metric in this context, but this has yet to be 

explored in future work.  

The Fan-out is counting the number of outgoing calls per 

function respectively method. Adding the results up for each 

source file respectively class yields a “connection distribution” 

that seems highly characteristic for every software ensemble. 
Depending on the size of the overall ensemble, however, this 

distribution may still comprise hundreds of numbers that are 

difficult to interpret and compare. Nevertheless, the connection 

profile is the basis to compute one aggregated complexity 

number (i.e. the hm-Index) for the whole ensemble under 

investigation as we will explain in the following. In order to do 

this, we propose to apply the procedure developed by Hirsch 

for his so-called h-Index [12] in bibliometrics. The h-Index is 

commonly used to aggregate the publication performance of 

scientists into a single value based on the number of citations 

that his or her works have received (i.e. one could say it is the 
“Fan-in” of an author’s publications). In order to calculate it, 

all publications of an author need to be sorted in descending 

order of their citation frequency. The h-index of an author is 

then equal to the rank where the number of citations is at least 

as large as the rank. As an example consider the h-index of 

Barry Boehm in late 2011, where this was the case on rank 53 

as shown in TABLE III on the next page (data taken from 

Hummel et al. [13]).  

The idea of the hm-Index (h-metrics-Index) is to aggregate 

the number of outgoing connections (the Fan-out) for all source 

units of a given component or system in exactly the same way. 

The only significant difference is thus that a large hm-index 

value indicates a high coupling between source units and 
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should be avoided [10], whereas researchers are typically 

striving to increase the h-Index for their publication record. 

TABLE III.  EXEMPLARY CALCULATION OF BARRY BOEHM`S HM-INDEX. 

Rank Citations 

1 6,319 

2 3,684 

… … 

52 54 

53 53 

54 52 

… … 
 

Similar to the h-Index that can be applied for researchers, 

institutions or publication venues alike, we believe that our hm-

Index should also be scalable and applicable for small 
ensembles like packages or components as well as for larger 

ones like subsystems and complete systems. In other words, 

our approach is applicable for every arbitrary agglomeration of 

source code that is (or can be) packaged together in some way. 

A. Introductory Example 

In order to demonstrate how to apply our idea, this section 
provides a small introductory example: TABLE IV. illustrates 

how the hm-Index for Martin Fowler’s well-known Video 

Store example [4] can be determined.  

TABLE IV.  HM-INDEX CALCULATION FOR FOWLER’S VIDEO STORE. 

Class Rank Fan-Out 

VideoStore 1 13 

Customer 2 7 

Rental 3 3 
Movie 4 0 

 

The initial version of this mini system has four classes with 

various connections; we measured the highest Fan-out of 13 for 

the VideoStore while the Movie class at the other end of the 

spectrum does not have any dependency at all. In the table, the 
four classes are listed in descending order of their amount of 

dependencies. For Rental on rank 3, the rank is just equal to its 

Fan-out whereas Movie on rank 4 has no dependency so that its 

Fan-out is obviously smaller than 4. Consequently, the hm-

Index of the VideoStore system is 3.  

B. Further Examples 

As mentioned before, we have analysed various open source 

projects to gain a better initial understanding of the hm-Index's 

descriptiveness. Red Hat’s JBoss application server seemed to 

be a particularly interesting target for such an investigation as it 

has undergone a complete restructuring in the last few years. 

This is especially intriguing as JBoss was known for its overly 

complex program structure prior to version 7 [15]. The 

following TABLE V shows the hm-Index for JBoss version 4.0 

(103) in comparison to 7.0 (65); all underlying Fan-out values 

have been measured with Scientific Toolworks’ Understand.  

TABLE V.  HM-INDEX RESULTS FOR JBOSS 4 AND 7. 

 hm LOC Classes Files  Functions Avg. CC 

JBoss 4.0 103 578,245 7,776 6,398 51,081 1.9 

JBoss 7.0 65 204,435 4,542 2,889 18,067 1.9 

That means that JBoss 4.0 used to have 103 classes with at 

least 103 method calls each. The highest measured Fan-out for 

a single class was 608 and for a single method 144. The 

significant decrease from 103 to 65 in version 7.0 – according 

to our index – indicates that the code of JBoss 7 has even 

become slightly less complex than that of Apache’s Tomcat 
webserver (values are listed in the next table). However, this 

hm-Index decrease is accompanied by a similar decrease in 

code size so that one could raise the question of a potential 

correlation of hm-Index and LOC. In order to get a first 

impression on this potential issue, we have investigated a 

number of further projects as shown in TABLE VI.  

TABLE VI.  RESULTS OF INITIAL HM-INDEX MEASUREMENTS. 

 hm LOC Classes Files Func. AvgCC 

Miranda Messngr.  110 438,910 n/a 1,404 12,368 6.9 

Cabin Software 79 2,008,372 n/a 3,054 7,951 5.7 

Apache Lucene 83 134,918 2,029 936 11,139 2.1 

Apache Tomcat 71 152,018 1,543 1,033 14,805 2.3 

Columba 48 98,556 1,843 1,521 9,661 1.7 
 

The chart in Fig. 1 shows the overall LOC of all compared 

projects and their respective hm-Index values.  

Fig. 1. hm-Index values of example systems in comparison to Lines of Code. 

Although, in general the hm-Index seems to slightly grow with 

the code size (which is clearly understandable), there is only a 

weak correlation visible (the Pearson correlation coefficient is 

0.53). This strengthens our hunch that the hm-Index is a viable 

approach to unveil “accidental” complexity even of large scale 

source ensembles. The result for the airplane cabin software, 

which is by far the largest investigated systems, seems to 

support this assumption even more. As all avionic software 

needs to undergo a rigorous safety certification, airplane 

manufactures establish strict coding guidelines to keep the 
complexity of avionic software low; otherwise the required 

high test coverage and traceability from requirements to code 

would be very hard to achieve. The resulting index value of 79 

is obviously significantly lower than that of most other (much 

smaller) systems in our investigation and might be a first 

indication that an hm-Index above 80 indicates code that has 

grown too complex. Interestingly, the highest measured values 

found in our small study for JBoss 4.0 (known for its code 

complexity) and the Miranda Instant Messenger are even 

beyond 100 for relatively small codebases and once more 

seem to support this assumption. 
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IV. DISCUSSION 

The series of initial hm-Index measurements presented in the 
previous section illustrates that the hm-Index could be a step 

towards a pragmatic measure for capturing the complexity of 

source ensembles. Although there seems to be a (expected and 

explainable) minor correlation to the size of the code base, the 

hm-Index correctly assigns a rather low complexity to safety 

critical avionic software that was developed following special 

coding guidelines intended to keep code complexity low. 

Furthermore, the hm-Index attributed a significantly smaller 

complexity value to a redesigned version of the well-known 

JBoss application server. Another advantage of this approach is 

its substantial independence of the underlying programming 

language since the Fan-out metric used to calculate it can be 

determined for most common programming languages.  

Let us further discuss the hm-Index from a coding perspec-

tive that in general considers a high Fan-out a bad coding 
practice. Consequently, a large hm-Index (larger than about 80) 

indicates too high a code complexity. Nevertheless, there exists 

the Façade Pattern [19] that advocates a higher coupling for the 

façade that is supposed to forward incoming requests to the 

elements encapsulated by its interface. As long as this pattern is 

used with caution we do not expect it to impact the hm-index 

values significantly, since Hirsch-like indices mitigate the 

influence of single elements with very large values. This is in 

fact one of the main criticisms for the h-Index where high-

impact publications are not represented appropriately; 

fortunately, it comes in handy in the context of the hm-Index as 
it “filters” the occasional use of facades effectively. Further-

more, as the hm-Index grows with the quadratic number of 

dependencies only, it should climb relatively quickly for 

simpler systems and slower in more complex systems where it 

is eventually harder to “feel” an additional complexity increase. 

Although, a certain growth of index values with the growth of 

the underlying code base is to be expected, we did not find a 

strong correlation between the two in our preliminary analysis 

and interpret this as a clear hint that the hm-Index could – as 

desired – capture just the accidental complexity of code. 

However, further investigations are necessary in order to gain a 

better understanding of this property. 

V. FUTURE WORK & CONCLUSION 

In this paper we have proposed the hm-Index as a novel 

measure for aggregating the complexity of higher order source 

code ensembles such as components or systems. It is based on 

Hirsch’s well known h-Index [12] from bibliometrics and uses 

dependencies between code units to estimate code complexity 

so that it is able to deliver a single value per investigated 

ensemble. Preliminary results from applying our new approach 

to a variety of non-trivial systems indicate a promising start as 

the hm-Index was in deed able to correctly recognize the 

expected lower complexity of an avionic software compared to 
various open-source systems. Thus, we believe it is worthwhile 

to further investigate the hm-Index in the future in order to 

determine whether the preliminary correlation with complexity 

presented in this work can also be established in larger 

controlled experiments. Eventually, it should also be interesting 

to apply Hirsch’s calculation principle to various other well 

established software metrics (such as Fan-In or Cyclomatic 

Complexity) in order to find out whether it is possible to 

condense their measurement results in a similar manner. 
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