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ABSTRACT
This paper reports upon our experience in automatically migrating
the crosscutting concerns of a large-scale software system, writ-
ten in C, to an aspect-oriented implementation. We zoom in on one
particular crosscutting concern, and show how detailed information
about it is extracted from the source code, and how this information
enables us to characterise this code and define an appropriate aspect
automatically. Additionally, we compare the already existing solu-
tion to the aspect-oriented solution, and discuss advantages as well
as disadvantages of both in terms of selected quality attributes. Our
results show that automated migration is feasible, and can lead to
significant improvements in source code quality.

1. INTRODUCTION
Aspect-oriented software development (AOSD) [5] aims at im-

proving the modularity of software systems, by capturing crosscut-
ting concerns in a well-modularised way. In order to achieve this,
aspect-oriented programming languages add an extra abstraction
mechanism, anaspect, on top of already existing modularisation
mechanisms such as functions, classes and methods.

In the absence of such a mechanism, crosscutting concerns are
implemented explicitly using more primitive means, such as nam-
ing conventions and coding idioms (an approach we will refer to as
theidioms-based approachthroughout this paper). The primary ad-
vantage of such techniques is that they are lightweight, i.e. they do
not require special-purpose tools, are easy to use, and allow devel-
opers to readily recognise the concerns in the code. The downside
however is that these techniques require a lot of discipline, are par-
ticularly prone to errors, make concern code evolution extremely
time consuming and often lead to code size explosion.

In this paper, we report on an experiment involving a large-scale,
embedded software system written in the C programming language,
that features a number of typical crosscutting concerns implemen-
ted using naming conventions and coding idioms. Our first aim
is to investigate how this idioms-based approach can be turned
into a full-fledged aspect-oriented approach automatically. In other
words, our goal is to provide tool support for identifying the con-
cern in the code, implementing it in the appropriate aspect(s), and
removing all its traces from the code. Our second aim is then to
evaluate the benefits as well as the penalties of the aspect-oriented
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approach over the idioms-based approach. We do this by compar-
ing the quality of both approaches in terms of the amount of tan-
gling, scattering and code duplication, the lines of code devoted to
the concern and the correctness and consistency of its implementa-
tion.

1.1 Approach
Our approach to achieving our goals is to zoom in on one partic-

ular crosscutting concern, theparameter checkingconcern. Based
on the existing source code and the requirements extracted from
the manuals, we implement aconcern verifierfor the parameter
checking concern. Its primary task is to reason about the current
implementation of the concern in order to “characterise” it: the
verifier reports where the code deviates from the standard idioms,
which allows developers to correct the code when necessary. Man-
ual inspection may also reveal that a particular deviation is in fact
on purpose, in which case it will be marked asintended. Addition-
ally, the verifier also recovers the specific locations where particular
parameters are checked.

The information recovered by the concern verifier is used by the
aspect extractorand theconcern eliminator. The former defines an
appropriate aspect for the parameter checking concern. This aspect
will add parameter checks to the source code wherever necessary,
and will make sure this code is not added for the intended devia-
tions. The latter will remove the parameter checking concern from
the original source code.

The aspect extractor outputs the aspect in a special-purpose as-
pect language. This definition is then translated automatically by
our DSL compilerto an already-existing, general-purpose aspect
language, that can weave the parameter checking concern back into
the source code.

Once the correct aspect has been constructed, we can assess
the quality of the aspect-oriented solution and compare that to the
idioms-based solution.

1.2 Outline
The remainder of the paper is structured as follows. The next

section introduces the parameter checking concern, its requirements
and the idioms used to implement it. Section 3 discusses the con-
cern verifier, its implementation, and the results of running it on our
case study.. Section 4 presents the domain-specific aspect language
we implemented for the parameter checking concern, discusses its
implementation in terms of an already-existing aspect weaver, and
compares this solution to the idioms-based solution. Section 5
then discusses the (conservative) migration of the idioms-based ap-
proach to the aspect-oriented approach. Section 6 considers vari-
ous quality attributes to compare the aspect-oriented solution to the
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idioms-based solution. Finally, Section 7 presents our conclusions
and future work.

2. CURRENT PARAMETER CHECKING ID-
IOM

The subject system upon which we perform our experiments is
an embedded system developed at ASML, the world market leader
in lithography systems. The entire system consists of more than
10 million lines of C code. Our experiment, however, is based on
a relatively small, but representative, software component (which
we will call theCC component in this paper), consisting of about
19.000 lines of code.

Because the C language lacks explicit support for crosscutting
concerns, ASML uses an idiomatic approach for implementing such
concerns, based on coding idioms. As a consequence, a large a-
mount of the code of each component is “boiler plate” code. A
code template is typically reused and adapted slightly to the con-
text.

2.1 Parameter Checking Requirements
The parameter checking concern is responsible for implement-

ing pointer checks for function parameters and raising warnings
whenever such a pointer contains a non-expected (NULL) value.
The requirement for the concern is that each parameter that has
type pointer and is defined by a public (i.e. notstatic ) function
should be checked againstNULLvalues. If aNULLvalue occurs, an
error variable should be assigned, and an error should be logged in
the global log file. Some exceptions to this requirement exist, as a
limited number of functions can explicitly deal withNULLvalues,
so the corresponding parameters should not be checked.

The implementation of a check depends on thekind of parame-
ter. The ASML code distinguishes between three different kinds:
input, outputand the special case ofoutput pointerparameters. In-
put parameters are used to pass a value to a function, and can be
pointers or values. Output parameters are used to return values
from a function, and are represented as pointers to locations that
will contain the result value. The actual values returned can be ref-
erences themselves, giving rise to a double pointer. The latter kind
of output parameters are calledoutput pointerparameters. Note
that the set of output pointer parameters is a subset of the set of
output parameters. Since output and output pointer parameters are
always of type pointer, they should always be checked, but only
input parameters that are passed as pointers should be checked.

2.2 Idioms Used
Parameter checks occur at the beginning of a function and always

look as follows:

if(queue == (CC_queue *) NULL) {
r = CC_PARAMETER_ERR;
CC_LOG(r,0,("%s: Input parameter %s error (NULL)",

"CC_queue_empty", "queue"));
}

where the type cast of course depends on the type of the variable
(queue in this case). The second line sets the error that should
be logged, and the third line reports that error in the global log
file. It is not strictly specified which string should be passed to the
CCLOGfunction. Checks for output parameters look exactly the
same, except for the string that is logged.

Since output pointer parameters are output parameters as well,
they should also be checked for null values. Additionally, one extra
check is required to prevent memory leaks. The requirement at
ASML is that output pointer parameters may not point to a location

that already contains a value, because the function will overwrite
the pointer to that value. Since the original value is then never
freed, a memory leak could occur. In order to avoid such leaks, the
following test is added for each output pointer parameter:

if(*item_data != (void *) NULL) {
r = CC_PARAMETER_ERR;
CC_LOG(r,0,("%s: Output parameter %s may already "

"contain data (!NULL). This data will "
"be overwritten, which may lead to memory "
"leaks.", "queue_extract", "item_data"));

}

The only difference with the previous test lies in the condition
of the if , that now checks whether the dereferenced parameter
already contains some data (!= NULL ), and in the string that is
written to the log file.

3. CONCERN VERIFIER
The concern verifier is an automated tool that reasons about the

idioms-based implementation of the parameter checking concern.
This section motivates why we need such an automated tool, ex-
plains the information that it recovers from the source code, the
coding idioms used, as well as the implementation of the algorithm
that verifies these idioms, and the results of running this algorithm
on our case study.

3.1 Motivation
If we want to transform the idioms-based approach into an aspect-

oriented one, we should first “characterise” the implementation. In
other words, we should first locate places where parameters checks
occur and mandatory parameter checks are missing, and identify
parameters that do not need to be checked.

We achieve this characterisation by implementing aconcern ver-
ifier which checks the implementation of the concern with respect
to the coding idioms that hold for it. The verifier outputs a list
of locations, i.e. functions where parameter checks occur, and a
list of deviations, i.e. locations in the source code that lack a pa-
rameter check although it should be present according to the id-
ioms. This latter list is inspected by a domain expert, who iden-
tifies theintendedandunintendeddeviations. The intended devi-
ations indicate exceptional cases (e.g, parameters that are allowed
to be NULL), whereas unintended deviations indicate parameters
for which a check was forgotten and should be implemented. As
we will see later on, our concern verifier is able to identify some
intended deviations automatically. In those cases, these deviations
are not reported, but simply registered as exceptions.

Thus the following important information is recovered from this
code:

• the list of intended deviations informs us which parameters
form an exception to the rule. As such, this important in-
formation becomes explicitly available, whereas it was not
before;

• the number of unintended deviations is a measure for the
quality of the idioms-based approach. The smaller this num-
ber, the better the quality of the implementation. We expect
this number to increase linearly with the size of the source
code;

• the verifier identifies the specific location in the code where a
particular parameter is checked. Remember that the require-
ment does not specify where the check should occur, as long
as it occurs before the parameter is used.
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required actually deviations unintended intended
checked detected deviations deviations

input 57 40 26 17 9
output 143 94 49 49 0

out pntr 45 15 35 30 5
total 245 149 110 96 14

Table 1: Number of top level parameter checks found for the CC
component.

As we will see in the next sections, this information is vital to
our aspect extractor. The aspect it defines should add all neces-
sary parameter checks to the code, but should not insert checks for
exceptional parameters. Additionally, it should make sure that the
aspect preserves the behaviour of the original idioms-based imple-
mentation, which it does by simply implementing the checks at the
same locations.

We continue this section by explaining the implementation of the
concern verifier in more detail.

3.2 Verifier Implementation
The concern verifier has been developed as aplugin in theCode-

Surfer source code analysis and navigation tool1. This tool pro-
vides us with programmable access to data structures such as sys-
tem- and program-dependence graphs, and defines advanced analy-
sis techniques over these structures, such as control- and data-flow
analysis and program slicing.

Our verifier needs to consider each public function and verify
if the necessary parameter checks occur in it or in the functions it
calls. This requires knowledge about the particular kind of a param-
eter: whether it is input, output or output pointer. Our verifier first
extracts this knowledge from the source code by simply checking
for assignments to a parameter, looking atkill (or def) statements
for that parameter inside a function’s body.

Once the particular kind of a parameter is determined, we can
verify whether the necessary checks for it occur in the implementa-
tion. If a parameter is not checked, the concern verifier tries to infer
if the function is robust for exceptional values, before it registers an
unintended deviation. for the parameter At the moment, it uses a
simple heuristic: if the function compares the value of a parameter
to NULLeach time before it uses that parameter, we assume it can
deal with aNULLvalue. This heuristic does not suffice for identi-
fying all exceptions, however. Distinguishing intended from unin-
tended deviations thus still requires a manual effort. More elaborate
heuristics are possible, but are considered future work.

3.3 Verification Results
Applying the verifier to the case at hand yields the data displayed

in Figure 1. The CC component implements 157 functions, with
386 parameters in total. 245 of these parameters must be checked,
since they are defined by public functions and have pointer type.
This is indicated in the first column of Figure 1, which also pro-
vides the distribution among the different kinds of parameters. The
locations obtained from the verifier tell us which of these 245 pa-
rameters are actually checked, as displayed in the second column.
It turns out that only 149 (i.e., 60%) of the parameters requiring a
check are in fact checked.

The deviations obtained from the verifier aim to help in identi-
fying the remaining 96 parameters that need to be checked. The
verifier reports a total of 110 deviations (column 3). Manual in-
spection of these deviations eliminated 14 intended deviations (for
9 input parameters and 5 output pointer parameters, cfr. column 5).

1www.grammatech.com
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Figure 2: Merging C and DSL code

4. A DOMAIN-SPECIFIC LANGUAGE FOR
PARAMETER CHECKING

In order to arrive at a more rigorous treatment of parameter checks
(avoiding the situation that as many as 40% of them deviated from
the specifications), we propose a domain-specific language (DSL)
for representing the kind of parameter checks that are required. In
this section we describe the language and corresponding tool sup-
port — in the next we explain how existing components can be
migrated to this target solution.

4.1 Specification
The idea underlying the language is that a developer annotates

a function’s signature, by documenting the specific kind of its pa-
rameters, i.e. either input or output. Output parameters that are of
output pointer kind can also be specified. When a parameter does
not require a check, for whatever reason, this can be annotated as
well. Additionally, the developer can specifyadvice code, i.e. the
code that will perform the actual check. Since this code can dif-
fer for the different kinds of parameters, we allow advice code for
input, output and output pointer parameters to be specified sepa-
rately. Although in this paper we do not need it, the DSL also has
provisions to express advice code for deviations.

As an example, consider the (partial) specification of the pa-
rameter checking aspect for the CC component as depicted in Fig-
ure 1. It states that the parametersCCqueue *queue andvoid
**queue data of the functionsCCqueue peek front and
CCqueue peek back are output and output pointer parameters,
respectively, and that parameterCCqueue *queue of function
CCqueue init is an output parameter, whereas parametervoid
*queue data does not need to be checked. Additionally, the ad-
vice code implements the required checks for input, output and out-
put pointer parameters. The special-purposethisParameter
variable denotes the parameter currently being considered by the
aspect, and exposes some context information, such as the name
and the type of the parameter and the function defining it. In this
respect, it is similar to thethisJoinPoint construct in AspectJ.
Due to the generality introduced by this variable, we only need to
provide three advice definitions in order to cover the implementa-
tion of the concern in the complete ASML source code.

4.2 Compilation and Weaving
Rather than implementing our own aspect weaver for the param-

eter checking DSL, we translate it into an already-existing general-
purpose aspect language for the C programming language. As such,
we get the benefits of both worlds: we can use a special-purpose,
intuitive and concise DSL, for which we don not need to imple-
ment a sophisticated weaver ourself. This process is illustrated in
Figure 2.

The general-purpose aspect language is a stripped-down variant
of the AspectC language [2]. It has only one kind of joinpoint,
function exection, and allows us to specify around advice only. Of
course, before and after advice can be simulated easily using such
around advice. Figure 4 contains an example, which shows how
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component CC {
CC_queue_peek_front( output CC_queue *queue, output output_pointer void **queue_data);
CC_queue_peek_back( output CC_queue *queue, output output_pointer void **queue_data);
CC_queue_empty( input CC_queue *queue, output bool *empty);
CC_queue_init( output CC_queue *queue, deviation void *queue_data);
...
input advice {

if(thisParameter.name == (thisParameter.type) NULL) {
r = CC_PARAMETER_ERR;
CC_LOG(r,0,(%s: "Input parameter %s error (NULL)",

thisParameter.function.name, thisParameter.name));
}

}
output advice {

if(thisParameter.name == (thisParameter.type) NULL) {
r = CC_PARAMETER_ERR;
CC_LOG(r,0,(%s: "Output parameter %s error (NULL)",

thisParameter.function.name, thisParameter.name));
}

}
output pointer advice {

if(*thisParameter.name != (thisParameter.type) NULL) {
r = CC_PARAMETER_ERR;
CC_LOG(r,0,(%s: "Output parameter %s may already contain a value. This value will be"

"overwritten, which may lead to a memory leak",
thisParameter.function.name, thisParameter.name));

}
}

}

Figure 1: DSL specification of the parameter checking concern
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Figure 3: Migrating Existing Components to the DSL

theadvice on keyword is used to specify advice code for a par-
ticular function.

The translation process itself proceeds as follows: the transla-
tor considers each parameter of each function in the original DSL
specification, looks at its kind(s), retrieves the corresponding ad-
vice code, expands that code into the actual check that should be
performed, and inserts the expanded code in the function where the
parameter is defined. The expansion phase is responsible for as-
sembling and retrieving the necessary context information (i.e. set-
ting up thethisParameter variable), and substituting it in the
advice code where appropriate. At the end, this advice code will
call the original function by calling the specialproceed func-
tion, but only if none of the parameters contain an illegal value
(i.e. the error variable is still equal to theOKconstant). Note that,
two checks are implemented for a parameter of output and output
pointer kind, since both the output and output pointer advices are
substituted for such parameters.

4.3 Application in Case Study
The parameter checking concern in the original CC implemen-

tation required 961 lines of C code (see Figure 2). Using the pa-
rameter checking DSL, only 133 lines are needed instead: One line
for each of the 109 functions that require one their parameters to

Lines of code
Original C code 961
DSL representation 132
AspectC code 1200

Table 2: Lines of code figures for various parameter checking rep-
resentations

be checked,(2∗7)+8 lines for the three different kinds of advice
required, and a start and an end line.

5. MIGRATION

5.1 Motivation
The steps involved in migration of the idioms-based approach to

the DSL approach are depicted in Figure 3. The key steps involved
are the extraction of aspect code from the source code, and the elim-
ination of the parameter checking code from the original sources.
As we will see, for both steps, the locations obtained by the verifier
discussed in Section 3 provides essential information. Moreover,
these locations will play a role in the DSL compiler, which can use
them in order to regenerate code that is as close as possible to the
original code.

5.2 Aspect Extraction
When developing new code, a developer can use the DSL to

specify parameter checking aspects, instead of implementing the
checks manually. In a migration setting, however, we don’t want
developers to wade trough millions of lines of already existing source
code to annotate function signatures and define an appropriate as-
pect. Rather, we want to extract such an aspect definition from the
existing code automatically. The information required to perform
this extraction consists of just (i) thekind of each parameter; (ii)
whether it requires a check or not; and (iii) if so, the code that needs
to be executed for such a check (i.e. the advice code). Apart from
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int advice on (queue_extract) {
int r = OK;
if(queue == (CC_queue *) NULL) {

r = CC_PARAMETER_ERR;
CC_LOG(r,0,(%s: " Output parameter %s error (NULL)", "queue_extract", "queue"));

}
if(item_data == (void **) NULL) {

r = CC_PARAMETER_ERR;
CC_LOG(r,0,(%s:" Output parameter %s error (NULL)", "queue_extract", "item_data"));

}
if(item_data != (void **) NULL) {

r = CC_PARAMETER_ERR;
CC_LOG(r,0,(%s:"Output paramater %s may already contain data (!NULL). This data will be"

"overwritten which may lead to memory leaks", "queue_extract", "item_data"));
}
if (r == OK)

r = proceed ();
return r;

}

Figure 4: AspectC specification of the parameter checking concern

this advice code, all this information has already been computed
by the concern verifier. Recall from Section 3 that the verifier au-
tomatically identifies input, output and output pointer parameters,
and that the list of deviations is split into intended and unintended
deviations. Our aspect extractor thus merely reuses this informa-
tion. The advice code, on the other hand, is not considered by our
concern verifier. As explained in Section 2, the advice code for
input, output and output pointer parameters always consists of an
if-test, an assignment and a call to a log function. Our aspect ex-
tractor simply constructs this code as the advice code definition.

5.3 Concern Elimination
Besides extracting the aspect specification, the code originally

implementing the concern has to be removed from the source code
as well. The locations obtained by the verifier indicate where the
checks occur, and can be used for these purposes. We currently
use a fairly simple solution to eliminate the concern code, based on
a prototype implementation in Perl. This is possible because the
parameter checking concern is not tangled with the other code, and
is easy to recognise and remove. This works well enough for the
cases under study at the moment.

5.4 Conservative Translation
The DSL code recovered can be used directly to generate inter-

mediate AspectC code, which then in turn can be woven with the C
code from which we eliminated the concern code.

However, when adopting the generated C code in a production
environment, we would like to eliminate as many risks as possible.
In other words, it is preferable to make the compiler as conservative
as possible, trying to stay very close to the original C code. For
that reason, the DSL compiler offers the possibility to re-introduce
the parameter checks at exactly the same locations as where they
were found originally. To that end, it uses information obtained
from the verifier (as indicated by the dashed arrow in Figure 3).
Naturally, this is only possible for parameters that were already
checked correctly, and not for newly introduced checks.

An illustration of the translation of the specification of Fig-
ure 1 is given in Figure 4. The example states that the
queue extract function should implement two output pa-
rameter checks and one output pointer parameter checks. This
function is a non-public function, and a specification for it
did thus not appear in the DSL specification. The reason
it is included in the AspectC specification is that both the
CCqueue peek front andCCqueue peek back functions

Figure 5: Parameter checking code in the CC component

call thequeue extract function, and both parameters of those
former functions are checked in thequeue extract func-
tion in the original code. When translating the specification of
theCCqueue peek front andCCqueue peek back func-
tions, the translator consults the verifier to see where their parame-
ters are checked, and generates advice code correspondingly.

6. DISCUSSION
In this section we discuss the pros and cons of the DSL approach

for the parameter checking concern.

Code SizeThe aspect-oriented solution reduces the code size of the
component by 7%, since the DSL allows us to specify the parame-
ter checking concern in a concise way. The complete aspect defini-
tion is specified in only 132 lines, whereas the parameter checking
concern in the original component comprised a total of 961 lines.

Naturally, reduced code size alone is an insufficient indicator for
increased code quality. However, less code does give the benefits
of fewer chances of error, fewer lines to write or understand, and,
following Boehm’s maintenance cost prediction model [1],, lower
maintenance costs.

Scattering and Tangling Figure 5 (generated using the Aspect-
Browser [4]) shows how the parameter checking concern, imple-
mented using the idioms-based approach, is distributed over the
code of the CC component.

The aspect-oriented solution cleanly captures the concern in a
modular and centralised way, and thus removes the scattering all
together. This does not only make the concern more explicit and
tangible in the source code, but also improves its reusability, un-
derstandability and maintainability
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Apart from system-wide benefits, the adoption of the DSL has
consequences for the quality of the parameter checking concern
implementation as well.

Unintended DeviationsIn Section 3 we have seen that as many as
40% of the parameters that ought to be checked are in fact never
checked.

It is not immediately clear why so many parameters are left un-
checked. One reason is probably that the punishment or reward for
the developer is uncertain, and much later in time, happening only
when another developer starts using the component in a wrong way
that could have been prevented by a proper null pointer warning.
Moreover, this figure seems to indicate that developers consider
implementing this concern for each parameter too much effort.

Intended Deviations13% of the reported deviations are intended
deviations, i.e. parameters that need not be checked. Although
we are presently investigating this issue, we do not see many op-
portunities to further refine our verifier in order to reduce this fig-
ure. These checks are simply “exceptions to the rule” to which the
code should adhere. Note however, that it is important to identify
these exceptions, because the aspect extractor relies on this infor-
mation. Moreover, it can improve the understandability of the code.
For example, we observed that most intended deviations for output
pointer parameters are due to the parameter being used as acursor
when iterating over a composite data structure. Since the parame-
ter points to an item in the list, it doesn’t matter that it’s value is
overwritten, and hence, no output pointer check is needed.

Uniform Parameter Checking The advice code specifies how a
parameter should be checked, and this code is specified only once
and reused afterwards. Consequently, all parameters are checked
and logged in the same way. This was not the case for the idioms-
based implementation, where the logged strings often differ, or
checks are implemented in slightly different ways. For example, all
functions except one implement the checks according to the format
explained in Section 2. When logging a possible error, 7 different
strings are logged for an input parameter error, 4 different strings
for an output parameter error and 4 for an output pointer parameter
error.

The uniformity of the log file is important for automated tools
that reason about the logged errors in order to identify and correct
the primary cause of a particular error.

DocumentationOne of the benefits of using a declarative DSL, is
that it can be used for additional purposes than compilation to C
[3]. In particular, the parameter checking aspect acts as documen-
tation of the component’s functions, or it can be used as input to
a documentation generator. In the current implementation of the
component, the kind of the parameter is documented inside com-
ments. These comments are often not consistent with the source
code however, and are sometimes outdated (e.g. a function de-
fines new parameters that are not document, or vice versa). More-
over, such documentation does not include information about the
exceptional parameters that do not need to be checked. The aspect
however, makes all this information explicit, and thus improves the
understandability of the concern. Additionally, since the aspect is
extracted from the source code automatically, it is up to date, and as
already explained, we believe it will remain so because developers
profit from it.

Scalability Although our tools and approach show promising re-
sults when applied on the CC component, it remains to be investi-
gated whether they scale up to other components of the ASML code
base. In particular, the question can be raised whether our results

can be generalised to larger components, developed by other devel-
opers. This may have an effect on the way the parameter checking
concern is implemented, for example.

7. CONCLUDING REMARKS
In this paper, we have shown how a idioms-based solution to

crosscutting concerns as occurring in systems software can be mi-
grated automatically into a domain-specific aspect-oriented solu-
tion. The approach is illustrated by zooming in on a particular con-
cern, namely parameter checking. Our approach includes a number
of different elements:

• Characterization of the idioms-based approach, resulting in a
concern verifierthat can check the way the concern is coded;

• Representation of the concern in an aspect-oriented domain-
specific language, which can be mapped to a dialect of the
general purpopse AspectC language;

• A migration strategy for existing components, including an
aspect extractor and a conservative translator.

We also discussed the advantages of the aspect-oriented solution
compared to the idioms-based solution. Our results indicate that in-
troducing aspects significantly reduces the code size, removes the
scattering and code duplication, and improves the correctness and
consistency of the concern implementation as well as the under-
standability of the application.
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