




































































































































































































































































































































































































With respect to the prediction property, there have been
techniques focusing on prediction of software systems failures
[14][8][11], software aging [6], system parameters such as
server workloads, CPD loads and network throughput [10][3],
or security properties [12]. With respect to the algorithmic
approach, different techniques can be characterised as
techniques using time series analysis [6][3]; Markov models
(e.g. [14][ 17]); regression models (e.g., weighted regression
[4], linear regression [1], auto-regression [5], trend slope
estimation [15]); other statistical models (e.g. seasonal
Kendall test [7], various mean time prediction techniques
[13]); belief based reasoning [12], FSA based prediction [11],
machine learning [9] or hybrid techniques (e.g., [8] which
uses Markov models and clustering).

Our prediction approach for software services MTTR and
MTTF is, to the best of our knowledge, novel both in terms of
its algorithmic basis and its focus on prediction of threshold
constraints for these availability properties.

6 Conclusions
In this paper, we have presented a prediction model for

software service availability based on forecasts of the mean-
time-to-repair (MTTR) and mean-time-to-failure (MTTF) for
a service. The proposed models realise a black-box where
MTTRlMTTF measures are collected at runtime from
captured service invocations and responses and are used for
the experimental identification of probability distribution
functions for variables that affect MTTRlMTTF. The
prediction model does not require any behavioural or fault
model of the service whose MTTRlMTTF is to be predicted
or of the deployment and communication infrastructures used
by it. Also the runtime events that are used to infer the
prediction models can be collected at the side of either the
provider or the consumer of the service.

The MTTR and MTTF prediction models were tested in a
series of experiments with positive initial results with regard
to the precision and recall of the prediction signals that they
generate. The evaluation has also shown the ability to produce
and update the prediction models at runtime efficiently.

Currently we are working on developing prediction
models for other aggregate QoS properties of software
services (e.g., service throughput), without relying on
behavioural, compositional or usage service models since
such models are scarcely available.

7 Acknowledgments
The work presented in this paper has been supported by the
ED Commission; F7 Project SLA@SOI (No. 216556).

8 REFERENCES
[I] Y. 8aryshnikov, et al. Predictability of web-server traffic congestion. In

WCW, 2005.

[2] S. Benbernou et aI., State of the art report Gap Analysis of Knowledge
on Principles, Techniques and Methodologies for Monitoring and
Adaptation ofSBAs, Del. #PO-JRA-1.2.1, S-CUBE Project, 2008

[3] N.M. Calcavecchia and E. Di Nitto. Incorporating prediction models in
the selflet framework: a plugin approach. In VALUETOOLS, 2009.

[4] W. S. Cleveland. Robust locally weighted regression and smoothing
scatterplots. Journal of the American Statistical Association, 1979.

[5] P. Dinda and D. O'Hallaron. Host load prediction using linear models.
Cluster Computing, 3(4):265-280, 2000.

[6] S. Garg, et al. A methodology for detection and estimation of software
aging. ISSRE, pp. 283-292,1998.

[7] R. O. Gilbert. Statistical Methods for Environmental Pollution
Monitoring.Van Nostrand Reinhold, New York, NY, 1987.

[8] A. Gunther et al. A best practice guide to resource forecasting for
computing systems. IEEE Trans. on Reliability, 56(4):615-628, 2007.

[9] Hoffmann, G. A. and Malek, M. Call availability prediction in a
telecommunication system: A data driven empirical approach. 25th
IEEE Symp. On Reliable Distributed Systems, 2006.

[10] B.D. Lee and J.M. Schopf. Run-time prediction of parallel applications
on shared environments. IEEE Cluster Computing, 0:487,2003.

[II] D. Lorenzoli, L. Mariani, and M. Pezze. Towards self-protecting
enterprise applications. In is" ISSRE, pp 39--48, 2007.

[12] D. Lorenzoli and G. Spanoudakis. Detection of security and
dependability threats: A belief based reasoning approach.
SECURWARE, 312-320, 2009.

[13] F. Salfner, M. Lenk and M. Malek. A survey of online failure prediction
models. ACM Comput. Surv. 42(3), Article 10,2010.

[14] P. K. Sen. Estimates of the regression coefficient based on Kendall's
tau. Journal of the American Statistical Association, 63,1968.

[15] D. Tang and R. K. Iyer. Dependability measurement and modeling of a
multicomputer system. IEEE Trans. Comput., 42(1):62-75, 1993.

[16] G. Spanoudakis, C. Kloukinas and K. Mahbub. The SERENITY
Runtime Monitoring Framework. In Security and Dependability for
Ambient Intelligence, Information Security Series, Springer, 2009.

[17] F. Salfner and M. Malek. Using Hidden Semi-Markov Models for
Effective Online Failure Prediction. 26'h Symp. on Reliable Dist.
Systems 2007

[18] W.T. Eadie, et al. Statistical Methods in Experimental Physics.
Amsterdam: North-Holland. pp. 269-271,1971.

[19] D. Chalmers and M. Sloman. A Survey of Quality of Service in Mobile
Computing Environments, IEEE Comm. Surveys, 2-11, 1999.

[20] E. M. Maximilien, and M. P. Singh,. A Framework and Ontology for
Dynamic Web Services Selection. IEEE Internet Comp., 8(5), 2004.

[21] R.H. Reussner, H.W. Schmidt, and I.H. Poernomo. Reliability
prediction for component-based software architectures. J Syst. So/two
66(3),2003

[22] K. Kearney, F.Torelli, C. Kotsokalis. SLA *:An abstract syntax for
service level agreements (2010). Deliverable, F7 EU project SLA@SOI.
To be published.

[23] Yahoo WebSearchService. Last visited on 31112/2011 URL:
http://developer.yahoo.comlsearch/web/VI/webSearch.html.

[24] D. Lorenzoli and G. Spanoudakis. Runtime prediction of MTTR and
MTTF violations. Technical report. City University London, 2011

Int'l Conf. Software Eng. Research and Practice |  SERP'11  | 245



































































































































































































































































































































































































































































































































































































































































































































































































































































































record type that holds the positions of an MAV 

within the range of radar. Colorset WS is a record 

type that includes weather information such as 

wind direction, temperature, etc. Color-set DATA 

is a string type that provides some information. 

 

Figure 6: Second Level Software View 

Figure 6 represents the concrete view of the 

GBRMS shown in figure 4. There are three main 

subsystems: RMSS, Data manager subsystem, and 

Airspace data fusion subsystem. The Airspace 

Data fusion subsystem performs the following 

tasks: fusing aircraft position data using optimal 

fusion algorithms; collects and maintains all of the 

data coming from the UAS polling thread, Radar 

polling thread, and ADS-B polling threads; sends 

the final data to the other two subsystems--namely 

the RMSS (Risk Mitigation Support System) and 

the display subsystem. 

 

In figure 6 the RMSS computes risk computations. 

To this end, it receives data from the data fusion 

system it then sends the final result to the data 

manager process. The Data Manager Process is in 

charge of gathering all information and displaying 

this information to a range control or ground 

observer operator and stores data. There are three 

threads in the Data Manager Process: the data 

fusion polling thread, the RMSS polling thread, 

and the weather polling thread. These three threads 

send data to storage. The two different kinds of 

Data polling threads read the data from storage 

and send them to the RCCIDS and GOIDS 

respectively. The Weather Radar polling thread 

gathers external weather radar data from Weather 

Radar and sends them to WXIDS, which is an 

interactive display of external weather radar data 

for the range control operator. 

 

 

Figure 7: CPN Corresponding to Figure 6 

The detailed design of the transition RRMS in 

figure 6, are illustrated in figure 7. In this figure 

the arc expression is added, where n is a variable 

of type NN, m is a variable of type MM, p is a 

variable of type WS, and str is a variable of type 

DATA. DM and ADF are another two hierarchical 

transitions that are replaced by the subpages 

illustrated in figures 9 and 11. 

 

 

Figure 8: Third Level Software View-Data Manager 

Process 

Figure 8 shows the detailed description of the Data 

Manager Process. The Data Manager Process 

receives comprehensive data regarding aircraft 

positions with a sporadic thread (the Data fusion 

polling thread), updates these data, and stores 

them in storage. The sporadic thread RMSS 

polling thread receives data from RMSS, updates 

data, and retains them in storage. The weather 

polling thread is a periodic thread. It receives data 



from the Weather Station device, updates the data 

every 100 ms, and saves them in the storage. Two 

kinds of Data polling threads read the data from 

storage. 
 

 

Figure 9: CPN Corresponding to Figure 8 

Figure 9 shows the detailed design of the transition 

DM (i.e., Data Manger) where Place A represents 

the input data interface of storage. It connects to 

the transition SAVE, which performs the saving 

task. GOID-STATUS and RCCIDS-STATUS are 

output interfaces of data manager process. They 

access storage to get the data and then send them 

to different data polling threads. 

 

 

Figure 10: Third Level Software View-Airspace Data 

Fusion Process 

Figure 10 shows the detailed description of 

Airspace Data fusion process. The periodic thread 

UAS polling thread receives data from UAV every 

100 ms, updates the old information, and saves the 

new data in storage. The Radar polling thread and 

ADS-B polling thread perform the same set of 

tasks as Airspace Data. 
 

 

Figure 11: CPN Corresponding to Figure 10 

Figure 11 shows the detailed design of the 

transition ADF. When a record is transmitted to 

UAV_ADF_INPUT, the system will make a 

decision according to the value of q. where q is 

Boolean where q=false means the absence of 

UAV; q=true means the presence of UAV. If a 

UAV is not within range of radar, transition 

FALSE1 will return empty to UAV_INPUT.  

Otherwise, the rest of the record is transmitted to 

the next place UAS_ADF. The same thing 

happens to the place of ADS_B_INPUT. 

 

The CPN figures used in this paper were edited, 

simulated, and analyzed by using CPN Tools [15]. 

 

4. RELATED WORKS  

There have been some work to enhance the 

capability of an AADL-based notation and tool 

set; the tool set is named Ocarina/Cheddar [10] has 

been used to prototype and implement a 

distributed real-time system. The authors 

informally discussed the mapping between 

AADLs and CPNs.  
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In [18] the author proposes a general methodology 

for translating AADL to BIP, which focuses on 

threads, processes, and processors as well as the 

behavioral annex.  

The work reported in [19] is yet another attempt 

for translating AADL into Petri nets.  

 

5. CONCLUSION AND FUTURE WORK 

In this paper we have shown how AADL 

specifications can be extended by using CPN 

modeling notations to simulate the dynamic 

behavior of a system called the GBRMS. In order 

to extend AADL with CPNs behavioral analysis 

and specifications, we devised a simple set of 

mapping rules to create the structure of CPN. We 

used operational scenarios documented during 

requirements engraining to extract initial marking 

and CPN inscriptions.  These are used to describe 

dynamic aspects of CPN--namely token games. 

We applied our method in the development of the 

GBRMS. The mapping of AADL-to-CPN is 

performed manually. Our ultimate goal is to 

automate the behavioral verification of an avionic 

software system known as GBRMS. Currently we 

are developing an Eclipse [11] plug-in to fully 

automate the mapping from AADL to CPN. To 

this end, we are investigating the feasibility of 

model driven and model transformation techniques 

to map AADL-XML representation of a system 

into Petri Nets Mark-up Language (PNML), which 

is a standard interchange format for Petri net tools. 

The main goal of the ISO/IEC 15909 [17] 

standard is to promote the extensive acceptance 

of different classes of Petri nets.. 

 

APPENDIX A: AADL (CONTINUED)

 

 

APPENDIX A: AADL 
 

AADL CONCEPTS AADL 

DIAGRAM 

AADL 

DESCRIPTION 

SYSTEM  

 

Represent composite 

or hierarchical 

structure of a 

components 

PROCESS 

 
a protected virtual 

address 

THREAD 

 
Represents 
schedulable unit of 

concurrent execution 

of code 

THREAD GROUP 

 
Represents Collection 
of threads 

DATA 

 

Represents sharable 

data 

SUBPROGRAM 

 

Represents Callable 

unit of sequential 
code 

MEMORY 

 

Represents data 

storage retaining data 
values 

BUS 

 

represents 

communication 

channels among 
hardware elements 

DEVICES 

 

Represent external 
components such 

sensors and radars 

CONNECTIONS 

 

Represent Connects 
ports in the direction 

of their flows 

PORTS DATA 

PORT 
 

Represent input and 
output interface 

EVENT 

DATA 

PORT  

DATA 

ACCESS 
 

PORTS GROUPS 

 

Represents a 

collections of 
input/out places 

 

APPENDIX B: CPN 

Formal Definition: A Colored Petri Net is a nine-

tuple CPN = ( , P, T, A, N, C, G, E, I) where  

 = a finite set of non-empty types,  

 P = a finite set of places,  

 T = a finite set of transitions,  

 A = a finite set of arcs (or flows) connecting 

places to transitions or transitions to places, 

 N = a node function and is defined from A 

into P  T  P T. 
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 C = a color function. It is defined from P into 

, 

 G = a guard function, 

 E = an arc expression function,  

 I = an initialization function.  
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Abstract— In this paper a new maintenance scenario is out-
lined based on refactoring techniques. Specifically, refactor-
ing techniques are classified according to two opposed pro-
gram properties: understanding and efficiency. Understand-
ing oriented refactoring disassembles the program preparing
it for maintenance, whereas those oriented to efficiency
rearrange it for running. Also, we show the challenges raised
from this new perspective on maintenance. At present, this
ongoing research is being carried out in the functional
setting.

Keywords: Program comprehension, forward refactoring, reverse
refactoring, functional programming, maintenance

1. Introduction
Program comprehension is the process by which program-

mers build mental models of the program using their pre-
vious knowledge on programming and information captured
from the source code. Such models reflect the understanding
obtained by the programmer from the program, usually to
carry out maintenance activities. The construction of mental
models is supported by cognitive models that describe the
information structures in the programmer’s head and the way
they are processed [1].

Many methods and tools based upon cognitive theory have
been developed to assist programmers during the compre-
hension process. A common factor of these methods and
tools we want to emphasize is that they are not invasive:
the source code remains unchanged throughout the process.
In this way, once the comprehension process has been
completed, the maintenance activities are performed on the
unchanged source code, which might be one cause for
which software complexity increases over time: the software
component is not effectively disassembled for maintenance.
Thus it is performed on the current running system. Such
system, even though efficient, is complex and monolithic due
to the fact that it has been previously submitted to successive
maintenance.

If we observe how other engineering disciplines perform
maintenance on their artefacts, we will see that software
engineering lacks an effective disassembly of the software
artefact to perform maintenance properly. Disassembly is
the way these engineerings, like aerospace, cope with the

monolithical aspect and complexity of their artefacts. So,
what is the “screwdriver” in software engineering? In this
paper we argue that this role can be played by refactoring,
which is defined as a technique to transform the internal
structure of a software system preserving its behaviour [2].

In this short paper, we outline a new maintenance scenario
based on refactoring. Specifically, refactoring techniques
are classified based upon two usually opposed program
properties: efficiency and understanding, being the former
useful for running and the latter for maintenance.

The rest of the paper is organized as follows: in section
2 we review the current role of refactoring as a mechanism
to make subsequent maintenance easier. In section 3 we ac-
count for the classification proposed for refactorings. Section
4 describes the new maintenance scenario outlined by such
classification and the challenges that it raises. Finally, section
5 shows the conclusions.

2. Refactoring in the Comprehension
Process

In the imperative setting, the only reference we have
found to refactoring techniques as a mechanism to carry out
program comprehension was in [3]. Additionally, in some
literature [4], [5] the use of refactoring as a way to improve
the internal structure of a program and thus make future
maintenance easier has been reported. However, we have
some objections to this preventive understanding based on
refactoring:

• Opposed to [4], [5], other literature has reported results
that might question the efficiency of such preventive
understanding. Among other works, [6], [7] have re-
ported that efficiency and understanding are two oppo-
site program properties. Therefore, trying to improve
comprehension of a running program for making later
maintenance easier can damages efficiency.

• On the other hand, it is not clearly documented what
kind of refactorings are carried out, but certainly it is
not a refactoring for disassembling a program.

• Moreover, details on the quantification of the improve-
ment gained by this preventive comprehension based on
refactoring have not been found. Furthermore, lack of
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quantification on the benefits of refactoring is beyond
this particular application [8].

Therefore, we believe that preventive understanding based
on refactoring is a “shallow understanding” and it is not
oriented to disassemble the source code.

In [9] we have begun to draw an alternative way to per-
form program understanding on functional programs based
on refactorings. Further, in [10] we propose a categorization
of refactoring techniques based on two opposed program
attributes: efficiency and understanding. The classification is
proposed in such a way that a refactoring placed into one
category has an inverse in the other one. It allows to go in
both directions, exactly like a screwdriver.

3. Forward and Reverse Refactorings
Underlying each refactoring is the purpose of improving

some aspect of the program. We argue that the two main
aspects for improving a software system are efficiency and
understanding. On the basis of such properties, we propose a
classification of refactorings. The set of refactorings oriented
to improve efficiency are named forward refactorings, and
those oriented to improve comprehension are named reverse
refactorings 1. The first ones are denoted by ←−r1 , . . . ,←−rn and
the latter by −→r1 , . . . ,−→rn. In the sequel we describe some of
these refactorings:

Accumulation parameter introduction / Accumulation
parameter removal:

With the ACCUMULATION PARAMETER INTRODUCTION
technique, the original and inefficient definition of a
functional program is generalized by introducing an
extra parameter which is used to accumulate additional
information during a computation [12]. It is one of
the most typical techniques used to improve functional
program efficiency. On the contrary, ACCUMULATION
PARAMETER REMOVAL makes a function definition
clearer by eliminating the non-inductive parameter.
Basically, this refactoring entails the replacement of the
accumulation parameter by a function performing the
calculation of such value. For this purpose, the function
receives as parameters an element from the inductive
data structure and the output of the recursive function.
To meet the last requirement, the recursive function calls
the new function, placing as one of their arguments a
call to itself. Note that the separation of the function
replacing the accumulation parameter from the recursive
function is a kind of chunking since the new function
involves sentences performing a specific task. It is not a
trivial refactoring and thereby it is very unlikely that it
will be fully automatized.

1These terms have been renamed with respect to [10] in order to
“synchronize” with the terminology in [11], where forward engineering
and reverse engineering have been defined.

Inlining (unfolding) / Folding: INLINING is a widely
known technique for compilers to gain efficiency.
Basically, by this technique a function call is replaced
by the body of the function, and thereby saving
execution time and memory resources. In the source
code level, a modification on this kind alters the
organization of the code, going toward a monolithic
style. Going into the opposite direction, i.e. applying
folding to gain understanding, involves the detection
and replacement of the right-hand side of an identified
function with a call to that function. Viewed from the
perspective of styles of programming, this technique
entails decomposing the code in smaller fragments
(objects, procedures, functions, etc) which resembles
the divide-and-conquer strategy to cope with problems.
Hence, the code fragmentation resulting from folding
refactoring is similar to chunking the code in a bottom-
up program comprehension process.

Function specification / General function abstraction:
Although there is no consensus on source code clone
definition, it might be considered as copies or near-
copies of other portions of code, often created by
copying and pasting portions of source code [13].
Specifically, GENERAL FUNCTION ABSTRACTION is a
refactoring that abstracts expressions within a clone
class into a call to a new function [14]. Inversely, the
forward refactoring instances the clone class generating
a specific clone. We must observe that, like in FOLDING
refactoring, the purpose here is to rise up an abstraction
from similarities or relations detected among sentences
in the source code. The difference is the nature of
the similarities or relations. In FOLDING refactoring,
grouping sentences is based on the need to dismiss
complexity, so that each group performs specific tasks.
That is, there are data and control dependencies among
sentences. On the contrary, the class clone obtained
by GENERAL FUNCTION ABSTRACTION refactoring,
groups sentences which do not necessarily have data
and control dependencies among them, and perhaps,
similarities are only syntactical.

Tupling (merging) / Splitting: TUPLING is a well-
known transformation tactic to improve program
efficiency by grouping recursive functions into a tuple,
avoiding multiple traversal over the same data structure.
Conversely, SPLITTING refactoring works by selecting an
element of the tuple and working out everything needed
to calculate that element. The calculated dependencies
are then simply extracted and isolated from the rest of
the function [15]. Specifically, in the HaRe refactorer
this refactoring is based on slicing techniques [16].
Again here, the interleaved code is untangled to decrease
complexity. But differently, the mechanism to carry
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out this process is automatic, based on data analysis
and control dependencies, i.e. slicing. As in the other
refactorings, here we have other mechanism to group
sentences under an abstraction, i.e. we are chunking the
code.

Fusion / Reforestation (fission): Given a composition
f(g x), g x yields an intermediate data structure which
is consumed by f . The intermediate structure allows
modularity but affects efficiency. Fusion (deforestation)
technique [17] attempts to avoid intermediate data
structure generation composing both function into
one h(x) that has the same semantics as f(g(x)) but
does not require the intermediate structure. Applying
FISSION on a complex monolithic optimized program,
one constructs a simpler, more modular specification or
prototype, identifying the components from which the
complex program might have been assembled [18]. As
we can see, this refactoring also leads to chunk the code.

This unfinished catalog contains reverse refactorings iden-
tified from their forward refactoring counterparts, i.e. −→ri =
←−ri−1. Obviously, the application of forward refactorings
improves efficiency but damages understanding, and con-
versely the application of reverse refactorings improves
understanding but damages efficiency.

4. A New Maintenance Scenario
The refactoring classification based upon efficiency and

understanding spawn a new scenario to carry out mainte-
nance activities (figure 1). In some point during the running
of the system a maintenance requirement that triggers a
comprehension process may arise. After obtaining a precise
understanding of the source code functionality by reverse
refactoring (plus calculation in case of [10]) the mainte-
nance activities are carried out. Then, the system should be
run again by performing the opposed refactorings to those
performed at the beginning, i.e. forward refactorings. In this
context a software component can be viewed from a new
perspective

A software component is a device with a switch:
In on, it is running and in off it goes to
maintenance by automatic reverse refactorings
(comprehension direction). After maintenance,
the component is switched on again and restored
to running by automatic forward refactorings
(efficiency direction). That is, reverse refactorings
“decompose” the system preparing it for main-
tenance as forward refactorings “rearrange” the
system preparing it for running.

The previous description represents an ideal scenario.
However, there are some issues arising from this context:

1) By applying a sequence −→r1 , . . . ,−→rk (with k ≤ n, i.e.
not all reverse refactorings can be applied), successive
and semantically equivalent versions of the source code
are obtained: −→v1, · · · ,−→vk . Ideally, −→vk should be the one
that best satisfies the comprehension requirements, but
not necessarily the one that satisfies the maintenance
requirements. So, given a maintenance specification,
which is the best −→vi with 1 ≤ i ≤ k on which to
apply such specifications? This question opens the road
to other ones:
a) which is the best way to match system functionality

against maintenance specification in order to detect
the best −→vi ?,

b) which is the most appropriate source code repre-
sentation to match source code with maintenance
specification?,

c) which is the most appropriate maintenance specifi-
cations representation to perform this process?,

d) how can we measure the optimal result?.
2) After applying a sequence −→r1 , . . . ,−→rk and carrying out

maintenance, can we restore the system to its normal
course by performing ←−rk , . . . ,←−r1 , or a subset of this
sequence?. Alternately, is there a way to carry out
maintenance on the source code that guarantees that
by performing the sequence ←−rk , . . . ,←−r1 we can restore
the system to its normal course?,

3) Clearly, the refactoring machinery plays a critical role
in this context and, therefore, must be submitted to con-
stant improvement. So, for example, any new detected
refactoring in any direction must be analyzed and its
reverse developed.

The issue arised by item 2 may be the most challenging
and can be investigated by means of maintenance patterns
[19]. These consist of roles that can be bound to program
entities and a set of constraints that these bindings must
satisfy. In our context, the roles would be the parts of the
artefact in which it is disassembled whereas the constraints
would be the relations among them. So, during maintenance
constraints should be observed to guarantee that the program
can be restored to its normal course by forward refactorings.
In the same way, item 3 can be investigated following the
work developed in [20]. Regarding issues in item 1 further
investigation must be undertaken to gather more insight.

5. Conclusions
As it has been previously argued, refactoring (more pre-

cisely reverse refactoring) is another way to perform program
comprehension, different from the traditional ones (bottom-
up, top-down and hybrid) which do not alter the structure of
the source code. Refactoring is a more “invasive” technique
that has the additional advantage of improving the conditions
under which maintenance is carried out. The traditional pro-
gram comprehension strategies only provide an explanation
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Fig. 1: Maintenance scenario based on reverse and forward refactorings

of what the program do, but maintenance is applied to
the complex code making it even more incomprehensible.
Reverse refactoring provides the opportunity to perform
maintenance on a well-structured code.

An important observation we should emphasize is that the
proposed refactoring classification gives rise to a new view
of what a software component is. That is, a software artefact
can now be effectively disassembled by reverse refactorings
and the maintenance activities performed on this scenario.
After that, the artefact should be rearranged by forward
refactorings to take it back again to its natural environment.
That is exactly the way other engineering disciplines work.
This view entails the development of a new kind of methods,
techniques and tools devoted to software maintenance.

Although our exploration of refactoring techniques as a
new way of carrying out program comprehension has been
conducted on the functional setting, we believe that the same
results (specially the classification of refactoring techniques)
can also be obtained on the imperative setting.

The main contribution of this paper is not to provide
solution to any particular problem. Instead, we are trying
to call attention of the scientific community to the fact
that we have solid and well-founded evidence that we are
standing in the doorway of a totally new way of carrying out
maintenance on software systems on the basis of forward and
reverse refactorings.
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Abstract - the requirements management and development 

are very important parts and activities in the software 

development life cycle, and the “Agile” is one of the most 

common and widely used software life cycle models. But 

applying agile methodology most probably shows that, it 

contains some problems related to requirements management 

and development.  This paper suggests a new software 

development life cycle model called “Intermediate-Agile” 

based on “Agile” model but with some changes in the life 

cycle, best practices, documentation templates and 

enhancements in the activities of requirement gathering and 

management to cover these problems. 

After explaining “Intermediate-Agile” and “Agile” models, 

the paper evaluates the new model against normal agile model 

according to the CMMI-Dev 1.2v goals. CMMI is a quality 

assurance standard which contains many quality areas 

targeting the best quality of the software cycle deliverables. 

This paper focuses on “requirement management” and 

“requirement development” process areas in CMMI which 

are the most areas that “Intermediate-Agile” model 

represents the enhancements. 

Keywords: Software Requirements, Requirements 

Management, Requirement Development, CMMI, Agile, 

intermediate-Agile. 

 

1 Introduction 

 While software requirements gathering, maintaining, 

promoting to next phases and other requirements related 

issues are common reasons of project failure, delivery delay, 

conflicts and non-user satisfaction of the final product, So this 

paper focus on this phase of the software development life 

cycle to add more enhancements in this phase to avoid these 

problems as much as possible.  

Due to practical situations, Agile is a very common model [4] 

but it initiates some problems related to requirement 

management [1], these problems are the motivation source for 

this paper to focus on “agile” model analyze it then present a 

new model called “Intermediate-Agile” (I-Agile for 

simplicity) model which is based on agile basically but with 

enhancements in the requirements phase and requirement 

development activities in the agile model. I-Agile model also 

present a different flow of the phases in the life cycle as 

shown in the next sections. After showing the agile model and 

the Intermediate-Agile model, we need criteria to can evaluate 

the enhancements which are added by the Intermediate-Agile 

model, so the CMMI common improvement process is chosen 

to be the evaluation criteria. 

CMMI contains many process areas, but in this paper we 

focus on “Requirements Management” and “Requirements 

development” process areas and their goals and practices as 

shown in CMMI sections. 

The flow of the paper is: showing Agile model, presenting 

new Intermediate-Agile model, present CMMI generally then 

discuss the CMMI process areas were chosen as evaluation 

criteria’s, after that make the practical evaluation of two 

models versus CMMI goals to show which fit CMMI better, 

then the conclusion of this paper.  

The fitting of the CMMI is not the target of software industry, 

but CMMI introduces the best practices and activates in the 

software development. So the best fitting into CMMI 

standards is the best in the development workflow success, in 

final product quality, in schedule fitting and so on.  

2 Iterative and agile life cycle models 

2.1. Software development life cycle models 

introduction 

Software development life cycle contains many phases (steps) 

to can establish the final product to satisfy the user needs. 

Software development life cycle models are these 

methodologies that construct the life cycle, Activities, roles, 

duties, and phases… of the product construction. 

2.2. Iterative Development Model (General view) 
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This model depends on making the product in incremental 

way, by dividing the product into smaller parts and building 

them as separate deliveries. Starting by doing the analyzing of 

current iteration, design, implement, deploy, test, evaluate it 

and then return again to analyze the next iteration. At the end 

of the iteration, the team should provide a deliverable package 

to the customer (as far as the project achieve) and a feedback 

from customer should be collected. 

 
Fig.1.Incremental Development Model 

2.3. Agile Model 

Agile is a special case of Incremental Model. Agile ensure 

that the iteration period have to be from two weeks to four 

weeks. Agile also request that the deliverable component to 

the customer each phase should be executable components 

which putted under verification and evaluation from the 

customer side at the end of the iteration. The feedbacks from 

customer become very important input to the next phase. This 

Idea makes the product path always not far from the customer 

needs. The customer feedback always gives the schedule of 

the project the reliability because when the project 

management gets a satisfaction of part after part of the project 

during the time so the project is on the correct path to the 

success delivery. Agile is always decreasing the amount of 

documents and the details in it as much as possible to be able 

to have an output in the iteration period (two to four weeks). 

Agile model by definition requests that the team should seat in 

the same location and recommend being in customer side to 

be able to overcome the shortage in documentation by direct 

communication between team and the customer’s interface. In 

agile model, before starting the first iteration there is a phase 

occurred once “initial planning” which have some activities 

such as project scope definition, abstract project architecture 

designing, abstract project planning and scheduling. In some 

projects there are some use cases details and dependencies 

don’t appear in use-case document and depends on the team 

communication and the agile environment for knowledge 

sharing. The big issue that faces agile is that, the requirements 

are not in deeply discussed in the beginning of the project, 

which could raise a problem in later iterations with some 

requirements that will destroy the base design that happened 

in early iterations. These problems affect the final product 

quality, and for sure affect the delivery dates and budgets [5]. 

3 Proposed Intermediate Agile Model 

This paper proposes a new software life cycle called 

Intermediate-Agile (I-Agile). This new model is based on 

normal common agile model but with changes in life cycle, 

best practices and documentation templates. This section 

presents the main points proposed in the new I-Agile model.  

 The first change exists in the life cycle itself. I-

Agile model introduces a phase called “Initial 

Requirement” to be before the first “iteration 

requirement” phase. This “Initial Requirement” 

phase should take 30% to 40% of the total 

requirements analysis effort in the project, to 

accurately verify the scope and cover each part even 

if with a high level touch. This will make each 

iteration requirement phase shorter than the 

equivalent in agile model.  

 Afterwards the initial requirement phase should 

cover in details all requirements related to the first 

iteration (minimum the first iteration). This will 

make each normal iteration requirement phase 

focuses on the further iterations requirements. In first 

iteration, the iteration requirement phase should care 

about the second or even later phases in details. This 

step in advance gives the project the chance to find 

any conflict between requirements without reworking 

time and effort in something that will be revisited 

again. This means that there is no extra effort will be 

added in I-Agile model, just it re-organizes the 

effort. The requirements analysis effort will be the 

same like normal Agile model, but I–Agile model 

will consume 30-40% of these effort in this proposed 

phase, and make each iteration requirement phase is 

shorter than itself in agile model. Common agile 

model contains “Iteration-0 initial requirement” 

phase. This phase considers building the team, 

system initial architecture, setting up the 

environment and project estimation. These activities 

are exist also in I-Agile model in the same phase, but 

this common agile phase is not enough in many 

projects to build the base understanding which make 

the requirements easy to be handled in the future 

iterations. So I-Agile model suppose the “initial 

requirement” phase which should cover this point as 

described earlier. I-Agile model is shown in figure 2. 
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Figure 2: Intermediate-Agile Model 

 

 Another best practice that is proposed by I-Agile, a 

template of documentation that should be filled 

during the initial requirement phase, this document 

template covers all the use cases in the system but 

with high level perspective. This template contains 

the following information:  

o Use case name (Identifier): this is the name of 

the use case and also handled as unique 

identifier for it. 

o Short description: this is a description 

abstractly for the use case and its target 

from it, without steps, just description 

paragraph. 

o Owner component: map this use case to which 

component responsible for it. 

o Related components: list the related 

components will be used during this use 

case, such as authorization component. 

o Related use cases: list the use cases which will 

be used from this use case.  

This template shows the dependency between businesses 

which make the future tracking of any change easier.  

Another recommendation from I-Agile is that, the UML 

architecture and components model which presents the 

dependency between components is mandatory to close the 

initial requirements phase. The architecture model always 

contains the structure of the project from layers and 

technologies view. In some cases in agile projects the 

component model doesn’t take the enough interest. 

Intermediate-Model recommends the component model as a 

mandatory document because this model plus the simple use 

case form shown above will help the team a lot to don’t go 

into conflict or confusing. 

4 Experiments and Results 

CMMI is one of the most common and reliable process 

improvement approach and standards of product quality 

evaluation [2]. The paper provides a measurements which 

compare I-Agile versus normal Agile model against CMMI 

standards and goals.  

The paper choices CMMI process areas to be the referee in 

the evaluation between agile and Intermediate-Agile models. 

Each CMMI process area monitors the organization from 

different views such as "Project planning" which is interested 

in project management activities, specifying start and end 

dates for different phases, different phases dependencies on 

each other and so on.  

Each process area is composed of specific goals and generic 

goals. Specific goal is a goal that is specifically related to this 

process area. For example in Process area "Requirement 

management" there is a specific goal called "Manage 

requirements", this specific goal is related to this process area, 

and doesn’t related to other process areas and it focuses on 

how to manage project's requirements, update requirements 

with changes, specify inconsistencies between project plan 

and products and so on. While generic goal is a goal which is 

related to all process areas and that's why they are called 

generic (generic goals are out of this paper scope).  

As shown in figure 3 each specific goal contains some 

specific practices that should be accomplished in order to 

achieve this specific goal and the same for generic goals 

contains generic practices. 
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Figure 3: CMMI process areas structure 

 

While the enhancements that are presented in this paper are 

regarding requirements, so the only CMMI process areas that 

are involved are “Requirement Management” and 

“Requirement Development” areas. The results come from 

evaluating real projects that use Agile and others use I-Agile 

model according to each CMMI goal in the involved process 

areas.  

In practical experiments, real projects applied part of these 

papers’ recommendation recognize the effect of these changes 

on the product quality. The actual projects that do that are 

around 10 projects between medium size projects (from 3000 

to 5000 working hours) and small projects (from 1000 to 

2000 working hours). 

After applying the recommendation, a survey was done by an 

independent quality assurance team through questioner with 

the development and management teams. This evaluation was 

done in grader from 0 to 100. Average teams’ feedback and 

actual project delivery statuses are takes into consideration. 

Requirement management and requirement development 

average feedback results are shown in figure 4 and 5 

respectively. 

 

Figure 4: Requirement management process area 

experiments results 

 

 
Figure 5: Requirement development process area 

experiments results 

 

Example of these results description, regarding the goal 

“Obtain understanding requirements”, it means that 

appropriate requirements' providers should be identified in 

order to avoid requirements overlapping or conflicts. This 

requires fixing requirements resources along with the project 

life (as much as possible). Regarding understanding of 

requirements, it really depends on the project structure, 

members and requirements providers’ skills. But I-Agile is 

around 20% better in this point due to initial requirement 

phase, which enhance the requirements understanding and 

decrease the conflict between them. This enhancement is 

relative to project complexity. 

5 Conclusion 

 Applying this paper recommendations in real projects 

affect the quality of the output and help in alignment with 

project schedule and budget. The experimental projects were 

small and medium size projects, applying paper 

recommendations in bigger projects size could present more 

positive or negative I-Agile model effect. The current I-Agile 

model care only about the requirements management and 

development, but also more deep studies in other project’s 

phases and activities (other than requirements management 

and development) will lead to more complete I-Agile model, 

which could be a complete model used in all projects life 

cycle. 
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