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An Agent-based Hyper-heuristic for Software
Systems Modularization

Mahjoubeh Tajgardan !, Ph.D. Candidate, Habib Izadkhah **, Associate Professor, Shahriar Lotfi*, Associate
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Abstract: Modularization algorithms are used to recover the software architecture. These algorithms
divide the source code of the software system into smaller and more understandable modules. Since
software modularization is an NP-hard problem, search-based methods are usually used to solve it. In
recent years, the use of hyper-heuristics with intelligent search approaches has increased to achieve a
higher level of generality. In this paper, a general agent-based hyper-heuristic, using the concept of
multi-agent systems, is presented for software modularization. In the proposed algorithm, agents with
diversification and intensification search perspectives are used, and agents with the same perspective
are placed in a coalition. In each step of the search, the most appropriate coalition is automatically
selected using reinforcement learning, and its agents are executed in parallel. Also, in the design of
some agents, to maintain diversity, the concept of chaos theory is used. To demonstrate the
applicability of the proposed algorithm, eleven real-world software systems with small and medium
sizes, along with ten folders of Mozilla Firefox with different functionalities and sizes are selected. The
results of the experiments show that the proposed hyper-heuristic, in most cases, produces higher-
guality modularizations in less time than the compared algorithms. The average numerical
improvement of the proposed algorithm in terms of modularization quality and execution time on ten
folders of Mozilla Firefox is 77.607 and 59.448%, respectively.

Keywords: Software modularization; Architecture recovery; Hyper-heuristic; Multi-agent systems;
Reinforcement learning.
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Initialization()

GlobalBest = soljjial

Solcurrent = SOlinitiar

: Determine_initial_state( )

Whlle ('stopping_criteria) do
selected_action = select_coalition()
Solew = Produce_new_solution(selected_action,
SOIcurrent)

8:  Move_acceptance()

9:  Determine_next_state( )

10: Update_reward of action()

NogrwhkE

11 St=Su1
12:  Update_GlobalBest( )
13:End while
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Ensure: Perturbated solution s’
1:s" < received_solution
2:t « generate an integer number between 1 to |n/2]
randomly (n: the length of chromosome)
i1
: while (i<=t) do
X < generate an integer number between 1 to n
using chaos theory
6: y <« generate an integer number between 1 to n
using chaos theory

woA W

7 s’ —swap (s’ (x),s' (¥))
8: i— i+l
9: end while
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Ensure: Perturbated solution s’
1: s «— received_solution
18’ s
: k « number of modules in s
: TurboMQ « fitness of s (f;)
e 1
:while (i<=n n: the number of nodes) do
compute vertex cohesion for node i of the s
compute vertex coupling for node i of the s
if (vertex cohesion-vertex coupling<TurboMQ/K)
0: s'(i) < choose from the s, the module number of
one of the dissimilar-module neighbors of
node i, randomly

11: endif
12: 1<« i+l
13: end while
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Ensure: Perturbated solution s’

1:s" « received_solution

211

3: while (i<=n n: the number of nodes) do
k «<— number of modules in s’
5:  TurboMQ « fitness of s’ (fy)
6:  compute vertex cohesion for node i of the s’
7:  compute vertex coupling for node i of the s’
8.
9

noR

if (vertex cohesion-vertex coupling<TurboMQ/k)
s'(i) «— choose from the s', the module number of
one of the dissimilar-module neighbors
of node i, randomly
10: endif
11: 11+l
12: end while
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Ensure: Improved solution

1: while (stopping condition not reached) do

2:  calculate the number of links from each node to all
modules

3:  select a node that has fewer links to its module than
other modules
/* if there are several nodes, select a node randomly */

4:  transfer the selected node to the module that has the
highest number of links to it
/* if there are several modules, select the best module
in terms of modularization quality (MQ) */

5: end while
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Ensure: Improved solution s”
1: 5o «— received_solution
2:s « local_search(s)
3: while stopping condition not reached do
s’ « solution_perturbation(s, history)
s" « local_search(s’)

4
5
6: s« acceptance_criterion ( s, s”, history )
7: end while

Ensure: Improved solution s_best
1: s « received solution
2:s best«s
3: k « number of modules in s
4: TurboMQ « fitness of s (f;)
5: while (stopping condition not reached) do

6: i1

7:  while (i<=n n: the number of nodes) do

8: compute vertex cohesion for node i of the s

9: compute vertex coupling for node i of the s

10: if (vertex cohesion-vertex coupling<TurboMQ/k)
11: s(i) «— choose from the s, the module number of

one of the dissimilar-module neighbors of
node i, randomly

12: TurboMQ « fitness of s (fy)

13: break

14: else

15: 1« i+l

16: end if

17:  end while

18: if (TurboMQ>f(s_best))

19: s best«—s

20: k < number of modules in s

21: else

22: break

23: end if

24:end while
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Ensure: Improved solution Speg
1:s « received_solution, choose {N}, k=1, 2
2: Spest <— S
3: repeat
4: k=1
5. repeat
6: s’ <« random_solution(Ny))
7.
8
9

s" « local_search NAHC(s")

if (f(s") > f(s")) then

: S« s"
10: else
11: k—k+1
12: endif
13: if (f(s") > f(Spegt)) then
14: Spest < S’
15: endif
16: untilk=2

17: until stopping condition is not reached
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https://github.com/mahjoubeh-t/Software-
Modularization
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Name Description #Files #Links

mtunis An operating system for educational purpose 20 57
written in the Turing language

compiler A small compiler developed at the University of Toronto 13 32
nos A file system 16 52
boxer Graph drawing tool 18 29
spdb A tool to analyze several proteins at the same time 21 33
ispell Spelling and typographical error correction software 24 103
ciald Program dependency analysis tool 26 64
Rcs System used to manages multiple revisions of files 29 163
Star A program understanding tool 36 89
Bison Parser generator 37 179
Cia Program dependency graph generator for C programs 38 87
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Folder Functionality

enabling as many people as possible to use Web sites, even when those people’s
abilities are limited in some way.
Files for accessibility (i.e., MSAA (Microsoft Active Accessibility), ATK
(Accessibility Toolkit, used by GTK+ 2) support files).

Contains the front end code (in XUL, Javascript, XBL, and C++) for the Firefox
browser

Contains the front end code for the DevTools (Scratchpad, Style Editor, etc.)

Contains images and CSS files to skin the browser for each OS (Linux, Mac and

Windows)

.Miscellaneous files used by the build process.

The data structures that represent the structure of Web pages (HTML, SVG,
XML documents, elements, text nodes, etc.)
containing the implementation of many DOM interfaces
and also implement some behaviors associated with those objects, such as link
handling, form control behavior, and form submission.
This directory also contains the code for XUL, XBL, XTF as well as the code
implementing XSLT and event handling.

Container for database-accessing modules.

IDL definitions of the interfaces defined by the DOM specifications
The parts of the connection between JavaScript and the implementations of
DOM objects
Implementations of a few of the core “DOM Level 0” objects, such as window,
window.navigator, window.location, etc.

Contains several extensions to mozilla, which can be enabled at compile-time
Implementation of the negotiate auth method for HTTP and other protocols. Has
code for SSPI, GSSAPI, etc.
Content- and locale-pack switching user interface
Permissions backend for cookies, images, etc., as well as the user interface to
these permissions and other cookie features.
Support for the datetime protocol.
Support for the finger protocol.

A two-way bridge between the CLR/.NET/Mono/C#/etc. world and XPCOM
Implementation of W3C’s Platform for Privacy Preferences standard.
Support for implementing XPCOM components in python.

Support for accessing SQL databases from XUL applications
Support for Webservices.

Contains interfaces that abstract the capabilities of platform specific graphics
toolkits, along with implementations on various platforms

These interfaces provide methods for things like drawing images, text, and basic

shapes

It also contains basic data structures such as points and rectangles used here and

in other parts of Mozilla.

Folder Name | Number | Number | Number
of Files of of
Links Modules
ACCESSIBLE 179 293 8
BROWSER 45 45 4
BUILD 21 4 2
CONTENT 881 2948 13
DB 97 494 4
DOM 163 324 5
EXTENSIONS 179 206 13
GFX 342 644 7
INTL 573 957 7
IPC 391 59 4

Internationalization and localization support,
Code for “sniffing” the character encoding of Web pages
Code for dealing with Complex Text Layout, related to shaping of south Asian
languages
Code related to determination of locale information from the operating
environment
Code that converts (both ways: encoders and decoders) between UTF-16 and
many other character encodings
Code related to implementation of various algorithms for Unicode text, such as
case conversion.

Container for implementations of IPC (Inter-Process Communication).
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Folder Bunch- | DAGC | Bunch-
name GA NAHC

SHC GA- EoD | AbHyh- | Rank
SMCP SSM

Accessible | 6.260 | 0.930 | 4.800 | 10.010 | 14.000 | 29.210 | 17.109 2
Browser 3.720 | 0.920 | 5.850 | 9.000 | 6.500 | 9.000 8.330 2
Build 3.000 | 0.500 1.000 | 0.920 | 1.230 | 2.900 3.000 1
Content 6.760 | 0.190 | 5.410 | 16.970 | 12.010 | 10.110 | 33.060 1
Db 2340 | 0.860 | 2.600 | 2.340 | 1.900 | 2.510 5.085 1
Dom 6.160 | 0920 | 4.300 | 12.870 | 5.110 | 8.000 | 15.923 1
Extensions | 11.800 | 0.910 | 6.660 | 8.900 | 10.990 | 13.000 | 27.412 1
Gfx 6.500 | 0.820 | 4.320 | 3.010 | 6.860 | 12.220 | 17.854 1
Intl 5460 | 0900 | 2540 | 7.900 | 4.110 | 12.900 | 62.825 1

Ipc 5640 | 0.840 | 3.920 | 4.500 | 5.640 | 10.900 | 14.980 1
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Software | WCA- | Average | Complete | Single | FCA | ACDC k- Bunch | DAGC | SCSO | AbHyh-

systems UE Linkage | Linkage | Linkage means SSM
Compiler | 0.836 0.527 0.527 0.933 | 1220 | 1.000 | 0.850 | 1.506 | 1.506 - 1.506
Boxer 1.343 0.964 0.983 0.964 | 3.020 | 2.820 | 0.790 | 3.101 | 3.101 - 3.101
Ispell 1.489 1.739 1.639 0.995 | 1970 | 1.750 | 1.200 | 2.177 | 1.997 | 2.189 2.190

Bison 0.994 0.994 0.994 0.994 | 2250 | 1.000 | 1.000 | 2.606 | 1.763 | 2.455 2.684

Cia 0.997 0.997 0.997 0.997 | 2.049 | 1.860 | 1.780 | 2.706 | 1.833 | 2.500 2.787

Ciald 0.984 0.487 1.093 0984 | 1720 | 1.700 | 0.780 | 2.851 | 2.463 - 2.851

Nos 0.969 0.990 0.990 0.990 | 1.080 | 1.000 | 0.980 | 1.636 | 1.606

1.636

Rcs 0.977 0.990 1.018 1.018 | 1.810 | 1.000 | 1.260 | 2.175 | 1.894 | 2.171 2.202

Spdb 0.933 0.933 0.933 0.933 | 5.000 | 5.000 | 1.150 | 5741 | 5314 | 5.741 5.741

Star 1.388 0.989 0.805 0.989 |3.048 | 2.090 | 0.810 | 3.809 | 2.831 - 3.832

ttest g3l gl ((A) Jpar

Descriptive Statistics Inferential Statistics
Case Study Mean Standard Standard Error levene’s test t-test
Deviation between Mean

Gl G2 Gl G2 Gl G2 F Sig. T Sig.
Accessible 19.895 20.150 0.697 0.569 0.311 0.254 | 1524 0.252 | -0.632 0.545
Browser 6.811 6.715 0.376 0.395 0.168 0.176 | 0.277 0.613 0.395 0.703
Build 2.600 2.800 0.548 0.447 0.245 0.200 | 1.524 0.252 | -0.632 0.545
Content 30.743 30.634 0.633 0.610 0.283 0.273 | 0.040 0.847 0.275 0.790
Db 3.892 3.847 0.321 0.337 0.144 0.151 | 0.180 0.683 0.212 0.837
Dom 14.111 13.856 0.598 0.447 0.267 0.200 | 0.520 0.491 0.764 0.467
Extensions 26.688 26.511 0.929 0.868 0.415 0.388 | 0.099 0.761 0.310 0.764
Gfx 17.538 17.610 0.201 0.144 0.090 0.064 | 2.442 0.157 | -0.657 0.530
Intl 65.062 64.772 2.597 2.414 1161 1.080 | 0.013 0.911 0.183 0.859
Ipc 17.826 17.836 0.504 0.510 0.226  0.228 | 0.000 0.984 | -0.031 0.976
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Folder Bunch- DAGC ECA MCA GA- EoD AbHyh-
name GA SMCP SSM
zaman
Accessible 4535 7471 4521 4437 5921 3990 | 498.836
Browser 708 609.5 733.5 796.5 901 541 429.636
Build 512 383.805 4215 425 540 431 428.341
Content | 950337.5 | 4794247.5 | 943040 | 943021 | 5224315 | 890021 | 1176.531
Db 494.5 1834.495 | 1363.5 | 1470.5 2301 481 686.402
Dom 3110 6139 3082.5 3153 6341 2208 | 471.660
Extensions 6264 7653 6461 6730 6421 6259 | 1351.885
Gfx 15563 28173 14781 14966 21540 13238 | 713.791
Intl 222888 | 1333765.5 | 223645 | 222884 | 1034921 | 22198 | 2234.378
Ipc 62770.5 | 424153.5 | 62642.5 | 62683.5 | 99101 61211 | 464.337

MU sl K sl el Sledass 1(3) g

Parameter
Selection
Mutation operation
Crossover operation
Termination condition

Value
Roulette Wheel Selection
Randomly changed a gene
One-point
There has been no improvement
in the population for 50 iterations

Population size 10N

Mutation Rate 0.00410g,(N)

Crossover Rate 0.8
Maximum number of 200N

generations
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