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Abstract

Software miniaturization is a form of software re-
factoring focused on reducing an application to the bare
bone. Porting an application on a hand-held device is very
likely to require a preliminary step of software miniaturiza-
tion, plus the development of device drivers dedicated 36 The
new environment and hardware architecture.

dependencies among libraries and, more generally, to min-
imize inter-library dependencies.

connéctivity.
Comparing to proprietary source software (such as most
ndustrial projects), the Open Source movement focuses on
different aims. While license fees are requested for propri-
etary software, Free Software cannot be sold. Software is
considered as service, not as product. Money is earned from
selling service for the software. Major advantage is the peer
review within Open Source projects since the code can be
scrutinized by anyone, algorithms are verified and eventu-
ally corrections applied. By sharing ideas through code the
overall knowledge is broadened, meanwhile, Open Source
movement poses new challenges.

Two main development models were identified in [22],
the “cathedral type” (proprietary projects) and the “bazaar
type” (Open Source projects) development. This has been
widely discussed elsewhere [22]. Due to the intrinsic non-

ameliorated by thesew thixd ggherafion protocols promis-
ing higher bandwidths.



organizational nature of Open Source projects, reducing ap-
plications to the bare bone, applying miniaturization pro-
cesses is even more challenging.

In this paper we present our experience in re-
factoring one of the largest Open Source software sys-
tems: a Geographical Information System (GIS) named
GRASS (Geographic Resources Analysis Support System,
http://grass.itc.it). GRASSisa raster/vector GIS
combined with integrated image processing and data visual-
ization subsystems [21]. The current GRASS development
model can be considered as “council type”. The number
of team members is small (7-15 active developers), deci-
sions are usually taken by the members most capable of a
certain problem. A voting system, as known for the Apache
project [18], has not been established at time of this writing.
The developers are also users of the system, often focusing
on their needs within the general project framework.

GRASS re-factoring aimed at promoting software minia-
turization, reducing code duplications, eliminating unused
files while restructuring libraries and reorganizing them into
relocatable Dynamic Linkable Libraries (DLLs, also re-
ferred to as shared libraries).

Normally, a program is statically linked, and thus each
executable has its own copy of each library linked. At
run-time, the entire object is loaded, including the stati-
cally linked libraries. This is also the most common use

(thus saving persistent storage), however, at loading

each loaded executable will be dynamically linked wit

not exhibit interdependencies, and an application requires
one of the two DLLs, there is no need to link both DLLs to

lying on the IEEE Std. 1003.
Base Specifications, Issue §.

Smaller DLLs elim-
libraries or reducing

The approach adopted to miniaturize GRASS was a com-
promise, attempting to minimize the maintenance effort re-
quired to perform the re-factoring process while reducing
the time-to-market, under the constraints of eliminating cir-
cular dependencies, introducing shared libraries and remov-
ing unused object or redundant code. The latter activity was
limited to the source code linked into libraries. In the mean-
time, a brute force approach woulg'be not feasible, given the
size of the software system. Thus, thé process was based on
the already existing knowledge oj/the application structure,

Circular dependencies among libraries must be re-
oved, or, at least, reduced to the minimum. In fact,
these dependencies causes a library to be linked each
Ame another one (circularly linked to it) is needed,;

e Duplicated (cloned) objects must be identified and,
whenever possible, factored out;

e Unused functions/objects should be removed from li-
braries; and

e Large libraries should be re-factored into smaller ones
and, if possible, transformed into dynamic libraries.

The re-factoring process followed the steps detailed in
the next subsections.

2.1 Application Identification

Prior to recover dependencies among applications and li-
braries, and among libraries themselves, applications (i.e.,



executables) compaosing the software system must be identi-
fied. In this paper an approach similar to the one used in [6]
was used.

However, in [6] applications were identified detecting
all source (. c) files containing the definition of a mai n
function. We experienced that in GRASS there was not al-
ways a one-to-one correspondence between source and ob-
ject files, therefore following that approach could have pro-
duced problems in mapping the source file of the mai n
to the corresponding object. Instead, objects defining the
mai n symbol were directly searched and mapped to appli-
cations.

2.2 Dependency Graph Construction

Once applications and existing libraries were identified
(for the latter the identification process was trivial, in that
it consisted in simply searching for . a files), a dependency
graph was built. This (direct) graph is defined as follows:

DG = {A, L, D} @
where:

o A={ay,as,...,a,} is the set of nodes representing
the applications; each node is labeled with the appli-
cation name;

o L ={ly,ls,...,1,}isthe set of nodes representipg the
libraries; each node is labeled with the librar ;
and

d; ; representing dependencies between the applica
tion a;, or the library I;_,, (if i > m) and the library
l; (j =1...n); each edge is labeled
the symbol an application (or
from a library.

()

e A ={ay,as,...,an,} is again the set of nodes repre-
senting the applications;

e O = {01,02,...,0;} is the set of nodes representing
the objects composing libraries j. Each node is labeled
with the object name, and with the name of the library
the object belongs to; and

e D C{Ax0}U{O x O} j§ thg set of oriented edges
representing dependenciegamghg applications and ob-
jects, and among objecjg themselves.

2.3 Removal of Cirdul

braries

r Dependencies among L.i-

yaph of DG

The analysis wasvferformed on the _sub-

3ing the circular dependence from
. This is only possmle |f the object

cagé, it is required in that library (therefore moving
¥ outside is not possible). In Figure 1-b, object o1
should be duplicated in library L2 (it cannot be moved,
in that 02 depends on it);

. Merge the two libraries: this strategy should be

ayoided whenever possible; however, it could be the
Only available solutions when the number of objects
causing circular and, in general, inter-library depen-
dencies is very high;

. Make dynamic libraries: instead of merging circularly
dependent libraries, one may decide to make them dy-
namic. Circular dependency problem is not solved, but
the average amount of resources needed is reduced (see
Section 2.6 for details).

When the dependency graph does not allow to resolve
circular dependencies and, for performance reasons, options
three and four cannot be adopted, a deeper analysis should
be performed, identifying dependencies at function grain-
level instead of object grain-level. This should ease the re-
moval of some critical dependencies, as highlighted in the
following example.
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Let us consider the example in Figure 1-c: object ol
cannot be moved, nor duplicated in L2 (in that it depends
from the object 02). However, splitting 01 into two chunks,
leaving the function f 2 in library L1, and movingf 1 inL2,
would solve the problem.

2.4 ldentification of Duplicated Symbols

Comparing the list of symbols defined in each library a
lows detecting the list of duplicate external symbols. It i3

worth noting that homonym symbols in different libraries
may refer to completely different functie he objects defining these symbols should be removed

able or data structures. the library, providing that objects do not define also

A4S been de-

it should be 2.6 Library Re-Factoring

tected |nS|de two or more
left in only one of these;

The last, and most relevant point of the proposed pro-
cess is devoted to split existing, large libraries into smaller
archives, thus reducing the memory footprint of applica-
tions.

Basically, the idea is similar to those proposed in [6] to
identify libraries: objects used by a common set of pro-
grams should be pulled together, trying to minimize the av-
erage number of libraries required by each program.

However, in [6] a concept lattice was used to group ob-
jects into libraries: although the lattice gives useful infor-

than introducing a dependence that mation (often good libraries are the sets of objects located

cate few objects, rathe




on top nodes, or concepts retaining large percentages of ob-
jects), it becomes unmanageable when a large number of
applications and libraries (as in our case study) must be han-
dled [4].

Instead of pruning information on concept lattice
like [23, 25], a clustering analysis was performed, similarly
to [17, 5, 16]. Let O, the set of objects of the j library (li-
brary archiving p; objects), A the set of applications (con-
taining m distinguishable applications), and, finally, let L
the set of libraries (containing n elements) then a Boolean
matrix M D, composed by n+m rows and p; columns, was
built, such that:

( z <m object o, is used
by application a,
true

MDI[z,y] = 4

x >m object oy is used

by library l,—n,

| false otherwise

Given that the application contained n libraries, n M D
matrices were built; on each matrix an agglomerative-
nesting clustering was performed. The idea is to found
group of libraries having similar properties (i.e., a similar
set of uses). More detail on clustering can be found in
[3, 10, 11].

Once the dendrogram was built and the vector of Reig

analysis, this is still feasible for hundreds of libraries).
is worth noting that all the unused ObjECtS are clustered to—

phisticated circular dependengi
objects suffice. In this case, the
is to split the original I|brary mto !
braries. Even if the

tained from a libra
can be defined as:

Pre-existing libraries 43
Library objects 1056
Applications 517
C source files 7107
CKLOC 1014

Table 1. GRASS key characteristics.

k=1 Lz | * di,z,

p://grass.itc.it wasused as a case study. Its
acteristics are summarized in Table 1.

€s (commands) are organized by name, based on their
function class (display, general, imagery, raster, vector or
site, etc.). The first letter refers to the function class, fol-
lowed by a dot and one or two other words, again separated
by dots, describing the specific task performed by the mod-
ule. Table 2 lists the most important function classes.
GRASS modules are invoked within a shell environment
(also the current graphical user interface runs commands
within a shell). The GRASS parser is a collection of sub-
routines which allow the programmer to define options (pa-
rameters) and flags that make up the valid command line
input of a GRASS command. The parser routines behave in
the following ways: If no command line arguments are en-
tered by the user, the parser searches for a completely inter-
active version of the command which may differ from the



command line version. If the interactive version is found,
control is passed over to this version. If not, the parser
will prompt the user for all programmer-defined options and
flags. If all necessary options and flags are entered on the
command line by the user, the parser executes the command
with the given options and flags, otherwise the parser will
pass an error message to the user indicating which required
options and/or flags were missing from the command line
and cancel execution of the command.

The GRASS modules are linked against an internal
“front.end”. The “front.end” module will call the interac-
tive version of the command if there are no command-line
arguments entered by the user. Otherwise, it will run the
command-line version. If only one version of the specific
command exists (for example, if there is only a command-
line version available) the existing command is executed.
Code parameters and flags are defined within each module.
They are used to ask user to define map names and other
options.

GRASS provides an ANSI C language API with several
hundreds of GIS functions which are utilized in the GRASS
modules, from reading and writing maps to area and dis-
tance calculations for georeferenced data as well as attribute
handling and map visualization. Details of GRASS pro-
gramming are covered in the “GRASS 5.0 Programmer’s
Manual” [20].

This programming library is structured as follows (¥ypi
cal function name prefixes for related library functi
listed in squared brackets):

ment), memory management, parser (parameter iden
tification on command line), projections, raster data
management etc. [G ],

eg.Gread raster_ro

e vector library: manageme,

of/area, line)\anq point

prefix  function class __type of command "\

d.x i

S.x i ite_data Processin

r.x ta prQcessing

i i i

V.x vector data\prodessing
g.x general file pperations
m.x i mmands

map creation ipf PPM format
map cregtioryin Postscript format

P.x
PS.x

M function classes

Table 2. GRASS

[_1
e.g.1 _georef();

e site data library: site data management [G_si t es_],
eg.Gsite_new struct();

e display library: graphical output to the monitor [D ],
e.g. D new w ndow) ;

o raster graphics library: displ
vices [R ],

¢ raster graphics on de-

t 6ol , produces the DG and the IDG graphs. The
information produced is also available in . DOT for-
mat [1], in order to be visualized and analyzed using
he Dot t y [12] graph visualization tool;

e circular dependency identifier: it produces the list
6f all circular path among libraries;

The unused symbol lister: it produces, for each library,
the list of the symbols (and, for each one, the object
containing it) not used by any application or library;

e The duplicated symbol identifier: it identifies the list of
duplicated-defined external symbols. It is used in con-
junction with the metric-based clone detector (see [7]
for details) and the dependency graph extractor to min-
imize the presence of clones inside libraries; and

e The library re-factoring tool: it supports the process of
splitting libraries in smaller clusters. As said in Sec-
tion 2.6, this is performed by clustering algorithms.
The cluster analysis is performed by the cluster pack-
age of the R Statistical Environment [2, 9].



5. Experimental Results

This section presents the results obtained applying the
process described in Section 2 to GRASS.

5.1 Removal of Circular Dependencies among L.i-
braries

APPLICATIONS

Three cases of circular dependencies among libraries
were found. The first dependency was between
i bstubs.a and i bdbni . a. In particular, we dis-
covered that | i bst ubs. a required one symbol, located
inside the error. o module, from |i bdbmi .a. On
the contrary, |i bdbmi . a required 27 symbols from
i bstubs.a. The obvious solution was to move
error.ointol i bstubs. a: this required moving in that
library also the module al | oc. o, since it depends from
error.o.

The second circular dependency was found be-
tween |libgis.a and |ibcoorcnv. a. In par-
ticular, 1ibgis.a required three symbols from
[ i bcoorcnv. a, all located in the module dat um o
(while the inverse dependency involved 13 symbols).
Movingdat um o into | i bgi s. a resolved the problem.

Finally, circular dependencies were found between
i bvect.aandl i bdi g2. a. Itinvolved 13 symbolsina
verse, 31 in another, located in several different objects/ The
links present in the dependency graph excluded the\poss
bility of resolving circular dependencies simply moving (o
duplicating) objects. The decision taken (supported frqm
system’s developers) was to initially merge the two librarié
(in effect thought to work together) and then try to re-factor
the new library.

almost all libraries) were not used by any applications, nor
by other libraries. This result therefore suggests that, when
re-factoring libraries, such objects, if present in a consis-
tent number, should be put in separate clusters, thought as a
sort of “repositories” where to get these functionalities once
applications (or other libraries) will use them.

An interesting example (see also Section 5.4) is the li-
brary | i bdbmi : of 98 objects, 19 were not used at all,
while 45 were used for internal purposes only.

i bgmat h and
were devoted to 5.4 Library Re-Factoring

Aph Lomposed by such Re-factoring was performed on libraries composed by a
large number of objects (see Table 3).
¢/ functions in the box The first analysis was performed on | i bdbmi , already

ge_sup. In particular, modified (see Section 5.1) to avoid circular dependencies,
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Figure 3. Splitting library libortho.

since it contains a large number (19) of unused objects. A
cluster analysis suggested creating five new libraries start-
ing from | i bdbmi : 31%.
. ) ) o . 2 ed merging | i bvect and
e A library (I i bdbmi - 1) containing unused objects as re-factored in three clus-

(19 objects); terd /6, and 8 objects respectively.
e Two libraries (I i bdbni - 2 and | i bdbmi - 3) con- ) '

taining objects used by applications, but not by other
I i bdbmi objects (13 and 12 objects, respectively);

e Alibrary (I i bdbni - 4) containing objects used Aotk
internally to | i bdbmi and by applications (ix -

jects); and : atyesized. In this case removing all dependen-
i 73 dele to the complex relations existing
e A “low-level” library (I i bdbmi - 5), containing . FHewsgfer, the PR was good (41%), consid-

objects, used only internally to | i bdbmi . ' t1ibgi s was used by all applications. Compro-

far a solution dis-

Also developers suggested searching

\Opr oj was not re-factored, as suggested from devel-
prs, in that it is currently under developmentby a different

6. Lesson Learned

iohlities), Large software system are not uncommon, GRASS size
measured as LOC is something above one million LOC;
re-factoring such a large system with a finite and scarce
libgis amount of resource was the first challenge encountered. The
libdbmi 9 process defined attempted to minimize the time-to-market,
libproj 1 given the number of programmers working on the applica-

tion and minimizing the maintenance effort.
It is worth noting that GRASS source code is managed
libraries. via a CVS server (ssh encrypted transmission) with write
access granted only to well know developers. Access is con-

Library

Mvect-new 4

Table 3NGRASS lgrge




trolled by a commit mailing list, communication is ensured
by developer’s mailing list, and a RT (Request Tracker) —a
trouble ticket system for bug and wish handling. The entire
process was performed with the system on-line.

Given the size of the system, a preliminary subdivision
based on the existing knowledge of the application revealed
itself fundamental. When splitting a library ., a compro-
mise should be pursued between the number of newly intro-
duced libraries and a low PR,. PR, represents the reduc-
tion in percentage of linked objects when splitting library
z, thus lower PR, values are desirable. Notice that, for
any given original library, its not ensured that increasing
the number of new libraries results in a PR, decrease. It
is worth noting that, while having too much libraries makes
the system hard to evolve (application developers may need
to include several libraries to use a functions, due to library
dependencies), having few big libraries does not target our
initial issues of miniaturization.

Applying agglomerative clustering on components al-
lowed to easily identify potential libraries; the list of iden-
tified libraries and the files linked into libraries were val-
idated by GRASS developers. On most cases, the new li-
braries matched the opinion of the experts. Moreover, clone
detection allowed us to obtain a double goal. First and fore-
most, cloned code was removed from source code linked
into libraries. However, the process of clone removals |den-
tified other libraries transversal to the system (e.g., a m#é
manipulation library).

As previously observed on other large software sys{em?3
we experienced that the percentage of detected duplicated
code snippets is influenced by the size. Short functions tehd
to be often identified as duplicated, thus on libraries we did
not impose any lower bound when detecting clones.

7. Related Work
Most of these works applied™s
(CA).

inal work
modularizgt

A comparison between clustering and CA was pre-
sented in [15]. We share with them the idea to apply an
agglomerative-nesting clustering to a Boolean usage matrix,
although in [15] the matrix indicated the uses of variables
by programs.

A survey of clustering techniques applied on software
engineering was presented by Tzerpos and Holt in [28].
The same authors presented in [2/]ametric to evaluate the
similarity of different decompgéitigns of software systems,
in [29] a clustering algorith ighted to program compre-
hension, and they discussgd in/][26] the problem of stabil-
ity of software clustering algorithwgs. Another overview of

sented in [30].
Applications
with [5] and [

wadsyccessfully ported on a PDA (i.e., a CompaQ iPAQ).
iven the size of the application and the available re-
sg(irces, a brute force approach was not feasible, thus we
exploited the available knowledge breaking the large sys-
tem into components; each component underwent the re-
factoring process while inter-component dependencies were
minimized. Agglomerative clustering and dendrograms
were used to identify libraries based on the as-is dependen-
cies and architecture.

While our final goal is miniaturize as much as possi-
ble the application and to fully exploit the possibilities of-
fered by DLLs, the applied re-factoring process attempted
to minimize both the maintenance effort while minimizing
the time to market. In other words, certain activities such
as source code transformation required to dynamically load
and unload DLLs, or full clone detection removals were not
applied.



Future works will be devoted to automatically transform
the source code of executables and libraries, removing re-
maining code duplication and introducing the calls required
to load and unload DLLs at run-time.
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