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Abstract

Identifying code duplication in large multi-platfor arg system is a chal-




Analyzing multi-platform source code, however, is challenging. Assembler code
is often mixed with high-level programming language. Furthermore, scripting
languages, configuration files, and hardware specific resources are typically
used.

Often, the system was originally conceived as a single platform application,

to cope with the new hardware. This technique ensures
not have any unplanned effect on the original piece of

In the literature there are many papers proposingAari for identi-
< w2 softwaye syStem [2,5,11]

/

» code fragments
. As a software

or remain unchanged,
represent by fine-graa



PowerPC, ARM, Hitachi SuperH, IBM S/390, MIPS, HP PA-RISC, Intel TA-
64 and DEC VAX. Port is currently in progress to the AMD x86-64 architec-
ture.

The Linux kernel is almost entirely written in C language, with few assembler
boot files (plus TCL/TK and Perl configuration scripts). The kernel configu-

In particular, the experimental activity we have carried o
following research questions:

e Which is the cloning extent with

supported platforms?




defined to study clone evolution, outlined in Figure 1, relies on the concept
of clone clusters. A cluster is a set of indistinguishable functions. The process
consists of the following, subsequent phases:

(1) Handling of preprocessor directives;

(2) Function identification;

(3) Metrics extraction; and

(4) Cluster identification and computation of the cloning ratio.
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¢ clpne identificytioy process.

med in a time linear in system size. However,
s not optimized, the extraction of metrics
out one hour on a Pentium III (850Mhz 128

netrics were gvailable, clone detection was performed. Clone detection
lusteging) héds P (n?) complexity, where n is the number of functions.

The followihg subSections deal with the details of each phase.



2.1 Handling Preprocessor Directives

Parsing programming languages such as C or C++ poses several challenges.
Besides the intrinsic programming language peculiarities (e.g., union, struct,
classes, function pointers, etc.), preprocessor directives must be suitably han-

drive the actual kernel configuration. Each preproce
three values:

Clearly, among the 10 * 4003 poss1b111t Herg/are many meaningless config-
urations (e.g., it is ve . Kine has multiple different sound

architecture j
of function

Imost alyAys contains more code than the else branch
(.c) files of the 2.4.0 kernel, 2172 contain at least one

is by far larger (22134) than the number of #else
f volume (measured in LOCs), the then branch is an

(about 300 KLOCs versus 20 KLOCs).

directives, i.e., #ifdef, must be balanced, a parsing of



the preprocessor statements can project the source on if branch; the #ifdef
conditions were forced to be true, thus extracting the then branches. The
preprocessor elimination step generates sources with removed preprocessor
directives, regardless of the hardware/software architecture. Unfortunately,
there are few cases where this heuristic produces syntactically wrong C code.
Namely, a C scope (i.e., {) may be opened in the then part of an #ifdef
subject to condition EXP, and the scope end (}) be located in a/dferent

signaled for manual intervention.

2.2  Function Identification

naming conven-
tions. Most noticeably, both the ANSI-C and the ol ighan & Ritchie

the function definition extracted Dy m a ed_parser.
2.8 Metrics Extraction

N fuhctions extracted as illustrated
¢ metrics accounting for layout,
and coupling. In particular, each

éturn/exit points;
ers of structure/pointer access fields;
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e The numbers of array accesses;
e Software metrics accounting for the number of language keywords (e.g.,
while, if, do).

Different set of metrics could indeed be adopted (e.g., those used in [22]).
However, we experienced that, on sufficiently large systems, the use of different
sets of metrics does not significantly influence the results.

Differently from the procedure customarily followed in the past,
function names and file/unit names were not used as metrics.

2.4 Clone Cluster Identification

Studying commonalities between software systems jgubystems, function iden-
tity may be disregarded in favor of a different coficept: clone clydteys. A clone

Let My =< mq(f),...,mu(f)
function f, where each m;(f) (i
describe f (e.g., number of passed
complexity, number of used/defined
non local variables).



where 6;(7) and 6,(i) are the i-th lower/upper bounds. Inside this range of
values, g is considered to be a clone of f. Clearly, to collect exact, or nearly
exact, function duplicates, > is implemented by the equality operator.

2.5 Measurement of the Cloning Ratio

common ratio. The Common Ratio (CR) between A and
ratio of the number of functions belonging to A, having
pared to functions in B, to the number of functions co
words, it is the ratio of A functions having clones in 3
noted that, according to the definition above, and d
number of functions in A and B, the CR of A to iffeysqut from the
CR of B to A.

3 Case Study

hieved only by adopting a microkernel approach. The
" which relies on a traditional monolithic kernel, runs on

a wide ranpe of ardware platforms, including palmtops, Sparc, MIPS and



Alpha workstations, not to mention IBM mainframes, clearly points out that
portability can also be obtained by the use of clever code structure.

Release | Initial | Number of Time to Start of Duration
Series Initial Releases Next Release Series | of Series
0.01 9/17/91 2 2 months

0.1 12/3/91 85 27 months
1.0 3/13/94 9 1 month
1.1 4/6/94 96 11 months
1.2 3/7/95 13 6 months

1.3 6/12/95 115 12 months 12 months

2.0 6/9/96 34 24 mont 32 months

21 | 9/30/96 141 29 mofit

2.2 1/26/99 19 9 till/Current

2.3 5/11/99 60 12 mowghs 2 months

2.4 1/4/01 18 still current
Tabl26.51 22/11/01 8 ) \stil urrent

Linux is based on the Open Source c
General Public License—an

is developed under the GNU
is freely available to everyone.
that is not an organizational
years thanks to the efforts of
ed code, documentation and

1th0ut clashes. Possible code changes have an impact
¢ into which they are contained, without affecting other



code base that could simultaneously support a separate specific tree for any
number of different machine architectures.

The use of loadable kernel modules, which are dynamically loaded and linked
to the rest of the kernel at run-time, was introduced with the 2.0 kernel ver-
sion [14]. Kernel modules further enhanced modularity, providing an exphclt
structure for writing hardware-specific code (e.g., device drivers).

ing the core kernel highly portable, the introduction of modules allgx

on parts of the system that should be independent.

An important management decision was establishing, j
lease structure for the Linux kernel. Even-numbered rg

d version of the one published in [24], shows the
he Linux kernel development time table, along with



tion sizes (measured as the number of LOCs of the function body). Doing
so, small functions (e.g., functions setting or getting the value of a structure)
very often cluster together. However, it may be argued that these functions do
not really represent clones, and thus that the resulting CR is biased by false
positives.

To study the influence of short functions on CR, this index was
for two different configurations. The first configuration correspg to the
assumptions made in [13]; namely, all functions, regardless of th
considered. In the second configuration, instead, all functiop

¢ analyzed sub—
a CR as low as

the system at a high level of abstraction. Bowman
sptual architecture (the developers’ system view)

comparing dhe cgde contalned in any two directories.



Figure 2 shows two different examples of function clones identified. The first
clone pair (top of the figure), is an example of a function copied from mips to
mips64 memory management subsystem. The second clone pair is instead a
cross-system example: although the accessed data structure has different field
names, the action actually performed is the same, i.e. the removal of an item
from a concatenated list.

linux-2.4.0/arch/mips/mm/init.c linux-2.4.0/arch/mips64/mm/init.c
mips MIPS64
pte_t *get_pte_slow(pmd_t *pmd, pte_t *get_pte_slow(pmd_t *pmd,
unsigned long offset) unsigned long offset)
{ {
pte_t *page; pte_t *page;
page = (pte_t *) __get_free_page(GFP_KERNEL); page = (pte_t *) __get_free_paggs
if (pmd_none (*pmd)) { if (pmd_none (¥pmd)) {

if (page) { if (page) {
clear_page (page); clear_page gpage)
pmd_val (*pmd) =
(unsigned long)page;
return page + offset;

}

pmd_set (pmd, BAD_PAGETABLE) ;

return NULL;
} }
free_page((unsigned long)page); free_pages ((

if (pmd_bad(*pmd)) {
__bad_pte(pnd) ;
return NULL;

} ¥
return (pte_t *) pmd_page(*pmd) + offset; return (pbeg_
¥ }
fs/dquot.c arch/arm/mm/small_page.c

static inline static void
void remove_inuse(struct dquot *dquot)
{
if (dquot->dq_pprev) {
if (dquot->dq_next) o
dquot->dq_next->dq_pprev = 3 hash->pprev_hash =
dquot->dq_pprev; g
*dquot->dq_pprev = dquot->dq_next; ge o = pagg¢->next_hash;
dquot->dq_pprev = NULL;

of ¢

{ly recognized that:

y seven rows, out of 144 possibilities; in other words,
comparisons gave raise to appreciable clone extents;



Functions > 5 LOC's All Functions
Subsystems | Common | Functions | Common | Functions
Compared Ratio Cloned Ratio Cloned
arch-drivers 1.43% 152 13.46% 1821
fs-drivers 2.06% 93 10.38% 549 >
ipc-arch 1.45% 1 1.35% 1
kernel-arch 2.11% 114 13.17% 02
lib-arch 2.90% 9 2.86% /é\
lib-net 1.45% 4 1.43% 4 7
mm-drivers 1.36% 18 4.80% 78

Table 2
CRs > 1% among major subsystems.

(152) number of cloned functions, as these Subgystems areAeps large.

were computed
s. This may lead

It is worth pointing out that in the two config
considering the ratio to the total number of retaine




Functions > 5 LOC's All Functions

Subsystems | Common | Functions | Common | Functions

Compared Ratio Cloned Ratio Cloned
1386-mips 11.11% 1 10.34% 1
1386-s390 11.11% 1 10.34% 1 >

1386-sh 14.81% 3 17.24% 3

mips64-mips 22.61% 6 28.57% 8

mips-mips64 11.59% 2 17.38% 3
s390-arm 10.00% 1 13.64% < 2
$390-1386 15.00% 2 2
$390-mips 10.00% 1 1

$390-sh 15.00% 2 2
sh-1386 10.00% 1 1
sparc64-sparc 12.77% 2 2

Table 3
CRs > 10% among mm architecture dependent code.
functions.

There are few exceptions, however.
and mips mm subsystems (22.61%,




Functions > 5 LOCs All Functions
Subsystems | Common | Functions | Common | Functions
Compared Ratio Cloned Ratio Cloned
sbus-char 6.62% 53 14.48% 138
sgi-char 6.80% 7 15.83% 19 >
te-char 9.38% 6 21.69% 1
i2c-parport 5.44% 8 10.45% 23
input-usb 5.88% 3 11.86% 7
sgi-macintosh 5.83% 6 11.67% < 14
tc-macintosh 12.50% 8 21
ZOITO-pCi 8.33% 1 1
sgi-sbus 10.68% 11 21
te-sbus 10.94% 7 9
sgi-tc 7.77% 8 14
te-sgi 12.50% 8 17
Table 4
CRs > 5% among drivers.
different levels of granularity:
(1) The overall cloning on the entiré
(2) The cloning among maJor subsysty
(3) The cloning amopg ¢nt code of some subsystems.

R, computed considering both
he figure shows that results are

e further analyses presented in this subsection),
}g.11% (i.e., a maximum difference of about
0.03. This supports the hypothesis that no
ing was performed across 2.4.x releases.
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CR evolution was found inside the mm subsystem, and
the mips64 and mips architecture-dependent code. The

values of CR._are/plotted in Figure 5. The figure shows that the CR ranged



from 37.68% for release 2.4.0 (slightly different from the 38.4% reported in [13],
and computed considering all functions) to 22.60% for release 2.4.18.
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subsystem.



togiannis and al. [19], focus on whole sequence of instructions (BEGIN-END
blocks or functions) and allow the detection of similar blocks using metrics.
Kontogiannis and al. [19] detect clones also using two further pattern matching
techniques, namely dynamic programming matching and statistical matching
between abstract code description patterns and source code. Finally, another
clone detection tool, proposed by Baxter and al. in [5], relies on the comparison
of subtrees from the Abstract Syntax Tree of a system.

tecture. Further analyses were executed by Tran etal. in}26]4nd [27]. The first
i i : \terms of metrics

nux kernel
(the SCSI subsystem) also in ter
to aid software maintainers in unda gre systems have
changed over time and, particularly\to erm evolution of
systems that have undergone architec giructural changes. Results of

these studies are summarized in [16].

sénted in [1].

corresponding to/the analysis of all functions belonging to the system, the




second discarding the functions with a body shorter than five LOCs.

Linux has not been developed through a well-defined software engineering pro-
cess, but by the cooperative work of relatively uncoordinated programmers.
Nevertheless, the overall common ratio, as well the common ratios of its sub-
systems, are remarkably low, especially if small functions are not taken into
account.

The answers to the research questions can therefore be summarizgd g€ follows:

value does not represent a remarkable number of d ¢d functions. Code
duplication may be considered relevant only among fésy major subsystems

just 100-150 duplicated functions:
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