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It is essential to be able to measure design qualitythdMi appropriate design metrics, it is
impossible to quantify design. Consequently, a Sciehdesign requires an associated set of
metrics for measuring design quality; without such metnes have no way of determining

whether future designs produced using a Science of Desighettey or worse than current

designs.

My primary interest in open-source software is in tle@mainability of open-source software. |
measure maintainability by measuring common coupling, a dasigimic. The coupling
between two units of a software product is a measureeod¢gree of interaction between those
units and, hence, of the dependency between the units. Cobpkngeen shown to be con-
nected to fault-proneness. Coupling has not yet beercigiypshown to be related to maintain-
ability. On the other hand, there is as yet no peedefinition of maintainability, and therefore
there are no generally accepted metrics for maintdityabiNevertheless, if a module is fault-
prone then it will have to undergo repeated maintenancethanesulting frequent changes are
likely to compromise its maintainability. Furthermoreede frequent changes will not always be
restricted to the fault-prone module itself; it is notarmmon to have to modify more than one
module to fix a single fault. Consequently, the fautineness of one module can adversely
affect the maintainability of a number of other modulén other words, it is easy to believe that
common coupling can have a deleterious effect on maaiigity.

Three of our research projects relate to the qualithetlesign of open-source software.
1. Stephen R. Schach, Bo Jin, David R. Wright, GilkarHeller, and A. Jefferson Offutt,

“Maintainability of the Linux Kernel, EE Proceedings--Software 149 (February 2002),
pp. 18-23. (A preprint is available atvw.vuse.vanderbilt.edu/~srs/test/linux.first.pdf

We downloaded 365 versions of Linux. For each version in tuenexamined the 17 kernel
modules and counted the number of lines of code in eachlenod@ben we counted the number
of instances of common (global) coupling between eadheokernel modules and all the other
modules in that version of Linux. We obtained two priynmasults:

First, we found a linear dependency between lines of codiersion number that is significant
at the 99.99% level. Second, we found that the numbiestainces of common coupling grows
exponentially with version number.

We concluded that, unless Linux is redesigned with litten@ common coupling, it seems
inevitable that, at some future date, the dependenciegéetwodules induced by common cou-
pling will render Linux extremely hard to maintain.



2. Liguo Yu, Stephen R. Schach, Kai Chen, and Jeff OffGtifegorization of Common
Coupling and its Application to the Maintainability of thmux Kernel,” submitted. (A
preprint is available abww.vuse.vanderbilt.edu/~srs/test/linux.second.pdf

We applied a new common coupling categorization, based amtidefuse analysis, to version
2.4.20 of Linux for Intel-based computers. We counted thebeuraf instances of common
coupling between each of the kernel modules and all ther anodules, both kernel and
nonkernel. We found that the version of Linux we exadicontains 99 global variables. We
determined whether each of the 15,710 instances of thosd géolables is a definition or a use
of that global variable. We found 2,013 unsafe definitminglobal variables, that is, definitions
of global variables that could affect a kernel module mhedification involving that global
variable were made to the module in which the globahlte is defined.

Currently we are investigating earlier versions of Linimxorder to measure the extent to which
the quality of the design has decreased with successisiens.

3. Liguo Yu, Stephen R. Schach, Kai Chen, and Jeff OffattComparison of Common
Coupling within Linux and FreeBSD,” in preparation.

It has been suggested that the high levels of commonieguplLinux are unavoidable because
extensive common coupling is essential for all operagysjems. To determine whether this is
the case, we are currently investigating a broad vasiebyher operating systems. Our examina-
tion of FreeBSD shows that FreeBSD has only 69 gloaaables and only 1,019 instances of
those global variables. Most important, we found onlyB2afe definitions of global variables.
Thus, on the basis of our metrics, FreeBSD appearsfar better designed than Linux.

Linux is a poster child for the open-source movementijtbuatesign quality is low. A Science of

Design will hopefully lead to better quality softwarddiowever, the only way we will be able to

determine whether a future Science of Design is indeedhproved paradigm is to develop

appropriate design metrics. Without such metrics too@soutcomes, there seems little point in
developing a Science of Design.



