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So we can consider maintenance as what we have traditionally 
considered when looking at how systems change.  But what’s missing is 
a more “scientific” consideration of what, exactly, software is and how 
and why it changes. I’m trying to be a good scientist here and observe 
what actually happens to the software rather than what was planned.  It’s 
a fundamental change in perspective from most studies of long-lived 
software.
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Many have criticized the use of the term maintenance as it’s used for 
software development.  Software doesn’t decay in the same sense as 
physical systems, and the kinds of “maintenance” tasks performed are 
not the same.  Yet we are stuck with the term.

:

���������������	��/
n ��������������$$���
	�������	�������������	����
��

�������	����
�
��$����
n 68
2�
�#����;����������������	���
��7
n )���<
�<�
$�������	$���$�������
���=1���3�
���>

n ?�3���?��	���������	��������$��	�������� 	���������
$	���3��
������
n ����
���
���
����$����
$����	�����	������
���
��������	���
n �������	����
$�������������
���$	
����	���#��	�����	%
���

n !��	�
������
���������	����������
�������������	������
	������ �����	$����������

One of the core Perl developers, Chip Salzenberg, has said of the current 
version: “You really need indoctrination in all the mysteries and magic 
structures and so on before you can really hope to make significant 
changes to the Perl core without breaking more things than you're 
adding.”
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Lehman was one of the first to claim that a large software 
system is more like an ugly beast than a beautiful theorem.  
This was quite revolutionary thinking for a British academic 
in the 1970s.
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I won’t discuss the laws in detail as there difficult to understand without 
explanation.  Instead, I’ll leave them on the slides for reference, and give 
a nutshell summary.
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Constant effort/progress might have been reasonable for 1960s OS
development, but it’s clearly not true for the dot-com or what we used to 
call the shrinkwrap market.  This is also clearly false for open source 
development projects too.  This piqued my interest in examining the 
evolution of Linux (especially after chatting with Lehman at a workshop in 
May 1999).
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In the systems he and his group have examined over time, most seem to 
obey an inverse-square growth model (y=x^.5).  This is consistent with 
his “laws” that state that growth tends to slow over time.  The top left 
pattern is interesting, and you can see this as several mini-patters in the 
bottom two.  This consists of growth followed by slowing down.  His 
hypothesis is that restructuring is being performed, but I think it’s just 
careful planning.  Make some changes, and then see what breaks and fix 
it before embarking on a major new release.  The one outlier here is the 
OS360 which seems to be linear until the end when it varies wildly.  
Lehman still does not have a good explanation for either its linear growth 
or its late variability even years later.
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Development path: New and experimental features, relatively untested.

Stable path: Mostly bugfixes since last stable release, but also some fast-
tracked new features.
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Could ask, why not do a more elaborate SS hierarchy (based on ICSE 
paper) and look at change that way.  (1) Lotta work without clear benefit 
and (2) it would be our peculiar view of Linux, and not the most common 
one.

Plotting against calendar time seemed to make sense to use, especially 
with two and sometimes three concurrent development paths.  Lehman’s 
argument for using release number is that it’s the same as time according 
to his law of constant progress (which doesn’t hold here!)
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OK, this is the only measure that includes non-source files.  A simple way 
of measuring size.

First problem is how to measure growth.  There is no agreed-upon 
standard.  Lehman says to use # modules, others use KLOC, or FPs, … 
so I measured several trends to see how they compare.

Strong growth of 2.2 stable release, mostly due to fast tracked 
contributed code. This is an example of how market forces and acts-of-
God (IBM contributed code deus-ex-machina) can influence growth.

Note overlap of stable release paths 2.0 and 2.2
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# of modules (source files in this case) is often used as a measure of 
growth, although you lose info such as avg/median file size, percent 
comments/blanks.
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Measured using ctags; note that we are not counting local variables, just 
externally visible entities.  In C, this is a pretty good measure of 
complexity since C has a single flat namespace (unlike C++ and Java).
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Percentage of comments and white space very stable throughout entire 
lifespan at 28-30%
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Since growth trends seem similar to the naked eye, we tried dividing one 
by the other to see if we got a straight line.  The measures that made the 
most sense were average and median file size for both .c and .h files.

So what’s happening here? First we note that the median .c file size has 
grown only slightly over time, whereas the average file size has grown 
non-trivially.  This means that there are a growing number of large files 
rather than an overall growth in all files.  We also note that over parallel 
paths 2.0 and 2.1, the average .c file size is growing in the stable release 
and actually shrinking in the development release.  What seems to be 
happening is that the stable releases are encountering growth in (some 
of) the implementation files; that is, code is being added to some existing 
.c files, as you would expect for a stable release path.

With the development release 2.1, the average actually drops as many 
smaller files are added initially and then fleshed out.  It should be noted 
that a lot of the growth is in a relatively small number of files: six of the 
eight largest .c files were SCSI drivers, which are KLOC++.
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Here we again notice that median .h file size is remarkably flat.  Here we 
notice the opposite growth pattern for average file size: development .h 
files increase in size more rapidly than stable releases along 2.0 and 2.1.  
This is what you would expect.  .h files effectively are the interfaces, and 
you would hope that the interfaces would not change much along a
stable path.  The development release at 2.1 has a jump as infrastructure 
is laid out, then a more stable period as the structure stabilizes and the 
implementations are filled in.

Except that this is not quite accurate.  Some of the growth is, as far as I 
can tell, just this kind of phenomenon.  However, investigation showed 
that four of the six largest .h files were for network card devices.  So, you 
hypothesize, SCSI card have complicated logic while network cards have 
complicated interfaces.  Well, the former is accurate, but the bulk of the 
network card .h files was actually embedded data (hex).  This is yet 
another place where I had to paused and wonder about how exactly I 
should be measuring growth.
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Now that we’ve seen growth at the system level, we delved into the major 
subsystems.

Also, from this point on, we consider only the development releases, as 
this is where the real action is.  Each new stable release family starts at 
the end of a development release anyway (and then further evolution is 
mostly bugfixes).

Wow, that’s interesting!  And it was my first clue into why Linux can grow: 
it’s mostly drivers.

We can think of there being three equivalence classes of major SSs: 
drivers, “big”, and “small core”.

The strong growth of drivers masks the growth of the other SSs, so let’s 
remove it from our picture.
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We can see that the growth of the drivers does mask the significant 
growth in the other major SSs.

Include contains the .h files for all SSs except drivers, net, and fs (ie the 
core kernel .h files).
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A horizontal line here indicates a SS that is growing at the same rate as 
the system as a whole.
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What’s interesting here is the sudden jumps.  This is because most of the 
parallel arch support is done by separate working groups (sometimes a 
corporation) and contributed in chunks.  This is by far the most “bursty” 
growth of the major subsystems.

“sh” is a port to the SuperH family of microprocessors from Hitachi.  

ARM is a chip used in a variety of (mainly British) computers including 
NCs and PDAs.
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drivers/net
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drivers/char
drivers/video
drivers/isdn
drivers/sound
drivers/acorn
drivers/block
drivers/cdrom
drivers/usb
drivers/"others"

Acorn is a British make of computer that uses the ARM chips (also found 
in a variety of other computers, including some handhelds).

My observation is that the growth in network and SCSI cards in particular 
is a sign of Linux’s growth.  Many of these drivers were developed by the 
device manufacturers and donated to the open source community.  It 
should be noted that SCSI and network cards have fairly complicated 
logic.

Character devices are those devices that can be accessed simply as 
files: modems, sound cards, ttys.  Block devices have read/writes 
chunked into blocks, which are managed as such; SCSI and IDE devices 
are accessed in this way.  CDROM drivers are for devices that use 
proprietary interfaces and are relatively uncommon as most use IDE or 
SCSI connections now; note that this SS hasn’t grown much.
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My hypothesis is that there is still a lot of room for growth: new drivers, 
file systems, architectures.

Also, the bandwagon is very popular right now.  IBM, Dell and other 
heavyweights are strongly committed to Linux (including support).
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1. Drivers are independent of each other and the rest of 
the system (hard abstract interface).

2. Lots of “legacy drivers”

Hypothesis: significant cloning has occurred

-:
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This comes from home page of Eric Raymond [Cathedral and the 
Bazaar].  The brown diamond tracks the code size.  Raymond said that 
he expects growth to be slow as he considers the main development to 
be finished (ie only bug fixes from now on).
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This was part of the work done by Qiang Tu.  This is the raw data for the 
evolution of the pine email client. It does show the slowed growth. The 
rationale for the slowed growth here is that the main functionality is 
finished. However, I have not examined pine in any detail, so I am loathe 
to draw many conclusions.
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Here is X11.  Since R6 was released, it’s been in maintenance mode.
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The gcc history is pretty interesting, and I only know some of it.  The 
basic lesson is that non-technical issues have dominated here.

My Master’s student Qiang Tu is examining the gcc history. Interesting to 
note that (a) gcc steering committee is distinct from developers and (b) 
most of the gcc developers are full-time employees of Cygnus.  Gcc is 
the jewel in the crown of the GNU/OSD movement.  It supports multiple 
front ends (different programming languages) and back ends (hw/OS 
platforms).
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The vim text editor is another tool I have looked at in some detail.  Like 
Linux I am a long-time user of vim going back to 1993 or so.
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While this looks dramatic, it’s not clear to me how significant the drop is 
(30% to 26%).
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This is more significant: The median size is staying fairly small, but the 
average size is increasing.  The two largest source files are called <drum 
roll> misc1.c and misc2.c.  Yikes! This leads me to wonder how long vim 
can continue to evolve.  However, (a) it’s an order of magnitude smaller 
than Linux and (b) it’s mostly a central data structure with a few distinct 
subsystems/large scale features.
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Architecture model created by Eric Lee.  VIM is basically a central data 
structure with a handful of major subsystems.
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Gall said have to examine top level subsystems.
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KAC is a student project from my last seminar course (I gave them the 
idea and told them to go build it and experiment with it).
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% webster elephantine

1a: having enormous size 
or strength: MASSIVE

1b: CLUMSY, PONDEROUS
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May not be of immediate use to practitioners …

… but some good foundational study may lead to better understanding of 
what software is and how it evolves.
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