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CrNU vwolee

text and examples from gmake documentation
hitps://www.gnu.org/software/make/manual /make.hbml

o So far:
- rules, tarqgets, prerequisites, recipes
- explicit and implicit rules
- makefile naming
- phony targets
- variables
- comments
- regular and order-only prerequisites


https://www.gnu.org/software/make/manual/make.html

4 4 Wildeards

hitps://www.gnu.org/software/make/manual /make hbtml# Wildcards

o The wildcard characters in make are ‘¥, ‘?/ and ‘[..]17

o Wildcard expansion is perffmrmad bj make automatically in targets and in
prerequisites.

o In recipes, the shell is responsible for wildcard expansion.

o In other contexts, wildecard expansion happens only if you request it
explicitly with the wildcard function.

Suppose you would Like to say that the executable file foo is made from
all the object files in the directory, and you write this:

objects = *.0

foo : $(objects)
cc —o foo $(CFLAGS) $(objects)

The value of objects is the actual string “xo’. Wildcard expansion happens
in the rule for foo, so that each existing ‘.o’ file becomes a prerequisite of
foo and will be recompiled if necessary,

Bub what if you delete all the "o’ files? When a wildcard matches no files,
itk is Lleft as ik is, so then foo will depend on the oddly-hamed file *o0.
Since no such file is Likely to exist, make will give you an error saying it
cannot fiqure out how to make *o.


https://www.gnu.org/software/make/manual/make.html#Wildcards

443 The Function wildcard

Wildcard expansion happens automatically in rules. But wildcard expansion does not normally take place when a variable is set, or
inside the arguments of a function. If you want to do wildcard expansion in such places, you need to use the wildcard function, like
this:

$(wildcard pattern..)

This string, used anywhere in a makefile, is replaced by a space-separated list of names of existing files that match one of the given
file name patterns. If no existing file name matches a pattern, then that pattern is omitted from the output of the wi ldcard function.

Note that this is different from how unmatched wildcards behave in rules, where they are used verbatim rather than ignored (see
Wildcard Pitfall).

One use of the wildcard function is to get a list of all the C source files in a directory, like this:

$(wildcard *.c)

We can change the list of C source files into a list of object files by replacing the ‘. C’ suffix with ‘. 0’ in the result, like this:

$(patsubst %.c,%.0,%$(wildcard *.c))
(Here we have used another function, patsubst. See Functions for String Substitution and Analysis.)

Thus, a makefile to compile all C source files in the directory and then link them together could be written as follows:
objects := $(patsubst %.c,%.0,%$(wildcard *.c))

foo : $(objects)
cc -o foo $(objects)

(This takes advantage of the implicit rule for compiling C programs, so there is no need to write explicit rules for compiling the files.
See The Two Flavors of Variables, for an explanation of ‘:=’, which is a variant of ‘=’.)


https://www.gnu.org/software/make/manual/make.html#Wildcard-Function

4.8.1 VPATH

k&&Fzs://mmm.Sv\u,‘arg/so«f&ware/mo\k’e/maMuai./malze.k&mt#mrec&cwrv-—%arak

o The value of the make variable VPATH
specifies a List of directories that make
should search. Most often, the
directories are expected to contain
prerequisite files that are not in the
currenkt &ire&&orj; however, malee uses
VPATH as a search List for both
prerequisites and targets of rules.

o Example: VPATH = src:./headers



4.5.2 VPATH

k&&Fzs://mmm.Snu,‘arg/so«f&wo\ra/mo\k’e/maMual/maw*e.k&mt#mrec&cwv-—%amk

o Similar to the VPATH variable, buk more selective, is
the vpath directive (note Lower case), which allows
you to specify a search path for a particular class
of file names: those that match a particular pattern.
Thus you can supply certain search directories for
one class of file names and other directories (or
none) for other file names.

o A vpath pattern is a string containing a ‘%’
character. The skring must match the file name of a
prerequisite that is being searched for, the ‘%’
character matching any sequence of zero or more
characters (as i pattern rules; see Defining and
Redefining Pattern Rules). For example, %.h matches
files that end i L,

o Exampi&: vpo&h %L Sheaders



414 Generating Prerequisites Automatically

kEEps [/ e ghnu, c:vrq/so¥&ware/mawe/MQMMaL/make kEmL#Aqumahe-—-?rereqmsn&es

To avoid this hassle, most wmodern C compilers can
write these rules for you, bfj looking at the #Hinclude
Lines in the source files. Usually this is done with the
- afyﬁmm to the COMPLL@.T‘ For exampi.@., the

comnmand; &
~ Use -MM Lv\s&eaci c:vf -M &c;v [om:,&]

cc ~M mainc
prereqmsn&es on svs&em header af:,Le.s |

generates the OMEFME:
main.o : maine c&eﬂfs‘.h

Thus you o longer have to write all those rules

voursebﬁ The compiler will do it for you,

Section 4.14 qoes thto some detail o how to set up rules to
au&cmaﬁaauj create bthe depemdemcées.» That s more itvolved Ehan

I expect you to lear tn this course. Instead, run

nmanhually to qget the prerequisites right; thsert them directly into

the malkeefile.


https://www.gnu.org/software/make/manual/make.html#Automatic-Prerequisites

5.1 Recipe Syntax
htk Fs://wwm.9Mumrg/so{&mare/mo\we/mo\Mu&i/malm.h&mL#fiecipe-—-Sjmﬁax

o Two kinds of syntax used in a
moalkefile:
- Recipes use shell syntax
- Rest of makefile uses make syntax

o This has important implications for
how variables are &m&evgr&ed



Example
h&&F»s://mww.9Mu.‘org/so»f&wara/maw‘a/mahuat/mak‘e‘%mi.#\fo\ria\btas“m“rzez:ipas

Rule tn malketile

LIST = one two three
all:
for L in $LIST); do \
echo $$i; \
done



Example
h&&F»s://mww.9Mu.‘org/so»f&wara/maw‘a/mahuat/mak‘e‘%mi.#\fo\ria\btas“m“rzez:ipas

What the shell sees

for L n one two three; do \
echo $i; \
done



Example
h&&F»s://mww.9Mu.‘org/so»f&wara/maw‘a/mahuat/mak‘e‘%mi.#\fo\ria\btas“m“rzez:ipas

The oukb Fmﬁ Proo’ku&eo{

one
Fwo
Ehree



Autonmatic variables
hitps://www.gnu.org/software/make/manual /make html# Automatic-Variables

The file name of the target of the rule.

The target member name, when the target 1s an
archive member.

The name of the first prerequisite.

The names of all the prerequisites that are
newer than the target, with spaces between them.
The names of all the prerequisites, with spaces
between them.

This 1s like ‘$”’', but prerequisites listed more
than once are duplicated in the order they were
listed 1n the makefile.

The names of all the order-only prerequisites,
with spaces between them.

The stem with which an implicit rule matches
(see How Patterns Match).



Lecture qu,es%mm



Autonmatic variables
hitps://www.gnu.org/software/make/manual /make html# Automatic-Variables

l$(@D) ’

The directory part of the file name of the target, with the trailing slash removed. If the value of ‘$@’
is dir/foo.o then ‘$(@D)’ is dir. This value is . if ‘$@’ does not contain a slash.

l$(@F) ’

The file-within-directory part of the file name of the target. If the value of ‘$@’ is dir/foo.o then ‘$
(@F)' is foo.o. ‘$(@F)’ is equivalent to ‘$(notdir $@)’.

l$(*D)l
l$(*F)I
The directory part and the file-within-directory part of the stem; dir and foo in this example.

l$(o/°D) ’

‘$(%F)’

The directory part and the file—within-directory part of the target archive member name. This makes sense
only for archive member targets of the form archive(member) and is useful only when member may contain a
directory name. (See Archive Members as Targets.)

l$(<D)I
l$(<F)I
The directory part and the file-within-directory part of the first prerequisite.

l$(AD) ’
l$(/\F) ’

Lists of the directory parts and the file-within-directory parts of all prerequisites.

‘$(+D) "’

l$(+F)l

Lists of the directory parts and the file-within-directory parts of all prerequisites, including multiple
instances of duplicated prerequisites.

l$(?D)I

l$(?F)I

Lists of the directory parts and the file-within-directory parts of all prerequisites that are newer than
the target.



Qeaipe execubion

When it is time to execute recipes to
update a target, they are executed by
voking a new sub-shell for each Lline
of the recipe, unless the .ONESHELL
special target is in effect



5.3 Recipe execution

Sometimes you would prefer that all the Lines

in the recipe be passed to a single invocation of
the shell.

. ONESHELL:

SHELL = /usr/bin/perl

. SHELLFLAGS = -e

show :
# Make sure "@" 1s not the first character on the first Lline
@f = gw(a b c);
print "@f\n";



What 0S are you running on?

@ uname -5

0S = $(shell uname -s)

ifeq ($(0S),Darwin)

MSG = You are running macos
else ifeq ($(0S),Linux)

MSG = You are running Llinux

else
MSG = You are running something else

end1if
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http://en.wikipedia.org/wiki/GNU_Build_System#/media/File:Autoconf-automake-process.svg
http://en.wikipedia.org/wiki/GNU_Build_System#/media/File:Autoconf-automake-process.svg
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http://en.wikipedia.org/wiki/GNU_Build_System#/media/File:Autoconf-automake-process.svg




opaque Vs %ramsyamv\%
testing



opaque testing

o Can anyone describe what bhis is?



opaque testing

Testing done to Prabe Fhe m!ﬂu&/ouﬁpu& behavior
of a system, without nowledge of the interior
skructure,

TDD relies on opaque testing to capture
requirements of a software component before it
is implemented.



opaque testing

o Code is treated as a closed box, one
which you cannot peelk tnside




opaque testing

o Tesks are written without regard to
HOW code is written

ELMF*M& S X > oul F"U’E




opaque testing

o Tests are meant to capture the intended
behavior of the system (the requirements/
spea{:wa&wms): WHAT the code should do.




opaque testing

o In Test Driven Development (T DD) kesks
are written before the code is, and so
qualifies as opaque testing.




opaque testing

o In TDD, think of tests written to
capture s[za'e&i«fiﬂaﬁiams as executable
specifications.




transparent testing

o Can anyone describe what bhis is?



transparent testing

Testing done to Prabe Fhe m!ﬂu&/ouﬁpu& behavior
of a system, knowing knowledge of the interior
skructure,

TDD relies on transparent testing to ensure that
all computation paths of a software component
implementation are covered by test cases.



transparent testing

o Tests are written taking into
consideration HOW the code is wrikken.,




transparent testing

o Use a code coverage tool to ensure
that kesks exercise ALL possibt@.
compu&&&ics«\ F@&Ehs«




transparent testing

o Use a code coverage tool to ensure
that kesks exercise possibt@.
compu&&&ics«\ F@&Ehs«




Code coverage

o We will use gcov as our coverage tool.

@ COMF’EL@. wikh,

gcc $(CFLAGS) —fprofile—arcs —ftest-coverage

-T /util/CUnit/include/CUnit/
¢ (0OBJECTS) tests.c -0 tests
—lcriterion —lgcov




—fprofile—arcs

Instrument arcs during compilation. For each
function of your program, GCC creates a
program flow graph, then finds a spanning tree
for the graph.

https: //gcc.gnu.org/onlinedocs/qgcc-2.96.2/
qee_R Wl #SECS



https://gcc.gnu.org/onlinedocs/gcc-2.95.2/gcc_2.html#SEC9
https://gcc.gnu.org/onlinedocs/gcc-2.95.2/gcc_2.html#SEC9

-ftest—coverage

Create data files for the qcov code-coveraqge
ukiliby (see section gcov: a GCC Test Coverage
Program).

h&&gs://gcc:.gar\u.org/omtmedoas/gacwz 082/
qee R Wl #SECS



https://gcc.gnu.org/onlinedocs/gcc-2.95.2/gcc_2.html#SEC9
https://gcc.gnu.org/onlinedocs/gcc-2.95.2/gcc_2.html#SEC9

—1llibrary

Search the Library named library when Linking.
It makes a difference where in the command you
write this OPEEOM; the Linier searckes/[vro&@.sses
Libraries and object files in the order they are
specified. Thus,

foo.0 -lz baro
searches Library ‘2z’ after file “foo0.0' but before *bar.o'.
1{ ‘bar.o' refers ko functions in *z', those functions
may not be loaded.
The directories searched include several standard
system directories plus any that you speai{v wikh =L’

https: //9cc.gnu.org/onlinedocs/qec-2.95.2/gcc_2 hkml#SEC13



https://gcc.gnu.org/onlinedocs/gcc-2.95.2/gcc_2.html#SEC13

using geov ko verify test coverage

compile test code with extra flags
o this instruments code to qather coverage information
run tests

o Ehis runs your tesks and allows the inskrumentakion ko
collect coverage data that shows what parts of the
implementation were exercised bj the kesks

run gcov oh the source file (e.q. source.c) whose coverage
you're interested in exploring

use 'man gt::ca-v’ to see geov command Line op&oms. Trj -b.

 Look ab the file produ«ted b'j gcov (e.q. source.c.gcov)



