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This document describes in some detail the contents of theikdzkd configuration files.The first part of
this document describes the contents of each of the configurationTfilessecond part discussesrious

aspects of their useA tutorial document is alsovalable that describes hoto write Imalefiles that use
the kbird configuration files.

Imake.tmpl

Imaketmplis a template file that defines the architecture of the configuration Ifilesr\es to#i ncl ude
the other configuration files in the correct orderwell as thelmalefile from the current directoryand it
adds some datilt Makefiletarget entries.Imaketmpllooks like this:

#i ncl ude <I make. p-cf>
#i ncl ude <l make. cf>

#def i ne Bef or eVendor CF
#i ncl ude <site. p-def>
#i ncl ude <site.def>
#undef Bef or eVendor CF

#i ncl ude Proj ect Vendor | ncl udeFi |l e
#i ncl ude Vendor | ncl udeFil e

#define AfterVendor CF
#i ncl ude <site.p-def>
#i ncl ude <site.def>

#undef After Vendor CF

#i ncl ude <l nmake. p- par ans>
#i ncl ude <l nmake. par ans>

#i ncl ude <l make. p-rul es>
#i ncl ude <l make. rul es>

#i ncl ude | NCLUDE_| MAKEFI LE
default Makefiletarget entries

Pr oj ect Vendor | ncl udeFi | e andVendor | ncl udeFi | e are defined inmakecf as the names of
the \endorspecific configuration files appropriate for your system, eswyn.p-cf and sun.cf
| NCLUDE_| MAKEFI LE represents thenalkefile

Configuration files are processed in paiffie second member of each pair is a file located in the public
configuration directory (e.glusr/local/lib/config/kbid), and is shared among all projects that use the kbird
files. Theseshared files define the standard baseline configuratieidprbby the kbird files.

The first member of each pair is a project-specific filhen a project has configuration requirements such
that it needs toweride (or extend) the baseline information in the public file, it\pdes the necessary
information in the project-specific file in its pate configdirectory under the project root (the root direc-
tory of the project source treeJo prevent file inclusion errors when a project doégmovide particular
project-specific files, the public directory also contains empty dummy copies of thesd liideésaay, the
project praides only those files it needs, ang @does preide tale precedenceer the dummy copies.
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The following sections describe primarily the shared files because theltdefoject-specific files are all
empty Howeve, when it’s likely you may vant to werride something in the shared files, thgtinted
out. Thismeans that you create*g-* file in the projecs configdirectory and put the information there.
You do not modify the dummy copin the public configuration file directaryor instance, if you need to
specify HP-specific information for your project, crebfep-cfin your projects config directory Don't
modify thehp.p-cffile in the/usr/local/lib/config/kbid directory

Imake.cf

Imalecf contains endor blocks that determine the type of systemrgousing and define the macros
Vendor I ncl udeFi | e andPr oj ect Vendor | ncl udeFi | e as the names of therdorspecific con-
figuration files appropriatelyThey also define symbols you can test to determine sofvand/or hardare
type if necessary (e.g., in émalkefile).

For instance, the Suremdor block defines theemdor file names asun.cfand sun.p-cf It definesSun-
Ar chi t ect ur e (meaning the softare is SunOS), and, depending on the hardwtype, defines one of
the symbolsSpar cAr chi t ect ur e, Sun3Ar chi t ecture, ori 386Archi tecture.

If you port the kbird configuration files to amelatform, you must makaure theres an gopropriate en-
dor block inimake.cf and write a endor file.

site.def

sitedef contains site-specific definitionsThis file is the primary candidate for modification when you
install the kbird files, because you use ittpress preferences for parameters such as your usual directory
for installing user programs, et€You leare nost of the other configuration files alone.)

The project-specific filsite p-defcan be used when yowawt to werride parameters on a site-specific basis
for a particular projectExample: IfLocal Bi nDi r is set insitedefat your site tdusr/local/bin but you
want to install programsuilt by a particular project into youma bin directory/u/you/bininstead, you
could put the follaing in the projecs sitep-def

#i f ndef Local BinDir
#define Local BinDir /u/you/bin
#endi f

Overriding Values in site.def

sitedefandsite p-defare each split into tavparts, like this:

#i f def Bef or eVendor CF
/* stuff processed before vendor file */
#endi f /* Bef oreVendor CF

#i f def AfterVendor CF
/* stuff processed after vendor file */
#endi f /* AfterVendorCF

Definitions are usually added to tAét er Vendor CF part of the site filesHowever, if you're trying to
specify a parameter thatdready defined in aandor file, a definition in thaf t er Vendor CF part of a
site file will be werridden by the definition in theewmdor file. Consider whether or not this is what you
want. If not, then perhaps you should specify the parameter iBeher eVendor CF part of the site file
instead. Alternatiely, modify the \alue in the endor file.
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vendor.cf

Other tharimalecf, files with names of the fortcf are \endorspecific files, e.gsun.cf ultrix.cf, osfl.cf
They're used to werride the dedults for parameters specified limake paramswhen those defults are
incorrect.

A vendor file might alsowerride the dedult definition of rules specified imakerulesif rules dont work
properly on a gien system. Br example,Mips.cfoverrides| nst al | ManFi | e(), the rule that installs
manual pagesUnder Mips RISC/os, manual pages must be installed alreaffied, rather than in source
form. Sothe rule is defined to run the manual page througfi and install the resultAn additional com-
plication is thatnroff does not by defult come with RISC/osConsequentlythe rule is defined as a null
operation ifnroff isn’'t present on the system.

Project-specifi¢.p-cf files are usually used when you definevipeoject parameters ilmake p-paramsbut
need to werride defwlts for a particular platformThis is analogous to theay *.cf files override defults
specified inmake params

Imake.params

This file specifies defilt values for the general system and project parametéssally a parameteralue
is expressed as epp macro set to a datilt value that can beverridden in \endor or site files, andraale
variable set to thealue of the macroFor example:

#i f ndef MvCrd
#define WCmd nmv
#endi f

W = MvCd

Imake paramscontains seeral kinds of information, described in the fallmg sections.
General System Characteristics, Eature Symbols

This section describes the system type in broad terms and lists some particular features the system either
does or doest’'have The symbolsSyst enV and Syst enV4 indicate whether or not your system is

based on System V Release 2 or 3, or System V Releabeeddefult for both isNO (i.e., not based on

System V at all).If that is incorrect for your systemyaride the dediults by defining the appropriate sym-

bol asYES in the \endor file.

The Has XXX symbols indicate whether or not your system possesses certain capabilities or f8dteres.
defaults should bev@rridden in the endor file as necessary

Configuration File and Project Information

The symbols in this section describe the name, location, and release number of the kbird configuration files,
the name and release number of the project, and the location of the pjeate configuration files.

Conf i gRoot Di r must be the same as thalue used bymbootfor the configuration file root directory
(the directory under which sets of configuration files are install€theck your cop of imbootto see
where it &pects this directory to bdf Confi gRoot Di r in Imakeparamsis incorrect for your system,
overide it in sitedef

The project name and releasealdfs are meaninglesad- pr oj ect - nane and0). Owerride them in
the project private Imake p-paramsif you want them to be accurate for your project.
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General System Laput

This section defines things such as program, libemgy administratie drectories. Oneset of parameters
describes the standard system layout — where such things as libraries, admeidestiuser programs,

and temporary files are found or creatétbwever, mary sites maintain a second set of directories into
which locally installed files are pufor instance, you may put locally installed libraries and header files
into /usr/local/lib and /usr/local/include To accommodate this, another set of parameters describes the
“local” system layout.

In general, when you write Imefles, you should use the local parameters because you can redefine them
on a peiproject basis inmake p-paramsor site p-defwithout changing where the standard system directo-
ries are gpected to be.

AdnDi r

Directory for administratie programs and filesDefault/usr/adm
BinDir

The usual user program directpdgfault/usr/bin
EtcDir

Directory for serers and system maintenance todlefault/usr/etc likely override value/etc
I ncl udeRoot

Top of system include file hierargh Default/usr/include
Li ntLi bDir

Directory for lint libraries. Default /usr/lib/lint.
TnpDi r

Directory for creation of temporary filesDefault /tmp likely override values are/usr/tmp or
Ivar/tmp

Usr Li bDi r
Directory for libraries and library filesDefault/ustr/lib.

Local RootDi r
Local AdnDi r
Local Bi nDi r
Local EtcDir
Local | ncl udeRoot
Local Li ntLi bDi r
Local Usr Li bDi r

Local directories corresponding to standard system directdriesal Root Di r is the root of the
local directory hierarch The others are defined in terms of it, so you canemdl of them by
redefining it. To move just some of them, redefine indiual Local XXXDi r parameters. Ijou

want to male these directories equalent to the corresponding standard system directories, define
Local Bi nDi r as$(BI NDI R), Local Usr Li bDi r as$( USRLI BDI R) , €tc.
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Manual Page Directory Layout

The parameters in this section define the layout of the manual page hiemarghur system.In the sim-
plest (dedult) case, this consists simply of tn?directories undefusr/man Some systems are more
comple; seeMips.cffor an ekample.

ManRoot defines the root of the manual page hienard¥anSour cePat h defines the name used to con-
struct manual page section directori@he names of the inddual directories are constructed by concate-
natingManSour cePat h with a sufix. The sufixes are gien by the Man?Suf f i x parameters, and the
directory names are\gn by the Man?Di r parameters, whereis 1, 2, 3, 4, 5, 6, 7, 8,(el), orn. The
parameterdbnSuf f i x andManDi r indicate the‘usual” suffix and directory (where user program man-
ual pages are typically installed on your system.

There is nd_ocal ManRoot , justManRoot . This is because the manual page hieragifeady includes
sections for local stéiffmanland manr). Onthe other hand, you mayant to install local stdifinto an
entirely separate manual page hiergrahg., under/usr/local/man If so, override ManRoot in sitedef
and setvanSuf f i x to $( MANSUFFI X) .

Programs and Flags

This section defines parameters for programes tilke C compilerthe loaderrm, etc., and flags that tlge
use.

The complgity of CFLAGS is worthy of note; its structure is discussed a bit in the section "The Program-
Building Model."

Installation Support

This section defines parameters for installiagaus kinds of filesl nst al | Cnd is the name of the pro-
gram for installing thingsBy default it's install. That's aitable if yourinstall is the BSD wersion, it if
you hare a §stem Vinstall, | nst al | Cnd is overridden asdsdinstor install.sh(shell scripts that emulate
BSD behaior).

The other installation parameters define install flags and combinations of Tlagsingle flags are listed
belon. These are atppmacros and all he orresponding uppercaseale variables.

I nst Copy

Flag for whether to copfile without remwing original. Default is—c; override as the emptyalue if
you want originals remeed. Thistakes less disk spaceytbforces more rablds after install opera-
tions.

InstStrip

Flag for stripping recutable binariesDefault is—s; override as the emptyalue if you dort want
binaries stripped (which tak more spacepballovs better delagging).

I nst Omner
I nst G oup

Owner and group names of installed filéhe de#ults are emptysnce it's hard to choose good
default avnerships that maksense across dédrent systemslf you want files to bewned by a par
ticular user or group,verride the dediults. Notethat you must include theo or —g options with the
name if you specify non-emptyhies:

#i f ndef | nst Oaner
#define I nst Ower -0 nanme
#endi f
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#i f ndef | nstG oup
#define InstGoup -g nanme
#endi f

Also note that wnership specifications ity will be inefective if you're notroot when you install
files.

I nst Proghvbde

I nst Ui dPr oghvbde
I nst G dPr oghvbde
I nst UG dPr ogMode
I nst Scri pt Mode

I nst Li bMode

| nst Dat Mode

I nst ManMode

I nst | ncMode

Mode flags for installing programs, setuid programs, setgid programs, setuid/setgid programs,
executable scripts, libraries, data (noxeeutable) files, manual pages, and include (header) files.
Installation of setuid and/or setgid programs may bddantfe wnless you areoot if you are not the
installed evner and/or group.

The parameters belospecify combinations of flags and pide a comenience notation for concatenating
common groups of flagsAll of them referencd NSTOANER and | NSTGROUP, and all the flags for
executable binaries referende\NSTSTRI P. In addition, each references a mode parameter for the appro-
priate type of file.

I nst ProgFl ags

I nst Ui dPr ogFl ags
I nst G dPr ogFl ags
I nst UG dPr ogFl ags
I nst Scri pt Fl ags

I nst Li bFl ags

I nst Dat Fl ags

I nst ManFl ags

I nst 1 ncFl ags

Installation flags for installing programs, setuid programs, setgid programs, setuid/setgid programs,
executable scripts, libraries, data (noxeeutable) files, manual pages, and include (header) files.

Document Preparation

This section defines parameters for programs used to format documents, softhtak and soelim and
parameters for commdroff macro packages.

kbird Libraries

At kitebird.com, seeral locally-developed libraries are commonly used taild programs.The kbird con-
figuration files preide link and dependenepecifiers for them.The following table lists the specifiers pro-
vided by the kbird configuration filedzor every library XXX, there is anXXXLi b variable for link pur
poses and ®epXXXLi b variable for dependencpurposes. Therare male variables corresponding to
each of these, which is what you refer to in |efd&s.
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Library Link Dependency
Name Specifier Specifier

refer record manipulation library Bi bStuffLib | DepBi bStuffLib
Exception and termination manager libraryEt nLi b DepEt nmLi b
Form processing library FplLib DepFpl Li b
Form query library Fqgl Li b DepFql Li b
GECOS library GecosLi b DepGecosLi b
Simple log manager library LogMgr Li b DepLogMyr Li b
Simple memory manager library Memvgr Li b DepMem\gr Li b
Network database service library NdsLi b DepNdsLi b
Network 1/O library Ni oLi b DepNi oLi b
Order processing library OrderlLib DepOrderlLib
Sequence number library SegNuntii b DepSeqNuntii b
Simple screen-management library SinScrLib DepSi nScr Li b
Temporary file manager library Tfi b DepTf nLi b
Token scanning library TsLib DepTsLi b

By default, the link specifiers are of the forniname and the dependeyncspecifiers are emptyThis
reflects the assumption that all the libraries are installed in a system directory @A USRLI BDI R)

on your machine.If you have a poject that lbilds one of these libraries, yduhotice that it has an
Imake p-paramsfile that overrides the specifiers for that particular library to point into the project tree.
That's because the project camssume the library is installed, and if it alagltis applications that use the
library, it must find the library within the project.

You'll also notice that the link specifier includes a referendeQADERL | BPREFI X. Link libraries are
typically specified in one of twways, either by pathname or usinb notation (e.g.;-Imylib). Whena
library is specified using a pathname, on most systems the pathnanfecisnéufHovever, on Cray sys-
tems running UNICOS, # necessary to usel even for libraries specified by pathnam&hus, to write a
reference to a library specified by pathname, you writedtttils:

$( LOADERLI BPREFI X) $(TOP) / 1i b/ i byl i b. a

The \ariableLOADERL| BPREFI X gets its @alue from the macrboader Li bPr ef i x, which is normally
empty The debult reflects that no prefix to the pathname is necessary in most Bagasay.cf defines
the macro as| so the proper flag precedes the pathis is a goodxample of hav the igencies of one
kind of system can fdct the vay you write configuration files.

Imake.rules

The main function ofmakerulesis to define macros that gener®akefiletarget entries.

One motif that appears throughout the kbird rules is the implementation of rules in terms of other rules.
One form of this is the construction of a rule as a concatentatiovagfaions of other rulesAnother

form is the implementation of groups of similar rules in terms of a single underlying general-purpose rule.
An example of rule concatenation Bui | dProgram(), which irvokes Al | Tar get (), Renove-

Target (), Stuff Tod ean(), andLi nt Sour ces() . An example of use of a general-purpose rule is

I nst al | ManFi | e(), which prosides a general intea€e to manual page installatioAll the other man

page installation rules are defined in termkmdt al | ManFi | e() .

The reasons this technique is used so much are: (ipio ariting a construct as the same literadttever
and wer when a rule is simpler townke; (ii) when a lug is found in a construct, steasier to fix the rule
that generates it than to fix multiple literal instances of tke (&) it' s easier to change the befar of
rules that use the construct (e.g., byvidimg an alternate definition in @rdor file).
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Non-Rule Macros

Imakerulesdefines some macros which are not rules.
Nul | Arg

This macro ealuates to nothing.Use it in rule inocations to specify an emptygarment. (Dort
just leave an aagument emptybecause somepps complain or &il when an agument is gpected bt
none is specified.)

Nul | Par anet er
Like Nul | Ar g; provided to satisfy X11 habits.
DirFail Prefix

This macro is normally emptyput may be defined as for those systems which vm a &ell that
doesnt evaluate the follaving constructs properly:

Normally Di r Fai | Prefi x is defined in endor files as necessagnd is not of concern to the
Imakefilewriter.

Rule Macros

Rules are listed by sections, paralleling the layout by whitdlerules is organized. Within sections,
rules are described in the ordentlappear withinimake rules rather than alphabetically

Dir ectory-Making Rules

MakeDi r (dir)

MakeDi r () generates commands to check whether thengiirectory «ists and to create it if not.
This rule is used tab-indented as a command ling;u#tially used within other rule definitions,
rather than in Imadfiles.

MakeDi rectori es(target, dirs)

This rule generates a tgt entryt ar get that creates the named directories ifytlien’t exist.
Unlike MakeDi r () , the rule may be used standalone, sodititable for use in Imadiles.

Rules for Building Executable Programs

Bui | dPr ogr am( prog, srcs, obj s, | i nkli bs, depl i bs)

Bui | dPr ogran() is the general inteste for hilding programs.It generates entries tauitd,
remove, and lint a single program, and it may b&aked multiple times in the samienalefile

pr og is the program namar cs andobj s list the prograns source and object files,i nkl i bs
lists the libraries needed to link the program, de@l i bs lists the libraries to check as dependen-
cies. Dependendibraries must be gen as pathnames.

Bui | dProgran() produces seral tagets. Apr og tamget huilds the program.An al | tamget
builds the program and grothers in thdmalefile A cl ean tamget remwoes the program and cleans
up, i nt. prog lint's the sources foprog, and | i nt lint’s the sources for all programs in the
Imakefile
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Bui | dSi npl ePr ogr am( nane, | i nkl i bs, depl i bs)

Bui | dSi nmpl ePr ogr anm() is a simplified ersion ofBui | dPr ogr an{) that males a number of
assumptions, namely that youamt to lwild a single program consisting of a single source file
nane.c, that the manual page, if there is one, is nametle.man and that you want to install the
program inLOCALBI NDI R and the manual page MANDI R. | i nkl i bs anddepl i bs are as for
Bui | dProgran) .

Bui | dSi nmpl eProgram() sets the male variables SRCS and OBJS, invokes Bui |l d-
Program(), a well as installation and manpage installation rules, antkes Depend-
Target ().

Bui | dSi nmpl ePr ogr am() may be inoked only once peimakefile, and should not be used with
ary other program or library4lding rules.

If you want to install the program in a flifent directoryyou can assign a dérent \alue toL OCAL -
Bl NDI Rin thelmalkefile

LOCALBI NDI R = / sone/ ot her/directory
Bui | dSi nmpl ePr ogr an{ prog, Nul | Arg, Nul | Ar g)

Speci al Obj ect Tar get (dst, src, fl ags, depends)

This rule allevs you to specify special flags for compiling a particular object @it is the object
file name,sr c is the source file namé| ags is the special flags to use when compiling it, and
depends is ary special dependencies fobj (other tharsr c).

Speci al Cnj ect Tar get ( basenane, f| ags, depends)

This rule allavs you to specify special flags for compiling a particular object file from a C source file.
basenane is the object file basename (naension),f | ags is the special flags to use when com-
piling it, anddepends is ary special dependencies for the object fitdg (other than then source
file). Speci al Cbj ect Tar get () determines the name of the source fildasenane. ¢ and

the name of the object file using thefsuéppropriate for your system (e.go for UNIX and. obj

for Windows NT.

Library-Building Rules

The kbird rules support onlynormal” (static) libraries; there is no support for sharedudging, or pro-
filed libraries.

Nor mal Li braryObj ect Rul e()

This rule redefines the - .o transformationmale uses to compile C source files fanilding
objects in libraries It should be imoked exactly once in ayImakefilein which you ivoke Bui | d-
Nor mal Li brary(). Since this rule may change the delt transformation, i best not to bild
programs and libraries in the same directory

Bui | dNor mal Li brary(nane, srcs, obj s)

Bui | dNor nal Li brary() generates a tget entry to hild a library from the named object files.
When you use it, roke Nor mal Li br ar yObj ect Rul e() as well.

nane is the library basename (e.g., for a librlbxxx.a the basename isx). srcs andobj s list
the librarys source and object files.

A |'i bnane. a tamget is produced thatuilds the library An al | tamget kuilds all libraries in the
Imakefile A cl ean target cleans upl i nt. | i bname. a andl i nt tamgets lint the sources for the
nane library and all libraries in themalefile respectiely.
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Bui | dLi nt Li brary( name, srcs)

Build alint library for the gven library based on the\gn source files.sr ¢cs should name the same
file as thesr cs argument toBui | dNor mal Li brary() .

Generate$ | i b-1 name. I nandl i ntli b tagets that bild thenane lint library andlint library
for all libraries in thdmalefile, respectiely, and acl ean tamget to clean up.

Rules r Building Targets by Running Bmplates through Filters

The kbird rules allev you to generate files from templates by running them through some filter program to
process the templatd.he filter may be arbitranput for corvenience, rules are pvaed that assume either
msubor cppas the filter

The output file may be eithekeeutable (i.e., scripts) or norxeutable. Ercutable scripts may be pro-
duced that, when run, argeeuted by an arbitrary script processor (not just the shell).

For al the rules,dst is the taget file to producesr c is the input template, arteps names ay depen-
dencies that musixist before processing the templateor those rules that takaf i | t er agument, its
the filter program that should process the templgte.those rules that takapr og argument, its the pro-
cessor thatxecutes the output script whersitun. pr og must be a full pathname.

Rules that bild executable scripts act ddrently according to whethétasExecabl eScri pt s is YES
or NO. If it's YES, the rule writes a line li& this at the bginning of the script, whergr og is the script
processor:

#! prog

If HasExecabl eScri pt s is NO, the rule writes a shell script that writes your script to a temporary file,
passes the file to the script processor as a separate command, ares teenfile. This means the script
template contains n#! line at the bginning. It's alded if necessary by the rule that generates the script.
(This contrasts, for instance, with the X11 rules to generate scriptcfotamplates. &r those rules, the

#! line must be present in the template and is kexhd necessary

Fi | eFronTenpl at e(dst, src,filter, deps)

Produce a nonxecutable file from a template.
Scri pt FronTenpl at e(prog, dst, src,filter, deps)

Produce anxecutable script from a template.
Fi | eFr omVsubTenpl at e( dst, src, deps)

Produce a nonxecutable file from a template, assumimgubas the filter program.
Scri pt FromMVsubTenpl at e( pr og, dst, src, deps)

Produce anxecutable script from a template, assumingubas the filter program.
ShScri pt FromvsubTenpl at e( dst, src, deps)

Produce an»ecutable script from a template, assumingubas the filter program and the shell as
the script processor

Scri pt FromMVsubTenpl at eW t hFl ags( prog, dst, src, fl ags, deps)
ShScri pt FromvsubTenpl at eW t hFl ags(dst, src, fl ags, deps)

Like Scri pt FromvsubTenpl at e() andShScri pt Fr omvsubTenpl at e() , but these rules
allow you to specify flags that are passedrtsub This is useful when you ant to redefine the
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variable reference delimiters thaasubrecognizes. (Sethemsubmanual page.)
Fi | eFronCppTenpl at e(dst, src, def s, deps)

Produce a nonxecutable file from a template, assumicyp as the filter programdef s contains
ary —D’s or —U’s you want to pass topp.

Scri pt FronCppTenpl at e( pr og, dst, src, def s, deps)

Produce an»ecutable script from a template, assumapp as the filter programdef s is as for
Fi | eFromCppTenpl ate().

ShScri pt FromCppTenpl at e(dst, src, def s, deps)

Produce anxecutable script from a template, assumapg as the filter program and the shell as the
script processordef s is as forFi | eFr onCppTenpl at e() .

Miscellaneous Brget-Building Rules

Bui | dFakeFi |l e(target)

Generates a tget entry that simply announces thaggrisnt built.
Li nkTar get (target, | i nkt o)

Generates a tget entryt ar get that creates a linkar get to the filel i nkt o.
Fi | eFrom nt er nedi ary(dst,inter, src)

Generates nt er from sr ¢, then updatedst if dst differs fromi nt er or doesrt exist. Other
wise does not updatist . (See also thélpdat el f Changed() rule.)

Si npl eWor | dTar get (proj ect, rel ease)

Generates a simpMor | d target entry so that you can smale World to build your entire project
from scratch.Used only in thémalefilein the projecs root.

TheWor | d tamget is preceded by an empy| target so thatl | rather thandr | d is the dedult
target if no other rule preced&s npl eWor | dTar get () in thelmalkefile (which might be the case
for a multiple-directory project).

Caveat: This rule uses a simple configure-clean-depeiild-inodel of project bilding. If your pro-
ject has ap special requirements, yduprobably need to write youmm Wor | d entry,

Installation Rules

Generally the installation rules makuse of thel NST* FLAGS parameters, although there is no require-
ment for this. You can invoke I nstal | Fi | e() and pass it anset of flags you want, e.g., for a setuid-
root program, you can write this:

Install File(install, myprog, nyprog, $( LOCALETCDI R), -0 root $(1NSTU DMODE) $(| NSTSTRI P))

See the section that describes litnake paramsfile for a discussion of the installation parameters that are
available.

For all installation rules, the destination directory is created if it ddesist. Thatmeans if you'e in ary
doubt about where tgets will be installed, i prudent to runmale —n install (or male —n install.marn
before you rumale install (or male install.mar).
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Install File(target,dstfile,srcfile,dir,flags)

This rule is the general intade for installing files other than manual pagetst other installation
rules are triial and simply iroke | nst al | Fi | e() with aguments appropriate for éfent types
of files.

t ar get is the name of the tget to produce, typicallynstal | . dstfil e is the name of the
installed file,sr cfi | e is the name of the file to instatlj r is the directory in which to install the
file, andf | ags is the installation flags.

Besides the ar get target, ani . dstfi | e tamget is generated so that you can installviutlial
files. Typicallyt ar get isi nst al I so thatmale install installs &erything.

Generallydst fi | e andsrcfi | e are identical. Two parameters are primled so you can install a
file and rename it at the same time if yoaniv Havever, none of the rules inmakerules do so.
You can prwvide such a rule itmake p-rulesif your project requires it.

Install Progran(file,dir)

Install an &ecutable (binary) program.
Install Ui dProgran(file,dir)

Install a setuidxecutable (binary) program.
Instal | G dProgran(file,dir)

Install a setgidxecutable (binary) program.
Instal | UG dProgranm(file,dir)

Install a setuid/setgidkecutable (binary) program.
Install Script(file,dir)

Install an eecutable script.Differs froml nst al | Progr am() in that the flag for stripping bina-
ries isnt passed tanstall. Some \ersions ofinstall complain if thg're told to strip non-binary
executables.

Instal |l DataFile(file,dir)
Install a non-gecutable file.
InstalllncludeFile(file,dir)
Install a C header file.
I nstallLibrary(name, dir)
Install a library (asibnane.a), and rurranlib on the installed image if you ta it on your system.
I nstallLintLibrary(nane,dir)

Install alint library (asllib-lname.a). Generatetamgetsi nstal | . i nt andi .| lib-1 name. a.
The former installs alint libraries in the directorythe latter installs onlilib-l nane.a.

InstallLink(target,|inkto,dir)
Make a ink fromdi r/t arget todi r/1i nkto.

Install Mul tipleDataFiles(target,files,dir)
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Install a set of nonxecutables named byi | es intodi r. t ar get is the name of the tget entry
usuallyi nstal | .

Rules for Installing Manual Pages

I nstal |l ManFi | e(target, nane, dstsuffix, dir)

This is the general intexe for manual page installatiohar get is the name of the tget entry
usuallyi nst al | . man. In addition, ani . name. man entry is generated so you can install undh
ual manual pagesnane is the name of the manual pagéhe manual page file must end with a
.mansufiix, but you specify the name in the rule without thdigufdst suf f i x is the sufix to be
given to the installed manual pageli r is the directory in which to install the manual payjés ae-
ated if it doesrt’exist.

I nstal | ManlPage(file)
I nstal | Man2Page(file)
I nstal | Man3Page(file)
I nst al | MandPage(file)
I nst al | Man5Page(fil e)
I nstal | Man6Page(fil e)
I nstal | Man7Page(file)
I nst al | Man8Page(fil e)
I nstal | ManLPage(file)
I nst al | ManNPage(fil e)

Install a manual page in the section 1, 2, 3, 4, 5, 6,1'{e8,for local), om directory
I nst al | ManPage(fil e)

Install a manual page in thiesual” manual page directoryBy default, this is sectioh(el), but may
be diferent at your sitelt’s changed by changing thatue of MANSUFFI X.

Pseudo-Installation Rules

These rules generatast al | target entries that simply announce thegdrisnt installed apwhere. This
has the function of making ikplicit in the Imalefile that the taget is not intended to be installed, and that
you didnt just foiget to irvoke an installation rule in thémakefile

Fakel nstal | File(file)
Generate agkei nst al | tamget for a file. Also generates an. fi | e entry,
Fakel nst al | Li brary(namne)

Generate agkei nst al | tamget for a library Also generates an | i bnane. a entry,
Rules That Generate Recursie Target Entries

The rules in this section generategirentries that run avgn male operation in a set of subdirectories.
They're corvenient for constructing directory-trarsing operations.Executed in a project root, theawill
traverse the entire project tre&xecuted in some subdirectory of the projecty tivél traverse the project
subtree under that subdirectory

Many of these rules are \wked automatically by the last section dfhaketmpl and thus need not be
invoked in individual Imalefiles.

NanedTar get Subdi rs(op, dirs, verb, fl ags)
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This rule is the general intade to recurse entry generation; i invoked by most of the other recur
sive rles to do the wrk. op is themale operation to generate a recuesimtry for, di r s names the
directories to processer b is the wrd thatmale uses to announce whatsitthbing as it processes
the entry (e.g.,'¢cleaning’, “installing”), andf | ags is ary flags that should be passedntale in
subdirectories.

Note: The kbird ersion ofNamedTar get Subdi r s() is like the X11 rule of the same nameitb
has one f@er agument.

MakeSubdi rs(dirs)

Generate a recukgal | target entry for bilding tagets.
DependSubdi rs(dirs)

Generate a recurd depend tamet entry for generating headde dependencies.
I nstal | Subdi rs(dirs)

Generate a recux@i nst al | tamget entry for installing programs and other non-manual-page files.
I nst al | ManSubdi rs(dirs)

Generate arecurdi nst al | . man tamget entry for installing manual pages.
G eanSubdi rs(dirs)

Generate a recur@cl ean target entry for remaing garbage files.
TagSubdi rs(dirs)

Generate a recur@t ags tamet entry for generatinAGSfiles.
Mak efile-Generating Rules

Makefi | eTar get ()

Generates ahkefil e tamget entry to rebild the Makefile in the current directory This rule
invokes imboot which is more portable than generatingimake command, sincanboottakes care
of knowing where the configuration file directories are on your machigesuch,male Makefile
usually works to bootstrap Makefile even when you mue a poject to a diferent machine, which
would not be true were the entry tavake imalke directly.

Makef i | eSubdi rs(dirs)

Generate a recux@ Makef i | es tamget entry for hilding Makefiles. Theoperation of this is
described in a later section.

Document-Formatting Rules

These rules generate dat entries that proces®ff documents to produce PostScript files, which reflects
my preferred output formatt would be easy enough to adapt the rules to produce pldjriRie, etc., or
to send the output directly to a printer

TROFFOPTS may be set on thmake command line to pass additional optiongradf. For instance, if you
want to format only pages 7 through 10 of a document, you can do this:

% make doc. ps " TROFFOPTS=-07- 10"

Trof f ToPost Scri pt (dst,src,formatter,filters, deps)
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This rule is the general intede to document processindst is the name of the output filer ¢ is
the name of the input file or fileEpr mat t er is the formatting program and its options (usually
sometroff program),fi | t er s names ay preprocessors, andeps names ay dependencies that
must eist before processing the document.

filters can either beNul | Arg if there are no preprocessors, or else a piece of a command
pipeline such ag$( TBL) or | $( TBL) | $( EQN) . Note the use of the character; if non-empty
filters mustbgin with one.

This rule generatesdst target to produce the formatted output file, and @an target to remue
it.

Tr of f ManToPost Scri pt (dst, src,filters, deps)
Tr of f MeToPost Scri pt (dst, src,filters, deps)
Tr of f MnToPost Scri pt (dst, src,filters, deps)
Tr of f MsToPost Scri pt (dst, src,filters, deps)

These rules simply woke Tr of f ToPost Scri pt (), passing their guments to it and adding the
appropriate macro packaggament £man, -me, -mm, or —-ms).

Odds and Ends

RenoveTar get (t arget)

This rule generates commands to rgethe taget (a file). This rule is used tab-indented as a com-
mand line; its usually used within other rule definitions, rather than in lefités.

RanLi brary(args)

This rule generates commands to ranlib if it exists on your system, or an empty command ether
wise. ar gs lists ary flags to be passed tanlib. This rule is used tab-indented as a command line;
it's wsually used within other rule definitions, rather than in lefitds.

Updat el fDi f f erent (dst, src)

Updatesdst fromsr c if dst doesnt exist or is diferent tharsr c. Otherwise does nothingThis
rule is used tab-indented as a command lireistially used within other rule definitions, rather than
in Imakefiles.

St uf f Tod ean( st uff)

This rule generates@a ean entry withst uf f as the dependepémultiple files may be listed)lt
is used in rules thatulid tamets that should be rewesl when male dean is executed. You can
invoke it explicitly in your Imakefileto male aure a gien file is rem@ed when thecl ean operation
is performed.

Al'| Target (target)

This rule generates al | entry witht ar get as the dependenclt is used in rules thatlild tar
gets which should beuilt when male dl is executed. Itmay be used in almalkefile to indicate
additional tagets you vant to mak aure get hilt when theal | operation is performed.

Li nt Sour ces(prog, srcs)

Generates &i nt . pr og target entry to run the sources forog throughlint. sr cs should name
the programns source files.Also generates i nt target entry;male lint runslint for all programs in
thelmalefile

DependTar get ()
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Generates depend tamget entry to generate headie dependenciesmale dependshould be run
after uilding or reluilding theMakefile

This rule assumes theale variable SRCS is set to the names of the source files to be processed.
Cl eanTarget ()

Generates al ean target entry to remve garbage files.This is irvoked by Imaketmpl, so you dont
need to.The files that are remed are defined byi | esToC ean.

TagsTar get ()
Generates bags tamget entry to create BAGSfile.
Fi Fi i SuffixRul e()

Generates a diis rule describing the transformation used to figento produce &fii file from a.fi
file. You should imoke this one with no giuments in ayImakefilewhich kuilds tagets that needii
files. You should also do twather things. First, male aure that thedepend tamget causes gnfii
files you need to be generatedbu can do that like this:

depend:: filel.fii file2.fii ...
Second, mak are thefii files are remeed by male dean
Stuff ToCl ean(*.fii)
Hel pAuxTar get (t ar get, descri pti on)

The intent of theHel pAuxTar get () rule is to help generate Mefiles that are'self-document-
ing” in the sense that the user can run the command:

% make hel p
and find out whamale commands bild what tagets.

This rule generates lael p_aux tamget entry that prints a message describingntiaée command
that luildst ar get . For example, the follaving invocation:

Hel pAuxTar get (nyprog, bui I d the nyprog progran
generates a tget entry that, whemale helpis run, prints the message:
"make nyprog’ to build the myprog program

Hel pAuxTar get () is invoked from within most of the kbird tget-generating rulesyou can use
it within your own rules to help users dis@s how to build the tagets produced by the rules.

How the kbird Mak efileSubdirs() Rule Works

The Makefi | eSubdi rs() rule is the trickiest rule itmakerules. Briefly, it works like this: for every
directory it operates on, it changes from the current directory (the parent) into the subdirectory (the child),
generates dakefile there, rungnale Makefileswith the nev Makefilein case the child has subdirectories

of its awn, then returns to the parent directory

Changing directories is reladly easy A cdchanges into the child, and the return to the parent isvadhie

by enclosing within parentheses ttitand the commands that run in the child, so that the commands run in
a abshell. Thiswvay thecd applies only in the subshell and the current directogjrelgecomes the parent
when the subshell terminates.
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The Makefile in the child is generated by runniirgbootand passing to it thealues of the project root
directory and the current directory within the project that are correct for the diiigke are dared from
the \alues ofTOP andCURRENT _DI Rin the parent directorylf TOP is an absolute path, then thalwe in
the child is the same as thalwe in the parentHowever, if TOP is a relatve path from the parent to the
project root, its @lue must be adjusted by prepending the path from the child to the parent.

The adjustmentalueis*. . /", “. . /.. /", "“ ... /../";or". . /..[..]..]", depending on he
mary levds belav the parent the child is locate@he adjustment is determined fromvhmary *“/ ” char
acters are in the subdirect@yame. Onecomplication is that if the name dias with *. / ", then that
“/ " d oesnt count.

The location of the child within the project is easy towderiCURRENT _DI Ris the location of the parent
within the project, so the location ofyachild xyzis $( CURRENT _DI R) /xyz

Note that child directory names passeddxef i | eSubdi r s() must be specified as relatipaths from
the parent or this rule will notavk. (Butit would be absurd to specify them as absolute patlysjaaf)

The kbirdMakef i | eSubdi r s() rule is simpler than its counterpart in X11 Releases Dfscourse, by
usingimboot the rule incurs the cost ofvioking an additional shell scriptiowever, some dificulties are
avaded. For example, some alternag gproaches are tovnke imake directly, or to run male recursvely

to execute a subsidiary tget that itself generates amake command. Thesuccess of either approach
hinges on getting thealues of the macroBOPDI R and CURDI R set properly in the child so th@OP and
CURRENT_DI R are correct.Conceptually this is no dérent than figuring out the propealues of the
project root and the current directory to pasertbootin the child, lnt in practice is more ditult because
it involves heay interaction between use wfale variables to setppmacros and viceersa. Usingmboot
involves none of thisAn additional complication is that if thenake command specifies a configuration
directory located within the project (i.e., specified in term3@®), the—1 amgument g¥ing that location
must usually be adjusted, todhis is ugly because the adjustmeatue must be inserted into the middle
of the agument.

An additional simplification gined by usingmbootinvolves the handling ofxésting Malefiles. Typically,
Makefile-generating operations rem® aty exsting Makefilebak then rename anexisting Makefile to
Makefilebak before generating a weMakefile If the Makefile target entry generates amake command
itself, it must also tak care of this remeaing and renaming.This is unnecessary whembootis used
instead, sincémboot handlesMakefile and Makefilebakitself. (TheX11R5 ruleMakeNsubdi r Make-
files() illustrates clearly wih you want the remaeing and renaming stiiffn imbootand not in your
Makefile)

The Program-Building Model

A program is hilt by compiling its source files, then linking the resulting object files together (along with
ary libraries that may be needed) to produce the fixadutable. Thisection &plains the model used by
the kbird files to implement this process, with particular emphasis on compilation and loader parameters.

Compilation Parameters

The model for compiling C object files looksdikhis:
$(CC $(CFLAGS) -c file.c

The male variable CFLAGS indicates seeral types of information, ut you dont set CFLAGS directly.
Instead, you set the parameters BBLAGS is defined in terms ofTwo types of parameters of general
interest are-1’s to ecify where to look for include files, ar@D’s and -U’s to define or undefine macros.
The configuration parameters for these aravehio the table bels. Mixed-case parameter names ¢pp
macros and uppercase namesnaade variables.
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Type of Global Per-project Per-Dir ectory
Information Parameters Farameters Farameters
) St andar dl ncl udes | Proj ectl ncl udes
Include files
STD_| NCLUDES PROJECT_| NCLUDES | | NCLUDES
Defines St andar dDef i nes Pr oj ect Def i nes
STD_DEFI NES PROJECT_DEFI NES DEFI NES

For instance, to specify include

file directoriesalues may be assigned to tmeale variables

STD_| NCLUDES, PRQJECT | NCLUDES, and | NCLUDES. The three parameters are relatedt, lhave
different functions:

STD_|I NCLUDES is intended as a global parametéfs the most &rreaching and applies to all pro-
jects configured with the kbird filesSTD | NCLUDES gets its alue fromSt andar dl ncl udes,
which should be gen adefault value thats gppropriate for your system when you install the configura-
tion files. You might, for instance, &ep locally-installed header files unde®CALI NCLUDEROOT
rather than under the standard include hiesarobt. Thisis information thas likely to be needed by
mary or most projects compiled on your systeifo make sure that—1$( LOCALI NCLUDERQOT) is
passed to altlc commands that compile source fil8sandar dl ncl udes can be written lik this:

#i f ndef St andardl ncl udes
#def i ne Standardl ncl udes -1 $( LOCALI NCLUDERQOQT)
#endi f

That is in fct the dedult value given in Imake paramsin the kbird distrilntion. If you need to pass
other directories in addition toOCALI NCLUDERQOT, e.g., /var/include override the dedult value of
St andar dl ncl udes in sitedet

#i f ndef St andardl ncl udes
#def i ne Standardl ncl udes -1 $( LOCALI NCLUDERQOQT)
#endi f

-1/var/include

Or, if you install local include files in the usual system include hieyafiobt recommended), you can
redefineSt andar dl ncl udes to be empty:

#i f ndef St andardl ncl udes
#defi ne Standardl ncludes /**/
#endi f

PROJECT | NCLUDES is intended to specify include directories particular to \gergiproject. It
applies in gery directory of your projectlts value comes fron®r oj ect | ncl udes, which is empty
by defwult. If necessaryoverride the dedult inImake p-paramsin your projects configdirectory

For instance, if your project has project-specific header filexlndeunder the project root, you might
write something lile this to male aure the directory is passed to all compiler commands for the project:

#i f ndef Projectlncl udes

#define Projectlncludes -1$(TOP)/include
#endi f

I NCLUDES is intended to specify include directories that are particular to avidodi directory You
assign it a &lue directly in the directorgImalefile

I NCLUDES = -1 sonedir

For specifying -D’s and -U'’s, the three parameterSTD DEFI NES, PRQIECT DEFI NES, and
DEFI NES are used.They're given values in a mannerevy similar to the \ay you specify include directory
parameters. Theefaults for the project- aniihalkefile-specific parameters are empiyhe deéult value of

St andar dDef i nes is - DSYSV or - DSVR4 if your system is SVR2/SR3 or SVR4, respectély, or
empty if it's not based on System \If St andar dDef i nes needs to hae a \alue that is dferent than
the defult, it's generally defined in yourandor file when you install the configuration files, rather than in
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sitedef That's because defines needed on a system-wide basis tend to reflect peculiarities ehgtots v
compiler rather than characteristics of your sif#é system layout.

Paameters for include directories and defines become part oalhe of CFLAGS. Since thelmakefileis
most specific, parameters specified in it shoulceHae highest priority Conversely, the global parameters
are least specific, so parameters specified there sharddhiealovest priority Project-specific parameters
are in between.

For include directory parameters, earldrs on acc command tak& precedence\er later ones, so, within
the value of CFLAGS, include file parameters are orderee lifis:

$( | NCLUDES) $(PRQJECT | NCLUDES) $(STD_I NCLUDES)

On the other hand, lateD’s and -U'’s take precedence@r earlier ones, so defines are ordered liks:

$( STD_DEFI NES) $( PROJECT_DEFI NES) $( DEFI NES)
Loader Parameters

The model for linking gecutable programs looks kkhis:

$(CC) -0 prog objects |loader-flags link-libraries extra-libraries

prog, obj ects, andl i nk-1i braries generally come from thevncation of the rule thatuilds the
program (e.g., see thgui | dProgram() rule). | oader -fl ags andextra-1i braries come from
the configuration files.

» | oader-fl ags specifies ay special flags the loader needs in order to produce a fiealiable.
For example, the linkr looks for libraries in certain system directories byadif If you keep local
libraries somehere other than those directories, you need to specify search directories foreahe link
using-L arguments.

« extra-libraries is used to compensate for compatibility problems or library deficiencies on your
system. Br example, a non-BSDersion of UNIX may allaw programs that use BSD functions to be
built by providing a BSD compatibility library (accessed, e.g.;-bBwsd). Thismeans on some systems
you must add-lbsd to the link command.

extra-1libraries is notintended to be use for specifying libraries that yowkym'll need on all
platforms. er instance, if yout huilding a programmypiog usingBui | dSi npl ePr ogr an() and
you knav you'll need to link in the ETM libraryspecify that lile this:

Bui | dSi npl ePr ogr an{ nypr og, $( ETM.I B) , $( DEPETM.I B) )

Like includes and defines, loader flags axitaelibraries may be specified at threeels, as summarized in
the following table.

Type of Global Per-project Per-Dir ectory
Information Parameters RParameters Farameters
Loader flags St andar dLoadFl ags | Proj ect LoadFl ags

STD_LDFLAGS PRQIECT_LDFLAGS LDFLAGS
Extra libraries St andar dLoadLi bs Pr oj ect LoadLi bs
STD_LDLI BS PRQIECT_LDLI BS LDLI BS

Loader flags are gén in the same order as include directories (Ireglkefile-specific first, global last):

$( LDFLAGS) $( PRQJECT_LDFLAGS) $( STD_LDFLAGS)

Extra libraries are specified after other librarlesakefile-specific libraries first:

$(LDLI BS) $(PROJECT_LDLIBS) $(STD_LDLI BS)
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St andar dLoadFl ags and St andar dLoadLi bs are normally specified in the shared configuration
files. Proj ect LoadFl ags andPr oj ect LoadLi bs are gven empty defult values in the shared files;
they’re intended to bewverridden as necessary in the project-specific configuration fil@5ELAGS and
LDLI BS may be specified in inddual Imalefiles on a directory-specific basis.

Tertiarities in the kbird Ar chitecture

The kbird configuration file architecture (that is, the order in which configuration files are processed, and
the locations in which to look for them) is designgglieitly to allow for a two-level specification of infor

mation: a standard baseline configuration specified by the shared files in the public diaedtprpject-
specific configuration information specified invate files in the project’configdirectory

However, the discussion in the prieus section illustrates that in some instances there iwante for a
tertiary (three-leel) configuration specification, e.g., in theayyou specify include-file directories and
preprocessor define§ he third level in these cases is pemalefile that is, you can specify directories or
defines that apply within agn Imalkefile but nowhere else.
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