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Overview

Beetroot project is a set of CMake macros that set a new, user friendly paradigm of writing CMake code. It targets medium to large CMake deployments and helps by faciliating modularization and parametrization of the project description.

The idea was started in 2017, and was initially motivated by a) the fact, that usually CMake scripts rely heavily on global variables and b) CMake has very poor function parameter handling. This led to an effort to define a set of macros that facilate checking of types of function arguments. After several iterations and several complete redesignings, the current shape of the Beetroot was formed.

Beetroot tries to nudge developers to put their targets definitions and dependency declarations inside CMake functions with a clear API interface, so it is clear on what information each target depends. In return


	it does a great deal of semantic checks on the user code,


	allows a lot of flexibility of where and how to put the user CMake code,


	allows to build any part of the project from anywhere,


	can automatically turn a project into a superbuild if any of the targets are external.







Steps to start using the Beetroot:


	Put the file root.cmake in the subfolder cmake of the root of your project. The file name and path is not hard-coded and can easily be changed. It is there so the Beetroot can be aware where is the root of your project.


	Put a standard common header in the beginning of the CMakeLists.txt, add a call finalizer() at the end of it.


	Write target description files (either targets.cmake anywhere in the project tree, or any file with the extension .cmake in the subdirectory cmake/targets anywhere in the project tree.


	Refer to the target you want to build inside the CMakeLists.txt by function build_target(<TEMPLATE_NAME> [<ARGUMENTS>])





Why Beetroot?

There are many CMake projects that superficially look similar in scope to us. Beetroot is unique in that it aims to replace/deprecate as little of the native CMake commands and idioms as possible, while delivering modern (if not experimental) approach to the build.

Here is a list of known to me at the time of writing conversion projects with its own description.


	https://github.com/ecmwf/ecbuild - A CMake-based build system, consisting of a collection of CMake macros and functions that ease the managing of software build systems


	https://github.com/DevSolar/jaws - Just A Working Setup.




All these projects are “total conversion mods” for CMake - they replace/reimplement bulk of the CMake functions. In order to use them, you need to learn many new commands with their parameters. Although the new systems are arguably better, you still, as a user, will inevitably learn the standard CMake commands anaway. That will happen either from necessity, because your use case was not forseen and you had to implement it in “bare” CMake, or the standard commands are better documented & supported. This may lead to the situation, contrary to the projects’ claims, that using the mentioned systems would lead to the situation that requires you to actually learn more CMake, not less[#fs1]_ .

When implementing you project in Beetroot you will use most of the CMake commands as you did before. In particular, you still use add_library(), add_executable() and add_custom_target() to define your targets. You will access and set the targets’ properites with usual target_compile_definitions(), target_compile_options(), target_include_directories() and even target_sources(). You may use target_link_libraries() or you may defer to the Beetroot calling it automatically for you. You may use ExternalProject and find_package() or you may use the Beetroot’s built-in system of handling them. The only command that is deprecated is add_subdirectory() - it is replaced with a far more controllable and less error-prone mechanism that is used to resolve information-dependency on the various parts of the CMake project.


	2

	For a humoristic view on this phenomenon take a look at this brilliant XKCD comic strip: https://xkcd.com/927/





There list will not be complete without the mention of the Artichoke: https://github.com/commontk/Artichoke - “CMake module allowing to easily create a build system on top of ExternalProjects.” The project adheres to the “do one thing, but do it well” Unix principle, and should be, at least partially, compatible with the Beetroot.






Beetroot data model

Since you, the reader, is most probably a seasoned programmer, I believe the most straightforward way of introducing you to the Beetroot is through data model.

CMake (among other things) maintain internally an object for each defined target, and at the glance, the Beetroot’s equivalent to the CMake target is a “FEATUREBASE” object class [1]. FEATUREBASE also gets constructed if the user’s code does not result in CMake targets (because e.g. it only modifies existing target). Also note that one target definition file (targets.cmake) can define multiple FeatureBase objects, because user can put several names in the ENUM_TEMPLATES stanza.

Each invocation of a function the requires a build of the target (e.g. build_target() or get_existing_target()) is internally represented by the object of the type “INSTANCE”. In Beetroot INSTANCE and FEATUREBASE have one-to-many relationship; each INSTANCE is matched with a single FEATUREBASE, but a single FEATUREBASE may by linked to several INSTANCES.

In plain CMake, this duality does not exist, the sequence of calls add_library(foo …) and target_link_libraries(myexec PRIVATE foo) mean in simple English “build a library foo, and then make myexec depend on it”. The mytarget alwyas gets defined or an error produced. On the other hand, in Beetroot one may express dependency relationship as “I need a library foo with a param FLAG”. This would result in a new copy of library foo only if it has not been defined alsewhere with the sole param FLAG. It would be more equivalent to the



	if(NOT TARGET foo)

	add_library(foo …)





endif()
target_link_libraries(myexec PRIVATE foo)




except that such code can be dangerous, if we may not be sure with what options the foo was built. Beetroot takes care of that, by matching all the parameters … between the pre-existing foo and the foo definition.

Beetroot also allows for more advanced dependency statement, expressed as “I need whatever library foo the project already comes with. Just make sure that among other parameters, it is compiled with a feature indicated by the param FLAG on”. In that case Beetroot would gather all requested versions of the library foo, decide which are compatible with the specification, then decide if the feature FLAG can be added. If not - build a separate copy of foo.

If user requires two targets but the only way they differ is through the link parameters, than it is not required to actually build two copies of them and in such case each INSTANCE link to the same FEATUREBASE:


build_target(MYTARGET)
build_target(MYTARGET MYLINKPAR other)




[image: Build tree of `build_target(MYTARGET MYLINKPAR other); build_target(MYTARGET)`. Orange is `FEATUREBASE` with first title row showing target name and its internal ID. Blue is `INSTANCE` with title row showing its internal ID.]
One of the base features of the Beetroot is the ability to build several copies of a target, by simply requiring it with different parameters. If such requirements are mutually incompatible (as is always the case if target parameters differ, but usually not if the features differ, and never with link parameters) than Beetroot will decide to instantiate two distinct FEATUREBASE (and CMake targets) and we will end up with


build_target(MYTARGET)
build_target(MYTARGET PAR 42)




[image: Build tree of `build_target(MYTARGET PAR 42); build_target(MYTARGET)`. Orange is `FEATUREBASE` with first title row showing target name and its internal ID. Blue is `INSTANCE` with title row showing its internal ID.]
Because one-to-one relationship between an instance and a target is common, it will be later on depicted with a common box like this:

[image: Compact (and default) version of the build tree of `build_target(MYTARGET PAR 42); build_target(MYTARGET)`. Orange is `FEATUREBASE` with first title row showing target name and its internal ID. Blue is `INSTANCE` with title row showing its internal ID.]
Dependencies between targets are realized as directed links between INSTANCES, like this:

[image: Build tree of `MYEXEC` that depends on `MYLIB`. The dependency relation is always realized between `INSTANCES`, not `FEATUREBASES`.]
[image: Compact view of a tree where `MYEXEC` depends on `MYLIB`.]



How does the Beetroot work?


Initialization

At the beginning, when Beetroot is loaded, it scans all the subfolders of the project to find target definition files and build a database that maps template/target names to the path of the target definition file.

It also initializes internal variables (held inside global CMake storage) and loads all internal functions.




Target declaration phase

When the initialization is complete, it reads through the rest of the CMakeLists.txt and expects to find calls to build_target(<TEMPLATE_NAME> [<ARGUMENTS>]). Each call ultimately triggers user defined function declare_dependencies(), where the Beetroot expects to find additional build_target() calls and marks the target to be defined later on, because no targets will be defined until the call to the finalize() at the end of the CMakeList.txt. It calls all encountered build_target() recursively.




Target definition phase

Target definition phase is handled by the call to finalize() and this is when targets get defined.

First of all, Beetroot tries to fully declare all targets that were declared with build_existing_target().

Once all targets are declared then Beetroot can finally decide whether it is going to do a super build, or project build.

After that, if it is a project build, it enables all declared languages for all targets in the current build tree.

Finally it defines and links all the relevant targets, by calling generate_targets() user function and then apply_dependency_to_target() user function and/or target_link_libraries() CMake built in function. When on superbuild it will only attempt to define external targets.

finalize() returns and by default this should be the end of the CMakeLists.txt.


	1

	Even though the CMake DSL is not object-oriented, the structure of the Beetroot code most certainly is. The code simulates OO features that CMake is missing using various tricks, which are a implementation detail and should not be of concern to the user.











          

      

      

    

  

    
      
          
            
  
Getting started


Set up the beetroot

Setting up simply means making the code of the beetroot somehow available to the CMake building process and making sure the Beetroot knows where is our superbuild root. The first part is as simple, as including the beetroot.cmake in the beginning of the  CMakeLists.txt. To specify the root directory of you project you can either set it yourself using set(SUPERBUILD_ROOT <path>) before including the Beetroot, or relying on the Beetroots’ heuristics that assume that the root directory is the topmost directory relative to the CMakeLists.txt project that contains CMakeLists.txt``[#f1]__ .
.. [#f1] Beetroot tries to find superproject root using the following algorithm: The root directory is assumed to be the first directory containing ``CMakeLists.txt that is followed by two immidiate parent directories that are either without this file, or are a root of the filesystem.

Perhaps the simplest way to incorporate the Beetroot into your project is to either clone it into a projects’ subdirectory or make it a submodule if you already use git.

We will now go through some tutorial build cases, which can also be found in the examples repository.




The simplest Hello World (01_simplest_hello)

We will to start small, with the very simple C++ CMake build.

Suppose this is our source.cpp:

// 'Hello World!' program
#include <iostream>
#define STRINGIFY2(X) #X
#define STRINGIFY(X) STRINGIFY2(X)
#ifndef WHO
#define WHO World
#endif

int main() {
   std::cout << "Hello " STRINGIFY(WHO) "!" << std::endl;
   return 0;
}





For reference, to build it plain CMake, this would be our CMakeLists.txt:

cmake_minimum_required(VERSION 3.5)
project(hello_simple)
add_executable(hello_simple source.cpp)





So far our file structure would like this:

| project_folder
| ├── build
| │   └── ...
| ├── source.cpp
| └── CMakeLists.txt
|
|





To be able to compile this code using Beetroot, we need first to make beetroot accessible to our build. Let’s clone the beetroot into the subfolder cmake


$ cd project_folder

$ mkdir cmake

$ cd cmake

$ git clone –depth 1 https://github.com/beetroot-project/beetroot.git



Then we put the following content in the targets.cmake:

set(ENUM_TEMPLATES HELLO_SIMPLE)

function(generate_targets TEMPLATE_NAME)
   add_executable(${TARGET_NAME} "${CMAKE_CURRENT_SOURCE_DIR}/source.cpp")
endfunction()





We also need to adjust the CMakeLists.txt to have the Beetroot actually executed:

cmake_minimum_required(VERSION 3.13)
include(cmake/beetroot/cmake/beetroot)

project(hello_simple)

build_target(HELLO_SIMPLE)

finalize()





Our final folder structure should look like this:

| project_folder
| ├── build
| │   └── ...
| ├── cmake
| │   └── beetroot (beetroot clone)
| │       └── ...
| ├── source.cpp
| ├── targets.cmake
| └── CMakeLists.txt
|
|





And finally we are set. Keep in mind, that Beetroot is designed to work best with middle and large size projects, so the amount of work to get the simplest C++ code compile is offset by the time we save when the project grows.

We compile it as usual:

$ cd project_folder
$ mkdir build
$ cd build
$ cmake .. && make

    DECLARING  DEPENDENCIES  AND  DECIDING  WHETHER  TO  USE  SUPERBUILD

No languages in project bootstrapped_hello_simple
-- Discovering dependencies for HELLO_SIMPLE (HELLO_SIMPLE_f9fc6118c955867490b6f80bce90dc5b)...



    DEFINING  TARGETS  IN  PROJECT BUILD
    TESTS  disabled

-- The CXX compiler identification is GNU 7.3.0
-- Check for working CXX compiler: /home/adam/spack/opt/spack/linux-ubuntu16.04-x86_64/gcc-8.1.0/gcc-7.3.0-zclb4ttmy53mjkahiocmsqozhu6veriz/bin/g++
-- Check for working CXX compiler: /home/adam/spack/opt/spack/linux-ubuntu16.04-x86_64/gcc-8.1.0/gcc-7.3.0-zclb4ttmy53mjkahiocmsqozhu6veriz/bin/g++ -- works
-- Detecting CXX compiler ABI info
-- Detecting CXX compiler ABI info - done
-- Detecting CXX compile features
-- Detecting CXX compile features - done
-- Configuring done
-- Generating done
-- Build files have been written to: /home/adam/beetroot-examples/hello_simple/build

Scanning dependencies of target bootstrapped_hello_simple
[ 50%] Building CXX object CMakeFiles/bootstrapped_hello_simple.dir/source.cpp.o
[100%] Linking CXX executable bootstrapped_hello_simple
[100%] Built target bootstrapped_hello_simple
$ ls
hello_simple  CMakeCache.txt  CMakeFiles  cmake_install.cmake  Makefile
$ ./hello_simple
Hello World!





Beetroot has built-in dependency graph generator in the dot language. This simples project can be visualized as

[image: Build tree of `build_target(HELLO_SIMPLE)`. Orange is `FEATUREBASE` with first title row showing target name and its internal ID. Blue is `INSTANCE` with title row showing its internal ID.]
There are minimum two types of object directly involved when building even the simplest of projects: INSTANCE and FEATUREBASE. If the user code actually produce a CMake target, then FEATUREBASE is a proxy class to it (with one-to-one relationship if user code define a new target), whereas INSTANCE also encapsulates the linking information - how should the dependency influence the callee.

Because it is very common case that there is one-to-one relationship between the FEATUREBASE and the INSTANCE - i.e. between the target and the place it is defined (as always the case in plaine CMake), the former diagram is simplified to this:

[image: Compacted build tree of `build_target(HELLO_SIMPLE)`. Orange is `FEATUREBASE` with first title row showing target name and its internal ID. Blue is `INSTANCE` with title row showing its internal ID.]



The Hello World with parameter (02_parameter_hello)

Now let’s start complicating things. You may have noticed, that we have a macro parameter WHO in our C++ file, that can be used to change the program’s output. Let’s do just that. After all, handling target parameters is one of the strongest sides of Beetroot. Let’s modify our targets.cmake and insert definition of the parameter, which we will also call WHO:

set(ENUM_TEMPLATES HELLO_SIMPLE)

set(BUILD_PARAMETERS
   WHO SCALAR STRING "Beetroot"
)

function(generate_targets TEMPLATE_NAME)
   add_executable(${TARGET_NAME} "${CMAKE_CURRENT_SOURCE_DIR}/source.cpp")
   target_compile_definitions(${TARGET_NAME} PRIVATE "WHO=${WHO}")
endfunction()





The name of the parameter does not need to match the name of the preprocessor macro. The formal syntax is this: BUILD_PARAMETERS is an array organized into 4-element tuples.


	First element of the tuple is the name of the parameter, then


	container type. There are three container types: OPTIONAL, SCALAR and VECTOR, and they correspond to the CMake options, scalars and lists.


	Element type. At the moment the are 5 possible types: BOOL, INTEGER, PATH, STRING and CHOICE(<colon-separated list of possible values>).


	Default value.




In the function body we need to tie the parameter with the target, and we do that in the usual CMake way, by using target_compile_definitions(). All target parameters are always implicitely available in the function generate_targets, so we can simply use them.

If we compile the program and run we get:

$./hello_simple
Hello Beetroot!





Let’s say, that this file is our unit test and we need to compile three of them, one for the default string, and the other for a special string “Mars” and “Venus”. It is easy with Beetroot, and by doing this we will demonstrate two ways of passing variables to targets. Let’s re-write the CMakeLists.txt:

cmake_minimum_required(VERSION 3.13)
include(../cmake/beetroot/cmake/beetroot_bootstrap)

project(hello_simple)

build_target(HELLO_SIMPLE)
set(WHO "Venus")
build_target(HELLO_SIMPLE)
build_target(HELLO_SIMPLE WHO Mars)

finalize()





After we build, we should get three executables: hello_simple1, hello_simple2 and hello_simple3.:

$./hello_simple1
Hello Beetroot!
$./hello_simple2
Hello Venus!
$./hello_simple3
Hello Mars!





The targets.cmake defines a target _template_, that can be used to define as many targets, as there are unique combinations of target parameters. That is why the generate_targets() function requires user to use ${TARGET_NAME} instead of hard-coded name, that is usual in standard CMake practice. The function will be called exactly once for each distinct ${TARGET_NAME} that Beetroot found is required to satisfy the parameters.

[image: Build tree representation of three versions of `HELLO_SIMPLE`.]



Targets composed from components (03_subprojects_basics)

Here you will learn how to combine targets together and use more realistic folder structure.

Suppose we have a program, that requires a function get_string from a library to run. The hello_with_lib.cpp:

#include <iostream>
#include "libhello.h"

#ifndef LIBPAR
#define LIBPAR 0
#endif

int main()
{
  int libpar = LIBPAR;

  std::cout << "Hello "<< get_string()<<"!"<< std::endl;
  return 0;
}





To compile it, we need a libhello.h that provides the get_string():

#include<string>
std::string get_string();





The library’s implementation is in the file libhello.cpp:

#include "libhello.h"
#define STRINGIFY2(X) #X
#define STRINGIFY(X) STRINGIFY2(X)

#ifndef WHO
#define WHO World
#endif

std::string get_string() {
        return(STRINGIFY(WHO));
}





The library depends on one macro: WHO that influences the text returned by the function.

We would like to have the hello_with_lib.cpp compiled and linked with the libhello. Although there is nothing wrong with putting the additional CMake commands in the old targets.cmake file, it is better to modularize our design and create two separate targets, so it will be easy to re-use the libhello by simply importing it.

Now is a time notice that the Beetroot by default does not care about the location of the target definitions. Instead it scans recursively all the superproject files in search for files targets.cmake and subfolder structure cmake/targets/*.cmake. Then it loads each fond file and learns the name of the targets/templates exposed there to build a mapping target/template name -> path of the target definition file, so user does not need to care about the paths anymore. On the other hand it requires that each each target/template name is unique across the whole superproject.

Let’s create the following directory structure:

| superproject
| ├── cmake
| │   ├── beetroot (beetroot clone)
| │   │   └── ...
| │   └── root.cmake
| ├── hello_with_lib
| │   ├── hello_with_lib.cpp
| │   ├── CMakeLists.txt
| │   └── targets.cmake
| ├── libhello
| │   ├── include
| │   │   └── libhello.h
| │   ├── source
| │   │   └── libhello.cpp
| │   └── targets.cmake
| └── CMakeLists.txt
|
|





This is the definition of the libhello/targets.cmake:

set(ENUM_TEMPLATES LIBHELLO)

set(BUILD_PARAMETERS
   WHO       SCALAR  STRING  "Jupiter"
)

function(generate_targets TEMPLATE_NAME)
   add_library(${TARGET_NAME} "${CMAKE_CURRENT_SOURCE_DIR}/source/libhello.cpp")
   target_source(${TARGET_NAME} PRIVATE "${CMAKE_CURRENT_SOURCE_DIR}/include/libhello.h") #For better IDE integration

   target_include_directories(${TARGET_NAME} PUBLIC ${CMAKE_CURRENT_SOURCE_DIR}/include)
   target_compile_definitions(${TARGET_NAME} PRIVATE "WHO=${WHO}")
endfunction()





Nothing new, except we use add_library instead of add_executable. Adding libhello.h to sources is not strictly necessary, but is a good CMake practice, that helps various IDE generators generate better projects.

This is the definition of the hello_with_lib/targets.cmake:

set(ENUM_TEMPLATES HELLO_WITH_LIB)

function(declare_dependencies TEMPLATE_NAME)
   build_target(LIBHELLO WHO "Saturn")
endfunction()

function(generate_targets TEMPLATE_NAME)
   add_executable(${TARGET_NAME} "${CMAKE_CURRENT_SOURCE_DIR}/hello_with_lib.cpp")
endfunction()





The new element, the declare_dependencies() function, is used to declare dependencies. It is a function, so user can build complex logic that turns certain dependencies on and off depending on the Target Parameters and Features. To declare a certain target/template a dependency we call a function build_target(<TEMPLATE_OR_TARGET_NAME> [<PARAMETERS>...]). The API and behaviour is exactly the same, as in CMakeLists.txt.

In hello_with_lib/CMakeLists.txt all we need is


cmake_minimum_required(VERSION 3.13)
include(../cmake/beetroot/cmake/beetroot.cmake)

project(hello_simple)

build_target(HELLO_WITH_LIB)

finalize()




The location of the CMakeLists.txt is irrelevant in the Beetroot. You can as easily compile everything from within the root of the project if the root CMakeLists.txt is:


cmake_minimum_required(VERSION 3.13)
include(cmake/beetroot/cmake/beetroot.cmake)

project(hello_simple)

build_target(HELLO_WITH_LIB)

finalize()




All we did aws a change to the directory of the beetroot library in the second line.

[image: Build tree representation of `HELLO_WITH_LIB`. Dependencies are displayed below the dependee, with arrow pointing to them.]



Forwarding parameters from dependencies (04_subproject_pars)

In the real life you will often find yourself putting many parametrized customizations to the components that play the role of the libraries in your project. Many of those parameters you would want to expose as customizations in the target executable - sort of forwarding those parameters from dependency to the dependee. Without an extra support for this common pattern, you would need to define again all the forwarded parameters in the body of dependee, and be carefull to match the type and container class to avoid configure errors.

To address this specific problem there are three functions:
* include_build_parameters_of() to forward parameters,
* include_link_parameters_of() to forward link parameters, and
* include_build_features_of() to forward features (we will talk about them later).

Finally there is a universal function include_parameters() that incorporates functionality of all those three functions in one place.

The function call must be placed in the body of the targets.cmake, outside of the body of any function defined there, just along the place where you would normally define parameters.

The syntax is include_parameters( <TEMPLATE_NAME> BUILD_PARAMETERS|LINK_PARAMETERS|BUILD_FEATURES [NONRECURSIVE] [SOURCE BUILD_PARAMETERS|LINK_PARAMETERS|BUILD_FEATURES] [ALL_EXCEPT <list of parameters>] [INCLUDE_ONLY <list of parameters>])

The function imports the parameters from the specified template and acts as if you would copy-pasted them manually reducing code deduplication and ensuring consistency.

For better consistency user can choose whether to pick the names of imported parameter himself or to import all except the blacklisted names.

In the latter case, functions are capable of mass-importing all parameters (with exception of those in ALL_EXCEPT) from the single template. Since that template itself can use these functions to forward parameters from its dependencies, the amount of parameters can potentially get massive. In order to better control this situation, they offer NONRECURSIVE flag, that prevents it from importing the forwarded parameters.

The example 04_subproject_pars is exactly the same with the exception of adding



	include_build_parameters_of(LIBHELLO

	
	INCLUDE_ONLY

	WHO









)




to the hello_with_lib/targets.cmake, so it reads like this:


set(ENUM_TEMPLATES HELLO_WITH_LIB)


	include_build_parameters_of(LIBHELLO

	
	INCLUDE_ONLY

	WHO









) #Implicitly imports (forwards) only WHO.


	function(declare_dependencies TEMPLATE_NAME)

	build_target(LIBHELLO WHO “Saturn”)





endfunction()


	function(generate_targets TEMPLATE_NAME)

	add_executable(${TARGET_NAME} “${CMAKE_CURRENT_SOURCE_DIR}/hello_with_lib.cpp”)
target_compile_definitions(${TARGET_NAME} PRIVATE “WHO=${WHO}”) # ${WHO} is now available and can be used as a compile option





endfunction()




[image: Build tree representation of `HELLO_WITH_LIB`. Parameters that keep their default value are not displayed.]



Code generators, known generated files (05_codegen_known)

From the Beetroot point of view, code generators are targets that add a source file to the parent (dependee) taret. Actions that happen after the target (the source code) was build are called _link time actions_, and they usually apply special attributes to the dependee. In this particular case we need to add the generated file as a source to the dependee using target_sources() CMake function 1 .

Let us implement a simple code generator that uses configure_file(). If this example may look too simple to be realistic, remember that the Beetroot does not replace common CMake idioms regarding low-level file handling. The example can as well use add_custom_command() instead.


	1

	Note, that this approach assumes the names of the generated files are not known beforehand. In such case you would need to call the code generator in apply_dependency_to_target() during the configure phase via execute_process() and gather the resulted files by the means of file globbing or OUTPUT_VARIABLE option.





Imagine we have the following stub code generator, written in Python, in lib_gen/generator.py:


import argparse

parser = argparse.ArgumentParser()
parser.add_argument(“-o”, “–output”, help=”output file”)
parser.add_argument(“-s”, “–string”, help=”debug string”)
args=parser.parse_args()

print(“”“const char* getString()
{


return “my generated string: “”” + args.string + “”“”;




}”“”, file=open(args.output+”.cpp”, “w”))

print(“const char* getString();”, file=open(args.output+”.h”, “w”))




All it does is generating two files: <output>.cpp and <output>.h in the current directory. Let’s write the CMake code that drives the code generation:

Contents of the lib_gen/targets.cmake:


set(ENUM_TEMPLATES CODEGEN1_GEN)


	set(BUILD_PARAMETERS

	SOURCE_OUT        SCALAR  PATH “generated_source”





)

set(FILE_OPTIONS NO_TARGETS)


	function(apply_dependency_to_target DEPENDEE_TARGET_NAME OUR_TARGET_NAME)

	get_target_property(DEPENDEE_BINARY_DIR ${DEPENDEE_TARGET_NAME} BINARY_DIR)
#Not used here, but kept as a code reference:
get_target_property(DEPENDEE_SOURCE_DIR ${DEPENDEE_TARGET_NAME} SOURCE_DIR)

find_package(Python3 COMPONENTS Interpreter REQUIRED)
set(Python_EXECUTABLE “${Python3_EXECUTABLE}”)


	add_custom_command(

	OUTPUT “${DEPENDEE_BINARY_DIR}/${SOURCE_OUT}.cpp”
COMMAND ${Python_EXECUTABLE} ${CMAKE_CURRENT_SOURCE_DIR}/generator.py -o ${SOURCE_OUT} -s “Hello!”
WORKING_DIRECTORY ${DEPENDEE_BINARY_DIR}
COMMENT “Generating file ${SOURCE_OUT}…”
VERBATIM





)
target_include_directories(${DEPENDEE_TARGET_NAME} PRIVATE ${DEPENDEE_BINARY_DIR})
target_sources(${DEPENDEE_TARGET_NAME} ${KEYWORD} ${SOURCE_OUT}.cpp)





endfunction()




We call the template CODEGEN1_GEN, export the filename as a parameter. Then we instruct the Beetroot that this template will not generate targets with setting the flag ``NO_TARGETS``[#f3]_ .


	2

	Although the Beetroot could figure out on its own, that the code does not generate targets, because the generate_targets() function is missing, it requires user to be explicit with this intention. The reason is that user can easily misspell the name of the generate_targets() function in his template file, and CMake does not support enforcing interfaces, so there is really no way to catch such case otherwise.





The client C++ code that uses the generated library, nothing special here (codegen_client/codegen1_client.cpp):


#include <iostream>
#include “my_generated_source.h”

int main()
{
std::cout << “Hello “<< getString()<<”!”<< std::endl;
return 0;
}




The best part is how we build the client (the executable): we just add a single dependency line! (codegen_client/targets.cmake):


set(ENUM_TEMPLATES CODEGEN1_CLIENT)


	function(declare_dependencies TEMPLATE_NAME)

	build_target(CODEGEN1_GEN SOURCE_OUT my_generated_source)





endfunction()


	function(generate_targets TARGET_NAME TEMPLATE_NAME)

	add_executable(${TARGET_NAME} “${CMAKE_CURRENT_SOURCE_DIR}/codegen1_client.cpp”)





endfunction()




[image: Build tree representation of `CODEGEN1_CLIENT`. The library is written in square brackets to indicate that it does not produce any targets.]



External projects and the superbuild idiom

External projects are CMake projects that need a separate CMake run to be built. If they are written properly, the act of installing them (after build) would result in the <project name>Config.cmake files describing the way the library shuld be linked to  our project. Those files are then be used when we import the library using CMake’s command find_packages() or one of its specialized forms, like find_boost().

The library can either be already installed by the OS packaging system, or we need to provide the source code, build and install it ourselves. In the latter case, it is customary to include that library as our dependency in the form of a git submodule (if both the library and our project is using git) or download script executed during build.

The problem is that the <project name>Config.cmake files of the dependency appear only after it was build, and installed which is after the CMake finished running our script and there is no way for them to influence the configuration of our project, resuling in the build failure on the first build (The subsequent builds will be fine). The most robust way to solve this problem is to execute the superbuild idiom.

Superbuild idiom means putting our project as the last external dependency of the “super project”, which depends on all the external dependencies and building that project instead of the original. When user calls cmake <our_project> CMake first makes sure all the external projects are built and installed, and then at the end calls the CMake again to process our own project - this time we can be sure that all the dependencies are built and update.

Beetroot automatically switches to the superbuild idiom automatically everytime we define any external targets.

The Beetroot treats the target as external if the template file sets non-empty contents to the  `DEFINE_EXTERNAL_PROJECT` variable. There are




Non-compiled components (e.g. header libraries)

In the CMake, there are two ways of implementing the header-only libraries: the old, deprecated method that involves using target_include_directories() on the dependee target (target that is needs to use the library) or the current best-practise method that involves defining the target with only “interface” properties. Let’s start with the modern way first:

Imagine, that the hello_with_lib is also responsible for setting a macro variable in the client’s code. Let’s predend that this variable modifies behavior of the header-only part of this library. Consequently will not change the library code. We only need to make sure, that clients linking to our library receive a new preprocessor macro:

set(ENUM_TEMPLATES LIBHELLO)

set(BUILD_PARAMETERS
   WHO       SCALAR  STRING  "Jupiter"
)

set(LINK_PARAMETERS
   LIBPAR    INTEGER
)

function(apply_dependency_to_target DEPENDEE_TARGET_NAME OUR_TARGET_NAME)
   target_compile_definitions(${DEPENDEE_TARGET_NAME} PRIVATE "LIBPAR=${LIBPAR}")
endfunction()








Subcomponents that influence the parent

When we require the subcomponent in function declare_dependencies we have a total control of all the information (i.e. parameters) the component receive. But what if we want the component to influence the build process of the parent project as well? Imagine this simple logging example - we want to include logging support to our application by

TODO: Find a good case (better than target_compile_definitions with log or target_include_directories for header libraries)

We have seen in `The Hello World with parameter`_ that for each unique variation of the parameters of the compoment Beetroot defines a distinct target. That is a welcome feature if the parameter modifies the compilation process of the component, but what if we need to parametrize linking?


#include <iostream>
#include <boost/log/trivial.hpp>

int main(int, char*[])
{


BOOST_LOG_TRIVIAL(info) << “This is an informational severity message”;
std::cin.get();
return 0;




}










          

      

      

    

  

    
      
          
            
  
List of most important and complex Beetroot functionalities


Advanced and convenient handling of targets’ parameters

Parameters to each target are handled in three ways:


	Default values are specified in the targets.cmake, when declaring the parameters.


	Default values are overriden by existing variables that have the same name.


	Existing variables are overriden by named arguments given to the get_target and build_target functions.




Furthermore, system allows for default values to include references to the any variables (including defined parameters themselves) and any other CMake string processing commands. For instance, this is a perfectly valid definition:

get_filename_component(TMP "${ARCH_PREFIX}" NAME)

set(DEFINE_MODIFIERS
        ARCH    SCALAR  CHOICE(GPU;CPU) CPU
        ARCH_PREFIX     SCALAR  STRING "${SUPERBUILD_ROOT}/external-${ARCH}"
        ARCH_RELDIR     SCALAR  STRING  "${TMP}"
)





The intention is to let the user specify only the ARCH parameter, and the ARCH_PREFIX and ARCH_RELDIR gets calculated from it.




Distinction between target parameters and link parameters

Generally all declared template parameters change the identity of the target. Occasionally though, when the target is used as a dependency, some settings should not change its identity target and trigger a separate build. Those settings include preprocessor macros that are applied for header-only libraries, or are consumed only by the library headers. In this case we can define those parameters as LINK_PARAMETERS. User cannot use them inside the generate_target() (unless the GENERATE_TARGETS_INCLUDE_LINKPARS flag is set, and even then they should not be used in target definitions, but for non-target task, such as defining tests) and declare_dependencies() functions, but they are available in apply_to_target().




Target definition can make multiple physical targets, each one with different set of parameters

When you require a target FOO and specify target parameters, the target with this specific set of parameters will be defined and build. If you require the same target FOO with different set of parameters, by default Beetroot will define another instance of the same target, built using the other set of parameters. The targets’ CMake names (and file names) will have a numeral suffix to distinguish them apart. This implies that in general you cannot know the name of the target, until you query for it (or you declared that there can be only one instance of it).




Special handling for target parameters that describe features

Sometimes a parameter defines additional feature of the target, that is turned on/advanced independently of the rest of the target functionality. Parameter is a feature, when the dependee who does not require it can still use the target that has it. Features can be flags like "FORTRAN_SUPPORT" (if Fortran support does not affect the rest) or a "VERSION" (if target development makes sure the code backward compatible ). Support for Features makes re-using the same target in more than one place much better, especially if the target is heavy to build (e.g. big external dependency) and have many different features that can be turned on/off that are consumed by different parts of our project.




Target definition file can describe more than one template/target

There is one-to-many relationship between target definition files and target definition. User can put multiple target/template names in the targets.cmake. First parameter of generate_target() and declare_dependencies() is the name of the target/template, so the user code that handles target definition and dependencies can handle each target/template in different way. The feature was introduced to faciliate defining multiple similar targets in one file. It is used typically in external targets, where e.g. Boost defines multiple targets.




Support for CMake code that do not produce targets

Sometimes we need CMake to do something that does not necessary ends up being a new target, but rather modify existing target. This situation include dedicated code for definition of unit tests (of course unit tests can also be defined inside generate_target() that defines the executable), code that applies additional preprocesor definitions or old external targets that not use imported targets CMake mechanism.




Comprehensive error checking

We spent a great deal of effort to catch as many usage errors as possible. In particular:


	We make sure that template modifiers and parameters share the same name space and report all violations.


	System makes sure, that the actual template(s) you want to build actually produce targets.


	System makes sure that dependencies that do not generate targets are not dependent on templates that also do not produce targets.


	System detects lack of both generate_target() and apply_to_target() for internal projects.


	System detects and forbids variables that start with double underscore, as this can interfere with the Beetroot’s inner working.


	System checks the types and possible values of all arguments against a declaration in targets.cmake.







External dependencies are external to the Beetroot system

The system faciliates calling them, manages their external dependencies, build and install location, but ultimately it calls them as if they were a simple external CMake projects, builds them and installs them in the totally normal way.




Automatic superbuild by default

If there is at least one external target defined, all external dependencies are built in the superbuild phase, using the dependencies derrived from the template definitions. Only then the project build is called (implemented as a “external” dependency of all actual external dependencies), so all external dependencies are always already built and installed when you use them. If there are no external dependencies, CMake will build project directly.






List of the most visible features of the Beetroot


Targets are defined inside the function generate_target() in target definition file

In CMake targets (in contrast to variables) are internally represented by the object which lives in a global namespace, even if defined inside the function. Putting target definitions inside a function prevents leaking of temporary variables and pollution of the variable namespace.




Dependencies of targets are set inside the function declare_dependencies() in target definition file

Target dependencies are handled by function rather than data structure, which allows for maximum flexibility (dependencies can depend in complicated way on the target parameters/features). Because Beetroot structure needs dependencies to be resolved before target definition (and possibly be called multiple times on the same target), the only place to put them is in a dedicated user-supplied function. Code inside this function should be omnipotent, because it can be executed multiple times in a single run. The code will be executed only during the target declaration phase.




By default the code you write (targets.cmake) does not depend on your target name

Unless instructed otherwise, the system dictates the name you give to each target. This way targets’ names are not fixed, and it is possible to have multiple instances of them. This fact is used to let the target definition files (targets.cmake) define whole family of targets parametrized by the target parameters and features. The beetroot guarantees, that for each distinct set of target parameter there will be a separate target defined and built.




There is only one type of user-supplied input file that defines the targets

All code that define targets and their dependencies can be placed inside so-called target definition files. These files can  be put anywhere in the project and must be named targets.cmake, or be placed in the special subfolder cmake/targets and have an extension .cmake. The latter files usually define external dependencies. The only thing that is influenced by the location of the file, is the value of the ${CMAKE_CURRENT_SOURCE_DIR} CMake variable available in generate_target() user function.

The user file works by defining any of the following cmake variables: ENUM_TEMPLATES, ENUM_TARGETS, BUILD_PARAMETERS, LINK_PARAMETERS, BUILD_FEATURES FILE_OPTIONS and DEFINE_EXTERNAL_PROJECT and by defining any of the following functions: generate_targets(), declare_dependencies() and apply_dependency_to_target(). Of course, not all combinations of those definitions are legal and any violation of the legality of the definitions is cought and meaningfully reported to the user.

The other file a user needs to supply is a CMakeLists.txt. This file serves as a point of entry. This file should consist of a standard boilerplate code, calls to the build_target() and finally a call to finalize(). Standard CMake commands should not be used to define targets. The only purpose of this file is to specify what targets with what parameters must be build by calling a Beetroot function build_target() or get_target() and letting it do the work.




The role of the CMakeLists.txt is hugely downplayed

There is no need to use add_subdirectory(), because Beetroot knows where to look for every managed target. That’s why the only CMakeLists.txt that is needed is the one you manually call with cmake ... (Besides CMakeLists.txt inside CMake external dependencies of your project)




The location of the CMakeLists.txt is no longer relevant

As long as the CMakeLists.txt is somewhere inside the root project and it adheres to the Beetroots’ mandatory boilerplate code, its location is irrelevant. All components are searched for by name, not by folder, and the system requires them to be written in a way that all paths are absolute (it is achieved by simply prefixing filenames with the ${CMAKE_CURRENT_SOURCE_DIR}).

As long Beetroot is responsible for all targets in your code, you can simply copy a CMakeLists.txt from one subfolder of your project to another and they will build just fine there, resulting in exactly the same executable.
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Frequently Asked Questions


How does the system mix with the plain CMake?

Beetroot-managed targets can be interact with the “legacy” CMake code, if you want to use each target as either dependency, or the dependees - but not both.

First thing to be aware of is that the Beetroot by default can automatically decide to employ the superbuild idiom. In this case the CMakeLists.txt will be run twice in a single build - once, directly called by you when you type cmake .. or simmilar, and second time, when you type make, in the so-called project build. So unless you are sure there will be no superbuild run, you should desing your code in such a way, that the targets are defined only in the proper phase, usually in the project build, unless they define external projects. To tell if the current phase is superbuild or project build use a boolean variable IS_SUPERBUILD.

Another issue is the existance of calls to the global target-modifying functions, such as ??. If you need to use them, just remember that they still affect the whole project including the beetroot-managed code, otherwise you are fine. Sincerelly, the best thing to do is to hunt them down using “find” method in your code editor and turn them into the target-specific equivalents.


Usage of the “legacy” target as a dependency

Targets defined in the CMakeLists.txt will be accessible to the beetroot-managed code as the possible dependency if they are defined before the call to the ``finalize()``. You would then need to link with those targets manually in the body of the function apply_dependency_to_target().




“Legacy” target depends on the target(s) managed by the Beetroot

Beetroot can designate the name of the managed targets itself, so if the “legacy” targets need to depend on the targets governed by the Beetroot, you need to either know those names because you defined them as being fixed, or dynamically get them. You get the name of the targets using the function get_target_name(). Beetroot targets will not get defined until you call the finalize() function, so write any code depending on them after the call to that function.






What does it take to turn a “legacy” CMake code into being managed by the Beetroot?

First of you need to isolate the code that defines each target, and put it into a separate targets.cmake. In case if that would lead to a significant code duplication, you have an option to define several targets in one targets.cmake file.

Inside the targets.cmake you need to separate the code into two groups and put them accordingly to its purpose:


	The code that defines the targets and its properties (such as a call to the  add_library() or target_compile_definitions()) and does not mention any dependee - put into a definition of generate_targets().


	The code that mentions the dependee. If it is just a call to the target_link_libraries(DEPENDEE_TARGET OUR_TARGET) you can simply remove it, since Beetroot would call it by itself. If it involves something more unusual, like calls to add_custom_command() and  target_sources() (common pattern when you have a code generator) - put that code into an apply_dependency_to_target().




The last thing to remember, is to always put absolute paths to whatever files you ever mention. A common pattern is to use either CMAKE_CURRENT_SOURCE_DIR or SUPERBUILD_ROOT variables for this purpose.




Is there any unexpected way the Beetroot can interefere with my own CMake code?

CMake does not support namespaces, so however unlikely, it is still possible that your own code can interfere with the internal workings of the Beetroot project. To stay clear of trouble you should remember that all internal Beetroot variables are prefixed with double underscore, and all functions with a single underscore. In future, they will have even more unique prefix.







          

      

      

    

  

    
      
          
            
  ### What is target?

TODO

### Targets file

This file provides a list of target templates on which actual targets will be built, or actual target names in case we don’t wish them to be instatiated more than once (that is the default CMake behavior).

The file consists of target generating function (generate_targets()) that contain all logic needed to instatiate the required target(s), declare_dependency() function that defines what dependencies need to be applied to the targets in addition to generate_targets(), and apply_dependency_to_target() that describe steps that needs to be taken to apply our targets as dependencies for a given dependee target.

By default the apply_dependency_to_target() is defined as a call to target_link_libraries(${DEPENDEE_TARGET_NAME} ${KEYWORD} ${TARGET_NAME}) unless dependee is of type UTILITY (i.e. a custom target).

All those functions are parametrized by the three categories of variables, which share the same namespace.


	BUILD_PARAMETERS list all the variables that define the identity of all the defined targets. If user tries to instatiate our template twice with different set of target parameters, he will get either two distinct targets (named with ordinal sufix, e.g. mylib1 and mylib2) or an error if we declare that there can be only one copy of each target.


	LINK_PARAMETERS list additional variables that can be used by the apply_dependency_to_target() function during linking to the depndee (if our target is used as a dependency). Those variables does not change the identity of the target, so if user tries to instatiate targets that differ only in link parameters, there will be only one copy of the target built, but it will be linked in different way to the dependees. One can think of it as if those variables are implicitely included in the dependees’ indetities.


	FEATURES. Each variable of the list define existence of independent feature. Features are included in the targets’ identities. A target that include more features is always compatible with the target that include less of them. Features can be specified using flags (each flag controls a different feature), scalars (value different than the default mean an extra feature) and vectors (each value of the vector is treated as a separate flag). As long as it is possible, beetroot will only instatiate a single copy of the target for each set of target parameters, that is compatible with all the required features. If the features are not compatible with each other (e.g. scalars), beetroot will issue an error.




If you find yourself defining a large list of BUILD_PARAMETERS over and over again for different targets (for instance to pass targets from a library to a consumer), you can spare yourself a time and call a function include_build_parameters_of(TEMPLATE_NAME) in the targets body (i.e. outside of any functions defined therein) to include all the target parameters defined in that file. The file will be processed in the context just after parsing the targets file, including all declared and non-declared variables defined in this file.

#### include_build_parameters_of, include_build_features_of and include_link_parameters_of:

<function_name>(<TEMPLATE_NAME> [NONRECURSIVE] [SOURCE LINKPARS|LINK_PARAMETERS|PARAMETERS|FEATURES] [ALL_EXCEPT <VAR_NAME>... | INCLUDE_ONLY <VAR_NAME>...])





Use any of these functions to import any kind of parameters as any other kind of parameters. The syntax of this function will change, but at the moment there is no limit on what combinations of types of parameters to convert.  NONRECURSIVE mean, that that only the parameters declared directly in the target will get imported. SOURCE determines what is the source of the parameters; LINKPARS and LINK_PARAMETERS are synonims. BUILD_PARAMETERS from another template file. Only the variable definitions will be imported, just like if you would paste them into the own BUILD_PARAMETERS, not other variables and it will not set a build dependency. If the included file itself includes target parameters, they can be included too.

### apply_dependency_to_target()

Optional function that is called in Project build everytime, when there is an internal dependee that requires this template. The file is called after both targets are defined. Function gets two positional arguments: first is the dependee target name (the target that needs us), and the second is the name of our target, even if our template does not define targets (in case the file we describe allows only one singleton target, this second argument is always fixed to our target name).

When user decides to implement this function and there are targets defined in targets.cmake (usually there are), he is required to put either LINK_TO_DEPENDEE or DONT_LINK_TO_DEPENDEE to specify whether he wishes Beetroot to link or not the target to the dependee.

The function role is to apply extra modifications to the dependee, and finaly to call (or not) target_link_libraries(${DEPENDEE_TARGET_NAME} ${KEYWORD} ${TARGET_NAME}), where DEPENDEE_TARGET_NAME and TARGET_NAME are respectively first and second parameters to the function and KEYWORD is defined as either INTERFACE or PRIVATE depending on whether the ${DEPENDEE_TARGET_NAME}’s type is INTERFACE_LIBRARY or not.

If our dependency targets.cmake does not generate targets, the ${DEPENDEE_TARGET_NAME} will not be a target either, and only serve as a identifier. On the other hand it is guaranteed that ${TARGET_NAME} is an actual and existing target, so it might not be an immidiate dependee. If the immidiate dependee is not a target, the function will be called with the first dependee in the dependency chain that defines a target (even if it is only an INTERFACE).

If the function is not defined, and if the ${DEPENDEE_TARGET_NAME} is not of type UTILITY it is defined automatically replaced with a single line target_link_libraries(${DEPENDEE_TARGET_NAME} ${KEYWORD} ${TARGET_NAME}). For UTILITY no additional code is executed. The automatically generated target_link_libraries will be executed after execution of apply_dependency_to_target() if LINK_TO_DEPENDEE is specified as either external project option or template option.

### List of implicitely defined variables available for generate_targets() and apply_dependency_to_target()


	All variables defined in BUILD_PARAMETERS and BUILD_FEATURES


	apply_dependency_to_target() can also gets variables defined in LINK_PARAMETERS


	TARGET_NAME that names the current target


	(external projects only in apply_dependency_to_target) INSTALL_PATH path where the external dependency is already installed


	(external projects only in apply_dependency_to_target) SOURCE_PATH source path of the dependency (if available)




### Template global options

All options affect the way all targets defined in the targets.cmake get intepreted. Effectively treats targets as all-or-nothing. Does not affect anything if there is only one template/target define in the file.

#### SINGLETON_TARGETS

Option. By setting this option we declare that all targets defined in this file can only be defined in one go, all using the same set of target parameters and features. It also forces only one instance of each target and forces the user to declare the targets using ENUM_TARGETS rather than ENUM_TEMPLATES.

If there is only one target defined in this file, the only impact of this option is to force use ENUM_TARGETS rather than ENUM_TEMPLATES.

The most obvious place to use this option is in targets.cmake which describe external project.

#### NO_TARGETS

By setting this option we declare that this file does not define any targets at all. Such “no targets” templates still are internally named by their template/target name for resolving the dependencies. The targets will never be built - in fact defining generate_targets() function is illegal with this option set, and user must define apply_dependency_to_target(DEPENDEE_TARGET_NAME OUR_TARGET_NAME) function instead, that applies whathever there is to apply to already existing dependee, (which will be guaranteed to be the actual target).

Targets declared with NO_TARGETS cannot have their own dependency, because it is unknown how to force CMake to respect dependencies with something that is not a target.

Such option is usefull for old-style header only libraries (that do not use INTERFACE targets) or pieces of CMake code that only produce CMake variables; in such case the relevant code that produces the variables must be placed either in global scope of the targets.cmake or inside the apply_dependency_to_target. Remember, that only declared variables will be passed to the apply_dependency_to_target.

Note that for NO_TARGETS files, there is no difference whether a parameter gets declared inside BUILD_PARAMETERS, LINK_PARAMETERS or BUILD_FEATURES block.

#### LANGUAGES

List of languages required by the targets. User cannot set the languages himself, because enable_language() function requires to be run in the global context, while none of the user code is run, except for the CMakeLists.txt. CMake 3.13 supports the following languages: CXX, C, CUDA, Fortran, and ASM. This option can depend on the parameters.

#### EXPORTED_VARIABLES

List of variables (TARGET_PARAMETER, LINK_PARAMETER or FEATURE) that can be embedded into the set of variables available when calling generate_targets(). These variables and their values will not participate in the definition of the targets’ identities and will get instantiated only when calling those two functions. In order to actually use the variable, the dependee must explicitely declare then when defining dependencies.

#### LINK_TO_DEPENDEE

If the flag is set, the Beetroot will always internally call target_link_libraries() to link this target with the dependee, even if the function apply_dependency_to_target() is defined. Specifying this flag when user did not write apply_dependency_to_target() is not required, because in this case calling target_link_libraries() is the default behavior. This flag excludes NO_TARGETS.

The call to target_link_libraries() will be executed _after_ the call of the apply_dependency_to_target().

This option has exactly the same meaning as the option of the same name in the external project options, so there is no point in setting them in both places.

#### DONT_LINK_TO_DEPENDEE

Don’t call target_link_libraries(), even if apply_dependency_to_target() is not defined. This flag is in opposition to LINK_TO_DEPENDEE and excludes it.

If user wrote apply_dependency_to_target() Beetroot requires him to either set LINK_TO_DEPENDEE or DONT_LINK_TO_DEPENDEE to make sure user understands the linking behavior.

#### GENERATE_TARGETS_INCLUDE_LINKPARS

This flag makes link parameters available to generate_targets(). They can be used for actions that do not lead to generation of targets, such as test making or installation. If they are used for parametrization of targets, subtle errors can happen.

### External project options

At the moment the beetroot does not allow the user to call the ExternalProject_Add directly. Instead it allowd for several customizations, that are passed through DEFINE_EXTERNAL_PROJECT variable defined in targets.cmake. Defining this structure is the only way to force the targets.cmake to describe an external project.

DEFINE_EXTERNAL_PROJECT accepts the following parameters:

#### ASSUME_INSTALLED.

An option. If set, the beetroot would not call ExternalProject_Add() at all and assume the external project is already installed, either in the default system folder or in the folder specified by PATH

#### SOURCE_PATH

Path with the source of the project. Not relevant if ASSUME_INSTALLED. If relative it will be based on ${SUPERBUILD_ROOT}

#### INSTALL_PATH

Optional. Path where the project will be installed during build. If there are two or more incompatible with each other variants of this target required, this path will be suffixed by the hash of the build options passed to the ExternalProject_Add(). If relative it will be based on ${SUPERBUILD_ROOT}

#### EXPORTED_TARGETS_PATH

Optional. Relative path to the INSTALL_PATH (either automatic or manual) where the exported targets will be searched for. This is the directory where CMake expects to find <Name>Config.cmake file. By default the Beetroot will look in the directories cmake and the root of the installation folder.

#### WHAT_COMPONENTS_NAME_DEPENDS_ON

Optional vector of strings. Specify extra infixes to the automatic install path. Elements are named after names of .cmake plugin files in the folder build_install_prefix_plugins. Each file describes the process of derriving a name of the given dependency. Note, that this setting is purely aestetic, it does not imply any actual dependencies - for those you need to define declare_dependencies() function and put them there. Also note, that this setting will get ignored if INSTALL_PATH is specified or ASSUME_INSTALLED.

#### COMPONENTS

Optional vector of strings. Each element of this parameter will get passed to the find_package() call during the project build run.

#### BUILD_PARAMETERS

Optional vector of strings. Names parameters defined in either BUILD_PARAMETERS or BUILD_FEATURES to pass to the ExternalProject_Add() during build. Ignored when ASSUME_INSTALLED. If missing, all parameters from BUILD_PARAMETERS and BUILD_FEATURES will be forwarded to the external project.

#### LINK_TO_DEPENDEE

Flag makes sense only if the tempalate generates targets and they are not of the type UTILITY. If the flag is set, the Beetroot will always call target_link_libraries(), even if the function apply_dependency_to_target() is defined. The call to target_link_libraries() will be placed _after_ the call of the apply_dependency_to_target().

This option has exactly the same meaning as the option of the same name in the template global options set, so there is no point in setting them in both places.

### Parameter specification

Parameters that can be passed to the template (e.g. target) are distinguished by their container type (OPTION, SCALAR and VECTOR) and their type (STRING INTEGER BOOL and CHOICE). Type CHOICE is further parametrized by the individual allowed values.

#### Container type

##### OPTION

Container OPTION can hold only variables of the type BOOL, and hence the only type allowed for it is either BOOL or empty string. It behaves diffently from BOOL SCALAR only when passed as a parameter via function call. Just like in base CMake, OPTION parsing is implemented using cmake_parse_arguments, so it does not require a value. E.g. if:

set(BUILD_PARAMETERS
        USE_GPU OPTION  "" 0
        USE_CPU SCALAR  BOOL 0
)





we use it like this:

get_target(<template name> USE_GPU USE_CPU 1)





to set both values and
`
get_target(<template name> USE_CPU 0)
`
to unset.

Please note that there is no way to unset an option that is already set by default.

OPTION can be used for features, and set option overrides unset option.

##### SCALAR

SCALAR can hold only a single value of the type TYPE. There are 5 different types:


	BOOL is equivalent to CMake BOOL type, and can hold only two distinct values. The only legal way to test boolean values if by using if(BOOL_VARIABLE) CMake construct, because BOOL internally is a string that can hold any of the following values for false: 0‚ OFF, NO, FALSE, N, IGNORE and NOTFOUND and the following values for true: 1, ON, YES, TRUE and Y.


	INTEGER can hold any positive integer. Scientific notation is not supported.


	PATH can hold any existing or nonexisting file or directory path or empty string. At the moment of writing there are no rules to validate values of this type.


	STRING can hold arbitrary string, including the empty string. No value validation whatsoever.


	CHOICE(<colon-separated list of strings>) can hold string that are present in the specified set. The strings cannot contain the colon, as this character is used to separate them. Empty string is not allowed unless explicitely specified like this CHOICE(:VARIANT1:VARIANT2) or CHOICE(VARIANT1:VARIANT2:).




If SCALAR is used for feature, the rules for overriding depend on the type:


	If the type is BOOL, CHOICE, STRING and PATH then the non-default value overrides the default. Two non-default values cannot override each other and will result in different target (if that is allowd) or the error will be generated (for static targets).


	If the type is INTEGER then bigger value overrides smaller.




For example, suppose we have a template with the following features:

set(BUILD_FEATURES
        F_VERSION       SCALAR                                  INTEGER "14"
        F_FLAG          SCALAR                                  BOOL    "YES"
        F_SOME_PATH     SCALAR                                  PATH    ""
        F_COMPILER      CHOICE(clang:gnu:intel) STRING  clang
        F_FLAVOUR       SCALAR                                  STRING  "debian"
)

get_target(<template_name> F_FLAVOUR "git")
get_target(<template_name> F_FLAVOUR "custom")
get_target(<template_name> F_FLAG "NO")





First two lines will instantiate two targets, one with F_FLAVOUR set to “git” and the other with F_FLAVOUR set to “custom”, because there neither set of features overrides the other.
The third line will generate an error, because of ambivalency, since there is more than one target that is eligible to apply the feature F_FLAG.:

get_target(<template_name> F_VERSION 15)
get_target(<template_name> F_VERSION 23)
get_target(<template_name> F_FLAG "NO")





Integer 23 overrides both 15 and the default value of 14 so, there is no conflict and no need to instantiate separate targets. Likewise NO overrides the default (here YES). That’s why all the lines will instantiate exactly one target, with ${F_VERSION} equal to 23 and ${F_FLAG} equal to NO.

##### VECTOR

VECTOR containers store a set of values of the specified TYPE. Each value of the VECTOR container must be of the same type. If TYPE is STRING or PATH the elements cannot contain colon (:) and semicolon (;) characters.

VECTOR can be used for features, and a set that contains a superset of values can override the smaller set. Example:

```
set(BUILD_FEATURES


COMPONENTS      VECTOR  STRING  “COMP_A;COMP_B”




)

set(BUILD_PARAMETERS
…
)

```

A following in CMakeLists.txt or inside declare_dependencies()


	```

	get_target(<template_name> <target_parameters> COMPONENTS COMP_B COMP_D)





```
declares that we need a target with <target_parameters> and ${COMPONENTS} must contain COMP_B and COMP_D. Note that as expected the default value for COMPONENTS is ignored if we specify this parameter (here: feature) explicitely.

If in CMakeLists.txt or inside declare_dependencies() of any built target there is a following line with the with the same template_name
```


request_feature(<template_name> COMPONENTS COMP_C)




```
then furthermore the target’s $`{COMPONENTS}` will include COMP_C, so in the end COMPONENTS will be equal COMP_B;COMP_C;COMP_D (order is unspecified).

### Q&A

Q: What are the consequences of defining generate_targets()?
A: If the function is defined, the Beetroot would make sure, that the announced targets are actually made.



          

      

      

    

  

    
      
          
            
  Design rationale
===

O tym, że CMake utrudnia definiowanie kompilacji projektu używając funkcji: wymusza globalne zmienne i zupełnie nie ułatwia przekazywanie i weryfikowanie argumentów funkcji.

Wykorzystywane są następujące cechy CMake:


	Targety są definiowane zawsze w jednej globalnej przestrzeni (scope), co oznacza że targety mogą z powodzeniem być definiowane wewnątrz funkcji. Zróbmy z tego regułę.


	Użytkownik definiuje zależności między  używając kodu CMake zamiast





	Tworzenie każdego targetu jako funkcja, która przyjmuje zadeklarowane parametry o określonych warunkach walidacji.
1a) Argumenty muszą być przekazywane na 3 sposoby: wartość domyślna podana podczas deklaracji argumentu (lub brak - argument obowiązkowy) -> wartość podana z CACHE lub po prostu ze zmiennych dostępnych w CMake -> wartość podana podczas wywoływania targetu, jako argument funkcji produjującej target.
1b) Niech użytkownik sam zajmuje się dependencies. W szczególności, niech sam przekazuje te parametry, które chce override, np. te, które mają być zafiksowane, lub jakieś własne.


	Nazywanie targetu na podstawie jego argumentów po to, aby można było kompilować dwa targety różniące się tylko argumentami


	Kompatybilność z CMakeLists.txt - systemem, który nie pozwala na dynamiczne definiowanie targetów i nie pozwala na deklaracje zmiennych


	Wygoda dla użytkownika. Zero boilerplate.




## Z tego wynikają następujące cechy:

1. System deklaracji parametrów, ich typów, reguł walidacyjnych i wartości domyślnych
1a) System łączący trzy źródła informacji o typach.
1b) Możliwość wywoływania funkcji tworzącej target rekurencyjnie. Dbanie o to, aby przerwać rekurencję - tj. musi być globalna właściwość, która zawiera listę aktualnie definiowanych targetów.
2. Po zebraniu wszystkich argumentów i posortowaniu ich - tworzenie z nich hasha, który tworzy nazwę instancji targetu (być może z prefiksem nazwy targetu). Rozróżnia się dwa pojęcia:



	TARGET_INSTANCE - nazwa targetu, jaka jest wygenerowana przez add_executable lub add_library lub add_custom_target. Ta nazwa nie jest czytelna dla ludzi i jest hashem argumentów przekazanych do targetu i jego klasy (TARGET_TEMPLATE).


	TARGET_TEMPLATE - nazwa przepisu na generowanie targetów. Ta nazwa jest podana przez człowieka i musi być unikalna w całym projekcie. Np. LIB_LOG, GRIDTOOLS, ADVECTION_DRIVER.








	Specjalna składnia dla deklarowania targetu jako targetu definiowanego przez CMakeLists.txt. Muszą tam się znaleźć nazwy definiowanych (i używanych przez nas) targetów, katalog źródłowy i nazwa katalogu (już z ew. prefiksami związanymi z wersjami zależności używanych podczas budowy, np. boost, gridtools). Podczas napotkania takiej definicji system sprawdzi, czy w oddzielnym pliku jest zawarta lista parametrów tego CMakeLists.txt. Jeśli jest, to będzie jej używać, a jeśli nie - to w oddzielnym procesie uruchomi CMake po to, aby ją dostać.




4. Plik targets.cmake zawiera:
a)
```
set(BUILD_PARAMETERS #DEFINE_MODIFIERS


PATH    SCALAR  PATH ${CMAKE_costam}




)
set(LINK_PARAMETERS #DEFINE_PARAMETERS


PRECISION       SCALAR  INTEGER 4
ARCH    SCALAR  CHOICE(GPU;CPU) CPU




)


	set(BUILD_FEATURES

	USE_GPU OPTION  “” 0
COMPONENTS      VECTOR  STRING  “filesystem;log”





)


	set(FILE_OPTIONS

	SINGLETON_TARGETS  #If set requires TARGET_TEMPLATE and generates error if ENUM_TEMPLATES is specified
NO_TARGETS #If set it declares that no targets will be generated. Generates error if generate_targets() is defined by the user.
LINK_TO_DEPENDEE #calls target_link_libraries(), even if the function apply_dependency_to_target() is defined
GENERATE_TARGETS_INCLUDE_LINKPARS # Make linkpars available in generate_targets()
LANGUAGES CUDA CXX
EXPORTED_VARIABLES USE_GPU
#This can be used to utilize LINK_PARAMETERS after the target is built to e.g. write a script.





)

set(ENUM_TEMPLATES <UNIQUE NAME OF TARGET_TEMPLATE>)
# Or optional, if for some reasons the target name must be fixed:
#set(ENUM_TARGETS <UNIQUE NAME OF TARGET_TEMPLATE>) #the set of actual target names we are capable of providing

#optional:
set(DEFINE_EXTERNAL_PROJECT


SOURCE_PATH gridtools
ASSUME_INSTALLED
INSTALL_PATH /usr/lib/gridtools
WHAT_COMPONENTS_NAME_DEPENDS_ON boost compiler
COMPONENTS SerialboxC
BUILD_PARAMETERS USE_GPU ARCH




)

```
Jeśli projekt nie jest external (tj. nie zdefiniowano DEFINE_EXTERNAL_PROJECT), definicję funkcji generate_targets() przyjmującej jako argument listę wartości zadeklarowanych w ENUM_TEMPLATES. Ta funkcja jest odpowiedzialna za tworzenie targetu o nazwie ${TEMPLATE_NAME}. Alternatywnie, jeśli dana część projektu nie jest w stanie generować targetu (np. starego typu dependency), to należy pominąć definicję generate_targets(), a zamiast napisać funkcję apply_dependency_to_target(DEPENDEE_TARGET_NAME OUR_TARGET_NAME) która aplikuje nasz projekt na istniejący target. Oczywiście nie można otrzymać dla takiego template targetu, więc wywołanie get_targets() z poziomu CMakeLists.txt dla template używającego apply_dependency_to_target() zakończy się niepowodzeniem. Za to można używać get_targets() z poziomu funkcji declare_dependencies().

apply_dependency_to_target() nie jest wywoływana, jeśli target jest external

Definicję funkcji declare_dependencies() przyjmującej jako argument listę wartości zadeklarowanych w ENUM_TEMPLATES. Ta funkcja jest odpowiedzialna za tworzenie targetu o nazwie ${TEMPLATE_NAME}. Ta funkcja jest wywoływana podczas superbuild pass po to, aby wywołać ExternalProjects_Add dla zewnętrznych zależności. Wewnątrz niej można używać funkcji

`
get_target(<TEMPLATE_NAME> <INSTANCE_NAME> [PATH <PATH_TO_TARGETS.CMAKE>] <ARGS...>)
`

## Co wolno, a czego nie wolno w funkcji generate_targets?

Funkcja służy do generowania jednego lub więcej targetów, każdy z nich zadeklarowany w ENUM_TEMPLATES. Funkcja dostaje w argumentach nazwy template, które ma stworzyć (nikt nie zabrania tworzyć ich więcej). Każdy template uważa się za stworzony, jeśli istnieje target o nazwie “${TEMPLATE_NAME}_${ARG_HASH}”. Funkcja używa zmiennej INSTANCE_NAME albo ${TEMPLATE_NAME}_INSTANCE_NAME, jeśli jest więcej niż jeden TEMPLATE zdefiniowany w funkcji.

Aby dodać dependency, należy użyć funkcji get_target(<TEMPLATE_NAME> <VAR_INSTANCE_NAME> [PATH <PATH_TO_TARGETS.CMAKE>] <ARGS…>) w ciele funkcji.

Wolno dokonywać dowolnych manipulacji na argumentach, które są przekazane jako zmienne (nie argumenty funkcji).
Wolno wywoływać inne funkcje CMake, poza generate_targets() i declare_dependencies().
Każde wywołanie get_target() przerwie konfigurację z błędem.

## Co wolno, a czego nie wolno w declare_dependencies?

Wolno wywoływać get_target(<TEMPLATE_NAME> <VAR_INSTANCE_NAME> [PATH <PATH_TO_TARGETS.CMAKE>] <ARGS…>)
Wolno wywoływać inne funkcje CMake, poza generate_targets() i declare_dependencies().
Każde wywołanie
add_executable, add_library, add_custom_target przerwie konfigurację z błędem.

## O czym należy pamiętać pisząc targets.cmake?

Plik będzie wykonywany przez CMake wiele raz, co najmniej 2, i to zarówno podczas etapu SuperBuild, jak i podczas etapu naszego projektu



CMakeLists.txt zawiera wywołania do funkcji get_target(<TEMPLATE_NAME> <VAR_INSTANCE_NAME> [PATH <PATH_TO_TARGETS.CMAKE>] <OPTS>),
albo build_target(<TEMPLATE_NAME> [PATH <PATH_TO_TARGETS.CMAKE>] <OPTS>) która jest uproszczoną wersją, która po prostu nie pozwala na uzyskanie nazwy targetu.

## Algorytm w Superbuild:

Sprawdza, czy TEMPLATE_NAME jest zadeklarowany w ENUM_TEMPLATES.

Ta funkcja wykonuje: (funkcja: _get_variables)


	parsuje plik definiujący target (zawierający DEFINE_PARAMETERS z wartościami domyślnymi),


	nadpisuje wartości domyślne wartościami z pamięci


	i na końcu wartościami <OPTS>.


	Następnie robi hash ze wszystkich tych opcji.




Powtarza kroki 1-4 tak długo, aż hash przestanie się zmieniać lub max 10 razy i zwraca błąd, jeśli doszło do 10 razy.

Pamiętając, jak się nazywa definiowany TEMPLATE_NAME, wywołuje funkcję użytkownika declare_dependencies(TEMPLATE_NAME), gdzie każde wywołanie get_target jest zapamiętywane i zbierane jako definicja ExternalProject lub ignorowane, jeśli dotyczy głównego projektu. W szczególności:
1. Definicja zależy od ustawionej zmiennej __SUPERBUILD
2. Dodajemy hash dependency do listy lokalnie wyszukiwanych dependency, służącej do wyłapania cyklicznego zapętlenia.
3. Na podstawie nazwy dependency znajdywany jest plik targets.cmake, parsowany i uzyskujemy zbiór argumentów. Na ich podstawie generujemy hash i sprawdzamy, czy mamy target o takim hashu. (Jeśli mamy, to sprawdzamy, czy nie został on już dodany w liście lokalnie wyszukiwanych dependency, aby wykluczyć cykliczne zapętlenie) go zwracamy i dodajemy do globalnej listy dependency, którą dodamy, gdy tylko dostaniemy definicję naszego projektu.
4. Jeśli targetu jeszcze nie ma i jest on zewnętrzny, to go tworzymy w poniższy sposób. W przeciwnym razie - ignorujemy go (na razie), jeśli target jest wewnętrzny, lub dodajemy jego INSTANCE_NAME do listy dependencies naszego targetu, który próbujemy stworzyć. <jak odróżnić target zewnętrzny od lokalnego - poprzez obecność DEFINE_EXTERNAL_PROJECT>
5. Tworzenie targetu zewnętrznego, etap superbuild:



	(Przypomnienie: Jesteśmy tu, bo kod użytkownika w targets.cmake:declare_dependencies() wywołał nasz target (i wiemy że on jest zewnętrzny i go jeszcze nie ma). )




2. Instancjonizujemy wszystkie INSTANCE_NAME zależności, jakie ten target może mieć. Upewniamy się, że żadna z zależności nie jest wewnętrzna (i zwracamy błąd, jeśli jest)
2. Tworzymy hash wszystkich argumentów, w standardowy sposób.
3. Na podstawie hasha tworzymy nazwę INSTANCE_NAME dla naszej dependency (np. Serialbox)
4. Wywołujemy ExternalProject_Add(${INSTANCE_NAME} …) tak, aby stworzył się obiekt naszych zależności. Dodajemy do DEPENDENCY wszystkie instancje targetów ew. zależności
5. Dopisujemy nazwę $INSTANCE_NAME do globalnej przestrzeni nazw. (funkcja: _store_target_instance)





	Tworzymy wywołanie ExternalProject_Add odwołujące się do wywołanego, najwyższego CMakeLists.txt i ustawiamy tam zmienną __SUPERBUILD:BOOL=0 i dodając do dependency całą naszą listę dependency. Nie dodaje zmiennych - zmienne znajdzie sobie jeszcze raz.


	Koniec




## Algorytm w naszym projekcie (nie - superbuild):


	Tak samo, jak w wywołaniu superbuild, parsuje każde odwołanie do build_target/get_target, które, jak zawsze, zaczyna się od ustalenia zbioru zmiennych (funkcja: _get_variables)


	Również wywołuje funkcję użytkownika declare_dependencies(TEMPLATE_NAMES), ale tym razem zbiera dependencies inaczej. Zewnętrzne dependencies są zbierane przy pomocy find_packages, natomiast wewnętrzne poprzez rekurencyjne budowanie ich, identycznie jak zewnętrzne były zbierane podczas kroku superbuild.


	Wywołuję _call_generate_targets().


	Do każdego z INSTANCE_NAMES dodaję zależności zebrane w kroku 2.




Zbiór funkcji:

Podczas wczytania biblioteki:
ustawiana jest zmienna globalna __GET_TARGET_BEHAVIOUR na “GLOBAL_SCOPE”.

get_target(<TEMPLATE_NAME> [PATH <Ścieżka do targets.cmake>] <Args…>)


	Jeśli wartość zmiennej globalnej __GET_TARGET_BEHAVIOUR jest równa “INSIDE_GENERATE_TARGETS”. Jeśli tak - to zwracamy błąd, bo nie można naszej funkcji wywoływać wewnątrz generate_targets(). (Do tego celu należy użyć funkcję declare_dependencies()).


	Próbujemy znaleźć ścieżkę do targets.cmake używając __find_targets_cmake_by_template_name($TEMPLATE_NAME __OUT_TARGETS_PATH)




3. Jeśli ścieżka nie jest znaleziona - zwraca błąd.
3. Tworzy listę zmiennych używając _get_variables(<znaleziona ścieżka do targets.cmake> __VARIABLE_DIC __TEMPLATES __EXTERNAL_PROJECT_INFO ${ARGS})
4. Upewnia się, że TEMPLATE_NAME jest zadeklarowany w ENUM_TEMPLATES.
5. Wywołuje _get_dependencies($TEMPLATE_NAME var_dictionary __INSTANCE_NAME_LIST)
6. Jeśli IS_EXTERNAL, to wywołuje _get_target_external(${TEMPLATE_NAME} __VARIABLE_DIC __INSTANCE_NAME ${__EXTERNAL_PROJECT_INFO})
7. Jeśli nie jest external, to _get_target_internal(${TEMPLATE_NAME} <katalog zawierający targets.cmake> __VARIABLE_DIC __INSTANCE_NAME)
8. Jeśli wywołanie _get_target_xxx się powiodło, to zwraca ${__INSTANCE_NAME}, lub błąd w przeciwnym razie.

_find_targets_cmake_by_template_name(<TEMPLATE_NAME> <OUT_SCIEZKA>)

Próbuje znaleźć ścieżkę do pliku targets.cmake na podstawie TEMPLATE_NAME. Mechanizmu jeszcze nie jestem pewny.
Prawdopodobnie, użyjemy zewnętrznego targetu, który użyje CMake to obwąchania wszystkich plików .cmake w katalogu definiującym zewnętrzne targety oraz
wszystkie pliki targets.cmake w naszym źródle, stwoży listę tych plików, i zdefiniuje target zależny od tych plików, który stwoży bazę danych targetów w formie pliku template_paths.cmake z zawartością samych linijek
```
set(__TEMPLATE_PATHS_${TEMPLATE_NAME} “${PATH}”)n
…

```

Ten plik będzie includowany przy pierwszym wykonaniu _find_targets_cmake_by_template_name zaraz po stworzeniu, zarówno przez SUPERBUILD jak i build wewnętrzny. Ta funkcja będzie też odpowiedzialna za stworzenie tego pliku używając zewnętrzne wywołanie CMake przy każdym pierwszym wywołaniu. Funkcja wpisze słownik do globalnej zmiennej.

_get_variables(<ścieżka do pliku targets.cmake>, <out_variables_dic>, <out_template_names>, <out_is_external> <Args…>)

Parsuje plikt targets.cmake i na podstawie Args…, zmiennych tam zadeklarowanych i zmiennych już istniejących w przestrzeni nazw, tworzy słownik wszystkich konkretnych wartości argumentów.


	Ustawia hash parametrów jako ARGUMENT_HASH=”<nothing>” oraz COUNT=0


	_read_targets_file(<ścieżka do pliku targets.cmake> __READ_PREFIX) - parsuje plik definiujący target (zawierający DEFINE_PARAMETERS z wartościami domyślnymi),


	COUNT<-COUNT+1


	nadpisuje wartości domyślne wartościami z pamięci (__read_variables_from_cache(“__READ_PREFIX_${DEFINE_PARAMETERS}” “” “” __OUT_CACHED_VALUES ))


	i na końcu wartościami <Args…> (__read_variables_from_arg(“__READ_PREFIX_${DEFINE_PARAMETERS}” “${__OUT_CACHED_VALUES}” __OUT_FINAL_VALUES)).


	Następnie robi hash ze wszystkich tych opcji i zapisuje go jako NEW_ARGUMENT_HASH (__calculate_hash(“__READ_PREFIX_${DEFINE_PARAMETERS}” “${__OUT_FINAL_VALUES}” __OUT_VAR_DIC))


	Jeśli NEW_ARGUMENT_HASH != ARGUMENT_HASH && COUNT < 10 THEN a) ARGUMENT_HASH <- NEW_ARGUMENT_HASH i powtarza kroki 1-5. (czyli tak długo, aż hash przestanie się zmieniać lub max 10 razy i zwraca błąd, jeśli doszło do 10 razy.


	Jeśli COUNT == 10 THEN błąd.


	Zapisuje aktualny słownik zmiennych do OUT_VARIABLES_DIC. Poza tym, wpisuje OUT_TEMPLATE_NAMES i OUT_IS_EXTERNAL


	Koniec.




_get_target_internal(<TEMPLATE_NAME> <path> <var_dictionary> <out_instance_name>)


	Jeśli etap SUPERBUILD: robi NIC (zwraca pusty string)


	_instantiate_variables(0 var_dictionary)


	Tworzy zmienne o nazwach ${TEMPLATE_NAME}_TARGET_NAME, które przechowują oczekiwane nazwy targetów danego TEMPLATE_NAME.


	Upewnia się, że flaga __GATHERING_DEPENDENCIES jest wyzerowana.




6. Modyfikuje CMAKE_CURRENT_SOURCE_DIR, aby wskazywała na katalog, w którym jest wywoływany targets.cmake (tj. path).
6. Wywołuje funkcję użytkownika generate_targets(TEMPLATE_NAME). Wewnątrz tej funkcji każde wywołanie get_target() zwraca błąd z uwagi na wyzerowanie __GATHERING_DEPENDENCIES.
7. Sprawdza, czy targety, które chcieliśmy uzyskać, faktycznie są stworzone (if(TARGET ${TEMPLATE_NAME}_TARGET_NAME)…). Jeśli nie - zwraca błąd.
8. Zwraca nazwę instance targetu, który chcieliśmy uzyskać.

_get_target_external(<TEMPLATE_NAME> <var_dictionary> <out_instance_name> <EXTERNAL_PROJECT_ARGS>)


	Jeśli etap SUPERBUILD - Wywołuje ExternalProject_Add dla nazwy targetu policzonej na var_dictionary i zwraca tą nazwę targetu w out_instance_name


	Jeśli etap naszego projektu - wywołuje find_packages, tworzy alias dla importowanego targetu i zwraca nazwę INSTANCE_NAME.




_read_targets_file(<ścieżka do pliku targets.cmake> <out_prefix>)

Wczytuje plik targets.cmake i zwraca DEFINE_PARAMETERS, DEFINE_EXTERNAL_PROJECT i ENUM_TEMPLATES poprzedzone prefiksem.

_read_variables_from_cache(<PARAMETERS_PREFIX> <ARGUMENTS_PREFIX> <VALUES_PREFIX>|”” <OUT_PREFIX>)

Korzysta ze zmiennych wczytanych z targets.cmake i podanych poprzez jeden argument DEFINED_PARAMETERS. Iteruje się po nich i dla każdej z nich:
1. Pobiera wartość i zapisuje w pamięci pod __RC_<VARIABLE_NAME> oraz dodaje jej nazwę do RC__LIST
2. Jeśli zmienna ${PREFIX}${VARIABLE_NAME} jest w pamięci, to dla niej wywołuje _verify_parameter(${VARIABLE_NAME} ${VARIABLE_CONTAINER} ${VARIABLE_TYPE} ) i wpisuje ją do pamięci. W przeciwnym razie:
3. …jeśli EXISTING_VALUES_PREFIX jest niezerowe, to sprawdza, czy zmienna czy zmienna jest tam, i jeśli jest, to wpisuje ją do pamięci.
4. Zapisuje wartość do PARENT_SCOPE używając prefiksu __OUT_CACHED_VALUES.
5. Na końcu, po zakończeniu pętli, wpisuje listę wszystkich zmiennych do ${__OUT_CACHED_VALUES}__LIST.

Efektywnie format zmiennych to:

PREFIX__LIST - lista zmiennych
PREFIX_<var name> - wartość zmiennej

__read_variables_from_args(<PARAMETERS_PREFIX> <ARGUMENTS_PREFIX> <OUT_PREFIX> <ARGS…>)


	Parsuje ARGS korzystając z definicji wczytanej z DEFINED_PARAMETERS i zapisuje je prefiksowane __RV.


	Uruchamia __read_variables_from_cache(“${DEFINED_PARAMETERS}” __RV ${CURRENT_VALUES_PREFIX} __RA )


	_pass_variables_higher(__RA __RA)




__calculate_hash(<PREFIX> <__OUT_HASH> <EXTRA_STRING>)


	Sortuje wszystkie zmienne w liście ${PREFIX}__LIST


	Tworzy pustą zmienną stringową z zawartością ${EXTRA_STRING}


	Iteruje się po kolejnych elementach tej listy i dodaje wartość do listy


	Liczy hash tej zmiennej tekstowej


	Zwraca hash z prefiksem __OUT_PREFIX.




_pass_variables_higher(<IN_PREFIX> <OUT_PREFIX>)

Makro, które iteruje się po wszystkich zmiennych w ${IN_PREFIX}__LIST i każdą z wartości zapisuje w PARENT_SCOPE z prefiksem OUT_PREFIX. Na koniec eksportuje ${IN_PREFIX}__LIST jako ${OUT_PREFIX}__LIST w PARENT_SCOPE

_store_target_instance(<template_name> <hash> <instance_name> <path_to_targets>?)
Zapisuje target <instance_name> do globalnej pamięci

_exists_target_instance(<template_name> <var_dictionary_prefix> <out_target_exists>)

Sprawdza, czy o takiej nazwie i zmiennych już istnieje

_name_target_instance(<template_name> <var_dictionary_prefix> <out_instance_name>)

Funkcja nazywa instance_name na podstawie zmiennych var_dictionary_prefix i zapisuje nazwę do zmiennej <out_instance_name>

_instantiate_variables(FLAG_PARENT var_dictionary)

Makro przejeżdża się po słowniku var_dictionary i każdą napotkaną tam zmienną wpisuje do bierzącego scope, albo - jeśli FLAG_PARENT - do PARENT_SCOPE.

_get_dependencies(<TEMPLATE_NAME> <var_dictionary> <out_dependencies_target_list>)

Funkcja zbiera wszystkie zależności danego targetu i zwraca listę `INSTANCE_NAME`s.


	Zapisuje flagę __GET_TARGET_BEHAVIOUR na “GATHERING_DEPENDENCIES”, która jest odczytywana przez funkcję get_target() i modyfikuje zachownie tej funkcji.


	_instantiate_variables(0 var_dictionary)




3. Dodaje hash z TEMPLATE_NAME i var_dictionary
3. Wywołuje funkcję użytkownika declare_dependencies(TEMPLATE_NAME), która tworzy zależności używając get_target()
4. Zbiera ze stosu listę znalezionych dependencies i dodaje je do listy out_dependencies_target_list

_verify_parameter(<VARIABLE_NAME> <VARIABLE_CONTEXT> <VARIABLE_CONTAINER> <VARIABLE_TYPE> <VARIABLE_VALUE>)

Weryfikuje parametr o wartości VARIABLE_VALUE (przekazaną przez wartość, a nie typ). Sprawdza, czy zgadza się kontener, oraz czy każdy element w kontenerze (jeśli wektor) ma typ
kompatybilny z zadeklarowanym.
VARIABLE_NAME i VARIABLE_CONTEXT przekazywane jest tylko dla produkowania ładnych komunikatów błędu.




	Podczas fazy SUPERBUILD zwraca nazwę targetu zewnętrznego projektu wskazywanego przez TEMPLATE_NAME i słownika zmiennych i ignoruje wewnętrzne targety.


	Podczas fazy wewnętrznej, zwraca INSTANCE_NAME dla targetu zewnętrznego (używając find_packages i pojęcia imported targets) i wewnętrznego.




UWAGA!! Funkcja zakłada, że aktualne definicje funkcji generate_targets() oraz declare_dependencies() są zgodne z plikiem, z którego wczytano var_dictionary.

Pamiętając, jak się nazywa definiowany TEMPLATE_NAME, wywołuje funkcję użytkownika declare_dependencies(TEMPLATE_NAME), gdzie każde wywołanie get_target jest zapamiętywane i zbierane jako definicja ExternalProject lub ignorowane, jeśli dotyczy głównego projektu. W szczególności:
1. Definicja zależy od ustawionej zmiennej __SUPERBUILD
2. Dodajemy hash dependency do listy lokalnie wyszukiwanych dependency, służącej do wyłapania cyklicznego zapętlenia.
3. Na podstawie nazwy dependency znajdywany jest plik targets.cmake, parsowany i uzyskujemy zbiór argumentów. Na ich podstawie generujemy hash i sprawdzamy, czy mamy target o takim hashu. (Jeśli mamy, to sprawdzamy, czy nie został on już dodany w liście lokalnie wyszukiwanych dependency, aby wykluczyć cykliczne zapętlenie) go zwracamy i dodajemy do globalnej listy dependency, którą dodamy, gdy tylko dostaniemy definicję naszego projektu.
4. Jeśli targetu jeszcze nie ma i jest on zewnętrzny, to go tworzymy w poniższy sposób. W przeciwnym razie - ignorujemy go (na razie), jeśli target jest wewnętrzny, lub dodajemy jego INSTANCE_NAME do listy dependencies naszego targetu, który próbujemy stworzyć. <jak odróżnić target zewnętrzny od lokalnego - poprzez obecność DEFINE_EXTERNAL_PROJECT>
5. Tworzenie targetu zewnętrznego, etap superbuild:



	(Przypomnienie: Jesteśmy tu, bo kod użytkownika w targets.cmake:declare_dependencies() wywołał nasz target (i wiemy że on jest zewnętrzny i go jeszcze nie ma). )




2. Instancjonizujemy wszystkie INSTANCE_NAME zależności, jakie ten target może mieć. Upewniamy się, że żadna z zależności nie jest wewnętrzna (i zwracamy błąd, jeśli jest)
2. Tworzymy hash wszystkich argumentów, w standardowy sposób.
3. Na podstawie hasha tworzymy nazwę INSTANCE_NAME dla naszej dependency (np. Serialbox)
4. Wywołujemy ExternalProject_Add(${INSTANCE_NAME} …) tak, aby stworzył się obiekt naszych zależności. Dodajemy do DEPENDENCY wszystkie instancje targetów ew. zależności
5. Dopisujemy nazwę $INSTANCE_NAME do globalnej przestrzeni nazw. (funkcja: _store_target_instance)





	Tworzymy wywołanie ExternalProject_Add odwołujące się do wywołanego, najwyższego CMakeLists.txt i ustawiamy tam zmienną __SUPERBUILD:BOOL=0 i dodając do dependency całą naszą listę dependency. Nie dodaje zmiennych - zmienne znajdzie sobie jeszcze raz.


	Koniec




_call_generate_targets(<ścieżka do pliku targets.cmake> <TEMPLATE_NAMES> <var_dictionary> <out_instance_name>)

Wywołuje funkcję generate_targets() dostarczoną przez użytkownika dla zadanego słownika zmiennych i nazw targetów. Po wywołaniu sprawdza, czy rzeczywiście targety zostały zdefiniowane.
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