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Clang Concepts

how to write your first compiler feature

Saar Raz U2019



About Concepts s

Make C++ Typed Again

Removes duck -typing from C++

1@ sxod rxrsdl eng sxodrt
The Python 3 of C++

20+ years in the making

> v D>y >y >



The requires Clause s

A Before
template <typename It >
void sort (It begin, It end){

YY A
}
A After
template <typename It > requires <t >
void sort (It begin, It end){
YY A

}



Abbreviated Templates s

A Before
template <typename T, typename U>
void foo (T t, Uu){

YY A

}

A After
void foo (auto t, auto u){
YY A

}



Static Requirements

template <typename T>
concept = sizeof (T)> 10;

template <typename T, typename U

concept = requires (Tt, Uu{
typename T:: foo type ;
{ t.foo(u)} -> typename T:: foo type ;

f++;

I

void doFoo( <int > auto t){
t. foo ( 3);



Nicer Errors

A Before

std :: unordered_map<A, int > m

22 | std: :unordered_map<A, int> m;
#1 with x86-64 clang (experimental concepts) X [=]
A~ Owrap lines
In file included from <source>:2:
In file included from /opt/compiler-explorer/clang-concepts-trunk-20190218/bin/../include/c++/v1/unordered_map:407:

| /opt/compiler-explorer/clang-concepts-trunk-2019€218/bin/../include/c++/v1l/__hash_table:867:5: error: static_assert failed due to requirement '__check_hash_requirements<A, hash<A> >::value' "the specified hash does not meet the H:

static_assert(__check_hash_requirements<_Key, _Hash>::value,

a

/opt/compiler-explorer/clang-concepts-trunk-2@190218/bin/. ./include/c++/vl/__hash_table:882:1: note: in instantiation of template class 'std::__1::__enforce_unordered_container_requirements<A, std::__1::hash<A>, std::__1::equal_t¢

typename _ enforce_unordered_container_requirements<_Key, Hash, _Equal>::type

N

/opt/compiler-explorer/clang-concepts-trunk-2@190218/bin/../include/c++/v1/unordered_map:855:26: note: while substituting explicitly-specified template arguments into function template '_ diagnose_unordered_container_requirements'

static_assert(sizeof(_ diagnose_unordered container requirements<_Key, _Hash, _Pred>(@)), "");
A

<source>:22:32: note: in instantiation of template class 'std:: 1::unordered map<A, int, std:: 1::hash<A>, std::_1::equal to<A>, std:: 1::allocator<std:: 1::pair<const A, int> > »' requested here

std::unordered_map<A, int> m;

~
In file included from <source>:2:
/opt/compiler-explorer/clang-concepts-trunk-20190218/bin/../include/c++/vl/unordered_map:431:11: error: call to implicitly-deleted default constructor of 'std::__1::hash<A>"
: _Hash() {}
A

/opt/compiler-explorer/clang-concepts-trunk-2@190218/bin/. ./include/c++/vl/memory:2178:39: note: in instantiation of member function 'std::__1::__unordered_map_hasher<A, std::__1::__hash_value_type<A, int>, std::__1::hash<A>, true
_LIBCPP_INLINE VISIBILITY constexpr _ compressed_pair_elem() = default;

A

/opt/compiler-explorer/clang-concepts-trunk-2@190218/bin/../include/c++/v1/unordered_map:9@3:5: note: in instantiation of member function 'std:: :__hash_table<std::_1:: hash_value_type<A, int>, std::__1:: unordered_map_hashe

unordered_map()

A

<source>:22:32: note: in instantiation of member function 'std::_ 1::unordered_map<A, int, std:: 1::hash<A>, std::_1::equal_to<A>, std::_1::allocator<std::_ 1::pair<const A, int> > >::unordered map' requested here

std::unordered_map<A, int> m;
~
/opt/compiler-explorer/clang-concepts-trunk-2019@218/bin/../include/c++/v1l/utility:1575:36: note: default constructor of 'hash<A>' is implicitly deleted because base class '__enum_hash<A>' has a deleted default constructor
struct _LIBCPP_TEMPLATE_VIS hash : public _ enum_hash<_Tp>
A
Jopt/compiler-explorer/clang-concepts-trunk-20198218/bin/. ./include/c++/v1/utility:1569:5: note: '_ enum_hash' has been explicitly marked deleted here
__enum_hash() = delete;

a

2 errors generated.



Nicer Errors

A After

22 std: :unordered map<A, int> m; ol |
= —
#1 with x86-64 clang (experimental concepts) X O .

A~ [OWrap lines

<source>:22:10: error: constraints not satisfied for class template 'unordered_map®' [with K = A, V = int]
std: :unordered_map<A, int> m;

Y

s e

<source>:10:14: note: because 'A' is not 'Hashable’
template<Hashable K, typename V>
N
<source>:8:43: note: because 'std::hash<T>({})(t)' would be invalid: type 'std::hash<A>' does not provide a call operator
concept Hashable = requires (T t) { { std::hash<T>{}(t) } -> std::size_t; };
1 error generated.
Compiler returned: 1



Overloading
template < It >
void sort (It begin, It end){
YY A
}
template < It >
void sort (It begin, It end){
YY A

}



About me s

A 24 years old, from Kiryat Atta (Northern Israel)

A Like programming, graphic design and video games (Dark
Souls)

A Fell in love with C++ ever since | relearned it in 2015

A Have been working on the Clang implementation of
Concepts for the past year or so

A This is the story of how | got around to doing this



A slippery slope s

A Started writing a game engine
A Involved a lot of generics
A Things were getting out of hand

A Concepts had an implementation in GCC 7!
A Vghbg v rm2s dudm nts a bj sgdm
A Ogna akx rshkk atffx0O

A Not sure if maintained
A M g+ hs2kk ad ehmd



A slippery slope

A Built GCC 7

A Wrote much code with concepts #future
A Before:

template <typename Message , typename Source , typename PasserLocation , typename ReceiverLocation
typename Context , typename Propagate >
auto passMessage( Message message Source  sourceFromPasser , PasserLocation _ passerLocation |
ReceiverLocation _ receiverLocation , Context  receiverContext
Propagate  propagate ) {
YY A

A Which is basically like:

auto passMessage( auto message auto sourceFromPasser , auto passerLocation , auto receiverLocation
auto receiverContext , auto propagate ) {
YY A



C++ with strong typing

auto passMessage( auto message auto sourceFromPasser , auto passerLocation

auto receiverLocation , auto receiverContext , auto propagate ) {
A Becomes:
auto passMessage( auto message auto sourceFromPasser ,
auto passerLocation auto receiverLocation
auto receiverContext auto propagate ) {

}YY)\
A

A Sgdgda2r mn stgmhmf a>bj mnvi



And they lived happ -

A Well it turns out GCC concepts did have bugs

A No problem! | can report them!

Saar Raz 2017-02-28 16:320:34 UTC Description

The following preogram returns 1 with the latest gcc 7 snapshot:

template<typenames X»
concept bool FalseConcept = false;

template<FalseConcept Y:>
concept bool AnotherConcept = true;

int main{) {
return AnotherConcept<ints;
¥

A (And that was the last time | heard of this)



Compile times s

A As | said before, this involved a bunch of templates.

A Compile times started to get out of hand.

ADggnqg Il drr fdr rs>gsdc sn fds nt



An unindicative error message s

A So at one point | tried to compile the project

A It froze

A The whole PC
A The kernel

A Sgd I ntrd vnm2s dudm | nud
A Maybe a very long error message?
A -fmax -errors=1
A Rshkk cndrme@s vnaqj

A Output the message to a file?
A Rshkk cndrme2s vnaqj

A A problem with cygwin ?



Ng vdkk hser oqna‘akxs V h

A Move to a Linux VM

A Freezes
A The host as well
A (In hindsight it was a BIOS problem)
A Output the error message to a file
A Cndrmeés eqddydO
A We have a file with an error message!!!!

A 1.2GB
A (-fmax -errors=1)
A What does it say?



Ng vdkk hser oqna‘akxs V h

A Move to a Linux VM

A Freezes
A The host as \ filesize prope,,

A (In hinds

A Output the

A Cndr

A We ha

A 1.2GB
A (-fmax -errors=1)
A What does it say?




How do you read 1.2GB? s

A Opens in some of the text editors

A Only 10lines of error message!
A Each line ~ 100MB

A Ininstantiation of foo::bar<T, U>::bar() [with T = foo<A, B> [with A= 0, B =0], U =0]
A Ininstantiation of foo::bar<T, U>:: baz() [with T = foo<A, B> [with A= 0, B =0], U =0]
A ©

A Template backtrace

A We can limit the backtrace depth, but | needed all of it to
understand what the problemwas O

A People complain C++ gives unindicative errors, | couldn  &@even
read mine O

A Let us parse!



How do you parse 1.2GB?

A So | started writing a Python script -
A In instantiation of foo::bar<T, U>::bar() [with T = <1>, U = <2>]
A Click 1 to expand <1>, 2 to expand <2>

A Cndrmeés vng)j
A Oxsgnm hr snn rknvO

A C++ to the rescue!
A Works!
A (I had to really optimize the C++ script)
A Got the bug!!!
A A few days later, the PC freezes again

A 2.0GB
A Rbghos b m2s g mckd sghr ~mxlngd



What now?

A The long -named templates are actually compile  -time trees:
A tree <a, tree <c, tree <a>, tree <a>>, tree <a>, tree <c, tree <b>>>
A How can we shorten their names?

struct my_tree : tree <a,tree <c, tree <a>, tree <a>>, tree <a>, tree <c, tree <b>>>

{

[/l inherit constructors
using tree <a, tree <c, tree <a>, tree <a>>, tree <a>, tree <c, tree <b>>>:: tree ;

h
A my tree behaves jUSt like tree <a, tree <c, tree <a>, tree <a>>, tree <a>,
tee <c, tree <b>>>+ dwbdos sgd e bs sg s hs
error messages!
A Works! Only 400MB of error!
A Piece of cake for the script



A long -term solution s

A Inheriting from every long template like this is a hassle
A And sometimes | don @even need all that information

A If we take a look at the error message:
A In instantiation of foo::bar<T, U>::bar() [ with T=<1>U=< 2>]



A long -term solution s

A Inheriting from every long template like this is a hassle
A And sometimes | don @even need all that information

A If we take a look at the error message:
A In instantiation of foo::bar<T, U>::bar() [ with T=<1>U=< 2>]

-

-



A long -term solution

A Inheriting from every long template like this is a hassle
A And sometimes | don @even need all that information

A If we take a look at the error message:

A Ininstantiation of foo::bar<T, U>::bar() [ with T=<1>U=< 2>]
v : | R R a—

il e 5=

loc_188479FFB: loc_188479D85:

call _215pp_c_whitespaceP16c_pretty_printer edx,
rcx, pp rcx, rsi

call _217pp_c_left_bracketP16c_pretty_printer call _Zd1Pvm

lea rdx, aWith

oy rcx, pp

call _ZH16c_pretty_printeri6translate_stringEPKc
FCX, pp

call _215pp_c_whitespaceP16c_pretty_printer

test template_parms, template parms

jz loc_1068479F72

quord ptr [rsp+ 1.
loc_188479DCC loc_ 188479D92:
rax, [rsp+ 1
rcx, pp
[rsp+ 1. rax
typenames = rax ; vec<tree_node*,va _gc,vl_embed> =
call _215pp_c_uwhitespaceP16c_pretty_printer
rcx, pp
call _Z217pp_c_left_bracketP16c_pretty_printer
lea rdx, aWith
oy rex, pp
call _ZH16c_pretty_printeri6translate_stringEPKc
rcx, pp

call _215pp_c_whitespacePi6c_pretty_printer
test template_parms, template_parms




A long -term solution

A Inheriting from every long template like this is a hassle
A And sometimes | don @even need all that information

A If we take a look at the error message:

A Ininstantiation of foo::bar<T, U>::bar() [ with T=<1>U=< 2>]
t4 : (-

_188479D92: _ 18847 9FFB:
rax, [rsp+ +uar_58] _215pp_tc_whitespaceP16c_pretty printer
Fex,
+typenames], rax _217pp_c_left_bracketP16c_pretty printer
; vec<tree_nodex,va gc,ul embed> = Led rdx, aWith
_215pp_c_whitespaceP16c_pretty_printer rcyE, pp
rcx, pp _2ZN16c_pretty_printeriétranslate_stringEPKc
_217pp_c_left_bracketP16c_pretty printer rcx, pp
rdx, aWith _215pp_c_whitespaceP16c_pretty_printer
rcx, pp template_parms, template_parns
_2H16c_pretty_printerié6translate_stringEPKc ] loc_188479F72
rc, pp
_215pp_c_whitespaceP16c_pretty_printer
template_parms, template_parns
loc_10B479F72

loc_10B479F72:
mou rcx, pp
call _218pp_c_right_bracketP16c_pretty printer

template_args
r13
ri4
ris




Another unindicative error message s

required from here




And accusations of murder s




He HZl ~ kqgd cX ssb

A | needed to debug a lot of compile -time stuff
A There is no print -debugging at compile time
A Let® add some!

A Opened up GCC sources



Fnnc sghmf FBBZZr nc

A Meet parser.c, which parses all of C++:

|l parserc 3 I

{
error_at (DECL_SOURCE_LOCATION (member decl_opt),
);

DECL_VIRTUAL_P (member_decl_opt) = false;
}

if (member_decl_opt)
member_decl_opt = finish_member_template_decl (member_decl_opt);

end_template_decl ();

parser—fully_implicit_function_template_p = false;
—parser—num_template_parameter_lists;

return member_decl_opt;

length: 1,207,273  lines: 39,199 Ln:39,199 Col:1 Sel:0]0 Unix (LF) UTF-2 INS

C source file

A Yes, there are bigger files ( 52k lines)



static_print

A 1 wanted to add a new keyword to C++:

int  main() {
test <int , 3> vy;
static_print  ("y's typeis " , decltype (V));
return O;

}

A While compiling the above code, the compiler will print:
A y3 type is test<int, 3>



How do you add a keyword? s

A Well | did take a compilers class back in university O

A There @ probably a nice little file that defines the grammar
declaratively

A 1 only need to add my new keyword and |  &n done, right??
A The real world isn @as pretty

>\

It& functions all the way down

A What now?
A Copy & Paste!



Copy & Paste

A static_print behaves awfully similarto  static_assert

A Can appear in the same places

A It also parses string literals

A It also starts with static_  and is also colored pink in the slides
A The plan:

A Search the whole source for the string  2static_assert 2

A Find where keyword is parsed
A Wherever it is, duplicate it and change to  &static_print 2
A If that string is assigned to any variables/constants a] do the

same thing recursively



Copy & Paste

A Found this:

const struct c¢_common_resword c_common_reswords]| =

{

{ "_Alignas" RID_ALIGNAS D_CONLY,
{ "_Alignof* , RID_ALIGNOF D_CONLY,

/l a bunch more like these...

{ "static_assert" RID_STATIC_ASSERTD_CXXONLY D_CXX1 | D_CXXWARN

Im...

A Jackpot! Add this:

{ "static_print" | RID_STATIC_PRINT D_CXXONLY D_CXX1 | D_CXXWARN

A But now we have RID_STATIC_PRINT



More Copy & Paste

A Then
enum rid {
RID_STATIC = 0,
I ...
RID_NULLPTR RID_STATIC_ASSERT
RID _STATIC_PRINT
Il ...

¥
A Search for usage of RID_STATIC_ASSERT

/* If the next token is static_assert 'we have a static assertion. */
else if (token 1->keyword == RID_STATIC_ ASSERT
Cp_parser_static_assert (parser , /* member_p*/ false );

A 18 just leave this here:

/* If the next token is static _print ' we have a static print statement.

else if (token 1->keyword == RID_STATIC PRINT)
Cp_parser_ static_print (parser , /* member_p*/ false );

*/



More Copy & Paste

Ve

A Cp_parser_static_print (parser, /* member_p=*/false);
A Ise if( token 1- >keyword == RID_STATIC_PRINT)

Ve

A f the next token is “static_print' we have a static print statement. */

A Then
enum rid {
RID_STATIC = 0,
...
RID_NULLPTR RID_STATIC_ASSERT
RID_STATIC_PRINT
...

)i
A Search for usage of RID _STATIC ASSERT

[* If the next token is “static_assert' we have a static assertion. */
else if (token 1->keyword == RID_STATIC ASSERT

cp_parser_static_print (parser , /*member_p=*/false );



The business logic

static void

cp_parser_static_assert

tree condition;

tree message;
cp_token *token;
location_t  saved_loc ;

bool dummy;
/* Peek at the ™ static_assert ' token so we can keep track of exactly
where the static assertion started. */

token = cp_\exer peek_token  (parser ->lexer );
saved_loc = token - >location;

/* Look for the static_assert ' keyword. */
if (! cp_parser_require_keyword (parser, RID_STATIC_ASSERT,
RT_STATIC_ASSERT))
return ;
* We know V}/e are in a static assertion; commit to any tentative
parse.
if (cp_parser_parsing_tentatively (parser))
cp_parser_commit_{o_tentative_parse (parser):

/* Parse the *(' starting the static assertion condition. */
cp_parser_require  (parser, CPP_OPEN_PAREN, RT_OPEN_PAREN);

/* Parse the constant - expression. Allow a non - constant expression
Igere in order to give better diagnostics in finish_static_assert o
condition =

Ccp_parser_constant_expression (parser,
/* allow_non_constant_ p =*/ true ,
/* non_constant_p =* &dummy);

(cp_lexer_peek_token  (parser ->lexer )->type == CPP_CLOSE_PAREN)

if (cxx_dialect <cxx 12)
pedwarn (input_location =, OPT_Wpedantic
"static_assert  without a message "
"only available with -std=c++1z or - std=gnu++1z");
/* Eatthe ") */
cp_lexer_consume_token parser »>Iexer )
message = build_string
TREE_TYPHEmessage) = char array type_node

fix_string_type message);
else
/* Parse the separating *,". */
cp_parser_require (parser CPP_COMMA, RT_COMMA);
[* Parse the string - literal message. */
message = cp_parser_string_literal (parser,
[Itranslate=*/ false ,
I* wide_ok =*/ true );
[*A") completes the static assertion. */
if (I cp_parser_require  (parser, CPP_CLOSE PAREN RT_CLOSE_PAREN))
cp_parser_skip_to_closing_parenthesis (parser,
I*recovering=*/  true ,
[* or_comma*/ false ,
/* consume_paren=*/ true );
}

/* A semicolon terminates the declaration. */
cp_parser_require  (parser, CPP_ SEMICOLON RT_SEMICOLON);

/* Complete the static assertion, which may mean either processing
the static assert now or saving it for template instantiation. */
finish_static_assert (condition, message, saved_loc , member_p;

(cp_parser

“parser |,

bool

member_p



The business logic

static void X
cp_parser_static_assert (cp_parser *parser , bool member_p
tree condition;
tree message;
cp_token *token;
location_t  saved_loc ;
bool dummy;
/* Peek at the ™ static_assert ' token so we can keep track of exactly
where the static assertion started.

token = cp_lexer_peek_token  (parser ->lexer );
saved_loc = token - >location;

[* Look for the static_assert ' keyword. */
if (! cp_parser_require_keyword (parser, RID_STATIC ASSERT,
RT _STATIC _ASSERT))
return ;

/* We know V}Ie are in a static assertion; commit to any tentative

parse.
if (cp_parser_parsing_tentatively (parser))
cp_parser_commit_{o_tentative_parse (parser):

/* Parse the *(' starting the static assertion condition. */
cp_parser_require  (parser, CPP_OPEN_PAREN, RT_OPEN_PAREN);

/* Parse the constant - expression. Allow a non - constant expression
gere in order to give better diagnostics in finish_static_assert o
condition =

cp_parser_constant_expression (parser,
/* allow_non_constant_ p =*/ true ,
l* non_constant_p =* &dummy);

(cp_lexer_peek_token  (parser ->lexer )->type == CPP_CLOSE_PAREN)

if (cxx_dialect <cxx 12)
pedwarn (input_location =, OPT_Wpedantic
"static_assert  without a message "
"only available with -std=c++1z or - std=gnu++1z");
/* Eatthe ") */
cp_lexer_consume_token (parser »>Iexer )
message = build_sfring ( 1,
TREE_TYPHmessage) = char array type_node
fix_string_type (message);

}
else
[* Parse the separating ",". */
cp_parser_require  (parser, CPP_COMMA, RT_COMMAY);
[* Parse the string - literal message. */
message = cp_parser_string_literal (parser,
[translate=*/ false ,
I* wide_ok =*/ true );
[*A") completes the static assertion. */
if (I cp_parser_require  (parser, CPP_CLOSE PAREN RT_CLOSE_PAREN))
cp_parser_skip_to_closing_parenthesis (parser,
I*recovering=*/  true ,
[* or_comma*/ false ,
) /* consume_paren=*/ true );

/* A semicolon terminates the declaration. */
cp_parser_require  (parser, CPP_ SEMICOLON RT_SEMICOLON);

/* Complete the static assertion, which may mean either processing
the static assert now or saving it for template instantiation. */
finish_static_assert (condition, message, saved_loc , member_p;



The business logic

static void X
cp_parser_static_assert (cp_parser *parser , bool member_p

tree condition;

tree message;
cp_token *token;
location_t saved loc ;
bool dummy;

/* Peek at the ™ static_assert ' token so we can keep track of exactly
where the static assertion started.

token = cp_lexer_peek_token  (parser ->lexer );

saved_loc = token - >location;

/* Look for the static_assert ' keyword. */
if (! cp_parser_require_keyword (parser, RID_STATIC_ASSERT,
RT_STATIC_ASSERT))
return ;

* We know V}/e are in a static assertion; commit to any tentative

~ parse.

if (cp_parser_parsing_tentatively (parser))
cp_parser_commit_{o_tentative_parse (parser);

/* Parse the *(' starting the static assertion condition. */
cp_parser_require  (parser, CPP_OPEN_PAREN, RT_OPEN_PAREN);

/* Parse the constant - expression. Allow a non - constant expression
gere in order to give better diagnostics in finish_static_assert o
condition =

Ccp_parser_constant_expression (parser,
/* allow_non_constant_ p =*/ true ,
/¥ non_constant_p =*"&dummy);

(cp_lexer_peek_token  (parser ->lexer )->type == CPP_CLOSE_PAREN)

if (cxx_dialect <cxx 12)
pedwarn (input_location =, OPT_Wpedantic,
" static_assert without a message "
"only available with -std=c++1z or - std=gnu++1z");
/* Eatthe ") */
cp_lexer_consume_token (parser »>Iexer )
message = build_sfrin
TREE_TYPHmessage’ char array type_node
fix_string_type message)

else

I* Parse the separating ",". */
cp_parser_require  (parser, CPP_COMMA, RT_COMMA);

[* Parse the string - literal message. */

message = cp_parser_string_literal (parser,
[*translate=*/ false ,
[* wide_ok =*/ true );

[*A") completes the static assertion. */
if (I cp_parser_require  (parser, CPP_CLOSE PAREN RT_CLOSE_PAREN))
cp_parser_skip_to_closing_parenthesis (parser,
I*recovering=*/  true ,
[* or_comma*/ false ,
/* consume_paren=*/ true );

}

/* A semicolon terminates the declaration. */
cp_parser_require  (parser, CPP_ SEMICOLON RT_SEMICOLON);

/* Complete the static assertion, which may mean either processing
the static assert now or saving it for template instantiation. */
finish_static_assert (condition, message, saved_loc , member_p;



The business logic

static void X
cp_parser_static_assert (cp_parser *parser , bool member_p

tree condition;

tree message;
cp_token *token;
location_t saved loc ;
bool dummy;

/* Peek at the ™ static_assert ' token so we can keep track of exactly
where the static assertion started.

token = cp_lexer_peek_token  (parser ->lexer );

saved_loc = token - >location;

/* Look for the static_assert ' keyword. */
if (! cp_parser_require_keyword (parser, RID_STATIC_ASSERT,
RT_STATIC_ASSERT))
return ;

* We know V}/e are in a static assertion; commit to any tentative

~ parse.

if (cp_parser_parsing_tentatively (parser))
cp_parser_commit_{o_tentative_parse (parser);

/* Parse the *(' starting the static assertion condition. */
cp_parser_require  (parser, CPP_OPEN_PAREN, RT_OPEN_PAREN);

/* Parse the constant - expression. Allow a non - constant expression
gere in order to give better diagnostics in finish_static_assert o
condition =

Ccp_parser_constant_expression (parser,
/* allow_non_constant_ p =*/ true ,
/¥ non_constant_p =*"&dummy);

(cp_lexer_peek_token  (parser ->lexer )->type == CPP_CLOSE_PAREN)

if (cxx_dialect <cxx 12)
pedwarn (input_location =, OPT_Wpedantic,
" static_assert without a message "
"only available with -std=c++1z or - std=gnu++1z");
/* Eatthe ") */
cp_lexer_consume_token (parser »>Iexer )
message = build_sfrin

TREE TYPE{messa 5 char array type_node ; 1 I
fix_string_type message)
e.s’e Mmazing:

I* Parse the separating ",". */
cp_parser_require  (parser, CPP_COMMA, RT_COMMA);

[* Parse the string - literal message. */

message = cp_parser_string_literal (parser,
[*translate=*/ false ,
[* wide_ok =*/ true );

[*A") completes the static assertion. */
if (I cp_parser_require  (parser, CPP_CLOSE PAREN RT_CLOSE_PAREN))
cp_parser_skip_to_closing_parenthesis (parser,
I*recovering=*/  true ,
[* or_comma*/ false ,
/* consume_paren=*/ true );

}

/* A semicolon terminates the declaration. */
cp_parser_require  (parser, CPP_ SEMICOLON RT_SEMICOLON);

/* Complete the static assertion, which may mean either processing
the static assert now or saving it for template instantiation. */
finish_static_assert (condition, message, saved_loc , member_p;



The business logic

static void X
cp_parser_static_assert (cp_parser *parser , bool member_p

tree condition;
tree message;
cp_token *token;
location_t saved loc ;
bool dummy;
/* Peek at the ™ static_assert token so we can keep track of exactly
where the static assertion started.
token = cp_lexer_peek_token  (parser ->lexer );
saved_loc = token - >location;
/* Look for the static_assert ' keyword. */
if (! cp_parser_require_keyword (parser, RID_STATIC_ASSERT,
RT_STATIC_ASSERT))
return ;
/* We know we are in a static assertion; commit to any tentative
parse. *
if (cp_parser_parsing_tentatively (parser))
cp_parser_commit_{o_tentative_parse (parser);

/* Parse the *(' starting the static assertion condition. */
cp_parser_require  (parser, CPP_OPEN_PAREN, RT_OPEN_PAREN);

[* Parse the constant - expression. Allow a non - constant expression
here in order to give better diagnostics in finish_static_assert . ¥/
condition =
Cp_parser_constant_expression (parser,
/* allow_non_constant p =*/ true ,
/[* non_constant_p =*/ &dummy);

if (cp_lexer_peek token (parser ->lexer )->type == CPP_CLOSE_PAREN)

if (cxx_dialect < cxxlz)

pedwarn (mput location , OPT_Wopedantic
"static_assert  without a message "
"only available with -std=c++1z or - std=gnu++1z" );

/* Eatthe ") */

cp_lexer_consume_token (parser ->lexer );
message = build_sfring (

TREE_TYPHmessage) = char _array_type_node ;
fix_string_type message);

else

[* Parse the separating °,". */
cp_parser_require  (parser, CPP_COMMA, RT_COMMA);

[* Parse the string - literal message. */

message = cp_parser_string_literal (parser,
[*translate=*/ false ,
I* wide_ok =*/ true );

[*A") completes the static assertion. */
if (I cp_parser_require  (parser, CPP CLOSE_PAREN, RT_CLOSE_PAREN))
cp_parser_skip_to_closing_parenthesis (parser,
I*recovering=*/  true ,
[* or_comma*/ false ,
/* consume_paren=*/ true );

}

/* A semicolon terminates the declaration. */
cp_parser_require  (parser, CPP_SEMICOLON, RT_SEMICOLON);

/* Complete the static assertion, which may mean either processing
it for template |nstam|a1|0n */
1,




The business logic

static void X
cp_parser_static_assert (cp_parser *parser , bool member_p

tree condition;

tree message;
cp_token *token;
location_t saved loc ;
bool dummy;

/* Peek at the ™ static_assert token so we can keep track of exactly
where the static assertion started.

toke T.i_l cp_| \exl?r peer token  (parser ->lexer );

saved_loc = token - >location; M mm A CO Sta t

/* Look for the static_assert ' keyword. */ - n n

if (! cp_parser_require_keyword (parser, RID_STATIC_ASSERT,

RT_STATIC_ASSERT))

return ;

expression is not enough

/* We know we are in a static assertion; commit to any tentative

. parse. ¥ : .

if (cp_parser_parsing_tentatively (parser))
cp_parser_commit_{o_tentative_parse (parser);

/* Parse the *(' starting the static assertion condition. */
cp_parser_require  (parser, CPP_OPEN_PAREN, RT_OPEN_PAREN);

[* Parse the constant - expression. Allow a non - constant expression
here in order to give better diagnostics in finish_static_assert . ¥/
condition =
Cp_parser_constant_expression (parser,
/* allow_non_constant p =*/ true ,
/[* non_constant_p =*/ &dummy);

if (cp_lexer_peek token (parser ->lexer )->type == CPP_CLOSE_PAREN)

if (cxx_dialect < cxxlz)

pedwarn (mput location , OPT_Wopedantic
"static_assert  without a message "
"only available with -std=c++1z or - std=gnu++1z" );

/* Eatthe ") */

cp_lexer_consume_token (parser ->lexer );
message = build_sfring (

TREE_TYPHmessage) = char _array_type_node ;
fix_string_type message);

else

/* Parse the separating *,". */
cp_parser_require  (parser, CPP_COMMA, RT_COMMA);

I* Parse the string - literal message. */

message = cp_parser_string_literal (parser,
[*translate=*/ false ,
I* wide_ok =*/ true );

/¥ A") completes the static assertion. */
it (I cp_parser_require  (parser, CPP CLOSE_PAREN, RT_CLOSE_PAREN))
cp_parser_skip_to_closing_parenthesis (parser,
I*recovering=*/  true ,
[* or_comma*/ false ,
[* consume_paren=*/ true );

}

I* A semicolon terminates the declaration. */
cp_parser_require  (parser, CPP_SEMICOLON, RT_SEMICOLON);

/* Complete the static assertion, which may mean either processing
it for template |nstam|a1|0n */
1,




Parsing the static_print arguments s

A |wanted static_print to accept any compile time thing, not
only expressions

A Types, template names

A How in the world am | going to parse this?
A ldeas?
A Template arguments!
A cp_parser_template_argument !



It works!

A Compiled the first program using  static_print !

A But then, a bug:

A This doesn @work:
A static_print  (2Check this out: 2, sizeof (T)> 3);
A\ |deas why?
A lused cp_parser_template_argument , which knows it is inside a
template argument list
When it sees the R<Zit terminates the argument!
Lesson learned:
A Copy & Pasting may break some hidden code assumptions
A Make sure to scan the code you use for those assumptions

A
A



Hurray!

A Now it really works!
A | can print -debug my own code at compile time!

A Maybe others will like to use this as well?
A 4 options:

1. Just use this for myself
A (no work)

2. Publish the .patch file
A (a day® work)

3. Try getting this merged this into GCC
A (amonth & work? Might not be accepted)

4. Propose this to the standard
A (two years work? There & already some proposal in circulation)

A Wentwith# 2



Hello, world!

4  Posted byu/saarrazl Clang Concepts dev 1 year ago

157 1 created a C++ "static_print" statement! It allows printing formatted text during compilation, template

instantiation and constexpr execution!

github com/eaarra . [

SINuUD.COo sdalfd... o

M 32 Comments #» Share n save @ Hide -



Hello, world!

4 lonkamikaze 23 points - 1 yearagdo
¥ 1thought this would be an article about a really cool metaprogramming hack. &

Share Report Save Give Award

4 saarrazl Clang Conceptsdev ,® 14 points - 1 yearago
¥ Doesn't hacking the compiler count as metaprogramming? ;)

Share Save Edit =+

4 lonkamikaze 13 points - 1vyearago
+ Nope. Extending the language is cheating.

Share Report Save Give Award



Hello, world!

4  Posted byu/saarrazl Clang Concepts dev 1 year ago

157 1 created a C++ "static_print" statement! It allows printing formatted text during compilation, template

instantiation and constexpr execution!

github com/eaarra . [

SINuUD.COo sdalfd... o

M 32 Comments #» Share n save @ Hide -



Hello, world!

C++ Weekly

with Jason Turner
Episode 76

static_print

James Coulter
Jon Raymond
Léo Willian Kolln
Paul Ilardi
Pedro Henrique Linhares
Philip Whitfield
Rainer Grimm

Sergei Soloviev
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Hello, world!

s Posted by u/saarrazl Clang Concepts dev 1 year ago
157

. I created a C++ "static_print" statement! It allows printing formatted text during compilation, template

instantiation and constexpr execution!

- hecomfeaarra . [
a SOl | Qe 2

M 32 Comments #» Share n save @ Hide

Pull requests Issues Marketplace Explore

saarraz / static-print @ unwatch~ | 9 destar 79 YFork

<» Code |55u0 Pull requests 0 Projects 0 Wiki nsights Settings

A GCC 7.1 patch that adds a 'static_print' statement to C++. Ec

Add topics

P 12 commits ¥ 1 branch 2> 0 releases 42 2 contributors gs GPL-3.0

Branch: master = MNew pull request Create new file = Upload files = Find file Clone or download



A bug?! Impossible!

build fails at stage2
abigagli opened this issue on Jul 4, 2017 - 2 comments

. abigagli commented on Jul 4, 2017 Contributor

On macos 10.12.5, native compiler being clang-4.0, the first stage succeeds and xg++ gets successfully built,

but then compilation fails|during stageZ with the following error:




Bootstrapping s

A A new version of GCC comes out, with new optimizations

A Compile it aj and get a compiler that builds faster code
A But the compiler itself was compiled with a worse compiler

A Compile again q and get a fast compiler that builds fast code
A 1TRs fd 1t
A But maybe the optimizations broke something?

A Compile again q and check you got the same result as in
stage 2

A {Rs fd 2t

A TL;DR q Compilers compiler compilers compile compile
compilers



So what was the iIssue?

A How did compilation fail on stage 1 succeed but stage 2 failed?

cp-tree.h:1898:5: error: expected ungualified-id before 'static_print’
static_print;

P A PP P P P

A Ideas?
A We added a new keyword
A In stage one we used a compiler without this keyword
A | had a local variable named static_print
A In stage 2, static_print Is a keyword and using it as a variable
name is a syntax error!
A Changed the variable name q solved "H'H



What now? s

A Given static print + H bntkc lognehkdgt |
times
static print (2" AZl OA AEC )OAI bl AOA=
funcThatlnstantiatesHugeTemplates 0;
static print (2! £AOAO AEC DAI bl AOA=e
A'"bk mf g'r ° sdlok > sd ognehkdq0O(

A Hs2r rshkk snn rknv

A GCC also had a page on their website saying they know the
compiler is too slow and they need to take care of that

A Rnld r > x Bk mf hr e rsdqOO



4 options (Reprise) s

1. Drop the project
A (no work)

2. Stop using concepts
A (aweekd work + a lifetime of regret)

3. Optimize GCC
A (no)

4. Implement Concepts in Clang myself
A (a month or two maybe?)

A Went with the last one



Concepts in Clang

A Rnldnmda2r ogna  akx cnmd hs "~ kqgd°
A LMGTFY

ConceptClang: an implementation of C++ concepts in Clang ...
https://www.semanticscholar.org/.../ConceptClang%3A...concepts.../982369338e3027b9...

In this paper, we present our experience implementing an infrastructure for exploring concept designs
based on Clang--an LLVM frontend for the C family of ...

’

A



Concepts in Clang

~ [} [} AN

ConceptClang: an implementation of C++
concepts in Clang

Larisse Voufo, Marcin Zalewski, Andrew Lumsdaine - Published 2011 in WGP@ICFP - DOI: 10.1145/2036918.2036929

Concepts are a proposed C++ extension for constraints-based poly-morphism. In this paper, we present
our experience implementing an infrastructure for exploring concept designs based on Clang--an LLVM
frontend for the C family of languages. We discuss how the primary proposed features of concepts (such
as concept-based lookup, overloading and constrained templates) are implemented in Clang, and how
our implementation can be extended to support the different approaches suggested within the C++
community. Some illustrations are presented and include a subset of the Boost Graph Library. LEss
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Concepts in Clang
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vold func(); /7 #1
void foo(int a, int b); /S #2
5 template<typename T> void foo(T t); // #3
concept A<typename T> {
void bar(); /7 #4
void foo(dint a, int b) /7 #S
{
func(); // Picks #1
1 :foo(0,1); /7 Picks #2
foo(0,1); // Picks #5
bar(); // Picks #4
foo(t); // Picks #3
b
¥

Figure 4. Parsing associated functions.
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