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Or, how you too

can change

~7,000 lines

automatically

and safely
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About Me

C++

Embedded  L inux

Media  p layers

mac@mcrowe .com

mastodon .social /@mikecrowe

55

mailto:mac@mcrowe.com
https://mastodon.social/@mikecrowe


About BrightSign OS

Embedded  L inux  us ing

OpenEmbedded /Yocto

Main  C++ app l icat ion  star ted  in  2007

but  w ith  o lder  par ts

Bu i lt  on  lots  o f  C  and  C++ l ibrar ies
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C++98-era Logging
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C++98-era Logging

Implementation 1
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C++98-era Logging

Implementation 2
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C++98-era Logging

Implementation 3

1010



Implementation of AlwaysLog

1111



C++98-era Logging Again
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All was fine for about a decade

unt i l . . .
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32-bit Linux targets

long  =  32  bits

int64_t  =  long long

outputs
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64-bit Linux targets 1

long  =  64  bits

int64_t  =  long

outputs
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64-bit Linux targets 2

long  =  64  bits

int64_t  =  long

I f  you  try  to  use  %lld  on  64-bit  L inux :
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32 & 64-bit Windows targets

long  =  32  bits

int64_t  =  long long

outputs
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<inttypes.h>  macros

outputs
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The Solution: fmt::fprintf
https : // fmt .dev/

outputs

1919

https://fmt.dev/


AlwaysLog  using fmt::fprintf

More  detai ls  in  ACCU  Over load  #145

2020

https://accu.org/journals/overload/26/145/overload145.pdf#page=8


Logging std::string
{fmt}  is  just  as  happy  to  be  passed

std::string  or

const char *

outputs

2121



clang-tidy

https : //clang . l lvm .org /extra /clang-t idy/

Par t  o f  C lang /LLVM

A  set  o f  automat ic  checks  for  subopt imal  C++ code ,  many  w ith

automat ic  f ixes

Don 't  need  to  bu i ld  w ith  C lang

2222

https://clang.llvm.org/extra/clang-tidy/


Running clang-tidy: simple

to

2323



Running clang-tidy: .clang-tidy
.clang-tidy  f i le :
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Running clang-tidy:

compile_commands.json

Generated  by  CMake ,  Meson ,  . . .

Bear  "Bu i ld  Ear"  https : //github .com /r izsotto /Bear

Automat ical ly  used  i f  found
2525

https://github.com/rizsotto/Bear


Running clang-tidy: Fixing

multiple files

One  f i le  at  a  t ime  is  s low .

F ix ing  header  f i les  is  racy .

Use  run-clang-tidy.py  wrapper .

2626



Running clang-tidy: Build variants

clang-t idy  only  f ixes  code  seen  by  the  comp i ler

Beware  o f  condit ionally-comp i led  code

Beware  o f  comments

2727



Anatomy of a clang-tidy Check

Wr itten  us ing  a  the  C lang  AST  matcher  DSL

Bu i lt  up  into  specif ic  matchers  requ ired  by  the  check

Matchers  form  a  DSL  but  are  val id  C++ code

2828



Custom readability-remove-cstr 1

github /mikecrowe /clang-t idy- fmt

mac / log-readabil ity-redundant-str ing-cstr  branch 2929

https://github.com/mikecrowe/clang-tidy-fmt/tree/mac/log-readability-redundant-string-cstr
https://github.com/mikecrowe/clang-tidy-fmt/tree/mac/log-readability-redundant-string-cstr


Custom readability-remove-cstr 2

github /mikecrowe /clang-t idy- fmt

mac / log-readabil ity-redundant-str ing-cstr  branch 3030

https://github.com/mikecrowe/clang-tidy-fmt/tree/mac/log-readability-redundant-string-cstr
https://github.com/mikecrowe/clang-tidy-fmt/tree/mac/log-readability-redundant-string-cstr


Custom readability-remove-cstr 3

github /mikecrowe /clang-t idy- fmt

mac / log-readabil ity-redundant-str ing-cstr  branch 3131

https://github.com/mikecrowe/clang-tidy-fmt/tree/mac/log-readability-redundant-string-cstr
https://github.com/mikecrowe/clang-tidy-fmt/tree/mac/log-readability-redundant-string-cstr


"Lit" tests
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1,000 lines changed

6 ,000  to  go
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Are the types in the printf
format string necessary?

fmt::fprintf  knows  the  types  -  why  do  we  need  to  say  %d ,  %u
and  %s ?

fmt::println  w ith  new  Python- l ike  format  str ing  language  now

standardised  as  std::println

3434



A printf  to std::print  converter

becomes

C lang  already  knows  how  to  parse  printf  format  str ings  so  it

can  check  them .

How  hard  can  it  be? It 's  just  rep lacing  %something  w ith  {} ,  isn 't

it?

Two -years  hard .
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Printing chars

needs  to  become

Output :  C 67
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Printing chars

needs  to  become

Output :  C 67
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Sign conversion during printing 1

Output :
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Sign conversion during printing 2

printf  Output :

std::print  Output :
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Sign conversion during printing

needs  to  become :

Output :

4040



Width and precision

needs  to  become

That 's  a  rotate !

4141



modernize-use-std-print

h ttps : //c lang . l lvm .org /ext ra /c lang - t idy /checks /mode rnize /use -std -pr in t .h tml

h ttps : //gi thub .com / l lvm / l lvm -pro j ec t /

clang-tools-extra/clang-tidy/utils/FormatStringConverter.cpp
clang-tools-extra/clang-tidy/modernize/UseStdPrintCheck.cpp
clang-tools-extra/test/clang-tidy/checkers/modernize/use-std-print.cpp
Ove r  1 ,500  l ines  o f  tests

4 24 2

https://clang.llvm.org/extra/clang-tidy/checks/modernize/use-std-print.html
https://github.com/llvm/llvm-project/


Now to apply it to my logging

problem 1

becomes

becomes

4343



Now to apply it to my logging

problem 2

becomes
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Now to apply it to my logging

problem 3

becomes
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5,000 more lines changed
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LOG-fixing check not suitable for

upstream

Too  specif ic  to  Br ightS ign  imp lementat ion

Only  about  twenty  l ines  o f  code

But  a  hundred  l ines  o f  l it  tests

github /mikecrowe /clang-t idy- fmt

mac /clang-t idy-trace - format  branch

4747

https://github.com/mikecrowe/clang-tidy-fmt/tree/mac/clang-tidy-trace-format
https://github.com/mikecrowe/clang-tidy-fmt/tree/mac/clang-tidy-trace-format


Not so fast! A strange crash?

Unit  test  failure :

uncaught  except ion

fork(2)
redirect ing  f i le  descr iptors

non-blocking  f i le  descr iptors

s ignals

execut ing  NodeJS

only  reproducible  under  valgr ind

the  offending  call  wasn 't  in  the  unit  test  code
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Divide and Conquer

Commit  each  conver ted  f i le  separately

Then  use  git  bisect  to  ident i fy  the  cause .
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The Cause

O ld  code

New  code
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Format string checking

5151



Format string error messages
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spdlog

https : //github .com /gabime /spdlog

5353

https://github.com/gabime/spdlog


1,000 lines left
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std::format

becomes

or
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Convert from absl::StrFormat
https : //absei l . io /docs /cpp /gu ides / format

becomes

5656

https://abseil.io/docs/cpp/guides/format


modernize-use-std-format

h ttps : //clang . l lvm .org /extra /clang - t idy/checks /mode rnize /use -std -

forma t .h tml

h ttps : //gi thub .com / l lvm / l lvm -pro jec t /

clang-tools-extra/clang-tidy/utils/FormatStringConverter.cpp
clang-tools-extra/clang-tidy/modernize/UseStdFormat.cpp
clang-tools-extra/test/clang-tidy/checkers/modernize/use-std-format.cpp

5757

https://clang.llvm.org/extra/clang-tidy/checks/modernize/use-std-format.html
https://clang.llvm.org/extra/clang-tidy/checks/modernize/use-std-format.html
https://github.com/llvm/llvm-project/


1,000 lines changed

7 ,000  in  total !
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Macro expansion

We  do  want  to  conver t :

We  cou ld  perhaps  conver t :

We  probably  can 't  automat ical ly  conver t :
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Fixes in Templated Code

6060



Making use of AI

ChatGPT  was  occas ionally  qu ite  usefu l :

“How  can  I  tel l  i f  the  Funct ionDecl  includes  a  var iable -

argument  l ist?”

“ In  this  context ,  how  can  I  tel l  the  difference  between  a  C-

sty le  var iadic  funct ion  and  a  temp late  var iadic  funct ion?”

“P lease  wr ite  a  funct ion  to  go  into  LLVM  that  conver ts  a  type

to  its  uns igned  counterpar t . ”

6161



Reviewers

Thanks  to  the  clang-t idy  rev iewers :

P iotr  Zegar

Car los  Galvez

Nathan  James

Danny  Mösch

Ju l ian  Schmidt

Eugene  Zelenko

and  the  { fmt }  and  std : : format  proposal  author :

V ictor  Zverov ich
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Go forth and write clang-tidy

checks 1

Comp i l ing  clang-t idy  yourself  isn 't  hard

You  don 't  need  to  be  a  language  pars ing  exper t

Use  clang -Xclang -ast-dump -fsyntax-only test.cpp  to  look  at

the  syntax  tree

Wr ite  a  general-purpose  check  that  can  be  configured  or

customised  for  your  use  case

But  for  a  one -o f f  it  may  not  matter

Somet imes  search-and-rep lace  is  qu icker  and  eas ier
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Go forth and write clang-tidy

checks 2

The  documentat ion  for  gett ing  started  is  good

https : //clang . l lvm .org /extra /clang-t idy/Contr ibut ing .html

P lenty  o f  other  checks  to  look  at  for  insp irat ion .

Search  the  l ist  o f  AST  matchers  for  l ikely  candidates :

https : //clang . l lvm .org /docs /L ibASTMatchersReference .html

I f  the  AST  matcher  DSL  comp i les  then  it  probably  does

something  usefu l .

Upstream  rev iewers  are  help fu l ,  i f  somet imes  s low  and  br ief .
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https://clang.llvm.org/extra/clang-tidy/Contributing.html
https://clang.llvm.org/docs/LibASTMatchersReference.html


Resources

S l ides  can  be  downloaded  from

https : //www .mcrowe .com /cpponsea2024 .pdf

Try  the  new  clang-t idy  checks  at

https : //godbo lt .org /z / jTP fKz4dx

6565

https://www.mcrowe.com/cpponsea2024.pdf
https://godbolt.org/z/jTPfKz4dx


Questions?

S l ides  can  be  downloaded  from

https : //www .mcrowe .com /cpponsea2024 .pdf

Try  the  new  clang-t idy  checks  at

https : //godbo lt .org /z / jTP fKz4dx
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https://www.mcrowe.com/cpponsea2024.pdf
https://godbolt.org/z/jTPfKz4dx

