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Dearth of refactoring tools for C/C++
Existing tools tightly coupled to IDESs
C/C++ code bases are often old

Old code bases need refactoring the most!

Tool adoption requires:
Easily invoked from workflow

Accurate
Never produce incorrect code

The Problem



Visual Studio add-ons

Visual Assist/X by Whole Tomato
CodeRush by DevExpress

CLI

clang-modernize

remove-cstr-calls

clang-tidy
Eclipse

CDT

Email me about others!

Some Existing Refactoring Tools


mailto:legalize@xmission.com?subject=C++%20Refactoring%20Tool

// dusty deck.cpp

The Problem



// dusty deck.cpp
‘ vold ‘ Ugh. Someone's been

bringing their dusty old C style
VO id\ habits into our C++ code.

Let's get rid of these!

void They serve no purpose in C++.
vold

vold

The Problem



vold

void
void
void
void
volid
void
vold
voilid

// you can think of more...

Expressions Also Participate



Download LLVM 3.4

Download Clang 3.4

Download Clang "Extra Tools" 3.4
Unpack source into correct location
Configure build with Cmake

Build:
293 projects in VS
90+ minutes of 8 cores @ 100% CPU later...
We get a 9 GB build tree
Srsly?

Getting Started With Clang



Yes, for now.

Windows package doesn't include the
necessary libraries or headers.

All packages are missing some useful tools.

In Clang 3.4, some useful tools require
libedit as a prerequisite.

Srsly?



libedit requirement eliminated.
Windows package build can be enhanced.

Additional tools added to package (patch
forthcoming)

Goal Is to have prebulilt binary packages for
most environments to lower the bar for
refactoring tool development.

Will Be Better in Clang 3.5



We need to remove some (void) stuff

remove—-cstr—-calls removes redundant
callstoc str ()

We can use this tool as a starting point

Modify an Existing Tool to Learn



remove-cstr-calls



remove-cstr-calls



]

remove-cstr-calls



Setting Up Command-Line Args



LLVM Support library
provides command-line

argument classes in cl
namespace

Setting Up Command-Line Args



\ The first positional argument
stored in a string gives us

the build path.

Setting Up Command-Line Args



The second positional
argument stored in a list of

string gives us one or more
source files to refactor

Setting Up Command-Line Args

18



main(): Startup



LLVM Support library utility
for printing out a stack trace
diagnostic when an
unhandled signal(2) occurs.

main(): Startup



main(): Startup

Let's us build a compilation
database directly from the
command-line.

More on the compilation
database later!

21



\ Get the command-line options

parsed.

main(): Startup



Locate the compilation database
using the given directory.

\

main(): Startup

23



No, really, we need this thing to
continue!

main(): Startup



Get our refactoring tool instance created.

RefactoringTool is a ClangTool that knows how to parse
source files into an AST, match nodes in the AST and
create a list of source file text replacements.

We build it from the compilation database and the
source files to refactor.

main(): Startup

25



main(): AST Matching



1

Create an instance of MatchFinder. MatchFinder
provides an implementation of ASTConsumer to
consume the AST created by the compiler.

The AST Is matched in pre-order traversal, applying

matchers in the order in which they are added to the
finder.

main(): AST Matching



Create an instance of our refactoring code. We pass it
the address of the tool's source file replacements list so
It can add replacements as it processes matches.

main(): AST Matching



Add AST matchers to the MatchFinder.

Matchers are built up using a "builder" style interface.
This lets us express matchers using a fluent API.

main(): AST Matching

A



Connect the MatchFinder to the front end of the compiler
and pass this front end to the RefactoringTool to process
source files, match AST nodes, build replacement lists
and then modify the source files from the replacement
lists.

main(): AST Matching

30



15t Matcher std::string(s.c_str())



Matches constructor call expressions,
iIncluding implicit constructor expressions.

15t Matcher std::string(s.c_str())



Matches a method declaration whose name
IS the name of the c'tor for std::string.

15t Matcher std::string(s.c_str())



/

The c'tor call takes two arguments.

15t Matcher std::string(s.c_str())



The first argument is a call to the
std::string::c_str() method.

/

15t Matcher std::string(s.c_str())



Bind to a member function call expression
matching the list of passed matchers.

\

15t Matcher std::string(s.c_str())



Bind the member function call expression to "call",
SO we can use this as the text to be replaced.

15t Matcher std::string(s.c_str())



Bind the member expression to "member", so we can
determine if the member is invoked by value or by pointer.

15t Matcher std::string(s.c_str())



The method being called is a declaration matching the
name for std::string::c_str()

15t Matcher std::string(s.c_str())



c_str() is invoked on some
expression, which we bind to "arg".

15t Matcher std::string(s.c_str())



Matches if the callee matches the
Inner matcher.

15t Matcher std::string(s.c_str())



The second argument is a default argument.

15t Matcher std::string(s.c_str())



Connect the matcher to our refactoring callback.

| |
15t Matcher std::string(s.c_str())




2"d Matcher LLVM String Classes



3

Matches if any of the child matchers match.

2"d Matcher LLVM String Classes



LLVM StringRef and Twine classes should
be constructed from std::string directly
Instead of from std:string:.c_str().

2"d Matcher LLVM String Classes



X

These c'tors take a single argument.

2"d Matcher LLVM String Classes



std::string Method Names



\

The real name of std::string.

std::string Method Names



The name of the constructor.

std::string Method Names



The name of the c_str method.

~

std::string Method Names



Copy
directory to

Rename to

Edit
Change to
Change to

Edit and add the line

Test build

Bootstrapping an LLVM Tree Build



Some Simple Test Cases



\ Our item of interest.

Some Simple Test Cases



l/ A related item of interest.

Some Simple Test Cases



An uninteresting item.

Some Simple Test Cases



Dumping the AST



You can dump the AST from the
command line! That is so cool!

...and it even works on Windows!

Dumping the AST



\ The mother of all nodes is a

translation unit declaration.

Dumping the AST



Functions appear as a FunctionDecl
node, followed by a CompoundStmt for
the function body.

Thisoneis for int foo (void)

Dumping the AST



Every node is associated with a source
range spanning the entire source text
parsed into the node.

This source range is in test.cpp from
line 1, character 1 to line 3, character 1.

Dumping the AST



\ The FunctionDecl node for

int bar ()

Dumping the AST



| |
\ The FunctionDecl node for

int feezle (int)

Dumping the AST



Both FunctionDecl nodes for foo

and bar printed out the (void)
signature. \QI

What gives? |

Dumping the AST



clang prints out a summary of the

node after the source location.
When clang prints a summary of =
a FunctionDecl, it prints what it

thinks is a canonical function |

signature and uses (void) for all
functions with no arguments.

Dumping the AST



Node matchers match a specific node type
constructorDecl, fieldDecl, varDecl, etc.

Narrowing matchers match attributes on
nodes
argumentCountls, isConst, isVirtual, etc.

Traversal matchers follow node relationships
hasAncestor, hasDescendent, pointee, callee

Three Kinds of Matchers



Return type Name Parameters
Matcher<CXXCtorlnitializer= ctorlnitializer Matcher«< CxXCtorlnitializers...

Matcher<Decl= accessSspecDecl Matcher<AccessSpecDec| ...
Matcher<Decl= classTemplateDecl Matcher<ClassTemplateDecl=...
Matcher<Decl= classTemplateSpecializationDecl Matcher<ClassTemplateSpecializationDecl=...

Matcher<Decl> constructorDecl Matcher«<CxXXConstructorDecl>...

Matcher<Decl> decl Matcher«<Decl=>...

Matcher«<Decl> declaratorDecl Matcher<DeclaratorDecl=...
Matcher«<Decl> destructorDecl Matcher<CXXDestructorDecl>=...
Matcher<Decl= enumConstantDec| Matcher<EnumConstaniDecl>...

Matcher<Decl> enumDec| Matcher<EnumDecl=...

Traversing the Matcher Reference



Return type Name Parameters

Matcher<CxXXCtorlnitializers ctorlnitializer The name Of the matCher funCtion.
Matcher<Decl> accessSspecDecl Matcher<AccessSpecDec| ...

Matcher<Decl= classTemplateDe# Matcher<ClassTemplateDecl=...
Matcher<Decl= classTemplgf®SpecializationDecl Matcher<ClassTemplateSpecializationDecl=...

Matcher<Decl> Aor Matcher«<CxXXConstructorDecl>...

Matcher<Decl> Matcher<Decl>...

Matcher«<Decl> declaratorDecl Matcher<DeclaratorDecl=...
Matcher«<Decl> destructorDecl Matcher<CXXDestructorDecl>=...
Matcher<Decl= enumConstantDec| Matcher<EnumConstaniDecl>...

Matcher<Decl> enumDec| Matcher<EnumDecl=...

Traversing the Matcher Reference



Return type Parameters
Matcher<CxXXCtorlnitializers ctorlnitializer The type(S) Of the matCher arguments.
Matcher<Decl> N ... Mmeans zero or more arguments.

Matcher<Decl= classTemplateDecl Matcher<ClassTemplateDecl=...
Matcher<Decl= classTemplateSpecializationINcl Matcher<ClassTemplateSpecializationDecl=...

Matcher<Decl> constructorDecl Matcher«< CxXXConstructorDecl>...

Matcher<Decl> decl Matcher<De

Matcher«<Decl> declaratorDecl Matcher<DeclaratorDecl=...
Matcher«<Decl> destructorDecl Matcher<CXXDestructorDecl>=...
Matcher<Decl= enumConstantDec| Matcher<EnumConstaniDecl>...

Matcher<Decl> enumDec| Matcher<EnumDecl=...

Traversing the Matcher Reference



Return type

The type returned by the matcher function.

Use this to feed arguments to other matchers.

Matcher=

Matcher<

Matcher<

Matcher

Matcher<

-Decl=

Matcher<Decl>

Matcher<Decl:

Decl=>

Decl=
Matcher«<Decl>
<Decl>

Decl>

classTemplateDecl
classTemplateSpecializationDecl
constructorDecl

decl

declaratorDecl

destructorDecl
enumConstantDecl

enumDec!

Parameters

or= CXXCtorinitializers...

Matcher<
Matcher-
Matcher<CXXConstructorDecl=...
Matcher<

Matcher<

Matcher

Matcher<

or<AccessspecDecl=-...
‘ClassTemplateDecl=...

zClassTemplateSpecializationDecl=...

Decl=...

DeclaratorDecl|=...

Matcher<CXXDestructorDecl>=...

<EnumConstantDecl>...

EnumDecl>...

Traversing the Node Matchers



Return type Name Parameters
The type returned by the matcher functlon. cher<CxXCtorlnitializer=...
Use this to feed arguments to other matchers. SiaiEEEEEEteEC g

Matcher<Decl= classTemplateDecl Matcher<ClassTemplateDecl:=...
Matcher<Decl= classTemplateSpecializationDecl Matcher<ClassTemplateSpecializationDecl=...
Matcher< : constructorDecl Matcher<CXXConstructorDecl=...

Matcher< decl Matcher<Decl=>...

Matcher <Dt declaratorDecl Matcher<DeclaratorDecl=...

Matcher<Decl> destructorbec Viatcher<CXXDestructorDecl=...

Matcher<Decl= enumConstantDec| Matcher<EnumConstaniDecl>...

Matcher<Decl> enumDec| Matcher<EnumDecl=...

Apply this process repeatedly to navigate acceptable matcher arguments and
build larger matcher expressions.

Traversing the Node Matchers



Each matcher has doxygen documentation
linked from the AST Matcher Reference

page

...It doesn't hurt to consult the source; almost
everything about matchers is implemented

In the header

Understanding Matchers in Detall



When refactoring C++ code, we need to

take into account the entire preprocessor
context

This comes from the compiler command
line:
-D defines symbols

-I modifies include search path
etc.

The compilation database holds command
lines for every source file we're processing.

Compilation Database



JSON array of objects containing:

"directory"” - The directory containing the source
file
"command" - The command used to compile the
file
“file" - The source filename

CMake can generate these, yay!

...but not on Windows, boo! (CMake patch in
progress?)

But you can easily create one in an editor or
from a script

Compilation Database



Example Compilation Database



Make sure you use /'s as path
separators, even on Windows,
because \ is a JSON string
escape. Alternatively, you could
(ugh) double up all the \'s.

Example Compilation Database



// RemoveVoidArgs.cpp

Explore Decls in Simple test.cpp



// RemoveVoidArgs.cpp

)

Instantiate our refactoring callback

Explore Decls in Simple test.cpp



// RemoveVoidArgs.cpp

Match FunctionDecls with no parameters

/ and bind to "fn"

Explore Decls in Simple test.cpp



// RemoveVoidArgs.cpp

Explore Decls in Simple test.cpp



// RemoveVoidArgs.cpp

Some basic boiler plate needed by
every refactoring tool: implement
MatchCallback and keep a pointer
to a replacement list.

Explore Decls in Simple test.cpp



// RemoveVoidArgs.cpp

Explore Decls in Simple test.cpp



// RemoveVoidArgs.cpp

This method is invoked by the MatchFinder when
our Matcher matches a node in the AST. It gives
us the MatchResult for the matched node.

Explore Decls in Simple test.cpp



// RemoveVoidArgs.cpp

X

Nodes bound to identifiers in the matching result set.

Explore Decls in Simple test.cpp



// RemoveVoidArgs.cpp

N

The SourceManager is how we get source text
associated with nodes in the AST.

Explore Decls in Simple test.cpp



// RemoveVoidArgs.cpp

If we matched a FunctionDecl bound to "fn", then...

Explore Decls in Simple test.cpp



// RemoveVoidArgs.cpp

3

Get the source text associated with the FunctionDecl

Explore Decls in Simple test.cpp



// RemoveVoidArgs.cpp

Heuristically, the function signature is everything
up to the last ) appearing before the first {

Z

Explore Decls in Simple test.cpp

88



// RemoveVoidArgs.cpp

If the signature ends with (void), then print it.
!

Explore Decls in Simple test.cpp



// RemoveVoidArgs.cpp

Helper method that gets the location of the
matched node as a printable string.

!

Explore Decls in Simple test.cpp



Some Simple Test Cases



> remove-vold-args . test.cpp

Void Definition : test.cpp(l): int foo(void)

Explore Decls in Simple test.cpp



Our test file 1s not realistic
What happens if we include <cstdio>?

Explore Realistic Decls



// test.cpp

int foo(void) {
return 0O;

}

int bar () {

return 0;

}

int feezle(int 1) {
return 0O;

}

Explore Realistic Decls



Explore Realistic Decls



Void Definition : crtdefs.h(571): void  cdecl
invalid parameter noinfo(void)

Void Definition : crtdefs.h(572):  declspec (noreturn)

void  cdecl invalid parameter noinfo noreturn (void)
Void Definition : stdio.h(129): FILE * cdecl  1iob func(void)
Void Definition : stdio.h(184 int cdecl fcloseall (void)
Void Definition : stdio.h(196 int  cdecl fgetchar (void)
int cdecl flushall (void)
int  cdecl getchar (void)
int cdecl getmaxstdio(void)
int cdecl rmtmp (void)

Void Definition : stdio.h (255
Void Definition : stdio.h (256
Void Definition : stdio.h(289):
Void Definition : stdio.h(302):
unsigned int  cdecl get output format (void)

Void Definition : stdio.h(372): int  cdecl get printf count output (void)
Void Definition : stdio.h(422): wint t  cdecl fgetwchar (void)

Void Definition : stdio.h(426): wint t  cdecl getwchar (void)

(

(

(
Void Definition : stdio.h (217

(

(

(

)
)
) e
) :
)
)




virtual void run(/* ... */) {
BoundNodes Nodes = Result.Nodes;
SourceManager const *SM =
Result.SourceManager;
1if (FunctionDecl const *const Function =
Nodes.getNodeAs<FunctionDecl> ("fn")) {

//

Explore Realistic Decls



> remove-volid-args . test.cpp

Void Definition : test.cpp(3): int foo (void)

Explore Realistic Decls
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// test.cpp
#include <cstdio>

int foo (void) {

return 0; \ ,
}

int bar () {

return 0O;

}
int feezle(int 1) {

return 0O;

}

ldentifying Function Declarations

99



// test.cpp
#include <cstdio>

int foo(void) {

— We got the function definition...

return 0O;

}

int bar () {

return 0O;

}
int feezle(int 1) {

return 0O;

}

ldentifying Function Declarations



// test.cpp
#include <cstdio>

— ) \ | _ .
int foo{vold) { ...but missed the function declaration.

return 0O;

}
int bar () {

return 0O;

}
int feezle(int 1) {

return 0O;

}

ldentifying Function Declarations



std::string const Text = getText (*SM, *Function);

1f (Text.length() > 0) {
std::string::size type EndOfDecl =
Text.find last of (')', Text.find first of ('{')) + 1;
std::string Decl = Text.substr (0, EndOfDecl);
1f (Decl.length() > 6

&& Decl.substr (Decl.length()-6) == " (void)") {
std::cout << "Void Definition : "
<< getLocation (SM, Function) << Decl << "\n";

ldentifying Function Declarations

102



std::string const Text = getText (*SM, *Function);
|

1f (Text.lengih (. Tells us if this node is a definition or a

std::string::size\t! gaclaration of a function.
Text.find last O

std::string Decl =Y\ _ » _
if (Decl.length() > Fordetailed work, get familiar with the

s& Decl.substr (1 methods on the AST node classes.
std::cout << "Vc The AST matcher reference links to
<< getlLocatior doxygen pages for the node classes.

ldentifying Function Declarations



> remove-volid-args . test.cpp
Void Declaration: test.cpp(3): int foo(void)
Void Definition : test.cpp(5): int foo(void)

ldentifying Function Declarations
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if (!Function->isThisDeclarationADefinition()) {

if (Text.length() > 6
&& Text.substr (Text.length()-6) == " (void)") {

}
} else if (Text.length() > 0) {

std::string::size type EndOfDecl =
Text.find last of(')', Text.find first of ('{")) + 1;
std::string Decl = Text.substr (0, EndOfDecl);

if (Decl.length() > 6 && Decl.substr(Decl.length()-6) == " (void)") {

Replacing ldentified Source
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if (!Function->isThisDeclarationADefinition()) {

if (Text.length() > 6
£& Text syubstr(Text . lJength () —-6) == "(void)") {

}
} else 1if (Text.

std::string::s

Text.find las
std::string Decl
if (Decl.length()

ength () > 0) {

e type EndOfDecl =

of (')'", Text.find first of('{")) + 1;

= Text.substr (0, EndOfDecl) ;

> 6 && Decl.substr (Decl.length()-6) == "(void)") {

} Get the new text for this node:
the declaration minus the "(void)"

Replacing ldentified Source
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if (!Function->isThisDeclarationADefinition()) {

if (Text.length() > 6
&& Text.substr (Text.length()-6) == " (void)") {

} I
} else if (Text.length() >J0) {
std::string::size type dOfDecl =
Text.find last of (') '[J Text.find first of ('{")) + 1;

std::string Decl = Textf substr (0, EndOfDecl)
if (Decl.length() > 6 & Decl.substr (Decl.length()-6) == " (void)") {

/ Build a Replacement for the Function
node with the new text of NoVoid

Replacing ldentified Source
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if (!Function->isThisDeclarationADefinition()) {
if (Text.length() > 6

&& Text.substr (Text.length()-6) == " (void)") {

} else if (Text.\ength() > 0) {
std::string::sike type EndOfDecl =
Text.find lastyof(')', Text.find first of ('{")) + 1;
std::string Decl Text.substr (0, EndOfDecl) ;
if (Decl.length()\> 6 && Decl.substr (Decl.length()-6) == " (void)") {

Insert the replacement on the list

Replacing ldentified Source
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if (!Function->isThisDeclarationADefinition()) {

if (Text.length() > 6
&& Text.substr (Text.length()-6) == " (void)") {

}
} else if (Text.length() > 0) {

std::string::size type EndOfDecl =

Text.find last of(')', Text.find first of ('{")) + 1;
std::string Decl = Text.substr (0, EndOfDecl);
i': (T\Qh1 -lgﬁ/‘f"_h/‘\ N Cc C N~ ] 1 hot+ (DN~ -|Qﬁr*r‘|—h/,\i5:\ — W (1~ ) ) {

Do the same thing with a function definition.

Replacing ldentified Source
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> remove-vold-args . test.cpp
> type test.cpp

#include <cstdio>

int fool();

int foo () {

return 0;

int bar () {

return 0;

int feezle(int 1) {

return 0;

Replacing Identified Source

110



Lather

Rinse

Repeat

Shampoo Algorithm



Lather

Write a matcher for the next AST construct you want to handle.

Rinse

Build replacements for the newly matched construct.

Repeat

Iterate until all language constructs are handled appropriately.

Shampoo Algorithm



At some point you may end up matching
nodes in the standard headers (<cstdio>) or
third-party headers
(<boost/scope_exit.hpp>)

You will want to discriminate between
"stable" files and modifiable files

Discriminate Modifiable Files



Discriminate Modifiable Files



SourceManager knows how to find the file
associated with a location.

Discriminate Modifiable Files



G Shell BIG

Do \cad s\clang\tools\extra\remove-void-args

> clang-query test.cpp

clang-query accepts source files as
arguments and looks for the compilation
database with the source files.

Interactive AST Query: clang-query
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r Chell RIG - Flana_Aanan: tact rnn

warning: /wd4800: "Tinker' input unused

warning: /analyze-: '"linker' input unused

warning: /errorReport:prompt: 'linker' input unused
warning: /we4238: 'linker' input unused

warning: /EHs-c-: "Tinker' input unused

Match #1:
D:/Code/clang/11vm/tools/cla

"root" binds here

void (*f3) (void) = static_ast<void (*)(void)>(0);

Pt Pt Pl Pl ad (et (et Pl Pl o (e (et el Pl e (e (et el Pl e et

Match #2: Some clang warnings from the MSVC
D:/Code/clang/11vm/too COMPIle command | hacked into my
"root” binds her COMpilation database for test.cpp

void (*f6) (void) = static_cast<voild (*)

2 matches.
clang-query>

Interactive AST Query: clang-query
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A Shell BIG - clang-query test.cpp

warning: /wd4800: "Tinker' input unused

warning: /analyze-: "linker' input unused

warning: /errorReport: rompt: inker' input unused
warning: /we4238: 'lin er’ input unused

warning: / sierriee sed
clang-queryp match stat1cCastExpr()

Match #1:

D:/Code/clang/1Tvm/tools/c
e:

ng/tools/extra/remove-void-args/test.cpp:101:24: not

"root" binds here

void (*f3) (void) = staticXcast<void (*)(void)>(0);

Pt Pt Pl Pl ad (et (et Pl Pl o (e (et el Pl e (e (et el Pl e et

Match #2: match command takes a matcher
0: /Code/c'lang/ﬂvm/too expression and applies it to the loaded  04:24: o+

"root” binds her SOUICE fI|€(S)
void (*f6) (void) = static_cast<voild (*)

2 matches.
clang-query>

Interactive AST Query: clang-query
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A Shell BIG - clang-query test.cpp

Matches are reported with source
warning: /wd4800: "Tinker' input uni

warning: /analyze-: '"linker' input i |OC8.tI0n and matCh|ng nOde text.
warning: /errorReport:prompt: 'linker 7Tnput ynusea

warning: /we4238: 'linker' input unused

warning: /EHs-c-: 'Tinker' input unused

clang-query> match staticcastExpr()

Match #1:

D:/Code/clang/11vm/tools/clang/tools/extra/remove-void-args/test.cpp:101:24:

"root" binds here
void (*f3)(void) = static_cast<void (*)(void)>(0);

Match #2:

D:/code/clang/11vm/tools/clang/tools/extra/remove-void-args/test.cpp:104:24:

"root"” binds here
void (*f6)(void) = static_cast<void (*)

2 matches.
clang-query>

Interactive AST Query: clang-query
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® Clang AST Matchers Reference
http://clang.llvm.org/docs/LIbASTMatchersR
eference.htmi

® C++ Refactoring Test Suite
http://legalizeadulthood.wordpress.com/2010
/02/02/c-refactoring-tools-test-suite-
available/

® Some C/C++ Specific Refactorings:
http://leqalizeadulthood.wordpress.com/cate
gory/computers/programming/refactoring/

Resources
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Packaging is not uniform across platforms

We shouldn't have to build clang ourselves
Need out of tree build recipes

clang-query grammar needs documentation
No tutorial for IDE integration

Let's collaborate!

Room for Improvement



The hard part is done for us by clang

Get started by copying an existing tool
Build a source file test suite

Start with simple matches against the AST
Build appropriate replacements
Incrementally refine and extend matching
Use clang-query to prototype matchers
Let's collaborate to make this even easier!

Recap



