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Abstract (Last updated June 10, 2019)
Abstract: In this talk, Michael Shah (“Mike”) will be presenting an introduction to Clang, the C/C++ Language Frontend Compiler. A 
discussion of what Clang is, who is using it, and why you might be interested in using Clang will be presented during the first part of the 
talk. The second part of the talk will show interactive examples of setting up a clang plugin. A distinction will be made of when to use 
libclang, clang plugins, and libtooling. Mike will also be presenting some steps on how to proceed further and what resources are 
available for working with Clang in the future.

Materials: 
● Please bring a laptop with Clang/LLVM 8.0 setup if you want to follow along
● Otherwise materials will be posted to www.mshah.io 

Resources: 
● Downloading and setting up LLVM (make sure to include Clang!): http://llvm.org/docs/GettingStarted.html#checkout

Contact: mshah.475@gmail.com
Twitter: @MichaelShah
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Terminology (Open in a second browser if you like)
● Clang - The C language family frontend
● AST - Abstract Syntax Tree 
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Introduction to Clang
(Tutorial)
Mike Shah, Ph.D.

@MichaelShah | mshah.io
June 10, 2019

30-45 Minutes for talk (plenty of time for questions)
3

https://twitter.com/MichaelShah
http://mshah.io


www.mshah.io

Demo Time! Right from the start!
● So you know what to pay attention to!

○ In case you (or maybe I) walked into the wrong room by accident!
○ (Or if you are deciding to commit to an hour long talk online in the distant future)

● For those attending this talk live
○ Take a moment to introduce yourself to someone next to you .

● demo1.sh - PrintFunctions
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Who Am I?
by Mike Shah

● Currently an assistant teaching professor at 
Northeastern University in Boston, 
Massachusetts. I teach courses in computer 
systems, computer graphics, and game engine 
development.

● My research is in performance tools using 
static/dynamic analysis and software 
visualization.

● I like teaching, guitar, running, weight training, 
and anything in computer science under the 
domain of graphics, visualization, concurrency, 
and parallelism.

● www.mshah.io
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This is an introduction to Clang
We have some specific goals

1. Figure out what is Clang
2. Understand how to obtain Clang

a. (This can be a major bottleneck for students)

3. Navigate some of the tools and ‘lingo’ in Clang
4. Understand how to work with clang’s library architecture to build your own 

tools
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Goals for Tomorrow
Because you’ll be ready to think about more solutions

● Know some resources available to continue growing
● Know some projects to try in the future
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Goals for Tomorrow
Because you’ll be ready to think about more solutions

● Know some resources available to continue growing
● Know some projects to try in the future
● As always--Be able to run through these slides again with confidence and 

excitement!
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Slides and code are at the following location



What is Clang
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A quick review on compilers
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● Clang is the ‘frontend’ responsible for lexing and parsing an input language 
(e.g. ‘C++’) to make sure the source is valid

● Typically this involves building up a data structure (Abstract Syntax Tree) 
which represents the source, and then can be translated to the intermediate 
representation (IR)

○ Then a tool like LLVM takes over (for optimization and code generation in the backend)
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Clang - https://clang.llvm.org/index.html (1/3)
● Clang is a frontend for several 

C-family languages
○ C and C++ being the most widely known

■ Supports C++11/14/17
● (and already some C++20 

features:  
https://clang.llvm.org/cxx_stat
us.html)

○ (Objective C/C++, OpenCL, CUDA< and 
RenderScript are the other C-style 
languages actively developed)
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Clang - https://clang.llvm.org/index.html (2/3)
● Clang is built to be a fast compiler competing with GCC, Intel, MSVC, etc.
● Clang provides helpful diagnostic warnings and errors

○ examples: https://clang.llvm.org/diagnostics.html
○ From personal experience, this is where Clang appeared to me to really gain ground.

■ (Often I would tell students to try both gcc and clang when debugging and clang 
gave better error messages--gcc now gives pretty good results too)
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Clang - https://clang.llvm.org/index.html (3/3)
● Clang is built to be a fast compiler competing with GCC, Intel, MSVC, etc.
● Clang provides helpful diagnostic warnings and errors

○ examples: https://clang.llvm.org/diagnostics.html
○ From personal experience, this is where Clang appeared to me to really gain ground.

■ (Often I would tell students to try both gcc and clang when debugging and clang 
gave better error messages--gcc now gives pretty good results too)
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What is it that makes Clang so 
great that programmers are 

paying attention to it?

https://clang.llvm.org/index.html
https://clang.llvm.org/diagnostics.html


Clang’s Secret Sauce
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What makes Clang so special?

16

● Well at least what made it popular to start
○ If you have a previous codebase in GCC, you can largely just replace “gcc” with “clang” and it 

should just work.
■ (I do not believe there is 100% compatibility, but it is close! (especially if you ignore gcc 

extensions))
○ So at the very least--we have two production grade open source compilers competing 

■ (along with others like MSVC and Intel)
○ But there is more than popularity!

■ http://clang.llvm.org/features.html

sources: http://clang.llvm.org/features.html

http://clang.llvm.org/features.html
http://clang.llvm.org/features.html
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What makes Clang so special -- the big features to me

17

● Clang compared to other compilers has 
a library based architecture

○ This means you only need to understand a 
few components of the infrastructure before 
diving in!

○ It also means clang can be used as a library 
for not just parsing C++ and generating 
intermediate code

■ This library can be used to generate 
documentation, work in IDEs, perform 
static analysis, etc.

●sources: http://clang.llvm.org/features.html

http://clang.llvm.org/features.html
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What makes Clang so special -- the big features to me
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● Clang compared to other compilers has 
a library based architecture

○ This means you only need to understand a 
few components of the infrastructure before 
diving in!

○ It also means clang can be used as a library 
for not just parsing C++ and generating 
intermediate code

■ This library can be used to generate 
documentation, work in IDEs, perform 
static analysis, etc.

●sources: http://clang.llvm.org/features.html

Okay let’s get started!

http://clang.llvm.org/features.html


How to get Clang
(And all the tools)
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How to get LLVM

20

I am actually going to run 
through this section very quick!

Use it as a reference for how to 
setup and run examples from 

this slide deck



How to get LLVM

21

 The LLVM/Clang projects 
evolves at a good pace. 

That is why you will want to 
know how to build from source 

to get the latest changes.
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Where the instructions always will be

22

● http://clang.llvm.org/get_started.html

http://clang.llvm.org/get_started.html
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Downloading Clang (1/2)
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● (Note: If you have previously setup LLVM with clang, you are done--the 
following directions will grab clang as well though)

● For this talk, I am using and have tested the code with LLVM 8.0
● This tutorial is for an x86 based Ubuntu 18.04 machine

○ A similar process should work on Mac 
■ (Windows users may need some different tools, I have not built LLVM on windows)

● Tools you will need
○ svn
○ Cmake
○ Make
○ A C compiler (Mine is GNU 5.4.0)
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Downloading Clang (2/2)

24

● (Note: If you have previously setup LLVM with clang, you are done--the 
following directions will grab clang as well though)

● For this talk, I am using and have tested the code with LLVM 8.0
● This tutorial is for an x86 based Ubuntu 18.04 machine

○ A similar process should work on Mac 
■ (Windows users may need some different tools, I have not built LLVM on windows)

● Tools you will need
○ svn
○ Cmake
○ Make
○ A C compiler (Mine is GNU 5.4.0)
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In short--here is a copy and paste to install clang on your terminal
Official instructions were followed at the time http://clang.llvm.org/get_started.html  (Contains up to date instructions)

1. mkdir 6_10_19_clang # Wherever you want to store things
2. cd 6_10_19_clang
3. git clone https://github.com/llvm/llvm-project.git
4. cd llvm-project
5. mkdir build # (in-tree build is not supported)
6. cd build
7. cmake -DLLVM_ENABLE_PROJECTS=clang -G "Unix Makefiles" 

../llvm
8. make # or ‘make -j 8’ for a faster build

i. # Note: I had to use plain old ‘make’ at some point, because I 
was running out of memory for my builds on my machine when 
running in parallel.

25
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In short--here is a copy and paste to install clang on your terminal
Official instructions were followed at the time http://clang.llvm.org/get_started.html  (Contains up to date instructions)

1. mkdir 6_10_19_clang # Wherever you want to store things
2. cd 6_10_19_clang
3. git clone https://github.com/llvm/llvm-project.git
4. cd llvm-project
5. mkdir build # (in-tree build is not supported)
6. cd build
7. cmake -DLLVM_ENABLE_PROJECTS=clang -G "Unix Makefiles" 

../llvm
8. make # or ‘make -j 8’ for a faster build

■ # Note: I had to use plain old ‘make’ at some point, because I 
was running out of memory for my builds on my machine when 
running in parallel.

9. 26

It took about an hour to get setup on 
my i7 gaming laptop

http://clang.llvm.org/get_started.html
https://github.com/llvm/llvm-project.git
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How will we know 
it worked?
● Check your build/bin directory
● It should look something like this
● Note that for the examples, 

clang++, and other tools are 
referenced from here!

○ I will create a folder called 
clang_examples in the bin directory 
for simplicity sake

○ If your system already has clang++ 
installed from a package manager, it 
may have a different version!
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How will we know it worked?
● You might additionally run clang++ to make sure you are using the same 

version
○ You should see version 8.0.0 for this example
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How to get LLVM
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Assumption: We all have a 
working clang at this point



Running Clang Tools
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Clang Tooling Support

31

● As mentioned, the real power of clang, is the library architecture and the tools 
built around it.

● The tooling can allow us to build tools that make programming easier for us.
● One class of these tools are ‘syntax checkers’



Syntax Checkers
Goal of Syntax Checkers: Improve the style and code health 

in large-scale systems

Pros: Readability, maintainability (uniformity), Simplicity
Cons: Additional step in build stage
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Building our own tools
● Clang gives us many built in tools already, but we really want to be building 

our own for our needs.
○ (We will look at a few clang tools in a moment)

● There are a few options
○ LibClang
○ Clang Plugins
○ LibTooling

● https://clang.llvm.org/docs/Tooling.html

33
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Building our own tools - LibClang
● In Short--the first choice for working with clang to build cool tools. 
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Building our own tools - Clang Plugins

35

● In Short--lets us build tools that integrate with our build environment, we run 
them with the compiler. 
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Building our own tools - LibTooling

36

● In Short--helps us build standalone tools
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Building our own tools - LibTooling (1/2)
● There are some popular tools built on top of LibTooling listed on the help page

○ clang-check - A syntax checking tool
○ clang-fixit - An automatic compile-time error repair tool
○ clang-format - A code refactoring tool
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Building our own tools - LibTooling (2/2)
● There are some popular tools built on top of LibTooling listed on the help page

○ clang-check - A syntax checking tool <-- Let’s check out clang-check
○ clang-fixit - An automatic compile-time error repair tool
○ clang-format - A code refactoring tool
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clang-check example
● Can run: ./../clang-check hello.cpp
● The following syntax error will be reported.

○ Note the nice colored output, and a cursor showing the 
missing semicolon
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clang-check -help
● Several handy options

40
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clang-check -ast-print
● Can actually get the whole 

pretty printed version of our 
file

○ (Including the appended ‘-E’ 
information from the 
preprocessor.)

41
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clang-check -ast-list
● Could instead list every individual token

○ We can start to see the frontend of our 
compiler working at this point.

● However--to do a more general purpose 
analysis, we probably want to be working 
on the Abstract Syntax Tree instead

42
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clang-check -ast-list
● Could instead list every individual token

○ We can start to see the frontend of our 
compiler working at this point.

● However--to do a more general purpose 
analysis, we probably want to be working 
on the Abstract Syntax Tree instead

43



AST
(Abstract Syntax Tree)

44
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Dumping the Abstract Syntax Tree with Clang

45

● Here is our test program
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Dumping the Abstract Syntax Tree with Clang

46

● The AST will roughly give us some 
‘Tree-like’ form like such:

Function

If Stmt Return 
Stmt

If Body

...
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Dumping the Abstract Syntax Tree with Clang

47

● Here is the AST from our 
test program

○ Let’s look at a few of the 
pieces
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Dumping the Abstract Syntax Tree with Clang
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● ‘Decl’
○ Some definition from the 

source code
■ e.g. a variable 

declaration



www.mshah.io

Dumping the Abstract Syntax Tree with Clang

49

● Stmt
○ Some Compound Statement 

binary operator, or other 
general operation (e.g. 
ReturnStmt)
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Dumping the Abstract Syntax Tree with Clang
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● Expr
○ Something that returns or 

evaluates to a value
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Dumping the Abstract Syntax Tree with Clang
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● IfStmt / ForStmt / DoStmt/ 
etc.

○ Basic control flow structures
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Dumping the Abstract Syntax Tree with Clang

52

● You will notice there is also 
source code location 
information
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Dumping the Abstract Syntax Tree with Clang

53

● You will notice there is also 
source code location 
information

So what we’ll want to do is 
navigate the AST in ‘clangs 

language’

High Level Goal: Find patterns 
in AST



Clang Query
(Helpful tool for matching AST)

54



www.mshah.io

ClangQuery

55

● clang-query is a handy tool that can be used to find nodes in AST what we 
would want to match.

● Reference for AST matchers: 
○ https://manu343726.github.io/2017-02-11-writing-ast-matchers-for-libclang/

○ https://clang.llvm.org/docs/LibASTMatchersReference.html

○ (Handy tutorial: https://eli.thegreenplace.net/2014/07/29/ast-matchers-and-clang-refactoring-tools)

https://manu343726.github.io/2017-02-11-writing-ast-matchers-for-libclang/
https://clang.llvm.org/docs/LibASTMatchersReference.html
https://eli.thegreenplace.net/2014/07/29/ast-matchers-and-clang-refactoring-tools
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ClangQuery - Example

56

● In this example, we can query and find all of the patterns that ‘match’ 
FunctionDecl() (i.e. function declarations)



A look at a first clang tool
(Printing all of the functions--this time from clang)
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First Example
● The easiest starting point is to modify the PrintFunctionNames example.

○ (A sure classic in all examples!)

● The source is located at:
○ your_home_location/source/llvm/tools/clang/examples/PrintFunctionNames
○ PrintFunctionNames.cpp

● Figuring out just how to run a clang plugin is probably the next step.

58



www.mshah.io

Running libPrintFunctionNames.so
● (Within: build/bin/clang_examples)
● ./../clang -cc1 -load ./../../lib/PrintFunctionNames.so 

-plugin print-fns hello.cpp
○ or

● ./../clang++ -cc1 -load ./../../lib/PrintFunctionNames.so 
-plugin print-fns hello.cpp

(See llvm/tools/clang/examples/PrintFunctionNames/README.txt for more 
information on running plugin)
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Running libPrintFunctionNames.so
● (Within: build/bin/clang_examples)
● ./../clang -cc1 -load ./../../lib/PrintFunctionNames.so 

-plugin print-fns hello.cpp
● This code is loading a plug-in that will run during the compilation phase and 

generate some information for us
○ (Or potentially find an error and cause compilation to fail)

(See llvm/tools/clang/examples/PrintFunctionNames/README.txt for more 
information on running plugin)
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Updating libPrintFunctionNames.so
● As we make more changes to the PrintFunctionNames example, we can rebuild 

them in the ‘build’ directory
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Pieces of PrintFunctionNames
● PrintFunctonNames inherits from something called a PluginASTAction

○ Essentially we are building a tool that can take in command line options
■ https://clang.llvm.org/docs/ClangPlugins.html
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Pieces of PrintFunctionNames
● The ASTConsumer is the interface that lets us do ‘generic things’ to an AST.

○ https://clang.llvm.org/docs/RAVFrontendAction.html

63

https://clang.llvm.org/docs/RAVFrontendAction.html


www.mshah.io

Pieces of PrintFunctionNames
● The ASTConsumer is the interface that lets us do ‘generic things’ to an AST.

○ https://clang.llvm.org/docs/RAVFrontendAction.html
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Pieces of PrintFunctionNames
● A Part of the ASTConsumer that we can override is to 

HandleTopLevelDecl
○ i.e. when we declare something, print out what we have declared.
○ And this is how we get our function names.
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Pieces of PrintFunctionNames
● The ASTConsumer allows us to handle lots of different cases

○ https://clang.llvm.org/doxygen/classclang_1_1ASTConsumer.html
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Pieces of PrintFunctionNames
● Within our ASTConsumer we can then start writing ASTMatchers to get better 

queries
○ Some examples found here: https://s3.amazonaws.com/connect.linaro.org/yvr18/presentations/yvr18-223.pdf

○ We could even rewrite portions of our code--this is where you can stylize things with rewriters
■ https://clang.llvm.org/doxygen/classclang_1_1Rewriter.html
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Diving in
(Interactive portion? :))
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Several other examples

69

● Clang provides several other examples
○ AnnotateFunctions
○ clang-interpreter
○ analyzer-plugin

● Things to try:
○ Try running each plugin
○ Try modifying somet behavior

■ either adding onto the class to gather metrics
■ Or changing what part of the AST you are analyzing
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More on Clang API

● The clang API is quite rich--so there may be more things we want to do
○ Driver - Handles ‘Arg’ or allows us to pass in arguments.

■ https://clang.llvm.org/docs/DriverInternals.html

○ Lexer - Retrieves tokens
■ https://clang.llvm.org/doxygen/classclang_1_1Lexer.html

○ Parse - begin to create the AST from source code
■ Example: https://shaharmike.com/cpp/libclang/

■ https://clang.llvm.org/doxygen/classclang_1_1Parser.html

○ CodeGen - create IR from clang
■ https://clang.llvm.org/doxygen/namespaceclang_1_1CodeGen.html

○ AST - contains actual AST elements
■ Sample+Video: https://clang.llvm.org/docs/IntroductionToTheClangAST.html
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Going Further (Challenges/Project Ideas)
Time permitting:

● Easy
○ Count number of declarations when printing them out
○ Count number of a specific functions declared with a given prefix (e.g. “gl” or “cuda”)
○ Count number of lines of each function

● Medium
○ Automatically add in comments for functions
○ Integrate a clang tool with cmake that runs everytime you build your project.

● Hard/Interesting?
○ Refactor code to your particular coding style (without using a tool like clang-tidy)
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Contributing to Clang
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Getting involved with clang

73
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Resources
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Useful resources
● The Clang AST - https://www.youtube.com/watch?v=VqCkCDFLSsc
● Clang static analysis https://www.youtube.com/watch?v=UcxF6CVueDM
● Plug Yourself In: Learn How to Write a Clang Compiler Plugin (Stephan 

Bergman) https://www.youtube.com/watch?v=pdxlmM477KY
● Clang-useful https://www.youtube.com/watch?v=E6i8jmiy8MY
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Useful resources

76

● A way to avoid the JSON Compile_Commands database?
○ http://my-classes.com/2014/07/01/working-with-ast-matcher-without-clangtool-compilation-database/
○ https://clang.llvm.org/docs/JSONCompilationDatabase.html

● Where can I find tutorials for Clang
○ https://stackoverflow.com/questions/13923474/where-can-i-find-tutorials-for-clang

● Modern source-to-source transformations with Clang and LibTooling
○ https://eli.thegreenplace.net/2014/05/01/modern-source-to-source-transformation-with-clang-and-libtooling
○ github: https://github.com/eliben/llvm-clang-samples/blob/master/src_clang/matchers_rewriter.cpp

● Get list of methods
○ https://stackoverflow.com/questions/21878260/get-list-of-methods-in-class-using-clang

● Tutorial on detecting unused functions
○ https://xaizek.github.io/2014-08-28/detecting-unused-functions/

● Understanding the clang ast
○ https://jonasdevlieghere.com/understanding-the-clang-ast/

● https://clang.llvm.org/docs/ClangTools.html
●

http://my-classes.com/2014/07/01/working-with-ast-matcher-without-clangtool-compilation-database/
https://clang.llvm.org/docs/JSONCompilationDatabase.html
https://stackoverflow.com/questions/13923474/where-can-i-find-tutorials-for-clang
https://eli.thegreenplace.net/2014/05/01/modern-source-to-source-transformation-with-clang-and-libtooling
https://github.com/eliben/llvm-clang-samples/blob/master/src_clang/matchers_rewriter.cpp
https://stackoverflow.com/questions/21878260/get-list-of-methods-in-class-using-clang
https://xaizek.github.io/2014-08-28/detecting-unused-functions/
https://jonasdevlieghere.com/understanding-the-clang-ast/
https://clang.llvm.org/docs/ClangTools.html
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Conclusion
● Clang is an exciting project with a lot of power
● There exist several ways to implement and build tools for your needs.
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Thank You!
@MichaelShah | www.mshah.io
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Feedback Form TBD
(Whether you watched this talk now or in the future!)

https://twitter.com/MichaelShah
http://www.mshah.io


www.mshah.io

● Need to browse - Clang tutorial
○ https://github.com/loarabia/Clang-tutorial/wiki/TutorialOrig
○
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To read later

● Lessons from Building Static Analysis Tools at Google
○ https://cacm.acm.org/magazines/2018/4/226371-lessons-from-building-static-analysis-tools-at-

google/fulltext
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Compiling our Example
Add something about llvm-config here and how handy it is

http://llvm.org/docs/CommandGuide/llvm-config.html

https://jonasdevlieghere.com/understanding-the-clang-ast/#buildingtheexamples
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When we finally generate an executable, we should copy it to the build/bin 
directory of our llvm.

This way our library can find all of the headers and libraries it needs. This is similar 
to clang and other tools, and it is a nice way to keep all of the tools in one place!

TBD -- discuss how would you distribute your tool commercially
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