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Words of Chris, Again

Al coding is therefore best understood as another step forward in automation. It
dramatically lowers the cost of implementation, translation, and refinement. As
those costs fall, the scarce resource shifts upward: deciding what systems should
exist and how software should evolve.

Closing Thoughts

The Claude C Compiler doesn't mark the end of software or compiler engineering. If
anything, it opens the door wider. The easier implementation gets, the more room there is for
genuine innovation.

Lower barriers to implementation do not reduce the importance of engineers; instead, they
elevate the importance of vision, judgment, and taste. When creation becomes easier,
deciding what is worth creating becomes the harder problem. Al accelerates execution, but
meaning, direction, and responsibility remain fundamentally human.

Writing code has never been the goal. Building meaningful software is. The future belongs
to teams willing to embrace new tools, challenge assumptions, and design systems that help
people create together.

That is the future that has driven Modular's mission from the start, and the one | believe this
new era of Al makes possible.

- Chris Lattner

https://www.modular.com/blog/the-claude-c-compiler-what-it-reveals-about-the-future-of-software
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Compilation Procedure[4s it 4]
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Structure of a Typical Compiler[&#i
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Example

i T

1 3 void 'void’ [Start0fLine] Loc=<parse.c:1:1> \
Vold ma ln( ) { I identifier ‘main' [LeadingSpace] Loc=<parse.c:1:6> \
1 t b - 1_paren ‘(' Loc=<parse.c:1:10>
A d I I c r I r_paren ')’ Locs<parse.cil:ll> \
£ [ s= Sclang -cc1 -dump-tokens test.c 1brace '{' Loc=cparse.ci1:12>
1 == C int 'int’ [StartOfLine) [LeadingSpace) Loc=<parse.c:2:3> \
identifier 'a’ [LeadingSpace] Loc=<parse.c:2:7>
return l", comma ', Loc=<parse.c:2:8> |
e == identifier 'b' [LeadingSpace] Loc=<parse.c:2:10>
} A comma ', " Loc=<parse.ci2:11> l
\ identifier 'c' [LeadingSpace] Loc=<parse.c:2:13>
semi ';* Loc=<parse.c:2:14> I
if 'if' [StartOfLine] [LeadingSpace] Loc=<parse.c:3:3>
\ 1_paren (' [LeadingSpace] Loc=<parse.c:3:6>
identifier 'h' Locs=<parse.c:3:7> I
\ equalequal '==' [LeadingSpacel Loc=<parse.c:3:9>
identifier ‘c' [LeadingSpace] Locs<parse.c:3:12> I
\ r_paren ')' Loc=<parse.c:3:13>
return ‘return' [StartOfiLine) [LeadingSpace] Locm<parse.c:4:5> I
\ numeric_constant '1' [LeadingSpace] Loc=<parse.c:4:12>
semi '} Locw<parse.ci4:13> I
\ r_brace '}' [StartOfLine] Loc=<parse.c:5:1>
eof *' Loc=<parse.c:5:2> J

L o e e e e e o e mm mm mm e =

Sclang -Xclang -ast-dump -fsyntax-only test.c

"—FunctionDecl 0x27999470 <parse.c:1:1, line:5:1> line:1:6 main 'void ()'
"—CompoundStmt 0x27999800 <col:12, line:5:1>
| -DeclStmt 0x279996f8 <line:2:3, col:14>
| |-VarDecl 0x27999570 <col:3, col:7> col:7 a 'int'

Sema is tight coupling with parser

| |-VarDecl 0x279995f@ <col:3, col:10> co0l:10 used b 'int' Parser
| “-VarDecl 0x27999670 <col:3, col:13> co0l:13 used ¢ 'int' Syntax rule match
T—IfStmt 0x279997e8 <line:3:3, line:4:12> *

| -BinaryOperator 0x27999780 <line:3:7, co0l:12> 'int' '==' Sema

| |-ImplicitCastExpr 9x27999750 <col:7> 'int' <LValueToRValue> ActOn<parsed entity>

| | “-DeclRefExpr 0x27999710 <col:7> 'int' lvalue Var 0x279995f@ 'b' 'int'
| "-ImplicitCastExpr 0x27999768 <col:12> 'int' <LValueToRValue>
| "—DeclRefExpr 0x27999730 <col:12> 'int' lvalue Var 0x27999670 'c' 'int'
"—ReturnStmt 0x279997d8 <line:4:5, col:12>
*—ImplicitCastExpr 0x279997c@® <col:12> 'void' <ToVoid> Sihutione
"—IntegerLiteral 0x279997a0@ <col:12> 'int' 1

vl'a.x"?
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https://llvm.org/devmtg/2019-10/slides/ClangTutorial-Stulova-vanHaastregt.pdf

What is Lexical Analysis[ia:s#7 ¢

Example:
if (i == )
z=0;

Input[%i A]: a string of characters

- “if (i==j)\n\tz =0; \nelse\n\tz=1; \n”

Goal[ H #r]: partition the string into a set of substrings

— Those substrings are tokens

* Steps[F K]
- Remove comments: A-simple-example-*f

(f (37 ¢ (f (3

— Identify substrings: ‘if” ‘( ‘I’ ‘== ......

i \
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What is a tokenpia?

LLMs are cool.

345
R Q
8

=2 Tokenized Text J'

ST BTN T
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https://www.53ai.com/news/LargeLanguageModel/2025022343062.html
https://blog.csdn.net/zwqjoy/article/details/136813722
https://blog.csdn.net/zwqjoy/article/details/136813722

What is a tokenpia?

* Token: a “word” in language (smallest unit with meaning)

— Categorized into classes according to its role in language
— Token classes in English[ H /R iE 5]

o Noun, verb, adjective, ...
— Token classes in a programming language[Zrfiis =

o Number, keyword, whitespace, identifier, ...

* Each token class corresponds to a set of strings[25: £ &1

— Number: a non-empty string of digits

- Keyword: a fixed set of reserved words (“for”, “if”, “else”, ...)
- Whitespace: a non-empty sequence of blanks, tabs, newlines
- ldentifier: user-defined name of an entity to identify

o Q: what are the rules in C language?

Y 31 # ‘lG
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Lexical Analysis: Tokenization(4yi

'H‘FIIZI]

 Lexical analysis is also called Tokenization (or, Scanner)[fdf##%

— Partition input string into a sequence of tokens

— Classify each token according to its role (token class)
o Lexeme[iix]: an instance of the token class, e.g. ‘7, =/, ‘1’

* Pass tokens to syntax analyzer (also called Parser)[4#T#8]

— Parser relies on token classes to identify roles (e.g., a keyword is treated

differently from an identifier)

<ld, ‘Z’>
z=1 <Op, =>
<Num, ‘1’>

Character Lexical Analysis WToken Stream_|  Syntax Analysis
Stream (Scanner) J (Parser)
Token = <class, value>
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Lexical Analyzer: Design[iit)

e Define a finite set of token classes[iE X tokenZE 5]
— Describe all items of interest
— Depends on language, design of parser
- “if (i==j)\n\tz = 0; \nelse\n\tz=1; \n"

o Keyword, identifier, whitespace, integer

* Label which string belongs to which token class[i 5]

fl==l)| == or=7
z=0;

else keyword or identifier?
z=1;
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Lexical Analyzer: Implementation(sz

* An implementation must do two things
— Recognize the token class the substring belongs to[i: 7] 77-25]

— Return the value or lexeme of the token[i [a] %} N {E]

* Atoken is a tuple (class, lexeme)[ —J t4]

* The lexer usually discards “non-interesting” tokens that don’t
contribute to parsing[ £ #H Tt XA ]

- e.g., whitespace, comments

* |If token classes are non-ambiguous, tokens can be recognized in a

single left-to-right scan of input string

e Problem can occur when classes are ambiguous [ X ]
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Ambiguous Tokens in C++

e C++ tem pIate syntax Template <typename T>
T getMax(T x, Ty) {
- Foo<Bar> return (x >y) ? x:y;
}
* C++ stream syntax
— cin >> var int main (int argc, char* argv([]) {
getMax<int>(3, 7);
Template: a blueprint or formula for creating a getMax<double>(3.0, 2.0);

' i etMax<char>('g’, ‘e’);
generic class or a function. 8 (g’, ‘e’)

Templates are expanded at compiler time, similar

return O;
to macros. }

 Ambiguity
- Foo<Bar<Bar>>
— cin >> var

- Q:Is >>" a stream operator or two consecutive brackets?

(@) T X% 35 uu‘@




Look Aheadg ]

* “look ahead” may be required to resolve ambiguity [J& 2 Hkx 1 Y]

- Extracting some tokens requires looking at the larger context or structure[7
B GRS ]
— Structure emerges only at parsing stage with parse tree[ja —ME A A]

- Hence, sometimes feedback from parser needed for lexing
o This complicates the design of lexical analysis

o Should minimize the amount of look ahead

* Usually tokens do not overlap[i#i ¥ &5 5]

— Tokenizing can be done in one pass w/o parser feedback

— Clean division between lexical and syntax analyses

(&)t ux % 36 hige




Summary: Lexer

* Lexical analysis
— Partition the input string to lexeme

— |ldentify the token class of each lexeme

* Left-to-right scan => look ahead may be required
- In reality, lookahead is always needed

— The amount of lookahead should be minimized

drrr B

. . . llfl (o[’ III { —_— V4 l ) (\) ( n’ { tl i) l V4 l V4 I;I
If(l ==J) ’ { I(( ) ( 2 ( )Il\ll I\l Y
\n’ ‘else’ \n’ ‘\t’ z 1

z=0;
z=0; — i
else
else : ,,
Ny z=1; <keyword, if> <LPAR, (), <id, i>, <op, ==

| "1 )
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