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LLVM Logo

2

• The LLVM logo is a stylized wyvern (a kind of dragon)
− Dragons have connota/ons of power, speed and intelligence, 

and can also be sleek, elegant, and modular (err, maybe not)
− In addi/on, there is a series of influen/al compiler books going 

back to 1977 which featured dragons on the cover
− Wyvern is a type of mythical dragon with two legs, two wings, 

and oDen a pointed tail which is said to be a venomous s/nger

h"ps://llvm.org/Logo.html

https://llvm.org/Logo.html


Compila-on Procedure[编译过程]

• 前端（分析）：对源程序，识别语法
结构信息，理解语义信息，反馈出错
信息

− 词法分析（Lexical Analysis）
− 语法分析（Syntax Analysis）
− 语义分析（Seman1c Analysis）

• 后端（综合）：综合分析结果，生成
语义上等价于源程序的目标程序

− 中间代码生成（Intermediate Code 
Genera1on）

p Intermediate representa-on (IR)

− 代码优化（Code Op1miza1on）
− 目标代码生成（Code Genera1on）

3

Lexical Analysis

Source Code

Syntax Analysis

Seman=c Analysis

Intermediate 
Code Genera=on

Op=miza=on

Code Genera=on

Target Code

Token Stream

Syntax Tree

Syntax Tree

IR

IR

Front End
（Analysis）

Back End
（Synthesis）

高效实现

正确性检查

词

语句

上下文

转换

更好

可执行



Lab[实验：编译器构造]
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h"ps://github.com/arcsysu/SYsU-lang2

000_main.sysu.c

a.S

① lexer
② parser
③ generator
④ op=mizer

clang
executable

sysu-compiler

SYsU-lang

https://github.com/arcsysu/SYsU-lang2


编译系统设计赛
•综合运用各种知识，构思并实现一个综合性编译系统
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h"ps://compiler.educg.net/#/index

https://compiler.educg.net/


编译系统设计赛 (cont.)
• 2023/全国一等奖，2022/优胜奖
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h"ps://compiler.educg.net/#/index

https://compiler.educg.net/


编译系统设计赛 (cont.)
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h"ps://compiler.educg.net/#/index

• 2024开始，推免资格加分【待落实】

https://compiler.educg.net/


Your Well Being
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h1ps://www.cs.cmu.edu/~213/lectures/01-overview.pdf

https://www.cs.cmu.edu/~213/lectures/01-overview.pdf


Chea-ng/Plagiarism[学术不端]

• Unauthorized use of informaBon
− Borrowing code: by copying, retyping, looking at a file
− Describing: verbal desc. of code from one person to another
− Searching the Web for solu/ons, discussions, tutorials, blogs …
− Reusing your code from a previous semester …
− …

• Unauthorized supplying of informaBon
− Providing copy: Giving a copy of a file to someone
− Providing access …
− …

• CollaboraBons beyond high-level, strategic advice
− Anything more than block diagram or a few words
− …
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h1ps://www.cs.cmu.edu/~213/lectures/01-overview.pdf

https://www.cs.cmu.edu/~213/lectures/01-overview.pdf


Why a Big Deal？
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h1ps://www.cs.cmu.edu/~213/lectures/01-overview.pdf

https://www.cs.cmu.edu/~213/lectures/01-overview.pdf


Chea-ng: Consequences[后果]
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h1ps://www.cs.cmu.edu/~213/lectures/01-overview.pdf

https://www.cs.cmu.edu/~213/lectures/01-overview.pdf
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Structure of a Typical Compiler[结构]
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Example
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$clang -Xclang -ast-dump -fsyntax-only test.c

$clang -cc1 -dump-tokens test.c

h1ps://llvm.org/devmtg/2019-10/slides/ClangTutorial-Stulova-vanHaastregt.pdf

Sema is Ight coupling with parser

https://llvm.org/devmtg/2019-10/slides/ClangTutorial-Stulova-vanHaastregt.pdf


What is Lexical Analysis[词法分析]？
• Example:

• Input[输入]: a string of characters
− “if (i == j )\n\tz = 0; \nelse\n\tz = 1; \n” 

• Goal[目标]: parBBon the string into a set of substrings
− Those substrings are tokens

• Steps[步骤]
− Remove comments: /* simple example */
− Iden/fy substrings: ‘if’ ‘(‘ ‘i’ ‘==‘ ‘j’ ……
− Iden/fy token classes: (keyword, ‘if’), (LPAR, ‘(‘), (id, ‘i’) ……
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/* simple example */
if (i == j)
z = 0;

else
z = 1;



What is a token[词]?
• Token: a “word” in language (smallest unit with meaning)

− Categorized into classes according to its role in language
− Token classes in English[自然语言]

p Noun, verb, adjec1ve, …

− Token classes in a programming language[编程语言]
p Number, keyword, whitespace, iden1fier, …

• Each token class corresponds to a set of strings[类: 集合]
− 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
− Iden/fier: user-defined name of an en/ty to iden/fy

p Q: what are the rules in C language?
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Lexical Analysis: Tokeniza-on[分词]

• Lexical analysis is also called Tokeniza.on (also called 
Scanner)[扫描器]

− Par//on input string into a sequence of tokens
− Classify each token according to its role (token class)

p Lexeme[词素]: an instance of the token class, e.g. ‘z’, ‘=’, ‘1’

• Pass tokens to syntax analyzer (also called Parser)[分析器]
− Parser relies on token classes to iden/fy roles (e.g., a keyword is 

treated differently from an iden1fier)
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Lexical Analysis
(Scanner)

Syntax Analysis
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Token Stream
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Lexical Analyzer: Design[设计]

• Define a finite set of token classes[定义token类别]
− Describe all items of interest
− Depends on language, design of parser
− “if (i == j)\n\tz = 0; \nelse\n\tz = 1; \n” 

p Keyword, iden1fier, whitespace, integer

• Label which string belongs to which token class[识别]
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if (i == j)
z = 0;

else
z = 1;

‘==’ or ‘=’?

keyword or iden/fier?



Lexical Analyzer: Implementa-on[实现]

• An implementaBon must do two things
− Recognize the token class the substring belongs to[识别分类]

− Return the value or lexeme of the token[返回对应值]

• A token is a tuple (class, lexeme)[二元组]

• The lexer usually discards “non-interesBng” tokens that 
don’t contribute to parsing[丢弃无意义词]

− e.g., whitespace, comments

• If token classes are non-ambiguous, tokens can be 
recognized in a single leV-to-right scan of input string
• Problem can occur when classes are ambiguous[歧义]
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Ambiguous Tokens in C++
• C++ template syntax

− Foo<Bar>

• C++ stream syntax
− cin >> var

• Ambiguity
− Foo<Bar<Bar>>
− cin >> var
− Q: Is ‘>>’ a stream operator or two consecu/ve brackets?
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Template <typename T>
T getMax(T x, T y) {

return (x > y) ? x : y;
}

int main (int argc, char* argv[]) {
getMax<int>(3, 7);
getMax<double>(3.0, 2.0);
getMax<char>(‘g’, ‘e’);

return 0;
}

Template: a blueprint or formula for crea1ng a 
generic class or a func1on.
Templates are expanded at compiler 1me, similar 
to macros.



Look Ahead[展望]

• “look ahead” may be required to resolve ambiguity[展望消
除歧义]

− Extrac/ng some tokens requires looking at the larger context or 
structure[需要上下文或语法结构]

− Structure emerges only at parsing stage with parse tree[后一阶
段才有]

− Hence, some/mes feedback from parser needed for lexing
p This complicates the design of lexical analysis
p Should minimize the amount of look ahead

• Usually tokens do not overlap[通常无重叠]
− Tokenizing can be done in one pass w/o parser feedback
− Clean division between lexical and syntax analyses

21



Summary: Lexer
• Lexical analysis

− Par//on the input string to lexeme
− Iden/fy the token class of each lexeme

• LeV-to-right scan => look ahead may be required
− In reality, lookahead is always needed
− The amount of lookahead should be minimized
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/* simple example */
if (i == j)
z = 0;

else
z = 1;

if (i == j)
z = 0;

else
z = 1;

‘if’ ‘(’ ‘i’ ‘== ’ ‘j’ ‘)’ ‘\n’ ‘\t’ ‘z’ ‘=’ ‘0’ ‘;’
‘\n’ ‘else’ ‘\n’ ‘\t’ ‘z’ ‘=’ ‘1’

<keyword, if> <LPAR, (), <id, i>, <op, ==)
… …

=\



Token Specifica-on[定义]

• Recognizing token class: how to describe string pa\erns
− i.e., which set of strings belong to which token class?
− Use regular expressions[正则表达式] to define token class

• Regular Expression is a good way to specify tokens
− Simple yet powerful (able to express panerns)
− Tokenizer implementa/on can be generated automa/cally from 

specifica/on (using a transla/on tool)
− Resul/ng implementa/on is provably efficient
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Token

Token Class Lexeme
String pa[erns 
describing the class



Language: Defini-on
• Alphabet ∑[字母表]: a finite set of symbols

− Symbol: le3er, digit, punctua1on, …
− Example: {0, 1}, {a, b, c}, ASCII

• String[串]: a finite sequence of symbols drawn from ∑
− i.e., sentence or word
− Example: aab (length = 3), ε (empty string, length = 0)

• Language[语言]: a set of strings of the characters drawn 
from ∑

− ∑ = {0, 1}, then {}, {01, 10}, {1, 11, 1111, …} are all languages 
over ∑

− {ε} is a language
− Φ, empty set is also a language

24



Language: Example
• Examples:

− Alphabet ∑ = (set of) English characters
p Language L = (set of) English sentences

− Alphabet ∑ = (set of) Digits, +, -
p Language L = (set of) Integer numbers

• Languages are subsets of all possible strings
− Not all strings of English characters are (valid) sentences

p aaa bbb ccc

− Not all sequences of digits and signs are integers
p 125+, 1-25
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Language: Opera-ons[语言运算]

• In lexical analysis, the most important operaBons on 
languages are union, concatenaBon and closure
• Union[并]: similar operaBon on sets
• Concatena.on[连接]: all strings formed by taking a string 

from the first language and a string from the second 
language in all possible ways, and concatenaBng them
• Kleene closure[闭包]: L*, where L is the language, is the 

set of strings you get by concatenaBng L zero or more
Bmes

− L0 = {ε}, Li = Li-1L
− L+: the same as Kleene closure, but without L0

p L ∪ L2 ∪ L3 ∪ …
p ε won’t be in L+ unless it is in L itself
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Example
• ∑1 = {0, 1}, ∑2 = {a, b} ==> L1 = {0, 1}, L2 = {a, b}
• L1 ∪ L2

= {0, 1} ∪ {a, b} = {0, 1, a, b}
• L1L2

= {0, 1}{a, b} = {0a, 0b, 1a, 1b}
• L13

= {0, 1}3 = {0, 1}{0, 1}{0, 1} = {000, 001, 010, 011, 100, 101, 110, 
111}

• L1*

= L10 ∪ L11 ∪ L12 ∪ L13 ∪ … = {ε} ∪ {0, 1} ∪ {0, 1}2 ∪ {0, 1}3

= {ε, 0, 1, 00, 01, 10, 11, 000, 001, 010, 011, 100, …}
• L1+

− = L1* - L10 = {0, 1} ∪ {0, 1}2 ∪ {0, 1}3

− = {0, 1, 00, 01, 10, 11, 000, 001, 010, 011, 100, …}
27



Language: Example (cont.)
• L = {A, B, …, Z, a, b, …, z}, D = {0, 1, …, 9}

− L and D are also languages whose strings happen to be of length 
one 

− Some other languages that can be constructed from L and D are

• L U D:
• LD:
• L4:
• L*:
• L(L U D)*:
• D+:
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the set of le[ers and digits, i.e., language with 62 strings of length one

the set of 520 strings of length two, each is one le[er followed by one digit

the set of all 4-le[er strings

the set of all strings of le[ers, including ε, the empty string

the set of all strings of le[ers and digits beginning with a le[er

the set of all strings of one or more digits
Iden3fiers can be described by giving names to sets of le<ers and 

digits and using the language operators



Regular Expressions & Languages[正则]

• Regular expressions are to describe all the languages that 
can be built from the operators applied to the symbols of 
some alphabet
• Regular Expression is a simple notaBon

− Can express simple panerns (e.g., repea/ng sequences)
− Not powerful enough to express English (or even C)
− But powerful enough to express tokens (e.g., iden/fiers)

• Languages that can be expressed using regular 
expressions are called Regular Languages
• More complex languages need more complex notaBons

− More complex languages and expressions[非正则] will be 
covered later
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Atomic REs[原子表达式]

• Atomic
− Smallest RE that cannot be broken down further

• Epsilon or ε character denotes a zero length string
− ε = {“”}

• Single character denotes a set of one string
− ‘c’ = {“c”}

• Empty set is { } = φ, not the same as ε
− Size(φ) = 0
− Size(ε) = 1
− Length(ε) = 0
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Compound REs[组合表达式]

• Compound
− Large REs built from smaller ones

• Suppose r and s are REs denoBng languages L(r) and L(s)
− (r) is a RE deno/ng the language L(r)

p We can add addi1onal () around expressions without changing the 
language they denote

− (r)|(s) is a RE deno/ng the language L(r) ∪ L(s)
− (r)(s) is a RE deno/ng the language L(r)L(s)
− (r)* is a RE deno/ng the language (L(r))*

• REs oVen contain unnecessary (), which could be dropped
− (A) ≡ A: A is a RE
− (a)|((b)*(c)) ≡ a|b*c
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