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YatCC-AL: The Future of Compiler Construction
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* Prompt
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if in==1) {
O BEEGE return 1;
} else {
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int main() {
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result = factorial(5s);
EitEl return result;
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Middle Endrr
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thEfLES (=Hehteg)

FE =¥
1
Z func_begin
3 decl
} =
5 decl
>
il ifFalse
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main:

func_begin main

decl undefined int

val = 3

decl undefined int

rst = @

=wval 1 -= t@

ifFalse t@ goto LO

BiRf5

12 RET

[ fa
EE D B

Bt

Q@ e

SN REERE 12 55
main:

2. fumc_begin main

3. decl undefined int

4. wval =3

5. decl undefined int

6. rst=#8
=31 ->1@
ifFalse td goto LB

9. rstw=1l

18, LB:

1. return @

12, tTunc_end main
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+ Function main
PUSH rbp
MOV rbp, rsp

; declare undefined as int

MOV wal, 3
; declare undefined as int
MOV rst, @

: =31 =10

MP t@, @

EQ L@
MOV rst, 1

WCRREB  EARZRE: BhR x86-like

MOV r@, @

* MOV r0, value - E{ENFHRZFES
RET
S * ADD/SUB/MUL/DIV - BAREH
POP rbp * CMP/JEQ/JMP — tEEifIpkELIES
RET

e CALL/RET - REAAFIRE]
e PUSH/POP - #£3#{E
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Deployikss %)

B8 mi 7 HE + FRER % % 0O O
SR HE oth H#H

< BEIER

SER A

Q 1a D = 3 HE
2026-02-28T22:47:37+08:00 Create deploy history: 7611927511424827444
2026-02-28T22:47:38+08:00 Deploy logging init success, logid: 2026@228224737998673F123B
471320F87

2026-02-28T22:47:38+08:00 Initializing deployment task

2026-02-28T22:47:38+03:00 Loading pipeline run history

2026-02-28T22:47:38+08:00 Creating new pipeline run history

2026-02-28T22:47:38+08:00 Starting deployment

2026-02-28T22:47:38+08:00 Pipeline run start

2026-02-28T22:47:40+88:00 Pipeline run success

2026-02-28T22:47:40+08:80 Pipeline run start

i N

https://c4yx2w774v.coze.site/
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X Freeze ©

DX Freeze

Subscribe Ng)

Elon Musk predicts that Al will bypass coding entirely by the end of 2026
- just creates the binary directly

Al can create a much more efficient binary than can be done by any
compiler

So just say, "Create optimized binary for this particular outcome," and
you actually bypass even traditional coding

Current: Code —» Compiler = Binary = Execute
Future: Prompt — Al-generated Binary = Execute

Grok Code is going to be state-of-the-art in 2-3 months

Software development is about to fundamentally change

- Guodong Lead: Toby

an & Chaitu
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Anthropic had 16 Al agents build a C compiler from scratch. 100k lines,
compiles the Linux kernel, $20k, 2 weeks.

Chris © (F oo

@chatgpt21

To put that in perspective GCC took thousands of engineers over 37
years to build. (Granted from 1987 - however) One researcher and 16 Al
agents just built a compiler that passes 99% of GCC's own torture test
suite, compiles FFmpeg, Redis, PostgreSQL, QEMU and runs Doom.

They say they "(mostly) walked away." But that "mostly” is doing heavy
lifting.
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The Claude C Compiler: What It Reveals
About the Future of Software
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Compilation, what does ChatGPT say?[2024]

A You

Are compiler techniques still useful in the age of LLM?

ChatGPT

Yes, compiler techniques remain highly relevant and useful even in the age of Large Language
Models (LLMs) like GPT-3.5. While LLMs have demonstrated remarkable capabilities in natural
language processing tasks, compilers play a crucial role in various aspects of software

development and optimization that are distinct from what LLMs primarily offer.
Here are several reasons why compiler techniques are still valuable:

1. Efficient Code Generation: Compilers optimize code to improve its performance, reduce
resource usage, and generate efficient machine code tailored to specific hardware architectures.
This optimization is crucial for applications where performance is critical, such as high-
performance computing and embedded systems, areas where LLMs may not offer specific
optimization capabilities.

2. Domain-Specific Language Design: Compiler techniques are essential for designing and
implementing domain-specific languages (DSLs) tailored to specific problem domains. While
LLMs excel in understanding natural language, DSLs offer precise abstractions and optimizations
tailored to particular tasks or industries, enhancing developer productivity and software
performance.

3. Static Analysis and Error Detection: Compilers perform static analysis to detect errors, identify

nerformance hottlenecks and antimize o v nrovidina valuiahle feedbhack to develoners durina
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Compilation, what does LLM say?[2026

%) ChatGPT

are compiler techniques still useful in the age of LLM
oo
Short answer: yes — arguably more than ever.

But their role is evelving.

Let's look at this from a systems perspective.

[ LLMs Generate Code — They Don’t Optimize Machines

Large language models like ChatGPT or GitHub Copilot can:
* Generate syntactically valid code
+ Suggest refactorings
« Translate between languages

But they do not:
« Perform slias analysis
» Guarantee memory safety
« (Optimize register allocation

« Schedule instructions for a specific microarchitecture

Strategic Takeaway

Compiler techniques are;

« Not obsolete
+ Not replaced
+ Not diminished

They are becoming infrastructure for Al itself,

The age of LLMs does not eliminate compilers.
It pushes them upward — toward cross-layer intelligent orchestration.

*m:&%
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are compiler techniques still useful in the age of LLM
5 2
Excellent question. The short answer is a resounding yes, compiler techniques are not just still

useful, but are arguably becoming more critical than ever.

The relationship isn't one of replacement, but of powerful synergy. Large Language Models (LLMs)
are changing how we interact with computers and generate code, while compiler techniques are
the foundational tools that make that code efficient, secure, and runnable on actual hardware.

Here's a breakdown of why compiler techniques remain indispensable in the age of LLMs, looking
at three key areas: Generating Code, Running Code, and Building the LLMs Themselves.

1. For the Code that LLMs Generate (The "What")

LLMs are brilliant at producing code that looks correct. However, the code they generate often

Conclusion vhere

Compiler technigques are not dying; they are evolving. They have moved from being a quiet, final

step in the software development process to becoming a critical companent at every level of the Al |y gjo, ¥ |
revolution. They are the tools that:

1. Polish the raw code generated by LLMs.

2. Bridge that code to the diverse and powerful hardware it needs to run on.

3. Build the very frameworks that make LLMs possible.

So, far from being cbsolete, a deep understanding of compilers is more valuable than ever for
anyone looking to build efficient, scalable, and robust Al-powered systems.

H J:



Guides from ChatGPT[/E A ¥ 4wiE? ]

* “in the age of widely used vibe coding and Al agent, for undergraduates of computer science,
how to learn compilation and grasp compiler techniques to prepare for future career path. list
key takeaways”

Learn machine-level thinking, not just code writing

Strengthen core foundations early

Focus on IR and optimization, not only parsing

E Use Al as an accelerator, not a shortcut

Build real systems incrementally

E Connect compiler skills to high-demand fields

Develop cross-layer systems thinking

Treat compilation as career leverage

* Final Takeaway
Vibe coding democratizes programming.
Compiler knowledge differentiates engineers.

Students who master compiler techniques are not competing with Al — they are positioning
themselves to build, optimize, and scale the intelligent systems that power the future.

D) Tk B 12 i
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X Freeze ©

DX Freeze

Subscribe Ng)

Elon Musk predicts that Al will bypass coding entirely by the end of 2026
- just creates the binary directly

Al can create a much more efficient binary than can be done by any
compiler

So just say, "Create optimized binary for this particular outcome," and
you actually bypass even traditional coding

Current: Code —» Compiler = Binary = Execute
Future: Prompt — Al-generated Binary = Execute

Grok Code is going to be state-of-the-art in 2-3 months

Software development is about to fundamentally change

- Guodong Lead: Toby

an & Chaitu
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Anthropic had 16 Al agents build a C compiler from scratch. 100k lines,
compiles the Linux kernel, $20k, 2 weeks.

Chris © (F oo

@chatgpt21

To put that in perspective GCC took thousands of engineers over 37
years to build. (Granted from 1987 - however) One researcher and 16 Al
agents just built a compiler that passes 99% of GCC's own torture test
suite, compiles FFmpeg, Redis, PostgreSQL, QEMU and runs Doom.

They say they "(mostly) walked away." But that "mostly” is doing heavy
lifting.

LLVMZ R iFREClaudety AICHRIFAE: 3 Al /LT EITRTEE
FRERIABED, R TEFRRRE
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The Claude C Compiler: What It Reveals
About the Future of Software
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Chris Lattner ,
Anthropic had 16 Al agents build a C compiler from scratch. 100k lines,
compiles the Linux kernel, $20k, 2 weeks.

Created LLVM . To put that in perspective GCC took thousands of engineers over 37

Apple’s Director of Developer Tools
Worked 4 years in creating Swift

years to build. (Granted from 1987 - however) One researcher and 16 Al
agents just built a compiler that passes 99% of GCC's own torture test
suite, compiles FFmpeg, Redis, PostgreSQL, QEMU and runs Doom.

He makes your IDE, Xcode!

They say they "(mostly) walked away." But that "mostly” is doing heavy
lifting.
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Chris Lattner

Anthropic had 16 Al agents build a C compiler from scratch. 100k lines,
compiles the Linux kernel, $20k, 2 weeks.

Created LLVM To put that in perspective GCC took thousands of engineers over 37
Apple's Director of Deve!oper Tools £ years to build. (Granted from 1987 - however) One researcher and 16 Al

Worked 4 years in creating Swift

agents just built a compiler that passes 99% of GCC's own torture test

He makes your IDE. Xcode! suite, compiles FFmpeg, Redis, PostgreSQL, QEMU and runs Doom.

They say they "(mostly) walked away." But that "mostly” is doing heavy
lifting.
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ake-aways from Chris

Al has moved beyond writing small snippets of code and is beginning to participate in engineering large systems.

[R4TH]

Al is crossing from local code generation into global engineering participation: CCC maintains architecture
across subsystems, not just functions. [ & 51251

CCC has an “LLVM-like” design (as expected): training on decades of compiler engineering produces compiler
architectures shaped by that history. [ 4461 Zx]

Our legal apparatus frequently lags behind technology progress, and Al is pushing legal boundaries. Is
proprietary software cooked? [VAf#i 5]

Good software depends on judgment, communication, and clear abstraction. Al has amplified this. [ 4% 5%

]

Al coding is automation of implementation, so design and stewardship become more important. [#114E3]

Manual rewrites and translation work are becoming Al-native tasks, automating a large category of engineering

effort. [AIFAAE55]

Al, used right, should produce better software, provided humans actually spend more energy on architecture,
design, and innovation. [ 1A FHAI]

Architecture documentation has become infrastructure as Al systems amplify well-structured knowledge while

punishing undocumented systems. [ZE4) 4] https://www.modular.com/blog/the-claude-c-compiler-
(&) 6'? ,1, X % 14 a:
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Courses on Al Coding

CS146S: The Modern Software Developer

Stanford University « Fall 2025

Overview Syllabus FAQ

N CMU17-316/616: Al Tools for Software Development

Home  Overview Syllabus  Teamwork Practices  Staff = Assignments  Project

MLIP / Al Engineering Schedule Syllabus Canvas €

Machine Learning in Production (17-445/17-645/17-745) | Al
Engineering (11-695)
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he Course[>& T4
. G E C U e 7

int x; 2 eclipse ¥ | 01010110101

— 23gfli~l—$q,/1ﬂ£ (@_(Uﬂ]) x =6+ | 01010101010

printf ("x %d",x) Compiler 10101010101
_ 232 N N 2351_']5 7[< N 5 }return 0; / - ; 01010100
&ﬁ“ﬁr/ ) (?—LI> 7@%@ h}g

- 3%t Rl3FE CGREESH)

- 30T Rl ARG+ ALRE RS OREEPH+IKIRAE ) a.out

(a binary executable)

Operating System (0S)
=

SRR
B C/C++ jZ;H\:/fﬂjﬁ $£ﬁji g X éﬁ :J:E */j C: First compiled into a.out
— rl—ﬁ*}léﬂﬁkﬁ%\ fi//ﬁg ‘?R ;I:/j = ﬂﬁ;&% Then direct execution of a.out

4

Computer Hardware (HW)

RfEif s (AIC) =i mtlasifis (0/1) HI?
- W%ﬁ%é‘%ufr 5 S FE AR AR
o AFEENE AT R AT B SO, SR ARSI S

y Y. AR ® 5 0 S % 8
° % %%ﬁ *Al :@ %‘% WEH EEH B DERE RiBHA BIFAR

- MOLPREE, 0B Bes Il /N g e A%

N IY&ENﬁnﬁ 19 #F ;E‘




extbook & Materials[##4)

* jzgﬁﬁ ooooo:'
- %W PEJHEFE (Compilers: Principles, Techniques, and Tools, 2" il e
Edition) , By Alfred V. Aho, Monica S. Lam, Ravi Sethi, and ‘?‘2[‘;!?,?..'..‘;‘.‘;%,_.

Jeffrey D. Ullman

— LLVM % PE2S SR ZUFE (Getting Started with LLVM Core
Libraries) , Lopes and Auler

- PR RE, PRER (MR

— CS 143, Fredrik Kjolstad (Stanford U.)

- CS 411, Jan Hoffmann (Carnegie Mellon U.)
— COMS 4115, Baishakhi Ray (Columbia U.)

- CS 2210, Wonsun Ahn (U. of Pittsburgh)

— Compilers and Computer Architecture, Martin Berger (U. of
Sussex) B S0 LRI

- ERF AR ERETE - B, R 'ﬁ F
CREAS i

SUN YAT-SEN UNIVERSITY




uring Award[& = %22020]

Alfred Vaino Aho

A.M. TURING AWARD HONORS INNOVATORS WHO
SHAPED THE FOUNDATIONS OF PROGRAMMING
LANGUANGE COMPILERS AND ALGORITHMS

Columbia's Aho and Stanford's Ullman Developed Tools
and Seminal Textbooks Used by Millions of Software
Programmers around the World

ACM named Alfred Vaino Aho and Jeffrey David Ullman recipients
of the 2020 ACM A.M. Turing Award for fundamental algorithms
and theory underlying programming language implementation and
for synthesizing these results and those of others in their highly
influential books, which educated generations of computer
scientists. Aho is the Lawrence Gussman Professor Emeritus of
Computer Science at Columbia University. Ullman is the Stanford
W. Ascherman Professor Emeritus of Computer Science at Stanford
University.

Computer software powers almost every piece of technology with
which we interact. Virtually every program running our world —
from those on our phones or in our cars to programs running on
giant server farms inside big web companies — is written by humans
in a higher-level programming language and then compiled into

21 | g

https://awards.acm.org/about/2020-turing
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Instructor{Fik i

8+, 2011-2017, University of Pittsburgh
4+, 2007 -2011, PHILTOL K

BI2%, 2020.10-4%
2025.03-%>, on leave

T AW/ 5, 2017.08 — 2020.09

AKA SYS U I e N dm PR AL llel :‘53 U=

THEHUAR G o T

AR Guik R H/SLES (21-258)

Akl TFEME RS (220

WA SdatBEHUR R (21-23)
22

“EREAS N http://sdes.svsu.edu.cn/content/5592
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http://sdcs.sysu.edu.cn/content/5592

arcSYSu La b[a rcsysu.tech]

ARChitecture and SYStem Upscalmg @ SYSU

p R
JOIN THE ARCSYSU LAB!
| ARCSYSU | frtivarnt oo |
Architecture Research led by Xianwei (ARX)

» Led by Associate Professor Xianwei Zhang, L
School of Computer Science & Engineering. We / % \
focus on advancing COMPUTER ARCHITECTURE, . 53
COMPILATION, and RUNTIME SYSTEMS for W, W
high-performance and intelligent computing. > ™"

High-spesd

* Our Mission: Design speedy, scalable and smart (S3)
systems for next-generation computational paradigms.

" FOR PASSIONATE  RESEARCH & COLLABORATION:
RESEARCHERS‘ ( .Sa’ft%f ln-tve’r;;cﬁmcao Res&rchncgl-[e?xf% T 2
. PhD /Ms / PosTpOCS / UNDERGRADS .| | X directed by Prof. ‘;ut 4 Lu & Prof. Nong Xiao.
y it 9 HPC+AI
- Wt:k cIo:eL{}Nith teams on HPC+AIl design PR
and applications.
H'“ESERF&R"“"CE ' Cg';{’,’,‘;%m" | 'EJS%E}%‘#J * Supported by National Key R&D Program, NsFC ¥4 €3
QR TENCENT®, HUAWEI™, PHYTIUM™
¢ Passionate PHD/MS STUDENTS
NTELLIGENT e POSTDOCTORAL RESEARCHERS

OMPUTING .

e MOTIVATED UNDERGRADUATES
EXPLORE FRONTIERS OF COMPUTING!

D)

UM READY TO ADVANCE COMPUTING? EI

‘v ) E
APPLY NOW! T T
@?@gmﬂo Visit: bit.ly/arcSYSu-recruit 5
o (or refer to FAQs for more details) o

—ARX— g
Nammmme———— SUN YAT-SEN UNIVERSITY \— (2) o

(@) T X% 23 w#ﬂ !
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ime/Location[ifn] 224

« SRPERIE (3%4), S4%MT)
- R 1-17/4
o fil—: 1-9J4, %7/877 (16:30-18:10)
o JA=: 1-17/, #%3/477 (10:10-11:50)
- MR UK D402

o RPEERFESEES (1229, 36%HD)
- HER: 1-17/8
o fi=: 1-17/8, %9/107 (19:00-20:40)

- Hh A5, s2I6H . D501

i \
() F % % 25
\ N U >4 SUN YAT-SEN UNIVERSITY
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Slides/Office Hours[ig 4 & 2 5k

() “%443 25 yatcc-ai.com
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o URJEECRAT A&
- E . https://yatcc-ai.com/teach/s2026.html
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Grading[% & brifE]

. SRR B o« Hip
\ - FEALR A
2 ,1[4,2%_‘ 0 _ H ) P
WEZY5 (15%) - 544 el Mk o B AR
- RN (25%) -5IREEA, #Hik — FEALR 7]
AR (60%) - 1% o FHL:
IRTH e - B
R o En
- S5 (10%) - %3], 4% o SZIY
- Project 1 (15%) - Lexical Analysis - M ANTER
— Project 2 (15%) - Syntax/Semantic Analysis . ﬁé@jy%
{ yntaxfsen L T
- Project 3 (25%) - IR Generation o fEPEE
- Project 4 (30%) - Code Optimization - D E ARSI

: . o A W 4
= Project5 (5%) - Code Generation |




Schedule-Lec[# it 224

Lexical: source code = tokens
— RE, NFA, DFA, ...

Syntax: tokens - AST or parse tree
- CFG, LL(1), LALR(1), ...

Semantic: AST - AST + symbol table
- SDD, SDT, typing, scoping, ...

Int. Code Generation: AST - IR
— TAC, offset, CodeGen, ...

Optimization: IR - (optimized) IR
- BB, CFG, DAG, ...

Code Generation: IR = Instructions

— Instruction, register, stack, ...
) L EEE. 28

/' SUN YAT-SEN UNIVERSITY
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“._Syntax Tree

Source Code
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Syntax Analysis
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Semantic Analysis
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Code Generation
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A 4

Optimization
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= LLT'R i<LLM4Compiling> -YM-IR i
. | EEER : |
REER | P | WEELH |
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Compiler

* A compiler is system software

— System software provides platforms for other software

* The elephant in the room

— People are always use the compiler, but very few are paying much attention

CPU 1/0 : RAM

The Elephant in the Room

High level language



https://clang.llvm.org/
https://clang.llvm.org/get_started.html

Compiler History4mi% 25 i) & &

* Compiler origins

- 1952: A-0O, term ‘compiler’ (Grace Hopper) \
— 1957: FORTRAN, first commercial compiler (John Backus) ~—
— 1962: LISP, self-hosting and GC (Tim Hart and Mike Levin)

— 1984: GNU Compiler Collection (Stallman)

- 2000: LLVM (Vikram Adve and Chris Lattner)
— 2026: CCC — Claude's C Compiler (Anthropic)

* Turing awards (see link)
— Compiler: 1966, 1987, 2006, 2020
— Programming Language: 1972, 1974, 1977-1981, 1984, 2001, 2003, 2005, 2008

* Compilers today
— Modern compilers are complex (gcc has 7M+ LOC)
— There is still a lot of compiler research (LLVM, Pytorch, TVM, ...)

N\ & Th&re are emerging compiler developg&ents in industry ‘
(@) T ;m'ﬂ'



https://www.britannica.com/topic/Turing-Award

Why Compiler? ot 4 Bag S g% 2 |

s WEIAS—EHERER
- HT ISR GEFHGPU. AN 2RSS
- HTHIFEFES (Rusts Go%s)
- TN R (ML, 10TE8)
. TGRSR S AR
- BRI IFE T/ RGO I AR
- MR EYOE S N B E AT L

o $EEg S MR FEE 73 R4 1FaR
- BRI F R B AR ) O PyTorch

- REBWTIESHFSARMER
- RPOEF K B SO AR EREE A
- BE L BANE S EMKHIE

o B AT RE AN H A g B RO P I DT ]
(%) %u::ﬂu? 33
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What is Compilation?[f+4 &4 %2 |

- RAESHEER, HiIFEN R#E#Fo/1
- HARIES B "This is a sentence” = “iX & —/NE)F”
- HEHLE S #PE: WRER > BirtEF
- AR N R B TER RO, B 2H BN AH B4

* NEESEAARKISEITT A

- ”F:ﬁ_‘ }%}" -‘Lg‘ g ﬁﬁ /fE)EH gﬁ-‘[’% Application
o C, C++ Compiler /Libraries of macros and procedures SOFTWARE
Operating system
- ”Ell_j é&” -‘['HI% % ﬁ%@ %ﬁﬁ;%‘%‘l‘i Instruction set (ISA) COMPUTER
O Pyt h on, R u by Computer System Organization RCHITECTURE
Circuits (implementation of hardware functions) HARDWARE
- ﬁ ‘[éb /fi )EH \]ll:zlljé[\ El,(J 7‘5‘ :T:Q Semiconductor physics l

o Java: w1 + BIET Wi (JIT, Just-in-Time)

Compiler
vler_, T

Interpreter

Python

Wy -



C Compilation[CiE = % i%]

« JEFEFF (hello.c) > W4T LA (./hello) ¢ € g hello.c-o hello

- THAL R BL (preprocessor)

o ILATRRET, BIFZERE L, ARSI [ — N CUAR T
- IFEM B (compiler)

o SCHERIEA.SSCAE VL 4aARAG]
- LM B (assembler)

o SN o] EEAIXT A (relocatable object) U [HL28TE 2]
- BB (linker/loader)

R EACIS T AE B AT $UAT (executable) 044 WL%&T

#include Preprocessed _ _ Object

. : source [ —y  files 'Executable ECECEECS
et - | - I | | bf do 85 40 06
printf( - i _Dl+ _. D e8 d5 fe ff ff
' 5 E b8 00 00 00 00
return 0; | | 5d
fPreprocessor I Compiler | Linker ! c3
\ J !

clang -E hello.c -o hello.i clang -emit-llvm hello.i -S -o hello.ll

clang -S hello.ll -o hello.s 4
clang -c hello.s -o hello.o clang hello.o -o hello Wy "ﬂ i




C Compilation[CiE = % i%]

« JEFEFF (hello.c) > W4T LA (./hello) ¢ € g hello.c-o hello
- THAL R BL (preprocessor)
o JLERRET, RIFFEE S, AR [ — N CUAR A
- IFEM B (compiler)
o ORI, sSOAFE [T gnARA]
- LM B (assembler)
o SN o] EEAIXT A (relocatable object) U [HL28TE 2]
- BB (linker/loader)
o EREARM AT HAT (executable) XA [HL2sE 2]

Lead: Toby

Guodong

#1nclude

‘Executable |RERCENES
“ bf do 05 40 00

C source =
main() i an & Chaitu

v s
printf( \n");

N . Laiesnn N ] ol
clang -E hello.c -o hello.i clang -emit-llvm hello.i -S -o hello.ll

e d5 fe ff ff
b8 00 0O 0O 00

5d
c3

clang -S hello.ll -o hello.s 4
clang -c hello.s -o hello.o clang hello.o -o hello Fi;ﬂ




C Compilation[CiE = % i%]

« JEFEFF (hello.c) > W4T LA (./hello) ¢ € g hello.c-o hello

~ TALFEH B (preprocessor)

o LA, BHEEN, FRCH [ — N CUAR S
- iFEMT B (compiler)

o SCHERIEA.SSCAE VL 4aARAG]
- LM B (assembler)

o SN oR EENMXT S (relocatable object) U4 [HlL#54E 2]
- EHEW B (linker/loader)

R AR M AE AT $04T (executable) A WL%%?ET/?\]

#include Preprocessed _ _ Object | 5
source [ y files 'Executable ECECEECS
: bf do 05 40 00

main( )

— o .
¢ printf( \n"); .,_.- e - e8 d5 fe ff ff
' : I I i b8 0O 0O 00 00
return 0 : :

: : 5d
fPreprocessor I Compiler | Linker ! c3

clang -E hello.c -o hello.i clang -emit-llvm hello.i -S -o hello.ll

clang -S hello.ll -o hello.s 4
clang -c hello.s -o hello.o clang hello.o -o hello Wy "ﬂ i




C Compilation (cont.)

* Preprocessing: Ji 3 AF> b3 f5 s A
Compiling: A3 J5 ¥R S I gw AR SO
Assembling: VL gwm AU S > H AR U /ML T8 2 S

Source Code — / Source Code
a.c b.c

Linking: H 53X T $AT 34 f /\ .

s (cpp)
RIFEEIESR (cop)
Sourse Code
hello.c : + +
Prepressing Preprocessed Compliation Cicn
|:|' - [:: -2 ; pilation
(cpp) (cc) Con(»:élca)tlon s

[ ———
Header Files +
stdio.h ’
Assembly
Object File Assembly Assembly Assembly (as)
< fas) <4 (as) |
+ / Library \ +

libcacrttio |

Static Librar Q Object File =il Object File
libc.a a0 x : b.o v
::> Linking IZD- Executable g ! >
{ld) a.out \ Linking /

(id)

v

Executable
a.out

FEA: 1 H FR 555

36
P R B ARAE T — BEE. ReEE, H2E




Example

void main() {
int;

inta,;
int b, c;

}
* Sclang -o test test.c

e Svim test.c

test.c:1:1: warning: return type of 'main' is not 'int' [-Wmain-return-typel
void main() {

A

test.c:1:1: note: change return type to 'int'

void main() {

LT Tre

int
test.c:2:3: warning: declaration does not declare anything [-Wmissing-declaratio
ns]

int;

A

e

Itest.c:3:9: error: expected identifier or '('
I int a,;

‘) F X # 37 ok
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Example (cont.

test.cpp:6:22: error: expected'class name
. . i3 Child : blic B
#include <iostream> el R Pubiie Base 1
test.cpp:15:8: error: class member cannot be redeclared
void doSomething() {
test.cpp:9:8: note: previous definition is here
void doSomething() {

ng namespace std;

=
w
'—.i .
(@]

//Derived class _
class Chlld . DLibiiC Base { test.cpp:12:24: error: use of undeclared identifier 'y'

s x[5] = myInteger * y % z;
string mylInteger; A

test.cpp:19:26: error: invalid operands to binary expression ('void' and 'int')
return doSomething() + n;

void doSomething() { = i A
int X[] - {e, 1’ 2' 3’ 4}’. 4 errors generated.
int z = "a';
x[5] = myInteger *x y * z;

} test.cpp:6:27: error: expeEted class-name be'f;)re '{' token
6 | class Child : public Base {
| A
~test.cpp:15:8: error: 'void Child::doSomething()' cannot be overloaded with 'void Child::doSomething()'
15 | void doSomething() {

| PN s vt ot 1 i ot it e 0 90

test.cpp:9:8: note: previous declaration 'void Child::doSomething()'

void doSomething() {
}

9 | void doSomething() {
int getSum( int n) { test.cpp: In member function 'void Child::doSomething()':
R B . test.cpp:12:24: error: 'y' was not declared in this scope
return dosomethlng( ) + n; 12 | x[6] = myInteger * y * z;
I A
} test.cpp: In member function 'int Child::getSum(int)':
}. test.cpp:19:26: error: invalid operands of types 'veid' and 'int' to binary 'operator+'
! 19 | return doSomething() + n;
I . v - A~
| |
| void int

o~ il
()T ux® 38 | VLR



https://web.stanford.edu/class/archive/cs/cs143/cs143.1128/lectures/08/Slides08.pdf

Compilation Procedure gt 2]

o Bi¥E ()« XHEREE, 1
%ﬁ,@%%xmu,&ﬁﬁé

'J%/z*i A

l:l 1[_;\

Source Code

, l N
’
/
'
1

Lexical Analysis

- 1¥E M1 (Lexical Analysis) 1]

\Hﬁ‘r@

Token Stream}

— JEYEAMHT (Syntax Analysis) i Syntax Analysis (F/:‘:;Tyi'i‘sd>
DN . . > Syntax Tree] !
- 15 X 8T (Semantic Analysis) R Semantic Analyoi |
¢ EE% <2/—j:\‘/—‘\ /Zl‘l/zl\éj\*ﬁ % /EEEE-[’%X Intermediate ‘
e 3 Code Generation | | EXEH
J::\—"%'ﬁl\ﬂ:ﬁ EF? E]/j H *T%IF? R)
Optimization Back End

IR

\ 4

- HE IS A4 B (Intermediate Code Generation)
o Intermediate representation (IR) iﬂ?}ﬁ% |

Code Generation

(Synthesis)

- fUIE44k (Code Optimization) B #f

Target Code

~ BAHMULA AR (Code Generation) P AT

Source

Cada Frontand

Optimizer

39
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Lexical Analysis[ialiZ 4]

R, R AR

BN IR (token) soue s

- FN: JEREF, Hit: token/7 7| e nslyss
Token Stream],

— tokenﬁzj_‘—\‘: <%,F§%IJ, }%‘[‘iffﬁ> Syntax Analysis

Syntax Tree"

48

o RE T . HE. BHEAS

Semantic Analysis

— tokense BTG 1EVEFLN] 2 Syntax Tree)
Intermediate
o Ovar, Snum keyword(for) iz Code Generation
sym(() sym([) Ry
id(i) id(i) Optimization
sym(=) sym(]) IR]
num(.O) ?ym(z) Code Generation
sym(;) id(x) T
for (1=10; 1 ; id(i) sym(*)
arr[i1] = x * 5; sym(<) num(s) Target Code
num(10) symbol(;)
sym(;)
id(i)
sym(++)

sym()) 40 Diide




Syntax Analysis[iEig: ]

o FENTIRFE 7% B Ftoken 741, AE BEVE 4y
PT45H) (syntax tree, 1BVE 43 HTHT) sours coc
- iﬁA E‘lﬁ‘w}ﬁ, iﬁﬁﬂj- i%‘]f?[‘}j‘ Lexical Analysis

Token Stream|

- iﬁk%%f?%@f%é\iﬂg ‘]ﬁinﬁ HLll ? Syntax Analysis

Syntax Tree"

*
+
o X Semantic Analysis

o a+=5: Syntax Tree‘

y

Intermediate
Code Generation

IR"
b ..
/’%, o), Optimization
Q IR"
e 1, : ++ expr Code Generation
for (1 = 0; 1 ; l /\ ‘
arr[1] = x * 5; i i i ] * Target Code
arr i X 5

(&) Tux % 41 WK
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Semantic Analysis[if X4 #r]

o BTIERG Rt — P HriE X

_ Z'_Fﬁ‘ﬁ]\ i%ﬁfjl‘}j‘, iﬁ‘ﬁ,‘:lj . i%if*}j}fq—%i% Sourci Code
- IWERRFFR B S B (type, scopeds) k Lexical Analysis
Token Stream]
- iﬁ‘ﬁ)\ﬁ}?%%?ﬁ{é\i Y&l ? Syntax Analysis
I EL —= . g Syntax Tree"
. }EE*F‘ Eﬁ El] 1'§ﬁﬁ ’ EEF Eﬁ Semantic Analysis
o intx;y=x(3); Syntax Tree)

Intermediate
Code Generation

IR"
% boo’y Optimization
/‘(‘g IR"
e 1, : ++ expr Code Generation
for (1 = 0; 1 ;1 \ /\ ‘
arr[1] = x * 5; i i i * Target Code
arr i X 5
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Intermediate Code[Ha{tis4E k)

» WILRIVE, AR RREED TYRAE e B TR 2RO

( |R ) Source Code
|
_ iﬁﬁA i«%ﬁiﬂj‘y iﬁ—ﬁﬁ IR Lexical Analysis
Token Stream]
- FNEM HARME S IR, 5 TR AR RS Syntax Analysis

Iy_l_]n %U{ifﬂ%%{jﬁ,ﬂzﬁ?ﬁ Syntax Tree|

Semantic Analysis

- IRFER: 1 =HuhkrS (TAC) Syntax Tree|

Intermediate
Code Generation

y

i:=0 IRV

loop: Optimization
tl:=x*5 IR
t2 := &arr . .

. _ Code Generation
t3 := sizeof(int) |
for (1=0; 1 : t4:=t3 *i
arr[i1] = x * 5; t5 =12 + t4 Target Code

*t5 :=t1
i=i+1

ifi <10 goto loop
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Code Optimization[fCrg k]

o AR Ferp [ AR FLEEAE (lan, ALHD
. PERERE &L AR R D)
- fioN: IR, Fath:  (PUABED IR
- Mlgs 5k (machine independent)
- fltn. BN EEEEIFMER, EEERER R,

M E A=
i:=0
loop:
tl:=x*5
— t2 := &arr
main( ) . .
{ B —t3==—sizeoffint)
art t4 :=t3 *i
for (1 =0; 1 ;1 t5:=t2+t4
arrli] = x* 5; *t5 := t1
i=i+1

ifi <10 goto loop
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Source Code

!

Lexical Analysis

Token Stream|

Syntax Analysis

Syntax Tree"

Semantic Analysis

Syntax Tree
\ 4

Intermediate
Code Generation
IR

A 4

Optimization
IR
A 4

Code Generation

v

Target Code
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arget Code[H #rfRAi% A k]

« NP LA A B Ceg, TG

- B

14:
17:
19:
1c:
le:
21:
23:
27:
2b:

2f:

o 40:

8b 55 f8

89 d0
cle002
01c2

8b 45 fc

48 98

89 54 85 d0
83 45 fc 01
83 7d fc 09
7e e3

CRACHDD IR, Farth:  H A CHY
- A AFar T AC: JCE IV A

- FRIER: HENLERTE 2 SEULIRERE
- BE—BHIHLER AT R

mov
mov
shi
add
mov
cltq
mov
addl
cmpl
jle

A MDA

main( )

-0x8(%rbp),%edx
%edx,%eax
S0x2,%eax
%eax,%edx
-0x4(%rbp),%eax

%edx,-0x30(%rbp,%rax,4)
SO0x1,-0x4(%rbp)
S0x9,-0x4(%rbp)
14 <main+0x14>

// edx = x

// eax = x

// eax =(x<<2)

// edx = (x << 2) +x
// eax =i

// arr[i] = 5x
/] i++
//i<=9

// loop end?

Source Code

!

Lexical Analysis

Token Stream|

Syntax Analysis

Syntax Tree"
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A 4
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