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| have always enjoyed teaching the compilers . Compilers

Principles, Techniques, & Tools

(‘ Second Edition
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course. Compiler design is a beautiful
marriage of theory and practice -- it is one of
the first major areas of systems programming
for which a strong theoretical foundation has
developed that is now routinely used in

practice. =5 -
Alfred V. Aho

Jeffrey D. Ullman
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Course Syllabus

1. Semantic

1. Lexical
Analysmil IR

Analysis

S
2. Control flow 3.Dataflow__ 4, Static Single-Assignment Form
Analysis Analysis
/ s

Allas Analysis 6. Dependence Analysis

1. Introduction /

7. LLVM/GCC Internal ___ 8. Advanced Loop Optimizations
C S

8. Register Allocation

1. Parsing

9. Instruction
Schedule

I —
10. Parallel Compiler and AI Compiler

11. Heterogeneous Computing, LLanguages and Compiler
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Course Iakia

1. Lexical
Analysns

P GCC framework
2.C 111 3. Datafl
/ A{;Jnfltllx;f(;ls = Ariltf:l} & % 'LI:I = g:lz £

1. Parsing-

Front End Middle End Back End

GENERIC GIMPLE ﬂ —-w
- — ._ —— o — — . a— —
4 open source e
1. Introduction S Allas Analysis p |F":;:°hﬁfl§ o Dp?:-':i_zer

Generation

T |
i s MHZ e ||
|

7. LLVM/GCC Internal | |Optimizer
- ¢ GIMPLEBEN — HBLEMH - 7\ =
8. Register Allc " E E{J e R

10. Parallel |Comp; N4 T ﬁ GCC
11. Heterogeneous ' & @_ﬁgjﬂ] E&%ﬁt{’hﬁ%

_
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Course Ia
Labs
L ksﬂ;z!s 1 Parsing
B GCC framework .
2, (ontrol flow 3. Datafl ' F CUDA Compiler Language and Compilers
Analysis Analy & % -‘LHEI". = zilz élx
e ¢ LLVM I2LLVM
Wt — | Alins Analysis ¥ open source LUl e,

¢ Open source

7. LIVM/GCC Tnternal ¢ BT H i1
. N 'C Interna
; 4 GIMPLEE ¥ —4 "
8. Register Allc e B ¢ M GPULIEFF 1A B
& SZHE H =
10. Parallel |Comp; N4 T ﬁGCC ; JU%‘:I: H(JIEI =
11. Heterogeneous | & Eﬁgjﬂ] E&%ﬁt’“ﬁﬁ:%
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» TFENRIZSRARPIEIC LS S SRITFESE
» ACM BRI

> TRV AR FH R H R AIRIER

» EFIRINES. ?ﬁ *E%E’Ji%a'%% xZH

Analysis of Algorithms A.I‘tif'l(.?ial I[ltelllgence i ithms
Computational Complexity Comet "[’ “l"“‘“" € m
omputer Hare 1
" & I
Cryptography .. ACM
Interactive Computing Internet Comr 5 AM. TURING AWARD
Numerical Methods UI| ¢t Oriented Progranmuming Operating Systems Pers mIL ymputing ;
Program Verification Programming é
»of Construetion Software
Plogrammmg Languages Theory Software Enginering
Verification of Hardware and Software Models Computer Systems Machine Learning

Parallel Computation

http://amturing.acm.org/bysubject.cfm
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Alan J. Perlis

Alan J. Perlis (1966) -- ALGOL

Edsger Wybe Dijkstra (1972) -- ALGOL
Michael O. Rabin & Dana S. Scott (1976) --IEFEEBEDL
John W. Backus (1977) -- FORTRAN

Kenneth Eugene Iverson (1979) -- APLiEFFES

Niklaus Wirth (1984) -- PASCAL

John Cocke (1987) -- RISC & #@iF{iiit
O. Dahl, K.Nygaard (2001) -- Simulai5 Sl
Alan Kay(2003) -- SmallTalkiZESHIERXN ST
Peter Naur(2005) -- ALGOL6OLAR: miEizit
Frances E. Allen(2006)-- {fifv4m%2s
Barbara Liskov(2008)--J@fE1E SMHIES IR LN

John Cocke ‘Dana S. Scott Michael ©. Rabin

NiklausWirth  ponaid E. Knuth  BarbaraLiskov FrancesE. Allen Peter Naur Alan Kay
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» 19658 HHKnuthi2H
» L. WAEEIRHEEEAS
» R: BT TR

IFRERRB M

» 1976FER3L: For their joint
paper "Finite Automata and
Their Decision Problem,"
which introduced the idea of
nondeterministic  machines,
which has proved to be an| =
enormously valuable concept. [~ **
Their (Scott & Rabin) classic ===
paper has been a continuous
source of inspiration for -
subsequent work in this field. l ;

For his major contributions to the
analysis of algorithms and the design of
programming languages, and in
particular for his contributions to "the art
of computer programming” through his
well-known books in a continuous series
Donald Ervin Knuth (DY this title.

Michael O. Rabin Dana S. Scott
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JOHN COCKE 3 > E EESEIL, AR

CITATION

For significant contributions in the design and theory of compilers, the
architecture of large systems and the development of reduced instruction
set computers (RISC); for discovering and systematizing many
fundamental transformations now used in optimizing compilers including OF

reduction of operator strength, elimination of common subexpressions, OPTIMIZING

register allocation, constant propagation, and dead code elimination. .
nce TRANSFORMATIONS

).

A
CATALOGUE

John Cocke
1987

FRANCES ("FRAN") ELIZABETH ALLEN £

United States — 2006

Frances E. Allen

John Cocke
IBM Thomas J. Watson Research Center

CITATIC}I‘:I . ‘ ) Yorktown Heights
For pioneering contributions to the theory and practice of optimizing
compiler techniques that laid the foundation for modern optimizing Thomas J. Watson IBM Research Center. Research Division, F. E.

FrancesE.Allen | compilers and automatic parallel execution. press release 4 FrancesE.Allen  Allen, and J. Cocke. A catalogue of optimizing transformations. 1971. 3
2006 2006
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BHETGAE|(DAG)

» BEE|(Directed Graph)
» BEIA: n—n,
> BUIK: nix%njﬁgﬁﬁgg
>k RSN

B> i@ﬂ% n{—>N,, Nro—>N3,..., N.1—>N;

> NS ny=ny

» BRFZFAE](Directed Acyclic Graph, &R
DAG)
> IRBIRE
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» 5[E (Directed Graph) > BIMERUI—ImRFTEREISEARE, FTzErE&RZ
S BT TR A
B > BRI —E R EIRE, SRR aRER
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>INRZEI T2 18, 201

DAGILILEIX

1REURY FE

2EHENE

(1) ANEENODEB)IRCHEEMIMES, WiE23); N f;sam
E ;:|-I_] >IN LT R2EY, MMNENODEQEEY, | (2) M1ENODE(B)FINODE(C/EBRITCHEEAIMEN ME
'Lb E s —tRc A CAIMEESHE Y NODE(Q) AN .)Eu £3(2)
e & (ID52(2). m— NSENODNB

. MUHERE. 21ERNO
\LEE"]DT‘?E "—"ln FENODE(P)

DAGHIH 75 o

A B op C (BP&HERM S15FRINETEECHP, R DE(B

= s NODE(C)24MEHpi kAT FmtaiS i emE s, WlEE.

BEFAE (DAG) o RNODEEEY, Tt PresotEt i,
> EDAGEEIIFRCAIMINEE A:=Bop C

NODE(P)=n,
] /
TR AT ERIA
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> IEIE’JD'I'A:,. WA—IRRTTEVEEUEY
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» BIEK: n2nBYRIEK rdll 4. B TERNE B ? P (2) BEDACPRBES 12, HAEAHNODEE),
AUz . NixE ] AUz E%‘HRTH}: PEE R AT ERAVEY HNENODEA)FEEN, MBAMINEE SN EH EF*&;‘JNODE Eﬁnﬁhop Eﬂﬁﬁi:?lﬁﬁ_ﬁc
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» HERREG TeX, LaTeX

of Computer

Programming
Lexical scanning

Parsing techniqu ﬁ

Context-Free Languages e
Compiler Technigues Knut

BRI

» HERREX(E TeX, LaTeX

Donald Ervin Knuth

_ b+~ —4ac
2a

The quadratic formula is ${-b\pm\sqrt{b"2-4ac} \over {2a}}$

The quadratic formula is
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> HERREX G TeX, LaTeX

Donald Ervin Knuth

_b++b? —dac
2

The quadratic formula is ${-b\pm\sqrt{b*2-4ac} \over {2a}}$

The quadratic formulais
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E subn .val E sub n sub 1.val
The quadratic E - val E - val *‘.%Eht
J v

The quadratic for B
Sps
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BBERNTE
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> HERRER{SF TeX, P
- f_\E EIJ SR, M i/ N
B > IR TSR BMSO A
E sub n .val FER B E
S—B E'Ets :=E1;(|)1t E sub n .val
The quadratl( E val BB.B, B1 S l
i ps :=B.ps
B o max(B,.ht, B,.ht) -
B—B, sub B, B pS : —Bhps - E — val iht
gi=shnk(Bps) | = T+
zhr’? :=disp(B th) ht) 'E]
B—text B.ht :=text.h >< B.ps

o
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EL SN g mose. -
*ﬁ 1: I\,'leuﬁl *ﬁ* EQ|\ FER BN A
1|:| = ;Egﬁxj@—t S—B B.ps :=10
> HERRAR{H TeX. . calanltar S.ht :=B.ht
- I . St S — — =
R > RBEBAFHHTAERY ¢ 5osi0)s R
_ Ps:= SR max(B,.ht, B,.ht)
E sub n .val FRER V& SR {S.ht:=B.ht } B—B, sub B, B,.ps :=B.ps
S—B B.ps :=10 B — {B,.ps:=B.ps} B, B,.ps :=shrink(B.ps)
| Shf i A B°ht :=disp(B.ht,B,.ht)
The quadratic E ] e e B B—text B.ht :=text.h X B.ps
n— B—B,B, B1 ps :=B.ps { B.ht:=max(B,.ht,B,.ht) }
B, ps =B B (B,ps=Bps}B 1. PSRN SRR I
. .= e S AT S LARIATEDE R B SR
H-EgeiiEy BfrrEm T 2, ARG RN S
ps :=shrin { By.ps:=shrink(B.ps) } B, |z=ami
2h t :=disp(B . e
B_>text B ht ‘=text h {Bht=d|5p(B1ht,Bth)} 3. #ETELHE——-—-—E?H@JTDETEER
— ~ B— text {B.ht:=text.hxB.ps} |BEEMS|RIMERIEENTELX
R REHE
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Camputer Science

S A\ N~ 1167 courses
= % / Artificial Intelligence  Algorithrmis and Data Structures

Internet of Things Information Technology
Cybersecurity Computer Networking
Machine Learning DevOps Deep Learning

 KHEEETFHRR(MOOC SR EREE

ZLASS CENTRAL

Data Science
LLASS CENTRAL
4&0 courses
12k
L Bicinformatics BigData Data Mining Data Analysis
10k § Data Visualization
5
gk &
L
: | 101M 11.4k
6k _.E ®
i 2 Students Universities Courses Programming
916 courses
2k Maobile Development Web Development Databases
By the Numbers: MOOCs in 2018 Android Development i05 Development
0 '—D'-| Game Development Programming Languages
2012 2013 2014 2015 2016 2017 2018 201 Software Development

By the Numbers: MOOCstmr=zomo
https://www.classcentral.com/report/moocs-stats-and-trends-2018/
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https://www.icourse163.org/course/NUDT-1003101005
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s IR ZHYZAZA E & fEFollowsEA 5 e ? ll PROCEDURE E';
, A. 5|a)5% IF SYM= '+ THEN
- FIRESLISIRESChTRIE B. s8%5(5J5R BEGIN
» BT > SGEG(E): ABKARE
s oA E-TE '
° -L:F1E%g)(ﬁ% Er_;,,_l_TEr | e
T=E1 LOW(E")={), #}
T—*FT" | ¢
F—(E) | i E E';
PRI & Mts  EeBl > XA 'HEN
a8 17 GO 45.95% PROCEDURE E:
BEGIN
peZ=]11=1101 20 = 54.05% T F END
. ELSE IF SYM<>%# AND SYM<>')’
SEERES AR 37 END; THEN ERROR
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