Y iE JRIE

Compilers Principles
Compiling Techniques
Programming Languages Design and Implementation



ERER

EREUN: FRE

H

B RKC

BHlZF[RT

J

A

IHRI1S#1443N

(lisujian@pku.edu.cn)
W SSER


mailto:zhudawei@pku.edu.cn

« BHFRH
« REEARE



25 g

o« _iRBT[E]:

» LiRMn
‘LMﬂﬁ:
« F3H:
« ZI kS :

HE

B — E43-475

Blf E43-47%
5110
=R N~

B

IREHREHRE(EL+

&S HE)

1 X 2+ _E A

SRR
X5



SZ A

. Qﬁf%ﬁﬁﬂi; BiEAXFEL A KEE,
MZ FigE, 20055

c IFEFEITRIE JtRKE

W FwmE, 1986%F
e BRABE XIEME BEFIZITHES RIFRE

E|fp

I

HER#t, 20004

thihlgst, #t




TR

Alfred V. Aho, Monica S. Lam, Ravi Sethi, Jeffrey D. Ullman, Compilers: Principles,
Techniques, &Tools (2nd Edition), Addison-Wesley, 2007.

FIEERRSAREFM .  (RiERE(FE20)) BELEFE, UMl G R4,
20009.

CHINA-PUB.COM CHINA-PUB.COM

[ £+ ) Andrew Appel, Modern Compiler Implementation in Java
(2nd Edition), Cambridge University Press, 2002

(RERE) IR BE, LT KFHAKREE, 20084,




EYEARES

» ZRWFENERIER
— SRR, 5EF
» ZEERRmIFRAR
— AT ENZREN. BRESNM

— ERXRRICE
- BIRE_EAMBTNE TAEA T
— BERBRIFERLEA

o+ TRRIRIFEIE LRI R G RIS (SEER)



F I RIRIENENX

« Alfred V. Aho [ZBEE]: “wEmERIVIREIE
MEAREE+SEEBHNENX, UETESMNIT
B RS RIS ES, A+ EEmE
*% RERE. ”

. WﬁTMEi”ﬂ“'Eﬁt%ﬁ%”%
Qj—tlll_l_ﬁlf (ll_. TON A H/Z-E)

« MA: XAgIESE. B3R, BERA. E
gamw@ = B3R

- AENA T NERERETRESS




HFEK(1/2)

« ZIRWIFRG—HRILERIE
« ZIRMFARAGRERIINEA
- BAKR—LHMET R




HFEXK(2/2)
CIRE. R R, AEWH, BESS

« fRll: —FEENEIRIITERK

it HEMRNREER, TRIEEIE
B

. SH: BANTHIZESN




B—E
BE

§E__E§

FRHE
FRE
BEtE
FIN\E

RRAR

YmERE AR
PL/04wIEFEFRUSCIN
i/%*uln =]

Uﬂﬁiﬁitﬁ

Jﬁl o] i %ﬁ*ﬁﬁ%

J KB LR gthBE
LR #7535

B EHI S EEM IR AE R




/e R TR

- HHARERRIHES
. HARGIEIER

. RS RREIE IL
- REHAT G TR

Jl €A




EFRITES: AREEHENIEFIIES.

‘& FEXRIES  Fortran,Pascal,C
PERERIEE  Lisp

" B RIES Prolog
ﬁ}ii W RRIBEE C++




%‘E -l'_l-l‘I:I =

- NEEs: EERVTEIREB IR ZHHIK
FESRMEIEFIIES FHI e SN
528 B

A

AI

- 1+ 3 F7-J9 10000001 00000001 00000011

° }EJKH,J-L-l_E—*ﬂJIZII:I! NEEZFEM AT LLE
?z%}fit‘l'ﬁﬂﬂﬁﬁﬁlﬂ Jo XA EIRY T EHLAE A

BAEIRVEEIES -

s 155 ITIEER, BEREREFIEEKX, &

K FHRAHFE, BEUME, ~5BE.




%‘E -l'_l-l‘I:I =

° /Eéﬁ]’l:“:l- 2* jj"f‘zf%ll:llzl ’ﬁjﬂ.:: E%—_—
XF R, RERENICIC IR GEFS (IBS
H)Jlﬂfif) 5E1Jc5§$ﬂﬁi'.1n = 155 P RYER1ERD,
M S R B IR ?E‘ e E’Liﬂliﬂ:
MEREHIESHALEIES, BLHEd%h
SEFIRALRIES IRER=ERF-

- X, YPHIRZEHEM FHRA ADDXY

M%$ E&ﬂ”ﬂ%hmhr IR E &Y
ERIEIESIEFR A BT

S tl:M“‘mEZEyL, «’&‘%ﬂﬁgf\ﬂiﬂ'rz, EE
%%MQMM 1ITHE S, BEAMMBEMER




*E ﬂjncl

SRS : SREEMITEIEHTX, HRIA
E_UERL_ RIBS MBFIES, %“Aﬂ]&
SFHER.

. RAEBTFHEAROBESR: x=1+3

Y MY TEARTEYEGS, EFA%ES
AN 5 {E, R A AR AT, FEiTEA
Mﬁzm,m%Lﬁ%whfﬁw& FrRiES
EF, AFEZRTERIEFAERE, 31T,
FJ18) 5 == [ 3 R L3R -
BIEEBORITHISRIES B: Visual C,
Visual Basic, Java, FoxPro, Pascal, Lisp,
CobolZF.




EFITIESAR

BINES F2oAIET BINES BAMES

MemEs  rmmes | WARAMK RSN
| I:I —_— (| I:l —_— ‘I'I:I = —_— ‘[«I:I =
00011101 MOV x, 2 C/C++ SQL
Java Postscript

&g EREE




RFIES vs. BMIES

« {RZZIES (Low level language)
— Ff, HleFias. LHRmES

- R SHRENISEEX, TS, BEAE2R. 8l
L. ZHHE

« SZIBS (High level language)
— Fortran. Pascal. C/C++., JavaiB=%f

- = AMREBERLEE, BEMRE. SAPEXR. 5
£ Z4iPF

ﬁ] T-“%%ln = éﬁﬂ b:l éﬁﬁiﬁ’ + 7]:)1‘7 F]b_J.EP:J}}lLf'j‘, VA
MBI —A “EIFAL R i T, #AAHH5EEH
MMBESFF, PLE T AT,

XATENFALSF, BARA “RiIFAESFT




bk 35 HZFIBES LRIES SRIES
BHRA | EE—ATLUR | ANAR A AR A
ABES
%_‘_E_IE AT EENIT T_I =L | IR, EmiE/ R
T . TEE TE E?zt
v A ES > M [E)4)]. 55 < H[E)[O)FR/FTHR
fﬁﬁmﬁ* >£%Wﬁ*‘éﬁﬁmﬁk
s g = VHUTIRER | >RITIEEIR | SHITREHEXTS
VIERAFE | PEBABRM | smEXEES
>S5RS | HMETIEFXE,
——t N ERAGE
i |KFaES, & 1&2&1.:“:., SNBEE, MEZ,

REH

=H




/e R TR

- FTARREFIRITES
s FoHmIFIERF

o« IRIFIIZMMmIFIZFRIE
s PRIFFRARFBRETERNND

Jl €A




&+ B %R

« B—PMURIERS (19525F)
— A-0 System on UNIVAC |
— mEE. Grace Murray Hopper
— XEEE LR (Captain)
— COBOLX%HRBA
— A& TAR1E “debug”
- F—TEMRmIFES (19575F)
— John Backus 4i5a FORTRANZRI%2S (IBM)
+ B—TERES BENRIFES (19625)
— Lisp4miEsg (MIT, Tim Hart and Mike Levin)

\Z o |
FaT







A RGIEIER

s IIXIEFRIIIEE: HEERIESERF

BEFMN EI’Jﬂfﬁéﬁln = 2o
« BREF—) WIFREF—)

¥ &E
AN a2

 IFEREF IR EN R EREARA

HBTT o

- NINgE LE, — 1 4miFi= -_’}'thE
ﬁEI)— I7= |=|)

|=| %]:.I-H:ﬁir—s lZEl:EI, ﬁl]ll:l =
P ERNIEFEIER T — ﬂ]ln =
ES) NFMTHIERF

FrAE

|1|:|

¥R



AT IE B — N RIERS ?

- EHlEEWLE, MAHIESXMEE—1THX
RS B dRI¥Es ?

o« BRIZHEWLEEREFERMIEES YRIARIF
o s
- BERYY

A= '1?(‘{'

i m 5 X8 = RImIERT,
eI I X1E S W5 X mIFE

o« BRI EEWLENFEEMIESRIARIERS
— Bootstrapping. : :



“m1¥as vs. fEREEs (1/5)

« #mi¥2E (Compiler) : 3 (ARBH) IR
EFEAR (HarEaY) ATRITIER,
2% T HYIL 32 (offline)

o fEFEZE (Interpreter) : EEEHRIEIEFRY
BRI TIERF, 2k _ERYIEFZE(online)
- NER BERRE, mMEERNITIREIZEFTE
EHZE
~ RSB EENRERFRITIEE, BEME
N T, HEMREEAE R




RIERS vs. BEFESS (2/5)

« IR

AR SNy T }ﬂﬁfﬁhﬁ)ﬁﬁb

MASEE W) [ RISl | ) SR

AR
. Err

BB




“miEsg vs. iR RS (3/5)

s REHIBESBERT & C—:
— Ymi¥s5: FORTRAN, COBOL, C, C++, Pascal,
PL/1

— #EFEES: Lisp, BASIC, APL, Perl, Python,
Smalltalk

o HMLPHABREXMFERXTHY
— e.g., Java, JVM(Just-in-time, JIT Compiler)




» KERERF, EZEZIEFH

YRiEas vs. fETESS (4/5)
HEHILR

KA

C: Iﬁﬁ/ns_%/ﬁ's RIS

grm ) mER | )RR

SR
MAEHE




RIEeS vs. BEFESS (5/5)

RIE RS fRIEES
.« L .« L
— PUTIRE R ~- SR
— GFE) — F&IREE
- ET#%E
o TRE - BRI
_ B - MITIRERBIS
- BB AABE - BRIV NEEARE
— BN ZRIERT(E] -iEQWMME%Tﬁ
b

:
- GRBZEE




/e R TR

- FTARREFIRITES
s FARmIFIEF

o PIFEIEMmIEIZF BV
s IFERARTETRNINDG

Jl €A




2K i il I
eg : BT HA TR

thequickbrownfoxjumpsoveralazydog
1.X 7 B9m]) Claly= i)

B (word) : HAMN E X ERE AR
the quick brown fox jumps over a
i A R Al 3

Alr

=
=

Ul

lazy dog
Jrial kil AR 4416




2 RHATFIBEEN GEEDH) oy

3

RO = T =N =N/ N

a.3g15  b.FIBERHK

the quick brown fox jumps over a lazy dog
min EiE FEHiE #Zia shE iE dZiE A A

& i A

*i& 818 =18
| | |
a)lFf

2022/2/22 32




» 3.hAlFRIE N, REIBXIEIR (GEXTHT)

X AR AR B ) 5 1

bk 1 — HU S R

o AIRIEQ)FLEHFIRIES IFL BT (d
X FAS R s s T B b 7 — R 0

. 5. AT

i) VML S

¢ 6-%@”%1

AEBRIRER AL —

2022/2/22

E1EX (

B (AL

FRICAS S

/

A

- YD

n B {XRD 4 RR)

33



L TIES O EL RN

* FiFsr NERELTE T 1T SRR A
frEz, EMNMITAEIRIZIERIE.
FXEM R B ARmFESRF— 1T
BMPAMERERN, REEN
IFEZEEFHEEHE—ERN, B
ENASE=IE A RIS HRIER
HmERY




11 FEHEIA

s IWIFTIERNENTIZZ

° 17 Z_E/\j-ﬁ'\ 1|:|/Z\ \1-)?\ 1%)4 \1-)?\
e REEE R REMEFIBE R
B A6 ER

. ’_/\Bﬁh%‘fﬂf RIEEIEMDELE
=iz




H bR Ry




RIS FE LA

- Mlz8E: 1T EVEEALRIES,
mn: BFEBEMFERI

-%w ﬁﬁ%ﬂ@wh FIZItIES (A
Ti8=) , #Hla0: HCIESmFERTEE

IIIII'



1EESHT (2o imaasams

o REMFHENA)F—HE, KENIEIE, FBER

Eé'ﬂE’J’iXﬂI’UEJEI’M’E ], ﬁ"ﬁ“éi@"sﬂ? F1TEY
=

« FEFEH: NEIE—ITEF—DEFRHIEAN
BIEF, Xﬂ"]liz/)_ EFRZESR #ﬁTEHmfﬂﬁj\
i, MmiRald—N 1215,

. BFEE: RET. G, S HRF
F,
.« {51

position := initial + rate * 60;



TSESHR (Bm AR

position := Initial + rate * 60;
25 7] S Y 25 {7{E
FRIREFL(id1) position
HA(E) =
FRIRFF2(id2) initial
S5 () +
FRIRFF3(id3) rate
BT () *

B 60

ER 47/t

YA 3




NXIin— 1NCiEFERFF®: inta;
a=a+t2;

IRSES R RIRER [E]:
=R i i HiRE
REBF int
FRIRTH(EER) a

B3 4/t

AT ;
FRRFF(EER) a
BR(R{E)
R (EER)
E&F(n)

E2

N o+ D

B3 4/

A 3




BRANIE
« 1A%t (lexical analysis or scanning)
--The stream of characters making up a
source program is read from left to right
and grouped into tokens,which are

sequences of characters that have a
collective meaning.

« EA717]---token
o {RBE=---reserved word

S AR
'f—

o« ¥RIRFF ---identifier(user-defined name)
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o 1E3E4rHR(syntax analysis or parsing)

The purpose of syntax analysis Is to determine the source
program’s phrase structure. This process 1s also called
parsing. The source program is parsed to check
whether i1t conforms to the source language’s syntax,

and to construct a suitable representation of its phrase
structure.

o JBIEN (FHESH)(parse tree or derivation tree)
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ik Program p();
Var rate:real:

procedure initial;

position :=initial + rate * 60
[* warning */;
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* Program p();

. Var rate:real;

. Var initial :real;

. Var position :real ;

. position ;= initial + rate * 60
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o & X 4 #r(semantic analysis)
The parsed program is further analyzed to
determine whether it conforms to the source

language’s contextual constraints: scope
rules, type rules

e.g.

o relate each applied occurrence of an

Identifier in the source program to the
corresponding declaration.
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Hh B){X A5 & [¥ (intermediate code generation)

This i1s where the intermediate representation
of the source program is created. We want
this representation to be easy to generate,
and easy to translate into the target program.
The representation can have a variety of
forms, but a common one is called three-
address code or 4- tuple code.
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Id1:=1d2 +1d3 * 10

(1)  (inttoreal 10 - 1)

2) ( * id3  tl t2 )

3) ( + id2  t2 t3 )

@ (= B3 - Qdl )
R =

(1) (* id3 100 t1 )
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X AL {1 (code optimization)

* Intermediate code optimization

The optimizer accepts input in the
Intermediate representation and output a
version still in the intermediate
representation. In this phase, the compiler
attempts to produce the smallest, fastest and
most efficient running result by applying
various techniques.

« Object code optimization
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MOV 1d3,R2
MUL #60.0,R2
MOV 1d2,R1
ADD R2,R1
MOV R1,id1
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553 (symbol table)

« Symbol table Is a data structure which iIs
employed to associate identifiers with their
attributes .

* An 1dentifier’s attribute consists of
Information relevant to contextual analysis,
and 1s obtained from the identifier’s
declaration.



iRz S5 40 T8

s WIEREFAES T ERMIZE R SIRIE
FFEITEIR
— A IR
— JBAIEIR
BN IR

- fIFEREFF MRS EEE (U, 1T,
5)) , FHEEBENIMHERRER

- HIEALIBRE T K/ N EHmIFIEFR
= F A — N EEIETR.




ta AL (error handling)(error
reporting and error recovery)

« The compiler should report the location of each
error,together with some explanation. The major
categories of compile-time error: syntax error, scope
error, type error.

 After detecting and reporting an error,the compiler
should attempt error recovery,means that the compiler
should try to get itself into a state where analysis of the

source program can continue as normally as possible.
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