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OtherLetter [A-DF-Za-df-z]

Letter {E} | {OtherLetter}
IntLit {Digit}+
%%
[ \t\n]+ { /* delete */
[Bb][Ee][Gg][1i][Nn] { minor=0; return(4);
[Ee][Nn][Dd] { minor=0; return(5);
[Rr][Ee][Aa][Dd] { minor=0; return(6);
[Ww][Rr][Ii][Tt][Ee] { minor=0; return(7);
{Letter}({Letter} | {Digit} | _)* { minor=0; return(1);
{IntLit} { minor=1; return(2);
({IntLit}[.]{IntLit})({E}[+-]?{IntLit})?  { minor=2; return(2);
NU[ANPND] | APNR)EN? { stripquotes();
minor=3; return(2);
\”([*\"\n] | \”\")*\n { stripquotes();
minor=0; return(3);
“7 { minor=0; return(8);
% { minor=0; return(9);

et { minor=0; return(10);
, { minor=0; return(11);
=" { minor=0; return(12);
“pr { minor=0; return(13);
“ { minor=0; return(14);
%%

/* Strip unwanted quotes from string in yytext; adjust yyleng. */
void stripquotes(void)

{
Int frompos, topos = 0, numquotes = 2;
for (frompos = 1; frompos < yyleng ; frompos++) {
yytext[topos++] = yytext[frompos];
if (yytext[frompos] == "’ && yytext[frompos+1] == ") {
frompos++;
numquotes++;
}
}
yyleng -= numquotes;
yytext[yyleng] = ‘\0’;
H

Figure 3.5 A Lex Definition for Extended Micro
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Implementation of Compilers

Instructor: Ye-In Chang (changyi@mail.cse.nsysu.edu.tw; 5k EZ > F5021)

Text book

1. Crafting a Compiler with C
Charles N. Fischer and Richard J. Leblanc, Jr.
The Benijamin/Cummings Publishing Company, 2005(F2%)

Reference

1. Compilers : Principles, Techniques and Tools

A. V. Aho, M. S. Lam, Ravi Sethi, and J. D. Ullman

Addison-Wesley Publishing Company, 2nd ed., 2006 (R 1E&E3).

2. System Software

L. L. Beck

Addison-Wesley Publishing Company, 3rd ed., 1997 (81E& ).
3. Lex & YACC HzEZRR

MES F

O’REILLY (GEFERZAR), 1999

Grading
Lab. 30%
Midterm 30%
Final 40%

Topics  (http://db.cse.nsysu.edu.tw/~changyi/slides/course.html)

(1) Introduction to Compiler
(2) Lexical Analysis

(3) Parsing, Grammar

(4) Semantic Analysis

(5) Code Optimization

(6) Storage Allocation

(7) Code Generation

(8) Lex and Yacc
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Figure 3.3. A non-deterministic machine equivalent to the
machine in figure 3.1.
(+]-]e ) (d+|d+.d*|d*.d+) = signed real number

Automation1 -5

=

h Input Symbols
o + — d £
S A A A
A B,C E
B B F
C D C

States D D F
E G E
®

G H
H H F
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transited to State B, not finial state.
Regular Grammar A->aB

2. State A, input a terminal symbol ‘a’ and is
transited to State B, Finial state.

Regular Grammar A->a,A->aB

3.State A is both an initial State and a Finial
State.

Regular Grammar A-> A

FSM - 47

AR B S IR E Uk

Example
G=<N,T,S,P>,
N={S,A,B,C},
T={0,1},
P={
S-> ), S->0, S->0A, S->1,S->1B,
A->0C, A->1C,

B->0C, B->1B, B->1,
C->0C, C->1C

}

FSM - 48
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i A
:% AR §'
n s ,B01—>(B1)01 —>(B1)101
G=<N,T, 2.,P>
N={(AB. 3 —>B1"01—>11"01
“vnS, 2 —1n*101 —1+01
T={0,1}
BP {1+01}={101,1101,11101,...}
P={ >—>A1,
A—BO0,
B—o1, 1
= @9, 9.0
! 0 1
(FSM)
FSM -5
"
- . M
5P B 2 B A4
T iii'?ﬂﬁé #Ei“]’).@z EERR
B
Type 0 |Unrestricted |Turing a—p,
grammar machine O#EA
o,Be(NUT)*
Type 1 |Context Linear V1072Y1BY2
sensitive bounded |yi,y26(NUT)*
Grammar automata |aeN, Be(NUT)*- A
length(a)< length(p)
Type 2 |Context free |Pushdown |A—B,
grammar automata BE(NUT)*- A
AeN
Type 3 |Regular Finite A—aB, A—Ba,
grammar automata |A—a, A—a,
or FSM A,BeN, A.BeN,
aeT, aeT,
(right-linear) | (left-linear) |




T#11:03 2H16H B=

LA X J

db.cse.nsysu.edu.tw &

~
>

80% @m )

2

A

S»ID:=-A;
A— - Pre E
Pre— - PreID : =
Pre—A\ -

Pre

A 4

4

A

7.(d)
State 0 1
D
S—-ID:=A: » S—ID- (1 =A;
11 5 3
E—E+P - S»ID:=A; - | SoID:=A- ;
12 10 6
+
P—ID - E—E+ - P + A—PreE -
P— - ID E—E - +P
D | p~-(a)
7
E—P -
Pre—PreID : = -
8
P—ID -

Pre—Pre ID -

ID

A—Pre - E

E— - E+P

E— -P

P— - ID

P— - (A)
Pre—Pre - ID : =

Pre

P—(-A)
A— - PreE
Pre— - PreID : =

Pre—A -

14

P—(A-)

15

P—(A)
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Scanner

<<Scanner1.ppt>>

% Modeling Scanners as Finite
Automata

abc {recognized} C
abccabc {recognized}
ac { not recognized}

Graphical representation of a finite automaton

Scanner1 - 2
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Language: set of legal tokens.
Legal token: defined by Grammer.

Machine(ex. FSM): recognize legal tokens.
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Yacc 8 & JavaBlitig
JavaZLlex/Yacc Lab.Z X%
JavaZlex/Yacc Lab.2ZX % (Provided by the student at 2021.06.09)

Lab. 2022

(HW1{EZ:RBB)Simple Pascal Scanner
(HW1) Scannerfl& & &3t

(HW1) B2 EBHERFETEIE (pdf)
EFElLex FAQRE

(HW2{EZ:RBB)Simple Pascal Parser
(HW2) Parserifil&g & &if5l1E
yaccti 7E FVEEHIFE(5/28)

Yacc HREEETEEIA (pdf)
PascalZLex/Yacc Lab.Z3A(2£H)

References

Lex & Yacc RIFE%

Lex & Yacc RIFR

flex user manual (ps file) (pdf)

bison user manual (ps file)(pdf)

lex user manual (ps file) (pdf)

yacc user manual (ps file) (pdf

Lexer and Parser Generators (a link)

A Compact Guide to Lex & Yacc (a link)
Function+Procedure

< F—H >
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Chapter 1 Introduction

Outlines

1.1 Overview and History
1.2 What Do Compilers Do?
1.3 The Structure of a Compiler

1.4 The Syntax and Semantics of Programming
Languages

1.5 Compiler Design and Programming Language
Design

1.6 Compiler Classifications

1.7 Influences on Computer Design



T410:49 2H16H B= eoe
db.cse.nsysu.edu.tw &

(7) Code Generation £ Code Generation.doc (ppt) (pdf)
& Introd3.doc (ppt) (pdf)
& Introd4.doc (ppt) (pdf)
& LoaderLinker.doc (ppt)(pdf)
(8) Lex and Yacc & Lex and Yacc.doc (ppt) (pdf)
& An Example.ppt (pdf)

Textbook

Chapter1 (pdf)
Chapter2 (pdf)
Chapter3 (pdf), (Fig. 3.5) (pdf)
Chapter4 (pdf)
Chapter5 (pdf)
Chapter6 (pdf)
Chapter7 (pdf)
Chapter8 (pdf)
Lex_note (pdf)

Lex program example
Yacc program example

syllabus2022

Z2ZRE
# Crafting a Compiler with C, The Benijamin/Cummings Publishing Company (B%), 2005
4 Compilers : Principles, Techniques and Tools, 2nd ed., Addison-Wesley Publishing Company (81t&
), 2006
# system Software,3rd ed., Addison-Wesley Publishing Company (&1t&/), 1997
# Lex & YACC wi&7, O'REILLY (ER5ERIE), 1999

Lab. 2021
Lex FpiE#EADemolEH (pdf)
Lex HEBEUEZETEEIE (pdf)
(HW1 EZ:RH8) Lex Homework Simple Java — Scanner (pdf)
Lex Javajllst g
LextBRAH2EE
EFLex FAQRZE

(HW2 fEZ:RBB) Yacc Homework Simple Java — Parser (pdf)

Yacc BEBHREETREIF (pdf)

Yacc #f§itg & JavaBlitis

JavaZlex/Yacc Lab.Z 3%

JavaZlex/Yacc Lab.Z 3% (Provided by the student at 2021.06.09)

Lab. 2022

9)

83% @m)
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g #% 2% 12  (Translator)

» B — AR R R AR AR K
(Source Program)s# 4 sy, 7 — 4248 ¥ & &) #2

5“:‘35.-‘; (.ﬁn 40 AiE = . 52 ‘;5_.—;)

xS g S8 B
= 2T Y| WiE

= Assembler

= Compiler

= Preprocessor

= Interpreter

Introduction to Compiler - 2

Y3 EAZ 3

1.35 % »#7 % # (Lexical Analysis Phase)

\ U] 7T AR s
FAEiE =) (Lexical Analyzer or |—) it
(Source Program) Scanner) (Token)

B R BAAE M EX

70

- x F % (Literal Table)
e 3 AlZE E(Tdentifier Tahle)



F410:46 2H16H B= = 84% @m)

db.cse.nsysu.edu.tw &

N |
N
initial / \

rate 60

e

position

Syntax tree for position:=initial + rate* 60

Introduction2 - 4

ﬂg Skeletal source program
[CSE| ») l

preprocessor

}
source program

!
compiler

}
target assembly program
l

assembler

|
relocatable machine code

l
loader/link-editor

library,
. relocatable object files
absolute machine code

A Ianguage-processing System Introduction2 - 5
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= B E R R RMAILT BT
= M4+ F) &4 &) X, F(common subexpression) -
= 3§ % B (constants) i 93 E H k4T3 E -
= 77 #k X, FBoolean expression)&y & 1£1k -
= fF@ s (loop) ¥ R & eyt A X F4 L@k -

T410:45 2H16H B=

Introd1 - 6

o machine independent (anguage dependent) machine dependent (language independent)
| | |
BigraRE [(SIRRE T e
Ll £ Sy | -
‘?31;,,’“' m’;' n. Colk Opiimticn S Geeion i Linking / Assemble
()]
()] @ 3) RS ©) (@] )
st | | EEs | | W | | epap | | GEss | |mess | | d#euwd
; T fe\\4.w ee\\
e | | | A o | i waws | | | g
; 2 ER7E%
"
WEEE |
NEE
B BRI EHALE(data bases)
[ERETS A FHEHLE
R RvEARE

Introd1 -7
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Pascal

<<Pascal1.ppt>>
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| Process @ >
part

ﬁg Program

Program | Declaration

header part
Program header

Program File

identifier identifier
Process part

—( begin ) » Statement »( end

2/

Pascal1 - 2
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O < x» dbcsensysuedutwd 5> & @ N 0o
% 4 % db. & [Dayor®.. G pascal-Go.. % Compilerfa.. % WETEEH.. B db.csensy..
e 7
<read >
<id-list>
READ ( id )
(VALUE)

(a)

FIGURE 5.3 Parse trees for two statements from Fig. 5.1.

<<ParseTree.ptt>>

Z

ke < assign >
<exp >
< ex|p >
<term > < term >
< tefm > < tefm >
< factor > < factor > < factor > < factor >

s c 1 ~TrY v LI -1 - c 1
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= Grammar for Micro with Action Symbols

<program>

o

<statement list>-

<statement>
<statement>
<statement>
<id list>

<expr list>

<expression>

ASYSU
‘Sl.‘g
-y

<primary>
<primary>
<primary>
<add op>
<add op>
<ident>
<system goal>

—

o

S

#start begin <statement list> end
<statement> {<statement>}
<ident> := <expression> #assign;
read (<id list>);
write (<expr list>);
<ident>#read id{,<ident>#read id}
<expression>#write

expr{ ,<expression>#write expr}

<primary>{<add op> <primary>
ggen_infix}

Micro - 2

(<expression>)

<ident>

INTLITERAL #process_literal
PLUSOP #process_op

MINUSOP #process_op

ID #process id

<program> SCANEOF #finish
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“® » Simplified Pascal grammar. (Extended BNF

grammar)

1<prog>

2<prog-name>
3a<dec-list>
4<dec>
5<type>
6a<id-list>

Ta<stmt-list>::

8<stmt>
9<assign>

0

PROGRAM <prog-name>

VAR <dec-list> BEGIN <stmt-list> END.
:= id

= <dec> {,; <dec>}

= <id-1list> <type>

= INTEGER

= id {, id}

= <stmt> {; <stmt>}

= <assign> | <read> | <write> | <for>
= id := <exp>

Pascal2 - 4

“® « Simplified Pascal grammar. (Extended BNF

grammar)

l10a<exp>
lla<term>

12<factor> ::

13<read>
l4<write>
15<for>

<term> {+<term>|
<factor> { * <factor>
id | ( <exp> )

- <term>}
| DIV<factor> }

int |

= READ ( <id-1list> )
= WRITE ( <id-list> )

l6<index-exp>

17<body>

= FOR <index-exp> DO <body>

: id := <exp> TO <exp>
<stmt> | BEGIN <stmt-list> END
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| I [
E- Simplified Pascal grammar. (BNF grammar)
1<prog> : := PROGRAM <progjname> VAR <dec-list>
BEGIN <stmt-list> END.
2<prog-name> :i= id
3<dec-list>::= <dec> | <dec-list> ; <dec>
4<dec> ::= <id-list> : <type>
S5<type> ::= INTEGER
6<id-1list> ::= id | <id-1list>, id
7<stmt-list> = <stmt> | <stmt-list> ; <stmt>
8<stmt> ::= <assign> | <read> | <write> | <for>
9<assign> ::= id := <exp>
Pascal2 - 2
2
= Simplified Pascal grammar. (BNF grammar)
10<exp> ::= <term> | <exp> + <term> |
<exp> - <term>
ll<term> ::= <factor> | <term> * <factor> |
<term> DIV <factor>
12<factor> ::= id | int | ( <exp> )
13<read> ::= READ ( <id-1list> )
l4<write> ::= WRITE ( <id-1list> )
15<for> ::= FOR <index-exp> DO <body>
l6<index-exp> ::= id := <exp> TO <exp>

17<body> ::= <stmt> | BEGIN <stmt-1list> END
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while a <> b do writeln('Waiting');

if a > b then writeln('Condition met')
else writeln('Condition not met');

for i := 1 to 10 do writeln('Iteration:
i:l):

’
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Pascal 24518 {CARTZRE S »
AR A Tgotoy

while a <> b do writeln('Waiting');

if a > b then writeln('Condition met')
else writeln('Condition not met');

for i := 1 to 10 do writeln('Iteration:

fia 1)

repeat
a = a
until a

case 1 of

a
O
Ap

zh.m.wikipedia.org &

,\

BIREFEG RS ER{ERIRERED

<

0: write('zero');

1: write('one');
2: write('two')

end;

BIEHER T

Pascali# 2\ E18{bABIEM R -

= 100% [43)
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audio-technica
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BEHAREE R
Pascal 2 TERERIEZ2 X Niklaus Wirth ZUSFRsRsHH1FI 2 RIFR
B HEWEMABHETA - Niklaus Wirth #iZ 1% Algorithms
+ Data Structures = Programs s "R E895 —hr{FE A Pascal 2k
BEHAEIS - EXRENZ2 LN T EMNANEHED) -

THREZ 5

R Pascal —FAEIRIZZE(L - IBFTE 7ALA Niklaus Wirth 203
FTE%aTHY Pascal fRaEz3 A% - BIb - BHIR Mac 247 &{FEH
Pascal fiAHEERRZNGES °

Pascal
#7A Pascal 7 EPRIZ%E (ISO 7185) » (BiZIEXREARGRETAR » i
IR1THY Pascal #RaE23 1R/ EFE(ENRAR Pascal 55 > &N
ANEM RIS -

Extended Pascal
BENmELS

AT AR

- BEZWPRINEENUE
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1%%’5? (Keywords)
REB=F (keywords ¥ reserved words) EFE BT A FINES
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2.3.3. fRaEas

ARazaail Hozdam & 1HLERYEE - AERE » BRAMRLALERNBRARAZERERD - ARLY
BPTHREZERRKAZREEN » URFBESFCERZMBIER > BHLA—EERER > BERE
BEZHEEMRNELEZNNTE - 15 - A UERTRG LT » NEFRIEFPRITIRREZFAIR
ANEBEREAILAEF -

REBEERY - (ERREFR LA BREZFRRAIUS LEIER - FENM - FEHBATIRERSEES
ArRE ERRBETINSE - HlY - ERANEERABEPNER > EERRECRNERR
# ! BMBERLSMENENRN > FEHERLAET - FEHFUUEREZFIRERELMRIORE
I BREFHANAIT - MEEFRAESFREANE[NER | BEMBIERSEFNEAZE SN —15
pE2s L IRAT WREH%#R%%%%?RE%&EEB‘JE@ » ZERIFAESE EETURIT » MEFRILNAE
Kinthas b > WABARS — O3 LEENERESS » 7 AeHEERITIRIE !

REXNIEXNES B S Pascal» Cflc++ > CHlc++ RAR—ERM N T+ENES - BERRESEA
48880 Programmer © Pascal HEZ —ERstARBBANERES - MBtWRESHRAP » 8
sRAR B Pascal B base system 1 » {BZ GNU Pascal Compiler 1 Free Pascal Compiler
# 7] 9 BI7E lang/gpc 1 lang/fpc 3% -

MRABABNERARBFEEXNER - BEAEHRE-FE-WIT-RENEEBREEEERIEA -
ATEME - FERAMENE  RZEEFEZRBEMIGEEFIER IDE (Integrated
Development Environments) fA25181% » FreeBSD 78:R1l;2 B 1€ IDE S base system F > {8
=RA]EB devel/kdevelop & kdevelop ¢ {#F Emacs ZKiEE: IDE FAESIRIE - E&EAY Using
Emacs as a Development Environment FREAG 43 - W{aJA Emacs KR{EA IDE FIZRIRIE -

2.4.F .. RéRETEN

AEEH 2B ¥ GNU C compiler 1 GNU C++ compiler fE:RBB » &M 1E7E FreeBSD base
system FFET » BHIFIT cc F gcc FAIABIT - ER > B EERELREXNRE - BEIE
BHRESRN AR E XX EIREA - ALEABEM -

5

MBTIRAERER » IR TRERFREMEZENPIAFE FreeBSD L#1T » BEELEE—

) c BT AEST
B BESBRAIRERRERRTM



for(int 1 =

return
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#include <stdio.h>

int main(void) {

for(int 1 =

RIEEROBIF - {B3RMA for MIEABEATA 1
S SSREIS TG - BESE0SNET f




while(score != -1) {
count++;

sum += score;

printf ("BADTE(-145R)

scanf ("%d", &score);
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#include <stdio.h>

int main(void) {
int score = 0;
int sum = 0;

int count

while(score != -1) {
countct++;

sum += sScore;
printf ("BIADE(-1ER) 1 ");

scanf("%d", &score);

printf("*¥19 : 2f\n", (double) sum / count );

4




T46:09 2H16H B=

"' FreeBSD

ooe "? 100% @*j'
docs.freebsd.org &

2.31. E&E23

(EREFER - MERNENESMEREN—ESNEINERE - EEn<RRII LT LSS

> BEfa SRR TZM < o EIEEEMRER D » JEMAR T ENGIRABAZTIRESR
HHZE  ARTWERSEBIGZIER  TEPTRBEESEERPNES - URFATHELAESE
MREL > AZBMNEZRIEAEEEN (debugger) » W BRERERMERAL - MEHEZIRE -

BREANFEER  AIRITZBERLNATER - RERNTRREIE - BH » RAKIRE
BEREMBIBMRBOENSZREMALR - BEALRBRBRMF—IXNERS - MARTT » itf
thWESEREEFREEFRENTT - ERAERBNARRTENNRER » MEARBEREITAKER
& - BIITRERMS - EEB2ERAIIRZSNCEE > MASEERNER » BRI SLRES
Fidm= BN ER R -

FERARS > MRMZANRB2BEOARNES » RIFLZEBEHENES (interpreted
languages) » &2 Lisp > Smalltalk » Perl #1 Basic #§2 > B shell &2 sh ] csh EFI S EEHE
= BREL RZAHMEEMECHR LEESIA shell "script” » RIBF) TR ZIE
"housekeeping (#:8)" 1175 - NERBERZ—MERMHAEN/NTAR » H(EM shell script RES
BRELWNTE  MBTHEEERE -

2.3.2. FreeBSD 1RV EH 23

THiEEZH Ports Collection FTiR AN EERBE » BRI M —EEBRIEUNEZERES
ZER{al{E A Ports Collection 22895888 » F]2F FreeBSD Handbook H#J PortsZE & °

BASIC

BASIC & Beginner's ALL-purpose Symbolic Instruction Code FI4EE - BASIC /R 1950 FE
MIGERE  RYIFREEESNENEATREERNAB2ENAEEN - 27 1980
BASICE &R 2R Z programmer E— BB BFEXLES T  LbSh » BASIC th2 Visual Basic
B -

FreeBSD Ports Collection th5 X #%+8REIAY BASIC Ei23% - Bywater Basic HiE23M7E
lang/bwbasic » [ Phil Cockroft’s Basic EiZzs (R Eith 0l Rabbit Basic)iXfE lang/pbasic °

o
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