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) . B A programming language is a notation for describing
Q~ computations to people and to machines.
: O SHwBEsSAaCHITTEER
9' m A2 & (Procedural): C, C++, C#, Java
_ m 7 ¥ & (Declarative): SQL, ...
_0 ““““““““““““““ m %44 (Logic): Prolog, ...
5 B &% X (Functional): Lisp/Scheme, Haskell, ML, ...
6 m By A% (Scripting): AWK, Perl, Python, PHP, Ruby, ...
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B -/\
REALLE gcd
int ged(int a, int b) { // C
while (a != b) {

if (a>b) a=a-b;

else b = b - a;

}

return a;
}
let rec gcd a b = (* 0Caml *)

if a = b then a

else if a > b then gcd b (a - b)

else ged a (b - a)
ged(A,B,G) :- A =B, G = A. % Prolog
ged(A,B,G) :- A > B, C is A-B, gcd(C,B,G).
gcd(A,B,G) :- B > A, C is B-A, gcd(C,A,G).
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https://octoverse.github.com/

O &%: GitHub -- FHET B KX 3164 IZIES

W http://www.99-bottles-of-beer.net/ A 1500%& & %5
O ESBSETHAR

B C-C90,C99, C11; C++-1998, 2003, 2006, 2011, 2014
O BRITHIES BESEK)

GitHub(2016): 1JavaScript, 2Java, 3Python, 4Ruby, 5PHP, 6C

Tiobe  nhttps://www.tiobe.com/tiobe-index/

W 2017.8: 1Java, 2C, 3C++, 4C#, 5Python, 6VB .NET

W 20104 : 1Java, 2C, 3PHP, 4C++, 5VB, 6C#, 7Python

W 19704 : I1Fortran, 2Lisp, 3Cobol, 4Algol60, 5APL, 6Snobol4
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99 Bottles of Beer

99 bottles of beer on the wall, 99 bottles of beer.
Take one down and pass it around, 98 bottles of beer on the wall.

98 bottles of beer on the wall, 98 bottles of beer.
Take one down and pass it around, 97 bottles of beer on the wall.

2 bottles of beer on the wall, 2 bottles of beer.
Take one down and pass it around, 1 bottle of beer on the wall.

1 bottle of beer on the wall, 1 bottle of beer.
Take one down and pass it around, no more bottles of beer on the
wall.

No more bottles of beer on the wall, no more bottles of beer.
Go to the store and buy some more, 99 bottles of beer on the wall.
[Traditional]
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C: 99 Bottles of Beer

#define MAXBEER (99)
void chug(int beers);
main() {
register beers;
for(beers = MAXBEER; beers; chug(beers--))
puts(™);

puts("\nTime to buy more beer'\n");
exit(0);

void chug(register beers) {
char howmany[8], *s;
s =beers!=17?"s":";
printf("%d bottle%s of beer on the wall,\n", beers, s);
printf("%d bottle%s of beeeeer . . . \n", beers, s);
printf(*Take one down, pass it around,\n");

if(--beers) sprintf(h
s =beers!=17?
printf("%s bottle%s of beer on the wall.\n", howmany, s);
¥ [Bill Wein]
KR (WIFFRBAREA) 31ie

any, "%d", beers); else strcpy(howmany, "No more");
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Java: 99 Bottles of Beer

class bottles {

public static void main(String args[]) {
String s = "'s";

for (int beers=99; beers>-1;) {
System.out.print(beers + " bottle” + s + " of beer on the wall, ");
System.out.printin(beers + " bottle” + s + " of beer, ");

if (beers==0) {
System.out.print("Go to the store, buy some more, ");
System.out.printin(99 bottles of beer on the wall.\n");
System.exit(0);

} else
System.out.print("Take one down, pass it around, ");

s = (--beers == 1)?"":"s";
System.out.printin(beers + " bottle" + s + " of beer on the wall.\n");
3
3

3} [Sean Russell]
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AWK: 99 Bottles of Beer

BEGIN {
for(i=99;i>=0;i--) {
print ubottle(i), "on the wall,”, Ibottle(i) "."
print action(i), Ibottle(inext(i)), "on the wall.*
print

function ubottle(n) {
return sprintf("%os bottle%os of beer”, n ? n: "No more”, n-17? "s" : ")

function Ibottle(n) {
return sprintf(*"%os bottle%6s of beer”, n ? n : “no more”, n-1? "s" : ')

function action(n) {
return sprintf(""%os", n ? "Take one down and pass it around,” : \
"Go to the store and buy some more,™)

function inext(n) {
returnn?n-1:99
3
[Osamu Aoki, http://people.debian. orcl/~osamu]
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O AHaBMABER?
B EAETARRER Fﬁ’?ﬁ_ﬁ il
B AR RTETHIFR, mTRER QTR ERE X
B LA IRME TR SR BT WAL
O BS#Ht 2Bz
)RR E 2 T
R &AM K & ® /7 (productivity)
RESARAE, TERRTEY N
% ¥t 47 (parallelism) & 3 & (concurrency)
BAhfp R, Erk, EEA
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O B4 (Computational Thinking) Problem

Domain

Computational thinking is a
fundamental skill for everyone, not just
for computer scientists. To reading,
writing, and arithmetic, we should add
computational thinking to every child’s
analytical ability. Just as the printing
press facilitated the spread of the three
Rs, what is appropriately incestuous
about this vision is that computing and

Mathematical
Abstraction

Mechanizable
computers facilitate the spread of Model of

Jeannette M. Wing computational thinking. Computation

Computational Thinking
CACM, vol. 49, no. 3, pp. 33-35, 2006
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B RISCs G MA4AR) : MIPS, ARM. ...
B SHIAH fRERse
B GPUs: CUDA. OQenCL Interpreter tﬁ$
B FPGAs
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JavafRigas miFasRYE Azt
RALF O XX 4i%#& (Cross compiler)
Java

ﬁﬁ\znn
Translator
(javac) A

W 1] & T JavaE#Iin
Intermediate Representation Virtual Machine éﬁf ]
.class ((EVEY)
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B A-NFEEAERS —ANFE RS
oY arm-linux-goc IV
O #E4HIFFE (Incremental compiler)
B pUEERGFRAES RHFHEANIES, 4= Freeline
O BPEt4mi¥sE (Just-in-time compiler)
B AEARMIRTEABB R F SRR TR, FHE
B RWRAD, 4o JavaVM R EBPHRHES
O Fi%e4mi%s% (Ahead-of-time compiler )
B AAERRITZATHIRSER ARG, = ARTFHAOT
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JavagEin
N
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LD LiiRUEEEE
Garbage collector

FBMRES

Bytecode #ﬁ' &

Interpreter

lEe gl | MERE

Machine code

JIT Compiler

C %
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CRAL A

FodbiB=s
Preprocessor
(cpp)

Chmi¥an N

Compiler s

iComza

Assembler

MK |

Machine code ;

L Machi l ________
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source Front end Program
program Hir input

L ! ) |
Lexical Syntax Semantic Analyzer / Tree-walk

Analyzer —Analyzer — Interm. Code Gen. — routines | Program

tput
HEATRE BT BT | R AR R WEGER outpd
Token Syntax Abstract Syntax Tree or
Stream Tree other Interm. Rep.
LS BB MEREEH R AT RS
Symbol Table &%
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miFeaRIMER
o‘ Front end Back end
source
B S . Ja i target
program ﬁﬁ‘% program
= | o \ f_lﬁ _
‘_9 Lexical Syntax Semantic| | Interm. Code Code
Analyzer — Analyzer —{ Analyzer || ?3%?18 Optimizer |+ Gen.
9. ﬁiﬁ%ﬁﬂgmgﬁ TR T8 BT 1B KPYEIRGSSF: RIS RARE | ARTBERSE
- Token Syntax ~ Annotated Interm. Interm.
- Stream Tree Syl;;;;;ree Rep. Rep.
e. WEER IEER ffatin HERR PAIRR
7 Symbol Table HE&
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i int main() {
| g int i = getint(),
j = getint();

block-item-list
i

declarars

Parse Tree

type-specifier  declaration-specifiers_opt  init-declarator-list
—T

init-declarator
i

declanator
| 3
. ident(§)

assignmient-expression

—
painter_opt

¢ postfix-cxpre
i

¥ ident (getint) sion-list_opt

p _—

ident(getint)  argument-expression-list_opt B

25

A

statement

iteration-statement

while ( expression )

statement

compound-statement

B

A while (i!=j) {
if(i>j)i=
else j

statement
expression-statement

H
B putint(i); expression_opt
s

postfix-expres

equality-expression 1= relational-expression  {  block-itens-list_opt ¥ postfix-expression )
s 3 i
ident (1) selection-statement ( ) « _opt
7
i else ident (i)
expre e ent
_— Parse Tree
clational-expression > shift-expression expression_opt expression_opt
i7 16 1 1
dent (1) 1dent(§) p expressi
=
unary-expres " xpression wnary p it
2 12 10
ident (1) ident(3) - it
i pres additive-expression pression
5 :% 5 4
ident (1) ident(j) ident(j) ident (i)
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program

Abstract
Syntax Tree

F FE A

| ®  cal call
@ |
& " @ ©

Symbol Table
IR ®  © >

[ndex  Symbol Type /\
1 wold type s ® B - e -
2 int type
3 getint func: (1) —(2) /\ /\
4 putint func: (2) — (1)
5 i 2) (5) 6) (6) (5)
6 ] (2)
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pushl  %ebp #\ B int main() {
movl %esp, %ebp # ) reserve space for local variableg - - .
subl  $16, Yesp e/ int i = getint(),
call  getint # read j = getint();
movl  Yeax, -B(jebp) # store i Awhile (i'=j) {
call  getint # read LT
movl eax, =12(%ebp) # store j lf(l>l
A: movl ~B(hebp), Aedl # load 1
movl =12(%ebp), Yebx # load j
cmpl  Yebx, Yedi # compare q q
je D # jump if i == j D putint(i);
movl  -B(%ebp), Yedi # load i }
movl =12(%ebp), Yebx # load j
cmpl %ebx, Yedi # compare
jle # jump if 4 < j
movl  -B(%ebp), Yedi # load i
movl  -12(%ebp), %ebx  # load j
subl %ebx, %edi #i=4-3
movl Y%edi, -8(%ebp) # store i
mp. c
B: movl  -12(%ebp), fedi  # load j
movl  -8(%ebp), Yebx # load i
subl %ebx, %edi #j=3-4
movl  Yedi, -12(febp)  # store j
C: Jjmp A
D: movl -8(%ebp), %ebx # load i
push Yebx # push i (pass to putimt)
call  putint # urite
3ddT 94, Fesp Fpop 1
leave # deallocate space for local variables
mov $0, Yeax # exit status for program 28
ret # return to operating system
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Parser0

Parser

REEE?

EFA S
Hitees

K& b AR
(#LLVM IR)

WER

RBEWE?

G EEZN 5
(AST)

http://llvm.org

&R R
HERAE
(AST2LIR)

(f1x86, MIPS)
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O & k2§ ANTLR(ANother Tool for Language Recognition)
B 4 s Lexer: Flex (for windows) . Jflex [http://www.antlr.org/] )
m 4 g Parser OO Prof. Terence Parr, since 1989
O LALR: Bison (for windows) . Java CUP O Iﬁgﬂl{{ﬂﬂiﬁﬁaﬁ

O LL: JavaCC. ANTLR — LL(*) [PLDI2011]
O 3zExtParserfIS20m
B L RParserdy 4. AEM, RAkHE The Definitve
B LL ParsertyE%: RALEHE &SR, i
HER, By RAREFRBREKL
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