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B A programming language is a notation for describing
computations to people and to machines.

BHmIEES BB CHIT RS
B 3£ A (Procedural): C, C++, C#, Java

7 B & (Declarative): SQL, ...

i% #& & (Logic): Prolog, ...

& % X (Functional): Lisp/Scheme, Haskell, ML, ...

Jir A A& (Scripting): AWK, Perl, Python, PHP, Ruby, ...
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int ged(int a; int b) {
while (a !'= b) {

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

else b = b - a;

}

return a;

let rec gcd a b =
if a = b then
else if a > b

ged(A;B;G) := A
gcd(A,B,G) :- A
gcd(A,B,G) :- B

a

)) REANYE gcd
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then gcd b (a - b)
else gcd a (b - a)

B, G = A.
B, C is A-B, gcd(C,B,G).
A, C is B-A, gcd(C,A,G).
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% Prolog
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https://octoverse.github.com/
X% : GitHub -- FFEH HiF K316M4mIZIES
B http://www.99-bottles-of-beer.net/ A 1500#i& & % 5
BS HEEIAR
B C-C90,C99, Cl11; C++-1998, 2003, 2006, 2011, 2014
RRITHIE S BISZWX)
GitHub(2016): 1JavaScript, 2Java, 3Python, 4Ruby, 5PHP, 6C
Ti0be nhttps://www.tiobe.com/tiobe-index/
W 2017.8: 1Java, 2C, 3C++, 4C#, 5Python, 6VB .NET
B 20105F: 1Java, 2C, 3PHP, 4C++, 5VB, 6C#, 7Python
B 19705F: 1Fortran, 2Lisp, 3Cobol, 4Algol60, SAPL, 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("");

or

puts("\nTime to buy more beer!\n");
exit(0);
b
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(howmany, "%d", beers); else strcpy(howmany, "No more");
S =beers!=17?"s":"",

I/

printf("%s bottle%s of beer on the wall.\n", howmany, s);

by [Bill Wein]
K2 (EEBRHA) 3138 8
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http://www.99-bottles-of-beer.net/language-c-116.html
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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");

¥

b
) [Sean Russell]
k2 (wmIFFEEMEA) 5L 9
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AWK 99 Bottles of Beer

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

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

be
function Ibottle(n) {

return sprintf("%s bottle%s of beer”", n? n: "nomore",n-1? "s": "")

bs
function action(n) {
return sprintf("%s", n ? "Take one down and pass it around,” : \

"Go to the store and buy some more,")

}

function inext(n) {
returnn?n-1:99

>
[Osamu Aoki, http://people.debian.org/~osamu]
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s X

= B M- K £ = J7 (productivity)

RES L, TENRRTEYPE

X # 47 (parallelism) 5 3 & (concurrency)

Bahfe s K, Bk, A
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HE B4 (Computational Thinking) Problem

Domain

L

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 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

|=| = lﬁ'l»"' H E(Ji'l'%ru.eﬁ
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http://www.cs.cmu.edu/~./wing/
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RISCs (¥R #4%E) : MIPS. ARM
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https://software.intel.com/en-us/articles/intel-sdm
https://software.intel.com/en-us/articles/intel-sdm
https://www.imgtec.com/documentation/
http://infocenter.arm.com/help/topic/com.arm.doc.set.architecture/index.html
http://docs.nvidia.com/cuda/
https://www.khronos.org/opencl/
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Translator
(javac)

& ] £ T Javagzii

Intermediate Representation Virtual Machine #ﬁfﬁ
class (Java)
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Z X 4%iZEE (Cross compiler)
N A—ARSEARS—AFE LR
PC > B g > ARM
HWE4IFE2E (Incremental compiler)
B UEERRIERER RRBEFGENISH, 42 Freeline
BIRF4R1EEE (Just-in-time compiler)
B AZTESIRTENMARG T xHTRF, 52 H
RIS 9 K XA, 4= Java VM F 69 Bp B it 5
Fifc4miEe® (Ahead-of-time compiler )
B ARERFPATZAFIRSF R AN, o ARTFHAOT
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https://github.com/alibaba/freeline

<7 JavagEii
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Class loader

JavaF 1 AL

.class

BIRJ4mi¥as

JIT Compiler
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- Library routines |

igg;i%%%% _________________
FrbhESE Linker L2 N

Preprocessor (1d) l
(cpp) omemem ¥ :
amxs L HlERfCE
.0 _ Machine code |

Cimi¥esr T [ fR=s l

Compiler S Assembler a1
(cc) (as)
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Front end Back end
source \
IR JG Y% target
program ly% 1 program
l [ ) | |

Lexical Syntax Semantic Interm. Code Code
Analyzer — Analyzer —{ Analyzer — (éode » Optimizer —~ Gen.
FEAHE | | EEAE | | BB | Lgemegs | (UBRAS | |[REARS

Token Syntax ~ Annotated Interm. Interm.
Stream Tree  Syntax Tree Rep. Rep.

wew owml RH RERR REEE

Symbol Table 5%
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source Front end Program
program U ¥ Input
l : l
[ \
Lexical Syntax Semantic Analyzer / Tree-walk Proaram
Analyzer — Analyzer — Interm. Code Gen. + routines —— 'Y
L . N . output
WIETER BRI B o hras | P IRARAS AL As W T fF
Token Syntax Abstract Syntax Tree or
Stream Tree other Interm. Rep.
A= BN i ZE S B A P (R R

Symbol Table 5%
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translatzl'on—unit
1 int main( ) {

function-definition

int i = getint(),

= getint();

i
J

declarator declaration-list_opt compound-statement

pointer_opt direct-declarator € { block-item-list_opt }
€ direct-declarator ~ ( identifier-list_opt )  block-item-list

declaration-specifiers ident (main) € block-item-list block-item
type-specifier  declaration-specifiers_opt block-item-list block-item B
E l \-
int € declaration A

Ws init-declarator-list_opt P a r S e Tr e e

type-specifier  declaration-specifiers_opt  init-declarator-list

int € init-declarator-list ,  init-declarator
init-declarator declarator = initializer
declarator = initializer pointer_opt  direct-declarator assignment-expression
T S | | | 13
pointer_opt  direct-declarator assignment-expression € ident (j) postfix-expression
| | 13
€ ident (i) postfix-expression postfix-expression  ( )

i1
) ident (getint) argument-expression-list_opt

postfix-expression  (
i1

ident (getint) argument-expression-list_opt €

25



A

statement

iteration-statement

M

B

Statement

expression-statement

N

while ( expression ) statement B putlnt( 1 )’ expression_opt ;
' 7 15
equality-expression compound-statement postfix-expression
equality-expression '=  relational-expression ~ {  block-item-list_opt } postfix-expression  ( )
'8 wi '3 1
ident (i) ident (j) selection-statement ident (putint) argument-expression-list_opt
/\ 117
if (  expression ) statement else statement ident (i)
e | |
relational-expression  expression-statement expression-statement
relational-expression >  shift-expression expression_opt  ; expression_opt ; N
17 |6 4 '] 5] 7})1‘ 7]5(1'
ident (i) ident (j) assignment-expression assignment-expression
unary-expression assignment-operator — assignment-expression unary-expression  assignment-operator — assignrment-expression
2 | 110 12 | 110
ident (i) = additive-expression ident (j) = additive-expression
additive-expression -  multiplicative-expression additive-expression - multiplicative-expression
' 5 4 '5 4
ident (i) ident (j) ident(j) ident (i)
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program

| Abstract
- Syntax Tree
F ; b F 15 A
(5)  call
‘ 6) call call
(3) | /\
(4) (5)
S RET]E /R
H5 xR 5 (6 > = =
Index  Symbol Type /\ /\ /\
1 void type _
2 int type
3 getint func: (1) — (2) /\ /\
4 putint func: (2) — (1) (5)
5 i (2)
6 ] (2)
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pushl  Y%ebp #\ int main() {
movl hesp, hebp # ) reserve space for local variables . . ;
subl  $16, %esp # / int i = getint(),
call getint # read ] = getint( );
movl heax, -8(lebp) # store i A while (l!= ]) {
call getint # read . s 2y 2 = o=
movl heax, —-12(%ebp) # store j lf( 1>] ) 1=1-];
A: movli  -8(hebp), hedi # load 1 elseBj=j-1i;
movl -12(%ebp), %ebx # load j C }
cmpl hebx, Yedi # compare . . .
i 5 # jump if i = D putint(i);
movl -8(%ebp), %edi # load i }
movl -12(%ebp), %ebx # load j
cmpl hebx, Yedi # compare
jle B # jump if i < j
movl -8(%ebp) , %edi # load i
movl -12(%ebp), %ebx # load j
subl hebx, Yedi #i=1-3j
movl hedi, -8(lebp) # store i
Jmp C
B: movl -12(%ebp) , hedi # load j
movl -8(%ebp) , %ebx # load i
subl hebx, Yedi #j=3-1
movl hedi, —-12(%ebp) # store j
C: jmp A
D: movl -8(%ebp), %ebx # load i
push hebx # push i (pass to putint)
call putint # write
addl T4, Jesp # pop 1
leave # deallocate space for local variables
mov $0, Yeax # exit status for program )8
ret # return to operating system
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B A mxlexer: Flex (for windows) . Jfl

B A g Parser
O LALR: Bison (for windows) . Java CUP
O LL: JavaCC. ANTLR - LL(*) [PLDI2011]

C3ERParser g8
B LR ParsertgL%: sRE B, KX IR

B LL ParserdyL 4. RALME kM,
M, RHEhE R B RKE
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https://github.com/westes/flex
http://gnuwin32.sourceforge.net/packages/flex.htm
http://jflex.de/
http://www.gnu.org/software/bison/
http://gnuwin32.sourceforge.net/packages/bison.htm
http://gnuwin32.sourceforge.net/packages/bison.htm
http://gnuwin32.sourceforge.net/packages/bison.htm
http://www2.cs.tum.edu/projects/cup/
http://www2.cs.tum.edu/projects/cup/
http://www2.cs.tum.edu/projects/cup/
https://javacc.org/
http://www.antlr.org/
http://dl.acm.org/citation.cfm?doid=1993498.1993548
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