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def add(x: Int, y: Int): Int = X + vy
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(Syntax) (Semantics)

T2 22 21of L,o| HAl
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n=1efd A0l 24

o 22U TH2{CIY (Programming Paradigm)

ol

- Zx|X|2F (OOP) /

- M (Declarative) / O = 7t (Differentiable) / ...

- e.g., Datalog - 413 =2| Z=72[|2 210

o2t
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n=1efd A0l 24

o 22U TH2{CIY (Programming Paradigm)

- 2HNX|ek (OOP) / &d (FP) / WAEY (Imperative) / ..

- M1 (Declarative) / 0|2 7t's (Differentiable) / ..

- e.g., Datalog - M& =2| ZTZ g 0] ° °

parent(a, b). parent(b, c). G 6

parent(b, d). parent(a, e).

o2t
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n=1efd A0l 24

o 22U TH2{CIY (Programming Paradigm)

ol

- 2HNX|ek (OOP) / &d (FP) / WAEY (Imperative) / ..

- M1 (Declarative) / 0|2 7t's (Differentiable) / ..

- e.g., Datalog - M1& =2| ZTZ a2 10 G °

parent(a, b). parent(b, c).
parent(b, d). parent(a, e). G e
ancestor(X, Y) :— parent(X, Y).

ancestor(X, Y) :- parent(X, Z), ancestor(Z, Y).

EZ 7/23

o2t
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n=1efd A0l 24

o 22U TH2{CIY (Programming Paradigm)

- Zx|X|2F (OOP) /

ol

I~ (FP) / B&E™ (Imperative) / ..

- M1 (Declarative) / 0|2 7t's (Differentiable) / ..

- e.g., Datalog - M1& =2| ZTZ a2 10 G °

parent(a, b). parent(b, c).

parent(b, d). parent(a, e). G e
ancestor(X, Y) :— parent(X, Y).

ancestor(X, Y) :- parent(X, Z), ancestor(Z, Y).

?— ancestor(a, d). // true
?— ancestor(e, b). // false
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n=1efd A0l 24

o E}R! AJAB (Type System)
- Gradual Type (TypeScript) / Dependent Object Type (Scala) / ...
- Ownership (Rust) / Refinement Type (LiquidHaskell) / ...

- e.g., Refinement Type - 7= F7Iol|A| I HebslH| E&6l At
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n=1efd A0l 24

o E}R! AJAB (Type System)
- Gradual Type (TypeScript) / Dependent Object Type (Scala) / ...
- Ownership (Rust) / Refinement Type (LiquidHaskell) / ...

- e.g., Refinement Type - 7= F7Iol|A| I HebslH| E&6l At

O + true

£ 8/23
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n=1efd A0l 24

o E}R! AJAB (Type System)
- Gradual Type (TypeScript) / Dependent Object Type (Scala) / ...
- Ownership (Rust) / Refinement Type (LiquidHaskell) / ...

- e.g., Refinement Type - 7= F7Iol|A| I HebslH| E&6l At

0 + true Compile Error - '+ not for (Int, Boolean)
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n=1efd A0l 24

o E}R! AJAB (Type System)
- Gradual Type (TypeScript) / Dependent Object Type (Scala) / ...
- Ownership (Rust) / Refinement Type (LiquidHaskell) / ...

- e.g., Refinement Type - 7= F7Iol|A| I HebslH| E&6l At

0 + true Compile Error - '+ not for (Int, Boolean)

def div(x: Int, y: Int): Int =x /vy
div(4, 0)
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n=1efd A0l 24

o E}R! AJAB (Type System)
- Gradual Type (TypeScript) / Dependent Object Type (Scala) / ...
- Ownership (Rust) / Refinement Type (LiquidHaskell) / ...

- e.g., Refinement Type - 7= F7Iol|A| I HebslH| E&6l At

0 + true Compile Error - '+ not for (Int, Boolean)

def div(x: Int, y: Int): Int =x /vy

div(4, @) Runtime Error - division by zero
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n=1efd A0l 24

o E}R! AJAB (Type System)
- Gradual Type (TypeScript) / Dependent Object Type (Scala) / ...
- Ownership (Rust) / Refinement Type (LiquidHaskell) / ...

- e.g., Refinement Type - 7= F7Iol|A| I HebslH| E&6l At

0 + true Compile Error - '+ not for (Int, Boolean)

def div(x: Int, y: Int): Int =x /vy

div(4, @) Runtime Error - division by zero

def div(x: Int, y: {i: Int | 1 !=0}): Int =x /vy
div(4, 0)
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T=efd A0l 24

o E}R! AJAB (Type System)
- Gradual Type (TypeScript) / Dependent Object Type (Scala) / ...
- Ownership (Rust) / Refinement Type (LiquidHaskell) / ...

- e.g., Refinement Type - 7= F7Iol|A| I HebslH| E&6l At

0 + true Compile Error - '+ not for (Int, Boolean)

def div(x: Int, y: Int): Int =x /vy

div(4, @) Runtime Error - division by zero

def div(x: Int, y: {i: Int | 1 !=0}): Int =x /vy
div(4, 0)

Compile Error - Qisnotin{i: Int | i != 0}
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n=1efd A0l 24

e THQl E35} 210 (Domain Specific Language)
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o TOQl
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T=efd A0l 24

o H|2l E38} 210{ (Domain Specific Language)

St=#0 7|= 210] (HDL)

Verilog

Bluespec VHDL
CHISEU
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St=#0 7|= 210] (HDL)

Verilog
Bluespec VHDL

CHISEU
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St=#0 7|= 210] (HDL)

Verilog
Bluespec VHDL

CHISEU

R B

Verse
(57 2 E'I Jgfm) (A AlLE]| )
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o LZEH BM (Program Analysis)
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=8 &4 - % (Fuzzing)

function f(x) {
if (x x 2 == 28322) {
fail();
} else if (x <= 0) {
return 0;
} else {

return X;

’VPLRG KUGODS ¢iA} =8 E7
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=8 &4 - % (Fuzzing)

function f(x) {
if (x * 2 == 28322) { f(a) = a
fail();
} else if (x <= 0) {
return 9;
} else {

return Xx;
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8 =4 - 1% (Fuzzing)

function f(x) A

if (x x 2 == 28322) { £( 4)

[l
B

fail(); f(23) = 23
} else if (x <= 0) A

return 0;
} else {

return X;
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8 =4 - 1% (Fuzzing)

function f(x) {

if (x x 2 == 28322) { £( 4)

= 4
fail(); f(23) = 23
} else if (x <= 0) { f(23) = o
return 0;
F else {
return X,
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8 =4 - 1% (Fuzzing)

function f(x) {

if (x x 2 == 28322) { £( 4)

= 4

fail(); f(23) = 23

1 LT =
} else if (x <= 0) { f(23) = o

return 0;

f( 5) =5

} else {

return Xx;
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8 =4 - 1% (Fuzzing)

function f(x) {

if (x x 2 == 28322) { £( 4)

= 4

fail(); f(23) = 23

1 LT =
} else if (x <= 0) { f(23) = o

return 0;

f( 5) =5

} else {

return Xx;
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Y 2M - 7|S Adl (Symbolic Execution)

function f(x) {
if (x *x 2 == 28322) {
fail();
} else if (x <= 0) {
return 9;
} else {

return X;
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Y 2M - 7|S Adl (Symbolic Execution)

function f(x) {
if (x x 2 == 28322) {
// X x 2 == 28322
fail();
} else if (x <= @) {
return 0;

} else {

return X;

’VNPLRG KUGODS 9iA 28 £ 13/23



858 24 - 7= =% (Symbolic Execution)

o

function f(x) {

if (x x 2 == 28322) {
// X %k 2 == 28322
faill();

} else if (x <= 0) {

// X x 2 1= 28322 && x <= 0
return 0;

} else {

return X;
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Y 2M - 7|S Adl (Symbolic Execution)

function f(x) {

if (x x 2 == 28322) {
// X kx 2 == 28322
faill();

} else if (x <= 0) {
J/ X %k 2 1= 28322 & x <= 0
return 0;

} else {
// X x 2 1= 28322 & x > 0
return X;
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85 =4 - 7|= & (Symbolic Execution)

function f(x) {

X *k 2 == 28322

if (x x 2 == 28322) {
// X *x 2 == 28322

fail();

} else if (x <= 0) { =
[/ X x 2 1= 28322 & X <= 0 Constraint Solver
return 0; (e.g., SMT Solver)

} else {

// X kx 2 1= 28322 & X > 0
return X; X == 14161
I3
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PSES
S

A
o

=M - 7|5 A (Symbolic Execution)

function f(x) {

X *k 2 == 28322

if (x x 2 == 28322) {
// X k% 2 == 28322

fail();
// Detect Error: 14161 —

} else if (x <= 0) { =
[/ X * 2 1= 28322 & X <= 0 Constraint Solver
return 0; (e.g., SMT Solver)

L else {

J/ X x 2 1= 28322 & X > 0
return Xx;

x == 14101
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HHE M - Qo 8| (Abstract Interp.)

20t ol
function f(x) A (Abstract Domain)

if (x x 2 == 28322) {

fail(); / \

—

} else if (x <= 0) { |><0><

return 0; \I/
1

} else {
PR

J_ | |
return Xx; 0 :

o2 o0 H
4> 4> Tin

-+
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A ZM - Qo S| (Abstract Interp.)

QoF |9l
function f(x) A (Abstract Domain)
// X == T
if (x x 2 == 28322) {

fail(); / \

—

} else if (x <= 0) { |><0><

return 0; \I/
1

} else {
PR

J_ | |
return Xx; 0 :

o2 o0 H
4> 4> Tin

-+
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A ZM - Qo S| (Abstract Interp.)

QoF |9l
function f(x) A (Abstract Domain)
// X == T
if (x x 2 == 28322) {

// X ==
faii((); T /+\
} else if (x <= 0) { |><0><
return 0; \I/
1

} else {
: SEE
0

1
0 :

AL
34

return Xx;

o2 o0 H
4> 4> Tin

-+

’VNPLRG KUGODS 9IA} =3 52 14/ 23



HHE M - Qo 8| (Abstract Interp.)

QoF |9l
function f(x) A (Abstract Domain)
// X == T
if (x x 2 == 28322) {

/] x ==
fai{(); T /// \\\

// May be Error =T
} else if (x <= 0) { |><0><
return 0: \\\\I////
L
} else {
T EE ¥+ 1 SEE
return Xx; _ oA 0 : 0
+ : BT
I3
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A ZM - Qo S| (Abstract Interp.)

QoF |9l
function f(x) A (Abstract Domain)
// X == T
if (x x 2 == 28322) {

/] x ==
fai{(); T /// \\\

// May be Error =+
} else if (x <= @) { |;><; ;><;
/] X == —0 0
return 0: \\\\I////
1
} else {
T EE ¥+ 1 SEE
return Xx; _ oA 0 : 0
+ : BT
s
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A ZM - Qo S| (Abstract Interp.)

QoF |9l
function f(x) A (Abstract Domain)
// X == T
if (x x 2 == 28322) {

// X == T
fail(): /+\
// May be Error

} else if (x <= 0) { |;><; ;><;

__ 0
// X == -0
return 0; \\\\I////

// [RETURN] 0 1
} else {

: SEE
0

1
0 :

AL
34

return Xx;

02 Ojo HI
45 4> in

-+
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A ZM - Qo S| (Abstract Interp.)

oF 9l

function f(x) A (Abstract Domain)
// X == T

if (x % 2 == 28322) {
// X == T
fail(): /+\
// May be Error

} else if (x <= 0) { |;><; ;><;

—_—— — 0
gétil(rn 0;O \I/
1

// [RETURN] O

} else {
/] x == + r o BE 4 1 : 3
return X; — . 2a 0 : 0
+ : BT
h
h
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A ZM - Qo S| (Abstract Interp.)

oF 9l

function f(x) A (Abstract Domain)
// X == T

if (x % 2 == 28322) {
// X == T
fail(): /+\
// May be Error

} else if (x <= 0) { |;><; ;><;

— 0
gétil(rn 0;O \I/
1

// [RETURN] O

} else {
// x == + T BE HA L : BEH
return Xx; _ oA 0 : 0
) // [RETURN] + + : oA
I3
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A ZM - Qo S| (Abstract Interp.)

oF 9l

function f(x) A (Abstract Domain)
// X == T

if (x % 2 == 28322) {
// X == T
fail(): /+\
// May be Error

} else if (x <= 0) { |;><; ;><;

e 0
?étil(rlrﬂ;e \I/
1

// [RETURN] O

} else {
// X == + T @ BE M 1 33et
return Xx; _ oA 0 : 0

) // [RETURN] + + OfA

} // [RETURN] 0+
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HHE M - Qo 8| (Abstract Interp.)

Qot ol

function f(x) A (Abstract Domain)
// X == T

if (x % 2 == 28322) {
// X == T
fail(); /+\
// May be Error

} else if (x <= 0) { I>< ><

—_—— — 0
gétil(rn 0;0 \I/
1

// [RETURN] O

} else {
// X == + T ¢+ BE M | : Zxs
return Xx; oA .
- =T Q - Q
y // [RETURN] + + ofA
} // [RETURN] 0+ SHAH 20| OfLl =4 HEs}
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PL 7|9F SWe| 7h&

o LZEH BM (Program Analysis)

</>

=

Jk'ljl

=
[y |

HI
d

I3

o U] (Compiler) / EBHALIUZ (Transpiler) / 2213 XI5 £H (APR)
/> Ztele />
T2 Zz=
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ZAutd2] (Compiler)

</> </>

Ly =12 L =

o Jg ANOM Xg A= Het

int main(){
int x =10, y = 15;
return 0;

}
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ZAutde{ (Compiler)

</>

L, = EH

.globl main

.type main, @function

pushq Srbp

movq S%rsp, S%rbp
movl $10, -8(%rbp)
movl $15, —-4(S%rbp)
movl $0, %eax
leave

ret

/> Zutde
Ly =22
. T2 OO X 2A0{= 5
main:
int main()+
int x = 10, y = 15;
return 0; »
s
’VNPLRG KUGODS 9IA} =3 £2

16/ 23



EdALI 2 (Transpiler)

=

==

Ly Z233 Luo Z2

|

I

z = input()
def pow(x: Int, y: Int): Int =
if (y ==0) 1

else x * pow(x, y-1)
res = pow(z, 3)
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EdALI 2 (Transpiler)

=

==

Ly Z233 Luo Z2

|

I

z = input()
def pow(x: Int, y: Int): Int =
if (y ==0) 1

else x * pow(x, y-1)
res = pow(z, 3)
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EdALI 2 (Transpiler)

=

==

Ly Z233 Luo Z2

|

I

z = input()
def pow(x: Int, y: Int): Int =
if (y ==0) 1

else x * pow(x, y-1)
res = pow(z, 3)
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EdALI 2 (Transpiler)

=

==

Ly Z233 Luo Z2

|

I

X 7=y

JavaScript
(ES12)

’VNPLRG KUGODS 9iAF 3 52 18/ 23



EdALI 2 (Transpiler)

JavaScript
(ES12)
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EdALI 2 (Transpiler)

</>

Ly =050 Ly, T22

0=

JavaScript JavaScript
(ES12) (ES5.1)
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o= 1 XI5 =3 (Automatic Program Repair, APR)

</> RE XtE 7| />
Ly =224 Ly 2124
. S0 ZTEIM0| ORE 4H
p = malloc(1);
q = D,
free(p);
free(q);
’VNPLRG KUGODS 9iA 28 £ 19/ 23



o= 1 XI5 =3 (Automatic Program Repair, APR)

</> RE XtE 7| />
Ly =2 EH Ly =2 EH

. A}SOR TRIUC| QFE £
p = malloc(1);
q = P,
free(p);
free(q);

Double-Free
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o= 1 XI5 =3 (Automatic Program Repair, APR)

</> RE XtE 7| />
Ly T2 Ly =2

e X}SOZ 2RO QR E +H
p = malloc(1l); p = malloc(1);
q = p; q = D,
free(p); o= A free(p);
free(q); T - free(a);

Double-Free
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PL 7|9F SWe| 7h&

o LZEH BM (Program Analysis)

</> s x7)

HI
d

o AU (Compiler) / EHHALIAZ (Transpiler) / Z21%H X5 =3 (APR)

</>

=,

</>

-

N

|l

o LZ1EH M (Program Synthesis)
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o= 12 M (Program Synthesis)

_ _ </>
HA| T2 sH /
==

|l

EECE
] => []
2,0] => [0,2]
2,4,5,3,11  => [1,2,3,4,5]
3,6,4,5,7,9]1 == [3,4,5,6,7,9]
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o= 12 M (Program Synthesis)

_ _ </
HA| T2 5hM /
24

=
| =1 O
B H 1

|l

:; o] fz :é 3 » def sort(

5 a5 3.1 153 45] list: Llst[Int]

S e B ): List[Int] = list.sorted
3,6,4,5,7,9] == [3,4,5,6,7,9]

=7} 21 /23

o2t
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o= 12 M (Program Synthesis)

2 A m2 1 By />
=,

At10] BA

A function "sort should
take a list of integers and
returns 1ts sorted list.

|l

£ 22/ 23

o2t
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o= 12 M (Program Synthesis)

_ />
A D2 /
23

. TS DIESHs Z2IUS HEOE FHA

— 1 1

At10] BA

A function "sort should
take a list of integers and
returns 1ts sorted list.

|l
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o= 12 M (Program Synthesis)

</>

=,

|El

=3 oty

|l

o YME DtSol= Z2O™ME XIS2=% oy

—

At10] BA

oo

A function “sort® should def sort(
take a list of integers and list: List[Int]
returns its sorted list. ): List[Int] = list.sorted
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