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extrn putchar; 6
alto a; e
© DR =
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o la) ( | o FAHI
ftatnla, D) o
®
putchar(n o D+ '()'); FEEE




printnf(n, b) ; .
S
extrn putchar;
alito a:
& /Db
o la)

Liintnta, b);
L Larln 5 b+ '0');
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prininin, b) { extern int putchar{int);

extrn putchar; void printn{int n, 10Ot & =
auto a: 1Rt a:
¥ 0/ b: 8 - h/ b,
a3 if (g
Liintnta, b); printnta, bi:
0 b+ '0'); putcharin = b + @ &
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printnin, b) { extern int putchar{int);

extrn putchar; void printn{int n, 10t oI =
auto a: 1Rt a:
E n/ b 12 nh7 b
if (a) if {d)
L ntnta, b printn(a, b);
Bl cherln % b+ '0'); putcharin b ¢« '@ &
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L b= e
B ntntn, b) { extern int putchar(int);
extrn putchar; void printn{int n, 10Ot & =
auto a;
& 0/ b; g =0/ b
if(a) if1a)
L ntnta, b printn(a, b);
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[ hnin, b) { extern int putchar(int);

extrn putchar; void printn{int n, 10t & =
auto a: 1Rt a:
P 8/ b g =0/ b
if (a) if {d)
L ntnta, b printn(a, b);
B b+ 0 putcharin &b ¢ 1 &

s e
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Basic types
(Arithmetic types)

@
)
>
\

: Integer types Floating types

: | : Partan :
: * character *real floating : @ V\] /-i—_‘,’—'E.'f—— .

: * signed and unsigned * complex

: integer
* * enumerated

Scalar types Aggregate types

IR . By Makcum Me - Own work, CC BY-SA 4.0, https://commons.wikimedia.org/w/index.php?curid=125371324
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e ot void f£lint):

f Lot pair 4
Int a:
16

5

i mainl()
tloat a;
e b =da |
£l
B = O
L EEUCE DALT D;
b - b
return 0O:

.c:10:12: error: invalid operands to binary expression ('float' and 'int')

1t .= a a b
- Noo

.C:11:4: error: too few arguments to function call, expected 1, have 0

£l

LY T

.c:12:6: error: use of undeclared identifier 'c

b= ¢

A

.C:14:8: error: no member named 'h’' in 'struct pair’

b= D.h:

asn N

errors generated.
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e ot void f£lint):

f Lot pair 4
Int a:
16

5

i mainl()
tloat a;
e b =da |
£l
B = O
L EEUCE DALT D;
b - b
gern 0

.c:10:12: error: invalid operands to binary expression ('float' and 'int')

1t .= a a b
- N

.C:11:4: error: too few arguments to function call, expected 1, have 0
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i i

.c:12:6: error: use of undeclared identifier 'c
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A

.C:14:8: error: no member named 'h’' in 'struct pair’
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errors generated.
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- N
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gern 0

.c:10:12: error: invalid operands to binary expression ('float' and 'int')

1t .= a a b
- N

.C:11:4: error: too few arguments to function call, expected 1, have 0

.c:12:6: error: use of undeclared identifier 'c

b= ¢

A

.C:14:8: error: no member named 'h’' in 'struct pair’
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e ot void f£lint):

f Lot pair 4
Int a:
16

5

i mainl()
tloat a;
e b =da |
£l
B = O
EEEUCE PaAlT D;
b - b
gern 0

1t .= a a b

.c:12:6: error:

b= ¢

A

b= D.h:

o i

~

N

use of undeclared identifier

errors generated.
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.c:10:12: error: invalid operands to binary expression ('float'

.C:11:4: error: too few arguments to function call, expected 1, have 0

.C:14:8: error: no member named 'h’' in 'struct pair’

and 'int')
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st =

// 132 A3242 7 FF 5 B A
e 130 vy 13)) > 132 4
x +y // X KPR EE

}

T e
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// 1320324 %
i odd2ix:

152 y:
x +y // FaX IR

e T e

Rust ]

et « -1/ -9 800 &
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e

RUst 18 =
e // CRAb# R 2
enum Ditection &

// 13243242 % 5 B A et x - . /08 8 efL,
e 130 vy 13)) > 132 4 R1ghe,

x +y // RRXKERE/E st ity 1 4/ RS0 Up,
} _ O S Down,
e TS R e s | }

let Up = DirTecEilehn  «n,

M
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e

Fz t:\ffi'——
UST Jo = i
// CRAAG B AL 2 £ AY

enum Ditection &

// 1327 324 7 5 % Al let x = 1; // A METF a1,

e 130 vy 13)) > 132 4 R1ght,

x +y // RRXKERE/E st ity 1 4/ RS0 Jo:

] V- yor L 0 Al e e Down,
}
let Up = DiTechinn: tny
i e e

|

o

// BE R AT AL = B IMzE .
enum Optionall32 {
Anl32(132) ,
Nothing,

ol

]
& - (Optiomalls32::Anl32(2):

let nothing = Optionall32::Nothing;

R e

20



e

Th —
Rust i 8
// 132432427 fF 5 A el ¥ =4, /A A1 T8
e 130 vy 13)) > 132 4
x +y // FRX KR EE lee mit y 1, // "1 &a
} V- yor L 0 Al e e

[/ BRI W BME

enum Optionall32 {
Anl32(132) ,
Nothing,

5

‘et o - Optionall32
16 foEning = Optiona

|

o

ol

/) M X 5 £33
match tho §

: :AnI32(2) ;

// CRAEEGALE £ A

enum Ditection &

eft,

R1ghe,

Up,

Down,
5
let up = Direction::Up;
e e

Optionall32::4nl32(n) => printlpll 332 1 & 0
Optionall32: :Nothing => println!('mothing

1132: :Nothing;

N
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// AR IR BT A A G 36 £

// HEATR BAERBGE R, BaIBERAF
let mut mine: Box<i32> = Box::new(3);
imife = 5:
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// B BIE TR AR T8 4

// HFTREAE

45 R

FQLLSI:ihzlﬁggr

hEE AL N A

let mut mine: Box<i32> = Box::new(3):

imife = 5:

21

// B A% B P A AR

let mut now 11s mine = Mmife.
now. 1ts mine = 2

|

/f printlnl (U, mipely 0 B

20

K

£k
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// AR IR BT A A G 36 £

// HEATR BAERBGE R, BaIBERAF
let mut mine: Box<i32> = Box::new(3);
imife = 5:

// 1€ FABox & X 4% & £ A
i List ¢
Nil,
 Cons(i32 list)&dRsy
// BARE#ESTERER K
Wo- 1372, Box<list>),

5

B li=t::1Cons, Nilt:

e e —————————EERT

21

// B A% B P A AR

let mut now 11s mine = Mmife.
now. 1ts mine = 2

L|J

A/ printlnt (U4} mipel ¢ B

20

(N

£k

é:l:l:
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// A BAE T A AE] 48 £t // BRI AR FT A A

// HETRFAERRE RN, BahERA A let mut now 1ts mime - miEnc

let mut mine: Box<i32> = Box::new(3): oW ItSimine v

*mine = 5; // printinl (*{}" mine}: // =20 & Ry
// 1€ FABox & X 4% & £ A
i List ¢

Nil, // VIR X5 %8 T A R
// Cons(i32, List)& R4k let 11 = Cons(1, Box::new(Cons(2, Box::new(Nil))));
// BT kAT EER KN /) BEFREIETR BRI E| 12
e 132 Box<list>), gt 12 = 1,

1 & det 1=t oy R RIAC B IR 5E

‘—W

B li=t::1Cons, Nilt:

e R
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] unsafe 55150, S@EAES
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© I EAIN ERELZINZ M NIFLZ £ o)

® EAFEH unsafe &N, 2aBREES

® Rust KA AR R ITVIETL AL
® ZEEA) (Linear Types)
© X1 A (Region Types)
® FTEMNZEA (Ownership Types)
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A

N

Ay

N

typeof NaN
"number"”
9999999999999999
10000000000000000
0.5+0.1==0.6
true
0.1+0.2==0.3
false

Math.max()
-Infinity
Math.min()
Infinity

[1+[]

[1+{}
"[object Object]”

{}+[]
0

true+true+true===3

true

true-true
%)

Ay

true==
true
true===1
false

(!+[]+[]1+![]).1length

9
o+"1"
ngq"
91-"1"
90

[ ]==0

true

Thanks for

inventing Javascript

CJR . https://devrant.com/rants/1863017/another-javascript-joke-because-why-not-still-curious-though-which-frameworks-fo
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TvbeScrnipt o o

Operator '+! cannot be applied to types reverl |

| 1

and . neverl|
The right-hand side of an arithmetic operation must be of type ‘any’,
number.. bigint or an enum type.

This comparison appears to be unintentional because the types
Never(| and 'number’ have o overlop.

This condition will always return 'false' since JavaScript compares
objects by reference, not value.

25




TvbeScrnipt o o

"””’)',Operator '+ cannot be applied to types neverf| and feicii

= T

T [] [] The right-hand side of an arithmetic operation must be of type ‘any’,
number.. bigint or an enum type.

el B Uk - ]
This comparison appears to be unintentional because the types

([] O) Never(| and 'number’ have o overlop.
Yal 6= = : oy : , ; : i
- . This condition will always return "false' since JavaScript compares

objects by reference, not value.
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TvbeScrnipt o o

"””’)',Operator +' cannot be applied to types 'never|]
a0 [

The right-hand side of an arithmetic operation must be of type ‘any’,
‘number’, 'bigint' or an enum type.

| 1

and ‘neverl |

el B Uk - ]

This comparison appears to be unintentional because the types
Never(| and 'number’ have o overlop.

This condition will always return 'false' since JavaScript compares
objects by reference, not value.
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"””’)',Operator +' cannot be applied to types 'never|]
a0 [

The right-hand side of an arithmetic operation must be of type ‘any’,
‘number’, 'bigint' or an enum type.

| 1

and ‘neverl |

el B Uk - ]

This comparison appears to be unintentional because the types
Never(| and 'number’ have o overlop.

This condition will always return 'false' since JavaScript compares
objects by reference, not value.
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TvbeScrnipt o o

"””’)',Operator +' cannot be applied to types 'never|]
a0 [

The right-hand side of an arithmetic operation must be of type ‘any’,
number.. bigint or an enum type.

| 1

and ‘never |

el B Uk - ]

This comparison appears to be unintentional because the types
Never(| and 'number’ have o overlop.

This condition will always return 'false' since JavaScript compares
objects by reference, not value.

e - 0 =—>

function successor(n: number | bigint): number | bigint { .
LELLEN ++N e (UﬂiOﬂ Types)
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TvbeScrnipt o o

"””’)',Operator +! cannot be applied to types neuer] |
a0 [

The right-hand side of an arithmetic operation must be of type ‘any’,
number.. bigint or an enum type.

| 1

and ‘never |

a9 - 1

This comparison appears to be unintentional because the types
Never(| and 'number’ have o overlop.

This condition will always return 'false' since JavaScript compares
objects by reference, not value.

£ @ - (] -- g)=—>

M

function successor(n: number | bigint): number | bigint {

return ++n HAE2EAY (Union Types)
}~—-—-—-——-—-—-———-—1
I Boar  { pame: string | & { honey: boolean }
flliction greetib: Bear) i AT (Interseciicl Types)

B P ame + (b.honey ? " with hopey! : "")

5
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= R Imis

L Eljice Int(function<int(int)> f, int a) {
L Blfla) )

5

Ee @l a0y ice stringlfunction<string(string)> £, string a) i
s flt(a) )

5

2




S MRS

bl tuice intl s FIEeSEE

LUt fLEla) )
1

fe el a0y ice string(function<string(string)>|f, string a) i

i flTia) )

¥
b
C

2




= R Imis

B opl fiice Int(function<intl(int)> £, int a) i
L o TiEla) )

5

c il apply twice siringlfunction<stringl(string)> £, stiing 0
T ntita));

5

template<typename T>

I ol Ewicel funeeion<I (> £ 1T 4 ¢
feiin fifla))

;

28




= R Imis

B opl fiice Int(function<intl(int)> £, int a) i

5

c il apply twice siringlfunction<stringl(string)> £, stiing 0
T ntita));

i

L o TiEla) )

tem

3
X

feiin fifla))

Dlate<typename - .
3p1y_twice(function)> e g =

L =]
Sy

28




J=, FF L]
e :ﬂ éﬁﬂ *E
o T | applylwice(UnaryFunc<T, T> £, T a) {

o

¢ 1 | oxtends Comparable<T> > void sort(T|] a) 4

o

29
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= R Imis

o T | applylwice(UnaryFunc<T, T> £, T a) {

] JavalB2 =
¢ 1 | oxtends Comparable<T> > void sort(T|] a) 4 EZT%H?Z@E@E’\]?%;Q

Ol ppl Byice £ F (f o) o
askell 18 =
ghci> :t applyTwice i EHA] B

Sk G [ e

29



duel> applylwice £ g

ghci> :t applylwice
applylwice ::

_l//lﬁ\/_—n—_\Et i

S MRS

o T | applylwice(UnaryFunc<T, T> £, T a) {

o

¢ 1 | oxtends Comparable<T> > void sort(T|] a) 4

o

e

£ If g

r >t >t >t

29
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[ [ X R Imi=

L itlct Shape 1

Shape() 1]
i | fTloat areal) = O:

3 |
W2 X REQ, UGS

30



[ [ X R IR iz

L itlct Shape 1

Shape() 1]
i | fTloat areal) = O:

$ |
HWREMENED, TUEZFSII

C it Eirele: public Shape 1§

gl e float £} i) {}

L iedl ) 4 deturn P 1 f o1:
private:

s e

1

KU—: B, EFEANE
209, B T T 3k

30



tiruct Shape 1

Shape() 11}

i | fTloat areal) = O:

};

MREXERNED, JUBZHPE

C it Eirele: public Shape 1§
Eicleitloat ) 1(1) 1}

B L ool oeturn PI * 1 F 1

private:
L oAl I

1

el

2, RFERANE

893

RI#AT ¥ #3

[ [ X R IR iz

30

struct Rectangle: public Shape 1§

Rectangle(float a, fleat bl: ala) LS
float areal)] | retlr o @ s
private:

tloat a2 o

{

SESIERE

SN




L 1lct Shape 1

Shape() 11}

i | fTloat areal) = O:

h

SErlck Circle:

MREXERNED, JUBZHPE

piiblic Shape 1
i cloltloat 1) 1l
& F ool | 1eturn PI 1 * 10

L) il

private:
s e
b
S’;Ey_[l_,_: J'E'\/Z) P g5
AE, BIdEAT

|~

SR NME

THE

[ [ X R IR iz

struct Rectangle:

Rectangle(float a, fleat bl: ala) LS
tloat areal &

private:
tloat a2 o

SESIERE

struct Square:

public Shape |

return a B

SN

30

SR T RS EF
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public Rectangle {
Square(float s): Rectangle(

s, 81114
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[ [ X R Imi=

o 20O: B—1EOJUAEARSKLIY
o F3E: NIPHIELEH O] IITINERER
© B XN AEEXZR B HEE F




E [B) X RmAE

o 0. F— 1 EOJUEARHEI
o I NIREIELEM o] LI SN aiEr
o K. AN AFENRENRIEEF

o RARG U LI ERIFNRERRET T A LR
o HENRMETINNEREM: F25
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Eo @ e @

= X B X

Hcl> double
el dolible

X
2

e double [(double 2)

N R

N

¢

= mwen

h

R E T I iz

Vavaw

T X F0VE B REUCK ST T

BREERRmIES vﬁ

7

T

AL WA

Haskell T2 5

PR E VP
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R E T I iz

® 1BIY E X AN HREUKTAITHE
o ERIKMEAERRTIESD V_Y

0O ) £ (6 ()

0L double x = x + X ghcl> Tef sl [ D
gel - dolble 2 ghci SUM sl — & Sl e
ghcil
e double (double 2) giiei> st 1. 10 .
55 Haskell 12 S
e S 2 -

7 f 2= iE e

7



R E T I iz

® 1B E X A0 FH RBEKR STAIT R
o ERIEREAERRTIES v_t

0O ) £ (6 ()

0L double x = x + X ghcl> Tef sl [ D
gel - dolble 2 ghci SUM sl — & Sl e
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Liquid Haskell

® £ Haskell W& =, 70 FHAIEEIRIEXTEAEHTEMN (refinement)
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Liquid Haskell

® f£ Haskell ENZE AT =, IFAIBIEIFIEXI A FH TN (refinement)

1-@ type NonEmpty a = {(v:|a] | 0 < len v} @-;

{-@ head :: NonEmpty a -> a @-}
ead (¢ ) = X

W
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abDs e cink - e
1-@ head :: NonEmpty a -> a @-} sl B o
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1-@ type NonEmpty a = {(v:|a] | 0 < len v} @-;
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Resource-aware ML
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let rec append 11 12
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