
 
 

R
ecu

rsiv
e D

ataty
p

es an
d

 L
ists

Recap	from	week	1:	Data	types



 
 

T
y
p

es an
d
 co

n
stru

cto
rs

In
terp

retatio
n

:

“H
ere is a n

ew
 ty

p
e S

u
it. T

h
is ty

p
e h

as fo
u

r 
p
o

ssib
le v

alu
es: S

p
a

d
e

s
, H

e
a

rts
, 

D
ia

m
o

n
d

s
 an

d
 C

lu
b

s
.”

d
a
ta

 S
u
it =

 S
p

a
d
e
s
 | H

e
a
rts

 | D
ia

m
o
n
d
s
 | C

lu
b
s



 
 

T
y
p

es an
d
 co

n
stru

cto
rs

T
h

is d
efin

itio
n

 in
tro

d
u

ces fiv
e th

in
g

s:

–
T

h
e ty

p
e S

u
it

–
T

h
e co

n
stru

cto
rs

S
p
a
d
e
s

:: S
u
it

H
e
a
rts

:: S
u
it

D
ia

m
o
n
d
s

:: S
u
it

C
lu

b
s

:: S
u
it

d
a
ta

 S
u
it =

 S
p

a
d
e
s
 | H

e
a
rts

 | D
ia

m
o
n
d
s
 | C

lu
b
s



 
 

T
y
p

es an
d
 co

n
stru

cto
rs

In
terp

retatio
n

:

“H
ere is a n

ew
 ty

p
e R

a
n

k
. V

alu
es o

f th
is 

ty
p

e h
av

e fiv
e p

o
ssib

le p
o

ssib
le fo

rm
s: 

N
u

m
e

ric
 n

, J
a

c
k

, Q
u

e
e

n
, K

in
g

 o
r A

c
e

, 
w

h
ere n

 is a v
alu

e o
f ty

p
e In

te
g

e
r”

d
a
ta

 R
a

n
k
 =

 N
u

m
e
ric

 In
te

g
e
r | J

a
c
k
 | Q

u
e
e

n
 | K

in
g
 | A

c
e



 
 

T
y
p

es an
d
 co

n
stru

cto
rs

T
h

is d
efin

itio
n

 in
tro

d
u

ces six
 th

in
g

s:

–
T

h
e ty

p
e R

a
n
k

–
T

h
e co

n
stru

cto
rs

N
u
m

e
ric

:: ?
?
?

J
a
c
k

:: ?
?
?

Q
u
e
e
n

:: ?
?
?

K
in

g
:: ?

?
?

A
c
e

:: ?
?
?

d
a
ta

 R
a

n
k
 =

 N
u

m
e
ric

 In
te

g
e
r | J

a
c
k
 | Q

u
e
e

n
 | K

in
g
 | A

c
e



 
 

T
y
p

es an
d
 co

n
stru

cto
rs

T
h

is d
efin

itio
n

 in
tro

d
u

ces six
 th

in
g

s:

–
T

h
e ty

p
e R

a
n
k

–
T

h
e co

n
stru

cto
rs

N
u
m

e
ric

:: In
te

g
e
r →

 R
a
n
k

J
a
c
k

:: ?
?
?

Q
u
e
e
n

:: ?
?
?

K
in

g
:: ?

?
?

A
c
e

:: ?
?
?

d
a
ta

 R
a

n
k
 =

 N
u

m
e
ric

 In
te

g
e
r | J

a
c
k
 | Q

u
e
e

n
 | K

in
g
 | A

c
e



 
 

T
y
p

es an
d
 co

n
stru

cto
rs

T
h

is d
efin

itio
n

 in
tro

d
u

ces six
 th

in
g

s:

–
T

h
e ty

p
e R

a
n
k

–
T

h
e co

n
stru

cto
rs

N
u
m

e
ric

:: In
te

g
e
r →

 R
a
n
k

J
a
c
k

:: R
a
n
k

Q
u
e
e
n

:: R
a
n
k

K
in

g
:: R

a
n
k

A
c
e

:: R
a
n
k

d
a
ta

 R
a

n
k
 =

 N
u

m
e
ric

 In
te

g
e
r | J

a
c
k
 | Q

u
e
e

n
 | K

in
g
 | A

c
e



 
 

T
y
p

es an
d
 co

n
stru

cto
rs

d
a
ta

 R
a

n
k
 =

 N
u

m
e
ric

 In
te

g
e
r | J

a
c
k
 | Q

u
e
e

n
 | K

in
g
 | A

c
e

T
y
p

e

C
o
n

stru
cto

r

T
y
p

e



 
 

T
y
p

es an
d
 co

n
stru

cto
rs

In
terp

retatio
n

:

“H
ere is a n

ew
 ty

p
e C

a
rd

. V
alu

es o
f th

is 
ty

p
e h

av
e th

e fo
rm

 C
a

rd
 r s

, w
h

ere r an
d
 s

 
are v

alu
es o

f ty
p

e R
a

n
k

 an
d

 S
u

it 
resp

ectiv
ely

.”

d
a
ta

 C
a

rd
 =

 C
a
rd

 R
a

n
k
 S

u
it



 
 

T
y
p

es an
d
 co

n
stru

cto
rs

T
h

is d
efin

itio
n

 in
tro

d
u

ces tw
o

 th
in

g
s:

–
T

h
e ty

p
e C

a
rd

–
T

h
e co

n
stru

cto
r

C
a
rd

 :: ?
?
?

d
a
ta

 C
a
rd

 =
 C

a
rd

 R
a
n

k
 S

u
it



 
 

T
y
p

es an
d
 co

n
stru

cto
rs

T
h

is d
efin

itio
n

 in
tro

d
u

ces tw
o

 th
in

g
s:

–
T

h
e ty

p
e C

a
rd

–
T

h
e co

n
stru

cto
r

C
a
rd

 :: R
a
n
k
 →

 S
u
it →

 C
a
rd

d
a
ta

 C
a
rd

 =
 C

a
rd

 R
a
n

k
 S

u
it



 
 

T
y
p

es an
d
 co

n
stru

cto
rs

d
a
ta

 C
a

rd
 =

 C
a
rd

 R
a

n
k
 S

u
it

T
y
p

e

C
o

n
stru

cto
r

T
y
p

e
T

y
p

e



 
 

B
u

ilt-in
 lists

d
a
ta

 [a
] =

 []  |  (:) a
 [a

]

C
o

n
stru

cto
rs:

[]
:: [a

]

(:)
:: a

 →
 [a

] →
 [a

] N
o

t a leg
al d

efin
itio

n
,

b
u

t th
e b

u
ilt-in

 lists are

co
n
cep
tu
a
lly d

efin
ed

lik
e th

is



 
 

S
o

m
e list o

p
eratio

n
s

•
F

ro
m

 th
e D

ata.L
ist m

o
d

u
le (also

 in
 th

e 
P

relu
d
e):

re
v
e

rs
e

:: [a
] ->

 [a
]

  -- re
v
e
rs

e
 a

 lis
t

 ta
k
e
 

:: In
t ->

 [a
] ->

 [a
]

  -- (ta
k
e
 n

) p
ic

k
s
 th

e
 firs

t n
 e

le
m

e
n
ts

 (+
+

)
:: [a

] ->
 [a

] ->
 [a

]

  -- a
p

p
e
n
d
 a

 lis
t a

fte
r a

n
o
th

e
r

 re
p
lic

a
te

:: In
t ->

 a
 ->

 [a
]

  -- m
a
k
e
 a

 lis
t b

y
 re

p
lic

a
tin

g
 a

n
 e

le
m

e
n
t



 
 

S
o

m
e list o

p
eratio

n
s

*M
a

in
>

 re
v
e

rs
e

 [1
,2

,3
]

[3
,2

,1
]

*M
a

in
>

 ta
k
e

 4
 [1

..1
0

]

[1
,2

,3
,4

]

*M
a

in
>

 [1
,2

,3
] +

+
 [4

,5
,6

]

[1
,2

,3
,4

,5
,6

]

*M
a

in
>

 re
p

lic
a

te
 5

 2

[2
,2

,2
,2

,2
]



 
 

S
trin

g
s are lists o

f ch
aracters

ty
p
e

 S
trin

g
 =

 [C
h

a
r]

P
re

lu
d

e
>

 'g
' : "a

p
a

"
"g

a
p

a
"

P
re

lu
d

e
>

 "fly
g

" +
+

 "p
la

n
"

"fly
g

p
la

n
"

P
re

lu
d

e
>

 ['A
','p

','a
']

"A
p

a
"

T
y
p

e sy
n

o
n

y
m

 

d
efin

itio
n



 
 

M
o

re o
n

 T
y
p
es

•
F

u
n

ctio
n

s can
 h

av
e “g

en
eral” ty

p
es:

–
p
o
lym
o
rp
h
ism

–
rev

erse
:: [a] →

 [a]

–
(:) 

:: a →
 [a] →

 [a]

•
S

o
m

etim
es, th

ese ty
p

es can
 b

e restricted

–
O

rd
 a =

>
 …

 fo
r co

m
p
ariso

n
s (<

, <
=

, >
, >

=
, …

)

–
E

q
 a =

>
 …

 fo
r eq

u
ality

 (=
=

, /=
)

–
N

u
m

 a =
>

 …
 fo

r n
u

m
eric o

p
eratio

n
s (+

, -, *
, …

)



 
 

D
o

’s an
d

 D
o

n
’ts

isB
ig

 :: In
teg

er →
 B

o
o

l

isB
ig

 n
 | n

 >
 9

9
9

9
  =

 T
ru

e

            | o
th

erw
ise =

 F
alse

isB
ig

 :: In
teg

er →
 B

o
o

l

isB
ig

 n
 =

 n
 >

 9
9

9
9

g
u
ard

s an
d
 

b
o
o
lean

 resu
lts



 
 

D
o

’s an
d

 D
o

n
’ts

resu
ltIsS

m
all :: In

teg
er →

 B
o

o
l

resu
ltIsS

m
all n

 =
 isS

m
all (f n

) =
=

 T
ru

e

resu
ltIsS

m
all :: In

teg
er →

 B
o

o
l

resu
ltIsS

m
all n

 =
 isS

m
all (f n

)

co
m

p
ariso

n
 

w
ith

 a b
o

o
lean

 

co
n
stan

t



 
 

D
o

’s an
d

 D
o

n
’ts

resu
ltIsB

ig
 :: In

teg
er →

 B
o

o
l

resu
ltIsB

ig
 n

 =
 isS

m
all (f n

) =
=

 F
alse

resu
ltIsB

ig
 :: In

teg
er →

 B
o

o
l

resu
ltIsB

ig
 n

 =
 n

o
t (isS

m
all (f n

))

co
m

p
ariso

n
 

w
ith

 a b
o

o
lean

 

co
n
stan

t



 
 

D
o

’s an
d

 D
o

n
’ts

fu
n

1
 :: [In

teg
er] →

 B
o

o
l

fu
n

1
 []        =

 F
alse

fu
n

1
 (x

:x
s) =

 len
g

th
 (x

:x
s) =

=
 1

0
 

fu
n

1
 :: [In

teg
er] →

 B
o

o
l

fu
n

1
 x

s =
 len

g
th

 x
s =

=
 1

0

rep
eated

 co
d
e

n
ecessary

 case 

d
istin

ctio
n
?

D
o

 n
o

t m
ak

e 

u
n

n
ecessary

 case 

d
istin

ctio
n

s



 
 

D
o

’s an
d

 D
o

n
’ts

fu
n

2
 :: [In

teg
er] →

 In
teg

er

fu
n

2
 [x

]      =
 calc x

fu
n

2
 (x

:x
s) =

 calc x
 +

 fu
n

2
 x

s 

fu
n

2
 :: [In

teg
er] →

 In
teg

er

fu
n

2
 []        =

 0

fu
n

2
 (x

:x
s) =

 calc x
 +

 fu
n

2
 x

s

rep
eated

 co
d
e

rig
h
t b

ase 

case ?

M
ak

e th
e b

ase 

case as sim
p

le as 

p
o

ssib
le


