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A
p
ro
g
ra
m
m
in
g
p
u
zzle

Im
p
lem
en
t
C
's
p
rin
tf
in
H
askell
(called
fo
rm
a
t
b
elow
).

M
a
in
i
:ty
pe
fo
rm
a
t
(lit
"
h
e
l
l
o
 
w
o
r
l
d
"
)

S
tr

M
a
in
i
fo
rm
a
t
(lit
"
h
e
l
l
o
 
w
o
r
l
d
"
)

"
h
e
l
l
o
 
w
o
r
l
d
"

M
a
in
i
:ty
pe
fo
rm
a
t
in
t

In
t
!

S
tr

M
a
in
i
fo
rm
a
t
in
t
5

"
5
"

M
a
in
i
:ty
pe
fo
rm
a
t
(in
t
^
lit
"
 
i
s
 
"
^
str
)

In
t
!

S
tr
!

S
tr

M
a
in
i
fo
rm
a
t
(in
t
^
lit
"
 
i
s
 
"
^
str
)
5
"
f
i
v
e
"

"
5
 
i
s
 
f
i
v
e
"
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P
re
lim
in
arie
s:
fu
n
cto
rs

A
t
th
e
h
eart
of
th
e
H
askell
solu
tion
is
th
e
con
cep
t
of
a
fu
n
cto
r.

c
la
s
s
F
u
n
c
to
r
F
w
h
e
r
e

m
a
p

::
(A
!

B
)
!

(F
A
!

F
B
)

A
s
an
exam
p
le,
th
e
fu
n
ction
al
typ
e
(A
!
)
for
�
xed
A
is
a
fu
n
ctor
w
ith

th
e
m
a
p
p
in
g
fu
n
ctio
n
given
by
p
o
st-co
m
p
o
sitio
n
.

in
s
ta
n
c
e
F
u
n
c
to
r
(A
!
)
w
h
e
r
e

m
a
p
�
x

=

�
�
x

N
B
.
In
terestin
gly,
th
is
in
stan
ce
is
n
ot
pred
e�
n
ed
in
H
askell
98.
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F
u
rth
er
exam
p
les
are
th
e
id
en
tity
fu
n
cto
r
an
d
fu
n
cto
r
co
m
p
o
sitio
n
.

ty
p
e
Id
A

=

A

in
s
ta
n
c
e
F
u
n
c
to
r
Id
w
h
e
r
e

m
a
p

=

id

ty
p
e
(F
�
G
)
A

=

F
(G
A
)

in
s
ta
n
c
e
(F
u
n
c
to
r
F
;F
u
n
cto
r
G
)
)

F
u
n
cto
r
(F
�
G
)
w
h
e
r
e

m
a
p

=

m
a
p
�
m
a
p

N
B
.
T
h
ese
in
stan
ce
d
eclaration
s
are
n
ot
legal
H
askell
sin
ce
Id
an
d
`�'

are
n
ot
d
ata
typ
es
d
e�
n
ed
by
d
a
ta
or
by
n
e
w
ty
p
e
.
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A non-solution

The type of format depends on its �rst argument, the format directive.

Clearly, we cannot de�ne such a dependently typed function in Haskell

if we represent directives by elements of a single data type, say,

data Dir = lit Str j int j str j Dir ^Dir :

☞ However, using Haskell's type classes we can de�ne values that

depend on types.
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S
in
g
le
to
n
typ
e
s

T
o
u
tilize
typ
e
classes
w
e
m
u
st
arran
ge
th
at
each
d
irective
p
ossesses
a

d
istin
ct
typ
e.
T
o
th
is
en
d
w
e
in
tro
d
u
ce
th
e
follow
in
g
sin
g
leto
n
ty
p
es:

d
a
ta
L
IT

=

lit
S
tr

d
a
ta
IN
T

=

in
t

d
a
ta
S
T
R

=

str

d
a
ta
D
1

^
D
2

=

D
1

^
D
2 :

T
h
e
stru
ctu
re
of
th
e
d
irective
is
m
irrored
on
th
e
typ
e
level:

in
t
^
lit
"
 
i
s
 
"
^
str

::
IN
T
^
L
IT
^
S
T
R
:
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S
te
p
1
:
A
g
e
n
e
ric
p
ro
g
ra
m

W
e
can
n
ow
sp
ecify
fo
rm
a
t
as
a
ty
p
e-in
d
ex
ed
v
a
lu
e
of
typ
e

fo
rm
a
t
D

::
D
!

F
o
rm
a
t
D

S
tr
;

th
at
is,
fo
rm
a
t
D

takes
a
d
irective
of
typ
e
D

an
d
retu
rn
s
`som
eth
in
g'

of
S
tr
w
h
ere
`som
eth
in
g'
is
d
eterm
in
ed
by
D

in
th
e
follow
in
g
w
ay:

F
o
rm
a
t
D
::
?

::
?
!

?

F
o
rm
a
t
L
I
T

S

=

S

F
o
rm
a
t
I
N
T

S

=

In
t
!

S

F
o
rm
a
t
S
T
R

S

=

S
tr
!

S

F
o
rm
a
t
D
1
^

D
2

S

=

F
o
rm
a
t
D
1

(F
o
rm
a
t
D
2

S
):

H
ere,
F
o
rm
a
t
D

is
a
ty
p
e-in
d
ex
ed
ty
p
e,
a
typ
e
th
at
d
ep
en
d
s
on
a
typ
e.6



T
h
e
cru
cial
prop
erty
of
F
o
rm
a
t
D

is
th
at
it
con
stitu
tes
a
fu
n
ctor.
T
h
is

can
b
e
seen
m
ore
clearly
if
w
e
rew
rite
F
o
rm
a
t
D

in
a
p
oin
t-free
style.

F
o
rm
a
t
L
I
T

=

Id

F
o
rm
a
t
I
N
T

=

(In
t
!
)

F
o
rm
a
t
S
T
R

=

(S
tr
!
)

F
o
rm
a
t
D
1
^

D
2

=

F
o
rm
a
t
D
1

�
F
o
rm
a
t
D
2
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T
h
e
im
p
lem
en
tation
of
fo
rm
a
t
is
straigh
tforw
ard
excep
t
p
erh
ap
s
for

th
e
last
case.

fo
rm
a
t
D

::
D
!

F
o
rm
a
t
D

S
tr

fo
rm
a
t
L
I
T

(lit
s)

=

s

fo
rm
a
t
I
N
T

in
t

=

�
i
!

sh
o
w
i

fo
rm
a
t
S
T
R

str

=

�
s
!

s

fo
rm
a
t
D
1
^

D
2

(d
1

^
d
2 )
=

fo
rm
a
t
D
1

d
1

�
fo
rm
a
t
D
2

d
2
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E
xp
lo
itin
g
th
e
fu
n
cto
ria
lity
o
f
F
o
r
m
a
t
D

It
rem
ain
s
to
d
e�
n
e
th
e
op
erator
`�
',
w
h
ich
takes
an
F

S
tr
an
d
a

G
S
tr
to
a
(F
�
G
)
S
tr
.

(�
)

::
(F
u
n
c
to
r
F
;F
u
n
cto
r
G
)
)

F
S
tr
!

G
S
tr
!

(F
�
G
)
S
tr

f
�
g

=

m
a
p
(�
s
!

m
a
p
(�
t
!

s
++
t)
g
)
f

T
h
e
op
erator
`�
'
en
joys
n
ice
algebraic
prop
erties:
it
is
asso
ciative
an
d

h
as
th
e
em
p
ty
strin
g,
"
"
::
Id
S
tr
,
as
a
u
n
it.
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S
te
p
2
:
T
o
w
ard
s
a
H
a
ske
ll
so
lu
tio
n

T
o
im
p
lem
en
t
fo
rm
a
t
D

::
D

!

F
o
rm
a
t
D

S
tr
in
H
askell,
w
e
u
se
a

m
u
ltip
le
p
ara
m
eter
ty
p
e
cla
ss
w
ith
a
fu
n
ctio
n
a
l
d
ep
en
d
en
cy.

c
la
s
s
(F
u
n
c
to
r
F
)
)

F
o
rm
a
t
D
F
j
D
!

F
w
h
e
r
e

fo
rm
a
t

::
D
!

F
S
tr

T
h
e
fu
n
ction
al
d
ep
en
d
en
cy
D

!

F

(b
ew
are,
th
is
is
n
ot
th
e
fu
n
ction

sp
ace
arrow
)
con
strain
s
th
e
relation
to
b
e
fu
n
ction
al:

if
b
oth

F
o
rm
a
t
D
1

F
1

an
d
F
o
rm
a
t
D
2

F
2

h
old
,
th
en
D
1

=

D
2

im
p
lies

F
1

=
F
2 .

1
0



F
or
each
d
irective
D

w
e
provid
e
an
in
stan
ce
of
th
e
sch
em
atic
form

in
s
ta
n
c
e
F
o
rm
a
t
D
(F
o
rm
a
t
D
)
w
h
e
r
e
fo
rm
a
t
=
fo
rm
a
t
D
.

in
s
ta
n
c
e
F
o
rm
a
t
L
IT
Id
w
h
e
r
e

fo
rm
a
t
(lit
s)

=

s

in
s
ta
n
c
e
F
o
rm
a
t
IN
T
(In
t
!
)
w
h
e
r
e

fo
rm
a
t
in
t

=

�
i
!

sh
o
w
i

in
s
ta
n
c
e
F
o
rm
a
t
S
T
R
(S
tr
!
)
w
h
e
r
e

fo
rm
a
t
str

=

�
s
!

s

in
s
ta
n
c
e
(F
o
rm
a
t
D
1

F
1 ;F
o
rm
a
t
D
2

F
2 )

)

F
o
rm
a
t
(D
1

^
D
2 )
(F
1

�
F
2 )
w
h
e
r
e

fo
rm
a
t
(d
1

^
d
2 )

=

fo
rm
a
t
d
1

�
fo
rm
a
t
d
2

In
im
p
lem
en
tin
g
th
e
sp
eci�
cation
w
e
h
ave
sim
p
ly
rep
laced
a
typ
e

fu
n
ction
by
a
fu
n
ction
al
typ
e
relation
.

1
1



A
n
e
xa
m
p
le
tra
n
sla
tio
n

fo
rm
a
t
(in
t
^
lit
"
 
i
s
 
"
^
str
)

=

f
d
e�
n
ition
of
fo
rm
a
t
g

sh
o
w
�
"
 
i
s
 
"
�
id

=

f
d
e�
n
ition
of
`�
'
g

m
a
p
(�
s
!

m
a
p
(�
t
!

m
a
p
(�
u
!

s
++
t
++
u
)
id
)
"
 
i
s
 
"
)
sh
o
w

=

f
d
e�
n
ition
of
m
a
p
A
!

an
d
m
a
p
I
d

g

(�
s
!

(�
t
!

(�
u
!

s
++
t
++
u
)
�
id
)
"
 
i
s
 
"
)
�
sh
o
w

=

f
algebraic
sim
p
li�
cation
s
an
d
�
-con
version
g

�
i
!

�
u
!

sh
o
w
i
++
"
 
i
s
 
"
++
u

S
in
ce
th
e
form
at
d
irective
is
static,
th
is
is
a
com
p
ile-tim
e
op
tim
ization
.1
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S
te
p
3
:
A
H
a
ske
ll
so
lu
tio
n

R
ecall
th
at
th
e
F
u
n
c
to
r
in
stan
ces
for
Id
an
d
`�'
are
n
ot
legal
sin
ce
typ
e

syn
on
ym
s
m
u
st
n
ot
b
e
p
artially
ap
p
lied
.
W
e
h
ave
to
u
se
n
e
w
ty
p
e
's:

n
e
w
ty
p
e
Id
A

=

id
e
A

n
e
w
ty
p
e
(F
�
G
)
A

=

co
m

(F
(G
A
)):

A
las,
n
ow
Id
an
d
`�'
are
n
ew
d
istin
ct
typ
es.
In
p
articu
lar,
th
e
id
en
tities

Id
A
=
A
an
d
(F
�
G
)
A
=
F
(G
A
)
d
o
n
ot
h
old
an
y
m
ore:
w
e
h
ave

fo
rm
a
t
(in
t
^
lit
"
 
i
s
 
"
^
str
)
::
((In
t
!
)
�
Id
�
(S
tr
!
))
S
tr

rath
er
th
an

fo
rm
a
t
(in
t
^
lit
"
 
i
s
 
"
^
str
)
::
In
t
!

S
tr
!

S
tr
:

1
3



A
p
p
lyin
g
a
fu
n
cto
r

W
e
m
u
st
ap
p
ly
th
e
fu
n
ctor
(In
t
!
)
�
Id
�
(S
tr
!
)
to
S
tr
.

c
la
s
s
(F
u
n
c
to
r
F
)
)

A
p
p
F
A
B
j
F
A
!

B
w
h
e
r
e

a
p
p
ly

::
F
A
!

B

in
s
ta
n
c
e
A
p
p
(A
!
)
B
(A
!

B
)
w
h
e
r
e

a
p
p
ly

=

id

in
s
ta
n
c
e
A
p
p
Id
A
A
w
h
e
r
e

a
p
p
ly
(id
e
a
)

=

a

in
s
ta
n
c
e
(A
p
p
G
A
B
;A
p
p
F
B
C
)
)

A
p
p
(F
�
G
)
A
C
w
h
e
r
e

a
p
p
ly
(co
m

x
)
=

a
p
p
ly
(m
a
p
a
p
p
ly
x
)

fo
rm
a
t

::
(F
o
rm
a
t
D
F
;A
p
p
F
S
tr
A
)
)

D
!

A

fo
rm
a
t
d

=

a
p
p
ly
(fo
rm
a
tx
d
):

T
h
e
in
ten
tion
is
th
at
th
e
typ
e
relation
A
p
p
F
A
B
h
old
s
i�
F
A
=
B
.1
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H
a
ske
ll
ca
n
d
o
it
(a
lm
o
st)
w
ith
o
u
t
typ
e
cla
sse
s

W
e
can
elim
in
ate
th
e
F
o
rm
a
t
class
by
sp
ecia
lizin
g

fo
rm
a
t:

for

each
d
::
D

w
e
in
tro
d
u
ce
a
n
ew
d
irective
d
::
F
o
rm
a
t
D

S
tr
given
by

d
=
fo
rm
a
tx
d
(b
elow
w
e
reu
se
th
e
origin
al
n
am
es).

lit

::
S
tr
!

Id
S
tr

lit
s

=

id
e
s

in
t

::
(In
t
!
)
S
tr

in
t

=

�
i
!

sh
o
w
i

str

::
(S
tr
!
)
S
tr

str

=

�
s
!

s

fo
rm
a
t

::
(A
p
p
F
S
tr
A
)
)

F
S
tr
!

A

fo
rm
a
t
d

=

a
p
p
ly
d

1
5



A
n
e
xa
m
p
le
se
ssio
n

F
u
rth
erm
ore,
in
stead
of
`^
'
w
e
u
se
`�
'.

M
a
in
i
:ty
pe
(in
t
�
lit
"
 
i
s
 
"
�
str
)

((In
t
!
)
�
Id
�
(S
tr
!
))
S
tr

M
a
in
i
:ty
pe
fo
rm
a
t
(in
t
�
lit
"
 
i
s
 
"
�
str
)

In
t
!

S
tr
!

S
tr

M
a
in
i
fo
rm
a
t
(in
t
�
lit
"
 
i
s
 
"
�
str
)
5
"
f
i
v
e
"

"
5
 
i
s
 
f
i
v
e
"

M
a
in
i
fo
rm
a
t
(sh
o
w
�
lit
"
 
i
s
 
"
�
sh
o
w
)
5
"
f
i
v
e
"

"
5
 
i
s
 
\
"
f
i
v
e
\
"
"

M
a
in
i
fo
rm
a
t
(lit
"
s
u
m
 
"
�
sh
o
w
�
lit
"
 
=
 
"
�
sh
o
w
)

[1
::10
]
(su
m

[1
::10
])

"
s
u
m
 
[
1
,
2
,
3
,
4
,
5
,
6
,
7
,
8
,
9
,
1
0
]
 
=
 
5
5
"

N
ote
th
e
u
se
of
sh
o
w
in
th
e
last
tw
o
exam
p
les.

1
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E
xte
n
sio
n
s:
p
rin
tin
g
to
s
td
o
u
t

H
ere
is
a
varian
t
of
fo
rm
a
t
th
at
ou
tp
u
ts
th
e
strin
g
to
th
e
stan
d
ard

ou
tp
u
t
d
evice.

p
rin
tf

::
(A
p
p
F
(IO
())
A
)
)

F
S
tr
!

A

p
rin
tf
d

=

a
p
p
ly
(m
a
p
p
u
tS
trL
n
d
)

T
h
is
fu
n
ction
n
icely
d
em
on
strates
h
ow
to
d
e�
n
e
on
e's
ow
n
variab
le-

argu
m
en
t
fu
n
ction
s
on
top
of
fo
rm
a
t.

1
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E
xte
n
sio
n
s:
a
d
d
itio
n
a
l
d
ire
ctive
s

H
ere
is
a
d
irective
for
u
n
p
arsin
g
a
list
of
valu
es.

list

::
(A
!
)
S
tr
!

([A
]
!
)
S
tr

list
d
[]

=

"
[
]
"

list
d
(a
:a
s)

=

"
[
"
++
d
a
++
rest
a
s

w
h
e
r
e
re
st
[]

=

"
]
"

re
st
(a
:a
s)
=

"
,
 
"
++
d
a
++
rest
a
s

T
o
form
at
a
strin
g
w
e
can
n
ow
eith
er
u
se
th
e
d
irective
str
(em
it
th
e

strin
g
literally),
sh
o
w

(p
u
t
th
e
strin
g
in
q
u
otes),
or
list
sh
o
w

(sh
ow

th
e
strin
g
as
a
list
of
ch
aracters).

L
ikew
ise,
for
form
attin
g
a
list
of
strin
gs
w
e
can
ch
o
ose
b
etw
een
sh
o
w
,

list
str
,
list
sh
o
w
,
or
list
(list
sh
o
w
).

1
8



A
p
p
e
n
d
ix:
D
a
n
vy's
so
lu
tio
n
[J
F
P
,
8
(6
)]

c
la
s
s
F
o
rm
a
t
0

D
F
j
D
!

F
w
h
e
r
e

fo
rm
a
t
0

::
8
A
:D
!

(S
tr
!

A
)
!

(S
tr
!

F
A
)

in
s
ta
n
c
e
F
o
rm
a
t
0

L
IT
Id
w
h
e
r
e

fo
rm
a
t
0

(lit
s)

=

�
�
o
u
t
!

�
(o
u
t
++
s)

in
s
ta
n
c
e
F
o
rm
a
t
0

IN
T
(In
t
!
)
w
h
e
r
e

fo
rm
a
t
0

in
t

=

�
�
o
u
t
!

�
i
!

�
(o
u
t
++
sh
o
w
i)

in
s
ta
n
c
e
F
o
rm
a
t
0

S
T
R
(S
tr
!
)
w
h
e
r
e

fo
rm
a
t
0

str

=

�
�
o
u
t
!

�
s
!

�
(o
u
t
++
s)

in
s
ta
n
c
e
(F
o
rm
a
t
0

D
1

F
1 ;F
o
rm
a
t
0

D
2

F
2 )

)

F
o
rm
a
t
0

(D
1

^
D
2 )
(F
1

�
F
2 )
w
h
e
r
e

fo
rm
a
t
0

(d
1

^
d
2 )
=

�
�
o
u
t
!
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