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S
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un-tim

e
representation

ofvalues,recursive
closures

�

Interpretation
ofthe

functionallanguage
w

ith
static

scope

�

Interpretation
w

ith
dynam

ic
scope

�

Types
and

type
environm

ents

�

A
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U
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M
odelling

�

a
first-order

functional
langua

g
e

E
ssentially,m

icro-S
M

L,a
subsetofS

tandard
M

L.Later
w

e
shalllook

atm
icro-C

and
m

icro-Java.

R
estrictions:

�

T
he

language
is

first-order:
functions

cannotbe
passed

as
param

eters
or

returned
from

functions.

(N
extw

eek
w

e
consider

a
higher-order

language:
functions

as
param

eters
and

as
results).

�

A
function

takes
exactly

one
argum

ent.

�

T
here

are
only

integer
and

boolean
data.

�

N
o

pattern
m

atching,exceptions,
etc.

E
xam

ple
program

s
—

every
program

is
justan

expression:

2tru
e

x1le
t

x2
=

2
in

x2
+

1
7

e
n

d
x2

+
1

7
if

2
<

3
th

e
n

1
7

e
lse

1
8

le
t

fa
c

n
=

if
n

=
0

th
e

n
1

e
lse

n
*

fa
c(n

-1
)

in
fa

c
1

0
e

n
d

fa
c

1
0
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A
bstract

syntax
for

m
icro-S

M
L

F
ile

fu
n

/A
b

syn
.sm

l
:

d
a

ta
typ

e
e

xp
r

=
C

stI
o

f
in

t
|

C
stB

o
f

b
o

o
l

|
V

a
r

o
f

strin
g

|
L

e
t

o
f

strin
g

*
e

xp
r

*
e

xp
r

|
P

rim
o

f
strin

g
*

e
xp

r
list

|
If

o
f

e
xp

r
*

e
xp

r
*

e
xp

r
|

L
e

tfu
n

o
f

strin
g

*
strin

g
*

e
xp

r
*

e
xp

r
|

C
a

ll
o

f
e

xp
r

*
e

xp
r

T
his

is
justthe

expression
language

plus
conditionalexpressions

(if
),function

declarations,and
function

calls.

T
here

are
lexer

and
parser

specifications
in

fu
n

/F
u

n
le

x.le
x

and
fu

n
/F

u
n

p
a

r.g
rm

.

T
here

is
a

parser
in

fu
n

/p
a

rse
.sm

l
and

instructions
in

fu
n

/g
ra

m
m

a
r.txt

.
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E
valuation:

static
scope

or
d

ynam
ic

scope?

T
he

function
f

has
a

free
variable

x
:

le
t

y
=

1
1

in
le

t
f

x
=

x
+

y
in

le
t

y
=

2
2

in
f

3
e

n
d

e
n

d
e

n
d

W
hen

evaluating
f

3
should

y
in

f
refer

to
1

1
or

to
2

2
?

In
a

language
w

ith
static

scope,y
w

ould
refer

to
1

1
;in

a
language

w
ith

dynam
ic

scope,itw
ould

refer
to

2
2

.

T
he

program
m

ing
language

Lisp
(1960)

has
dynam

ic
scope

rules.

A
lgol,P

ascal,A
da,C

+
+

,Java,S
chem

e,
S

tandard
M

L,...
have

static
scope

rules.

A
llserious

program
m

ing
languages

developed
since

1965
have

static
scope

rules.

S
tatic

scope
is

m
ore

efficient,m
ore

‘logical’,and
perm

its
com

pile-tim
e

type
checking.

W
ith

static
scope,a

function
m

ustsom
ehow

rem
em

ber
the

values
ofits

free
variables.
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E
v

�
aluation:

R
un-tim

e
values,

run-tim
e

environm
ents,

and
closures

A
nam

e
can

be
bound

to
an

integer,or
a

boolean,or
a

function.

A
truntim

e,both
integers

and
booleans

are
represented

by
integers;fa

lse
by

0
and

tru
e

by
1.

R
un-tim

e
environm

ents:
m

apping
nam

es
to

values

A
s

for
the

expression
language,

evaluation
takes

place
in

a
run-tim

e
environm

ent.

N
otation:� �

��
��	 ��


�

is
the

environm
entthatm

aps�

to
3

and	

to
11.

R
epresenting

functions
b

y
closures

T
he

representation
ofa

function
f

can
record

the
values

ofits
free

variables
in

an
environm

ent.

T
hus

a
function

f
x

=
e

b
o

d
y

is
represented

by
a

closure
(f,

x,
e

b
o

d
y,

fe
n

v)
.

E
xam

ple
closure:("f",

"x",
P

rim
("+

",
[V

a
r

"x",
V

a
r

"y"]),

� 	 ��


� )

.

(A
ctually,a

Java
objectcontaining

a
non-static

m
ethod

m
(...)

is
a

kind
ofclosure

form
:

T
he

m
ethod’s

free
variables

m
ustbe

fields
in

the
object;the

objectprovides
values

for
those

fields.)
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R
un-tim

e
values

and
run-tim

e
environm

ents

A
run-tim

e
va

lu
e

is
either

an
integer

(In
t

)
or

a
function

closure
(R

C
lo

).

A
closure

contains
the

function
nam

e,param
eter

nam
e,and

body,and
a

variable-and-function
environm

ent.

Let(’ke
y,

’d
a

ta
)

e
n

v
be

the
type

ofenvironm
ents

thatm
ap

keys
oftype

’ke
y

to
data

oftype
’d

a
ta

.

A
variable-and-function

environm
entm

aps
nam

es
to

values;itis
a

(strin
g

,
va

lu
e

)
e

n
v

.

A
s

a
result,the

type
definitions

for
values

and
environm

ents
depend

on
each

other:

d
a

ta
typ

e
va

lu
e

=
In

t
o

f
in

t
|

R
C

lo
o

f
strin

g
*

strin
g

*
e

xp
r

*
vfe

n
v

(*
(f,

x,
b

o
d

y,
b

o
d

ye
n

v)
*)

w
ith

typ
e

vfe
n

v
=

(strin
g

,
va

lu
e

)
e

n
v

A
n

S
M

L
structure

E
n
v

w
ith

operations
on

environm
ents

S
ee

files
E

n
v.sig

and
E

n
v.sm

l
:

typ
e

(’ke
y,

’d
a

ta
)

e
n

v
va

l
e

m
p

ty
:

(’’ke
y,

’d
a

ta
)

e
n

v
va

l
lo

o
ku

p
:

(’’ke
y,

’d
a

ta
)

e
n

v
->

’’ke
y

->
’d

a
ta

va
l

b
in

d
1

:
(’’ke

y,
’d

a
ta

)
e

n
v

->
’’ke

y
*

’d
a

ta
->

(’’ke
y,

’d
a

ta
)

e
n

v
va

l
p

lu
s

:
(’’ke

y,
’d

a
ta

)
e

n
v

*
(’’ke

y,
’d

a
ta

)
e

n
v

->
(’’ke

y,
’d

a
ta

)
e

n
v

...

M
ustcom

pile
w

ith
m

o
sm

lc
-c

E
n

v.sig
E

n
v.sm

l
before

use
in

fu
n

/fu
n

.sm
l

etc.
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T
he

evaluation
function,

part
1

fu
n

e
va

l
(e

:
e

xp
r)

(e
n

v
:

vfe
n

v)
:

in
t

=
ca

se
e

o
f

C
stI

i
=

>
i

|
C

stB
b

=
>

b
o

o
l2

in
t

b
|

V
a

r
x

=
>

(ca
se

lo
o

ku
p

e
n

v
x

o
f

In
t

i
=

>
i

|
_

=
>

ra
ise

F
a

il
"e

va
l

V
a

r")
|

P
rim

(o
p

e
,

[e
1

,
e

2
])

=
>

le
t

va
l

i1
=

e
va

l
e

1
e

n
v

va
l

i2
=

e
va

l
e

2
e

n
v

in
ca

se
o

p
e

o
f

"*"
=

>
i1

*
i2

|
"+

"
=

>
i1

+
i2

|
"-"

=
>

i1
-

i2
|

"=
"

=
>

b
o

o
l2

in
t

(i1
=

i2
)

|
"<

"
=

>
b

o
o

l2
in

t
(i1

<
i2

)
|

_
=

>
ra

ise
F

a
il

"u
n

kn
o

w
n

p
rim

itive
"

e
n

d
|

L
e

t(x,
e

rh
s,

e
b

o
d

y)
=

>
le

t
va

l
xva

l
=

e
va

l
e

rh
s

e
n

v
va

l
e

n
v1

=
b

in
d

1
e

n
v

(x,
In

t
xva

l)
in

e
va

l
e

b
o

d
y

e
n

v1
e

n
d

|
...
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T
he

evaluation
function,

part
2

fu
n

e
va

l
(e

:
e

xp
r)

(e
n

v
:

vfe
n

v)
:

in
t

=
...

|
If(e

1
,

e
2

,
e

3
)

=
>

le
t

va
l

b
=

e
va

l
e

1
e

n
v

in
if

in
t2

b
o

o
l

b
th

e
n

e
va

l
e

2
e

n
v

e
lse

e
va

l
e

3
e

n
v

e
n

d
|

L
e

tfu
n

(f,
x,

fb
o

d
y,

e
b

o
d

y)
=

>
le

t
va

l
e

n
v1

=
b

in
d

1
e

n
v

(f,
R

C
lo

(f,
x,

fb
o

d
y,

e
n

v))
in

e
va

l
e

b
o

d
y

e
n

v1
e

n
d

|
C

a
ll(V

a
r

f,
e

a
rg

)
=

>
(ca

se
lo

o
ku

p
e

n
v

f
o

f
fclo

su
re

a
s

R
C

lo
(f,

x,
fb

o
d

y,
e

n
vf)

=
>

le
t

va
l

a
rg

v
=

In
t(e

va
l

e
a

rg
e

n
v)

va
l

e
n

v2
=

b
in

d
1

e
n

vf
(f,

fclo
su

re
)

va
l

e
n

v3
=

b
in

d
1

e
n

v2
(x,

a
rg

v)
in

e
va

l
fb

o
d

y
e

n
v3

e
n

d
|

_
=

>
ra

ise
F

a
il

"e
va

l
C

a
ll:

n
o

t
a

fu
n

ctio
n

")
|

C
a

ll
_

=
>

ra
ise

F
a

il
"e

va
l

C
a

ll:
ille

g
a

l
fu

n
ctio

n
e

xp
re

ssio
n

"
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E
valuation

w
ith

d
ynam

ic
scope

rules

W
ith

dynam
ic

scope
rules,the

environm
entin

a
closure

for
function

f
x

=
e

b
o

d
y

is
notneeded.

E
valuating

a
callf

e
justrequires

binding
the

param
eterx

to
the

value
ofe

in
the

call-site
environm

ent:

fu
n

e
va

l
(e

:
e

xp
r)

(e
n

v
:

vfe
n

v)
:

in
t

=
...

|
L

e
tfu

n
(f,

x,
fb

o
d

y,
e

b
o

d
y)

=
>

le
t

va
l

e
n

v1
=

b
in

d
1

e
n

v
(f,

R
C

lo
(f,

x,
fb

o
d

y,
e

m
p

ty))
in

e
va

l
e

b
o

d
y

e
n

v1
e

n
d

|
C

a
ll(V

a
r

f,
e

a
rg

)
=

>
(ca

se
lo

o
ku

p
e

n
v

f
o

f
fclo

su
re

a
s

R
C

lo
(f,

x,
fb

o
d

y,
_

)
=

>
le

t
va

l
a

rg
v

=
In

t(e
va

l
e

a
rg

e
n

v)
va

l
e

n
v3

=
b

in
d

1
e

n
v

(x,
a

rg
v)

in
e

va
l

fb
o

d
y

e
n

v3
e

n
d

|
_

=
>

ra
ise

F
a

il
"e

va
l

C
a

ll:
n

o
t

a
fu

n
ctio

n
")

|
C

a
ll

_
=

>
ra

ise
F

a
il

"e
va

l
C

a
ll:

ille
g

a
l

fu
n

ctio
n

e
xp

re
ssio

n
"

A
pparently

dynam
ic

scope
is

sim
ple.

B
utitis

a
bad

idea.

Itw
orks

only
ifa

function’s
free

variables
are

bound
w

here
the

function
is

called.

T
his

precludes
e.g.partialapplication

ofcurried
functions,such

as

fu
n

p
lu

s
x

y
=

x
+

y;
va

l
in

cr
=

p
lu

s
1

;
va

l
re

s
=

in
cr

7
;
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T
he

langua
g

e
so

far
is

untyped

T
he

interpretere
va

l
w

illhappily
evaluate

expressions
such

as
these:

if
2

th
e

n
1

1
e

lse
2

2
tru

e
+

5

B
utevaluation

ofthis
expression

fails
because

one
cannotadd

3
to

a
function:

le
t

f
x

=
x

+
1

in
f

+
3

e
n

d

Types
for

our
functional

langua
g

e

A
type

is
in

t
orb

o
o

l
or

a
function

type�
 �
�� :

� �� �
��
�� ���
�� �
 �
��

E
xam

ples:
T

he
type

of2
is��

�

.
T

he
type

offa
c

is��
��
��
�

.

E
xplicitl

y
typed

function
declarations

W
e

require
function

declarations
to

have
types

on
argum

ents
and

results:

le
t

fa
c

(n
:

in
t)

=
if

n
=

0
th

e
n

1
e

lse
n

*
fa

c(n
-1

)
:

in
t

in
fa

c
1

0
e

n
d

le
t

g
e

2
(n

:
in

t)
=

(1
<

n
)

:
b

o
o

l
in

if
g

e
2

z
th

e
n

1
1

e
lse

2
2

e
n

d

Java,A
N

S
IC

,C
+

+
,C

#,A
da,P

ascalrequire
explicittypes

on
function/m

ethod
declarations.
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Inf� orm
al

type
checking

rules
for

the
functional

langua
g

e

�

A
n

integer
constant(0

,1
,-1

,...)
has

type
in

t
.

�

A
boolean

constant(tru
e

,fa
lse

)
has

type
b

o
o

l
.

�

A
variable

occurrence�

has
the

type
ofits

binding.

�

A
n

addition
expression�
 �

��

has
type

in
t

provided�


has
type

in
t

and��

has
type

in
t

.

�

A
com

parison
expression�
 �

��

has
type

b
o

o
l

provided�


has
type

in
t

and��

has
type

in
t

.

�

A
let-binding

le
t

�

=

��

in

��

e
n

d
has

the
sam

e
type�

as
the

body�� .
F

irstfind
the

type��

of�� ,and
then

find
the

type�

of��

under
the

assum
ption

that�

has
type�� .

�

A
conditionalexpression

if

�


th
e

n

��

e
lse

��

has
type�

provided�


has
type

b
o

o
l

and��

has
type�

and��

has
type� .

�

A
function

declaration
le

t

� � �
�!" �
�� �
��

in

��

e
n

d
has

the
sam

e
type�

as�� .
F

irstcheck
that��

has
type��

under
the

assum
ption

that�

has
type�!

and�

has
type�! �

�� .
T

hen
find

the
type�

of��

under
the

assum
ption

that�

has
type�! �

�� .

�

A
function

application� �

has
type��

provided�

has
type�! �

��

and�

has
type�! .
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F
orm

al
type

checking
rules

T
he

type
environm

ent# �
� �
 ��
�
� $$$� �% ��
�%�

m
aps

variable
nam

es�

to
types� .

T
he

judgem
ent# &

� �
�

asserts
thatin

type
environm

ent#

,the
expression�

has
type� .

B
elow

,'

is
an

integer
constant,(

a
boolean

constant,�

a
variable,and� ,�
 ,...

are
expressions.

# &
' �
��
�

# &
( ����
�

# �" �
�

---------------------------------------------

# &
� �
�

# &
�
 �
��
�
# &
�� �
��
�

-------------------------------------------------------------------------------------------------------------------------------------------------

# &
�
 �
�� �
��
�

# &
�
 �
��
�
# &
�� �
��
�

-------------------------------------------------------------------------------------------------------------------------------------------------

# &
�
 �
�� ����
�

# &
�� �
��
#� �
��
��� &
�� �
�

------------------------------------------------------------------------------------------------------------------------------------------------------------------

# &
�)�� �
�� ��
�� ) �
* �
�
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# &
�
 ����
�
# &
�� �
�
# &
�� �
�

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

# &
�+
�
 � ,
) �
�� ) �-)�� �
�

#� �
��
�!�� ��
�! �
��� &
�� �
��
#� � ��
�! �
��� &
�� �
�

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
# &
�)�� � �
�!" �
�� �
�� ��
�� �
�

# �" �
�! �
��
# &
� �
�!

----------------------------------------------------------------------------------------------------------------------------------------------------

# &
� � �
��
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Type
checking

exam
ples

Type
checking

the
expression

le
t

x
=

1
in

x<
2

e
n

d
:

# &
.�
��
�

#� /
��
��
�� &
/�
��
�
#� /
��
��
�� &
0�
��
�

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

#� /
��
��
� &
/�
0����
�

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

# &
�)� / �
.��
/�
0) �
* ����
�

Type
checking

the
expression

le
t

b
=

(1
<

2
)

in
if

b
th

e
n

3
e

lse
4

e
n

d
:

# &

�
��
�
# &
1�
��
�

---------------------------------------------------------------------------------------------------------------------------------------

# &
.�
0����
�

#� 2
�� ���
�� &
2����
�
#43&
� �
��
�
#43&
5�
��
�

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

#� 2
�� ���
�� &
�+
2
� ,
) �
6 ) �-) 7
) �
* �
��
�

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

# &
�)� 2 �
 .�
0" ��
�+
2
� ,
) �
6 ) �-) 7
) �
* �
��
�

A
bove#43�

#� 2
�� ���
��

for
brevity.

W
hatis

the
type

checking
tree

forle
t

f
(x

:
in

t)
=

x
<

2
:

b
o

o
l

in
f

6
e

n
d

?

Is
there

is
a

type
checking

tree
for1

<
tru

e
?
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M
odelling

types
in

S
M

L

Types
and

type
schem

as
are

m
odelled

in
S

M
L

using
these

datatypes:

d
a

ta
typ

e
typ

=
T

yp
I

(*
in

t
*)

|
T

yp
B

(*
b

o
o

l
*)

|
T

yp
F

o
f

typ
*

typ
(*

(a
rg

u
m

e
n

ttyp
e

,
re

su
lttyp

e
)

*)

E
xam

ple
types:

T
yp

I
represents

type ��
�

T
yp

F
(T

yp
I,

T
yp

B
)

represents
type��

�� ���
�

A
type

environm
ent

m
aps

a
variable

or
function

nam
e

to
its

type.

A
type

environm
entm

ay
have

S
M

L
type

(strin
g

,
typ

)
e

n
v

.
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A
bstract

syntax
for

an
explicitl

y
typed

functional
langua

g
e

T
he

abstractsyntax
for

function
declarations

involves
types.

d
a

ta
typ

e
tye

xp
r

=
C

stI
o

f
in

t
|

C
stB

o
f

b
o

o
l

|
V

a
r

o
f

strin
g

|
L

e
t

o
f

strin
g

*
tye

xp
r

*
tye

xp
r

|
P

rim
o

f
strin

g
*

tye
xp

r
list

|
If

o
f

tye
xp

r
*

tye
xp

r
*

tye
xp

r
|

L
e

tfu
n

o
f

strin
g

*
strin

g
*

typ
*

tye
xp

r
*

typ
*

tye
xp

r
(*

(f,
x,

xty,
fb

o
d

y,
rty,

e
b

o
d

y
*)

|
C

a
ll

o
f

tye
xp

r
*

tye
xp

r

A
typed

function
declaration

L
e

tfu
n

(f,
x,

xty,
fb

o
d

y,
rty,

e
b

o
d

y)
corresponds

to
this:

le
t

f
(x

:
xty)

=
fb

o
d

y
:

b
ty

in
e

b
o

d
y

e
n

d

E
valuation

is
alm

ostas
before,see

file
fu

n
/tych

k.sm
l

.

Type
checking

is
done

in
a

type
environm

ente
n

v
,w

ith
S

M
L

type
tye

n
v

=
(strin

g
,

typ
)

e
n

v
.
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A
n

8
im

plem
entation

of
type

checking

fu
n

typ
(e

n
v

:
tye

n
v)

(e
:

tye
xp

r)
:

typ
=

ca
se

e
o

f
C

stI
i

=
>

T
yp

I
|

C
stB

b
=

>
T

yp
B

|
V

a
r

x
=

>
lo

o
ku

p
e

n
v

x
|

P
rim

(o
p

e
,

[e
1

,
e

2
])

=
>

le
t

fu
n

ch
k

ta
tb

tr
=

if
typ

e
n

v
e

1
=

ta
a

n
d

a
lso

typ
e

n
v

e
2

=
tb

th
e

n
tr

e
lse

ra
ise

T
yp

e
"P

rim
"

in
ca

se
o

p
e

o
f

"*"
=

>
ch

k
T

yp
I

T
yp

I
T

yp
I

|
"+

"
=

>
ch

k
T

yp
I

T
yp

I
T

yp
I

|
"-"

=
>

ch
k

T
yp

I
T

yp
I

T
yp

I
|

"=
"

=
>

ch
k

T
yp

I
T

yp
I

T
yp

B
|

"<
"

=
>

ch
k

T
yp

I
T

yp
I

T
yp

B
|

"&
"

=
>

ch
k

T
yp

B
T

yp
B

T
yp

B
|

_
=

>
ra

ise
F

a
il

"u
n

kn
o

w
n

p
rim

itive
"

e
n

d
|

L
e

t(x,
e

rh
s,

e
b

o
d

y)
=

>
le

t
va

l
xty

=
typ

e
n

v
e

rh
s

va
l

e
n

v1
=

b
in

d
1

e
n

v
(x,

xty)
in

typ
e

n
v1

e
b

o
d

y
e

n
d

|
...
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fu
n

typ
(e

n
v

:
tye

n
v)

(e
:

tye
xp

r)
:

typ
=

...
|

If(e
1

,
e

2
,

e
3

)
=

>
(ca

se
typ

e
n

v
e

1
o

f
T

yp
B

=
>

le
t

va
l

e
2

ty
=

typ
e

n
v

e
2

va
l

e
3

ty
=

typ
e

n
v

e
3

in
if

e
2

ty
=

e
3

ty
th

e
n

e
2

ty
e

lse
ra

ise
T

yp
e

"If:
e

2
a

n
d

e
3

d
iffe

re
n

t
typ

e
s"

e
n

d
|

_
=

>
ra

ise
T

yp
e

"If:
e

1
n

o
t

b
o

o
le

a
n

")
|

L
e

tfu
n

(f,
x,

xty,
fb

o
d

y,
rty,

e
b

o
d

y)
=

>
le

t
va

l
e

n
v1

=
b

in
d

1
e

n
v

(f,
T

yp
F

(xty,
rty))

va
l

e
n

v2
=

b
in

d
1

e
n

v1
(x,

xty)
in

if
typ

e
n

v2
fb

o
d

y
=

rty
th

e
n

typ
e

n
v1

e
b

o
d

y
e

lse
ra

ise
T

yp
e

("L
e

tfu
n

:
w

ro
n

g
typ

e
g

ive
n

"
ˆ

f)
e

n
d

|
C

a
ll(e

,
e

a
rg

)
=

>
(ca

se
typ

e
n

v
e

o
f

T
yp

F
(xty,

fty)
=

>
if

typ
e

n
v

e
a

rg
=

xty
th

e
n

fty
e

lse
ra

ise
T

yp
e

"C
a

ll:
w

ro
n

g
a

rg
u

m
e

n
t

typ
e

"
|

_
=

>
ra

ise
T

yp
e

"C
a

ll:
a

tte
m

p
t

to
a

p
p

ly
n

o
n

-fu
n

ctio
n

")
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Type
checking

and
evaluation

are
rather

sim
ilar

T
he

structure
ofthe

type
checker

(function
typ

)
is

sim
ilar

to
thatofthe

interpreter
(function

e
va

l
).

Type
checking

can
be

thoughtofas
an

abstractinterpretation
ofthe

program
.

T
he

type
checker

com
putes

w
ith

types
instead

ofvalues.

F
or

instance,T
yp

I
+

T
yp

I
is

T
yp

I
instead

ofIn
t

3
+

In
t

5
is

In
t

8
.

T
he

type
checker

‘interprets’function
calls

w
ithoutinterpreting

the
function

body,so
italw

ays
term

inates.

F
or

instance,evaluation
(by

e
va

l
)

ofthis
expression

w
illevaluate

the
function

body
100000

tim
es:

le
t

d
e

e
p

x
=

if
x=

0
th

e
n

1
e

lse
d

e
e

p
(x-1

)
in

d
e

e
p

1
0

0
0

0
0

e
n

d

B
uttype

checking
(by

typ
)

w
illcheck

the
function

body
only

once.

T
his

is
possible

because
ofthe

explicittypes
on

function
declarations.
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U
ntyped,

d
ynam

ically
typed,

or
statically

typed?

In
an

untyped
language,

alm
ostallkinds

ofoperands
can

be
m

ixed
w

ith
som

e
result(possibly

a
program

crash).

O
perations

on
so-called

u
n

io
n

s
in

C
are

untyped.

In
a

d
ynam

ically
typed

language,
an

expression
m

ay
be

rejected
as

ill-typed
w

hen
itis

evaluated.

S
chem

e
is

dynam
ically

typed,and
w

illevaluate
(if

#
f

(+
5

6
#

t)
4

5
)

.

P
ostscriptis

dynam
ically

typed,and
w

illevaluate
fa

lse
{

5
6

tru
e

a
d

d
}

{
4

5
}

ife
lse

=
.

Java
and

C
#

are
dynam

ically
typed

as
concerns

collection
classes,because

allvalues
are

castto
O

b
je

ct
.

A
ssignm

ents
to

Java
and

C
#

arrays
ofreference

types
are

dynam
ically

typed
also!

In
a

statically
typed

language,
an

expression
m

ay
be

rejected
early,regardless

w
hether

itw
illever

be
evaluated.

Java/C
#/C

+
+

are
statically

typed
as

concerns
base

types,and
the

com
piler

w
illrejectthis

expression

fa
lse

?
(5

6
+

tru
e

)
:

4
5

although
the

subexpression
5

6
+

tru
e

w
illnever

be
evaluated.

S
tandard

M
L,H

askell,C
yclone

are
statically

typed.

T
his

m
eans

thatcertain
kinds

oferrors
cannotappear

atrun-tim
e.

IT-C
P

rogram
m

ing
Languages,F

2002
P

age
4-20


