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P
rogram

m
ing

Langua
g

es,
F

2002

Lecture
1,W

ednesda
y

6
F

ebruary
2002

�

T
he

course,teachers,lecture,exercises,
literature

�

C
ourse

plan
and

goals

�

T
he

S
tandard

M
L

program
m

ing
language

�

T
he

M
oscow

M
L

system

�

A
bstractsyntax

versus
concrete

syntax

�

R
epresenting

sim
ple

arithm
etic

expressions

�

D
irectevaluation

ofexpressions

�

E
valuation

environm
ents

thatm
ap

variables
to

values
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T
he

course
,teachers,

lectures,
exercises

�

Teachers:
P

eter
S

estoft(lectures)
and

A
ndrzejW

asow
ski(exercises)

�

T
he

course
hom

e
page

is
h

ttp
://w

w
w

.it-c.d
k/co

u
rse

s/P
F

O
O

/F
2

0
0

2
/

�

T
he

hom
e

page
presents

necessary
resources,latestnew

s,...

�

C
ourse

plan

�

T
he

lecture
slides

are
available

from
the

course
plan

(on
the

W
eb)

�

P
lease

do
ask

questions
during

lectures

�

G
etH

ansen
and

R
ischel’s

Introduction
to

P
rogram

m
ing

U
sing

S
tandard

M
L

Itw
ould

be
good

to
read

C
hapters

1,2,3,5,7.1–7.5,8.1,8.3,and
8.4

soon,and
chapter

9
in

a
few

w
eeks.

�

W
e

shalluse
parts

ofM
ogensen:

B
asics

ofC
om

piler
D

esign

�

O
therw

ise,lecture
slides,lecture

notes,and
exam

ple
code

�

E
xercise

classes:
W

ednesday
9h–12h

in
room

3.19

�

W
eekly

exercises
are

given,som
e

ofw
hich

m
ustbe

handed
in

to
A

ndrzej;see
separate

exercise
sheets

�

S
olve

atleastsom
e

exercises
athom

e,and
discuss

and
finish

them
atW

ednesday
m

orning
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P
rogram

m
ing

langua
g

es
everyw

here

G
eneral-purpose

program
m

ing
langua

g
es

F
ortran,C

O
B

O
L,A

lgol,P
ascal,C

,S
im

ula,S
m

alltalk,C
+

+
,Java,C

#,JavaS
cript,P

ython,P
rolog,...

S
pecial-purpose

program
m

ing
langua

g
es

P
ostscript—

for
controlling

printers
and

photosetters:

/T
e

X
D

ict
3

0
0

d
ict

d
e

f
T

e
X

D
ict

b
e

g
in

/N
{d

e
f}d

e
f/B

{b
in

d
d

e
f}N

/S
{e

xch
}N

/X
{S

N
}B

/A
{d

u
p

}B
/T

R
{tra

n
sl

a
te

}
N

/i
sls

fa
lse

N
/vsize

1
1

7
2

m
u

l
N

/h
size

8
.5

7
2

m
u

l
N

/la
n

d
p

lu
s9

0
{fa

lse
}d

e
f/@

rig
in

{
isls

{[0
la

n
d

p
lu

s9
0

{1
-1

}{-1
1

}ife
lse

0
...

Q
uake

C
—

for
w

riting
com

puter
gam

es:

vo
id

(e
n

tity
ta

rg
,

a
tta

cke
r)

C
lie

n
tO

b
itu

a
ry

=
{

if
(ta

rg
.cla

ssn
a

m
e

=
=

"p
la

ye
r"

&
&

a
tta

cke
r.cla

ssn
a

m
e

=
=

"m
o

n
ste

r_
a

rm
y")

{

b
p

rin
t

(ta
rg

.n
e

tn
a

m
e

);
b

p
rin

t
("

h
a

s
stu

p
id

ly
b

e
e

n
sh

o
t

b
y

a
d

u
m

m
y

g
ru

n
t\n

");

}
e

lse
in

h
e

rte
d

();

};
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C
ourse

contents
and

goals
�

T
he

S
tandard

M
L

program
m

ing
language:

G
oals:

U
se

as
tool(m

eta-language)
to

presentother
languages.

A
lso,to

learn
a

language
differentfrom

Java.

�

S
yntax

description
and

tools:

G
oal:

P
rovide

notations
and

practicaltools
to

solve
tricky

and
frequently

occurring
tasks.

R
egular

expressions,
scanner

generators
(m

osm
llex).

C
ontext-free

gram
m

ars,parser
generators

(m
osm

lyac).

�

P
rogram

m
ing

language
concepts:

G
oal:

P
rovide

concepts
and

vocabulary
thatenable

you
to

understand
new

languages
thatyou

m
ustuse.

S
yntax

(form
)

versus
sem

antics
(m

eaning);interpretation
versus

com
pilation;abstractm

achines.

A
bstractsyntax

versus
concrete

syntax;and
static

sem
antics

versus
dynam

ic
sem

antics.

�

P
rogram

m
ing

language
paradigm

s:

G
oal:

U
se

program
m

ing
languages

m
ore

com
petently

and
com

puters
m

ore
efficiently.

F
unctional:

expressions
and

functions;environm
entand

closures;no
assignm

ent.

Im
perative:

expressions,
statem

ents,and
procedures;environm

entand
store.

O
bject-oriented:

expressions,
statem

ents,and
m

ethods;environm
ent,store,objects,and

heap.
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T
he

S
tandard

M
L

(S
M

L)
program

m
ing

langua
g

e:
a

crash
course

�

E
xpressions

and
types

�

V
ariables

and
variable

bindings

�

S
cope,le

t
,lo

ca
l

�

F
unction

declarations,and
recursive

functions

�

P
attern

m
atching

and
ca

se

�

P
airs

and
tuples

�

Lists,cons
(::),and

append
(@

)

�

E
xceptions

�

D
atatypes

�

U
sing

datatypes
to

representtrees
and

expressions
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R
unning

S
M

L
program

s:
the

M
osco

w
M

L
system

M
oscow

M
L

is
an

im
plem

entation
ofthe

S
M

L
program

m
ing

language
—

there
are

severalothers.

Itis
installed

atIT-C
and

you
can

dow
nload

and
installitathom

e;see
the

course
hom

e
page.

M
oscow

M
L

perm
its

interactive
execution

ofS
M

L
program

phrases:

[se
sto

ft@
jo

n
e

s
se

sto
ft]$

m
o

sm
l

-P
fu

ll

M
o

sco
w

M
L

ve
rsio

n
2

.0
0

(Ju
n

e
2

0
0

0
)

E
n

te
r

‘q
u

it();’
to

q
u

it.

-
3

+
4

;

>
va

l
it

=
7

:
in

t
-

va
l

re
s

=
3

+
4

;

>
va

l
re

s
=

7
:

in
t

-
re

s;

>
va

l
it

=
7

:
in

t

You
m

ay
run

M
oscow

M
L

inside
the

E
m

acs
editor:

Type
A

lt+
X

sh
e

ll
then

m
o

sm
l

-P
fu

ll
.

T
here’s

m
uch

docum
entation

on
the

M
oscow

M
L

hom
e

page:

�

M
oscow

M
L

O
w

ner’s
M

anual:
generaluse,m

o
sm

lle
x

,m
o

sm
lya

c

�

M
oscow

M
L

Library
D

ocum
entation:

allbuilt-in
libraries;see

especially
the

Listand
S

tring
libraries

�

M
oscow

M
L

Language
R

eference:
precise

syntax
ofthe

language,
and

m
ostim

portantlibraries
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S
M

L
arithm

etic
expressions,

the
i
n
t

type

3
+

4
;

S
M

L
variab

les
and

declarations

va
l

re
s

=
3

+
4

;
(*

va
ria

b
le

b
in

d
in

g
,

n
o

t
a

ssig
n

m
e

n
t

*)
re

s;

S
M

L
arithm

etic
expressions,

the
r
e
a
l

type

M
a

th
.sq

rt
2

.0
;

S
M

L
logical

expressions,
the

b
o
o
l

type

3
<

4
;

va
l

re
s

=
3

<
4

;

S
M

L
conditional

expressions

if
3

<
4

th
e

n
1

1
7

e
lse

1
1

8
;

S
M

L
string

operations

va
l

title
=

"P
ro

fe
sso

r";
va

l
n

a
m

e
=

"L
a

u
e

se
n

";

va
l

ju
n

km
a

il
=

"D
e

a
r

"
ˆ

title
ˆ

"
"

ˆ
n

a
m

e
ˆ

",
Y

o
u

h
a

ve
w

o
n

$
$

$
!";

va
l

n
=

size
ju

n
km

a
il;

va
l

ju
n

km
a

il2
=

S
trin

g
.co

n
ca

t["D
e

a
r

",
title

,
"

",
n

a
m

e
,

",
Y

o
u

h
a

ve
w

o
n

$
$

$
!"];
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S
M

L:
lim

iting
the

scope
of

a
binding

T
he

scope
ofa

variable
is

thatpartofthe
program

in
w

hich
itm

ay
be

used.

U
se

le
t

to
lim

itthe
scope

ofa
variable

in
an

expression:

va
l

x
=

5
;

(*
d

e
cla

re
x

*)

le
t

va
l

x
=

3
<

4
(*

a
n

e
w

x
is

d
e

cla
re

d
*)

in

if
x

th
e

n
1

1
7

e
lse

1
1

8

e
n

d
;

x;
(*

o
u

te
r

x
still

h
a

s
th

e
va

lu
e

5
*)

U
se

lo
ca

l
to

lim
itthe

scope
ofa

variable
in

a
declaration:

lo
ca

l
va

l
x

=
3

<
4

(*
ye

t
a

n
o

th
e

r
x

is
d

e
cla

re
d

*)

in

va
l

z
=

if
x

th
e

n
1

1
7

e
lse

1
1

8
e

n
d

;

x;
(*

o
u

te
r

x
still

h
a

s
th

e
va

lu
e

5
*)

S
M

L
(and

Java)
have

nested
scopes:

an
inner

declaration
can

m
ake

a
hole

in
the

scope
ofan

outer
variable.
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S
M

L
function

declarations

fu
n

circle
A

re
a

r
=

M
a

th
.p

i
*

r
*

r;

va
l

a
=

circle
A

re
a

1
0

.0
;

fu
n

d
o

u
b

le
x

=
2

.0
*

x;

d
o

u
b

le
3

.5
;

fu
n

ju
n

km
a

il
title

n
a

m
e

=

"D
e

a
r

"
ˆ

title
ˆ

"
"

ˆ
n

a
m

e
ˆ

",
Y

o
u

h
a

ve
w

o
n

$
$

$
!";

S
M

L
recursive

function
declarations

fu
n

fa
c

n
=

if
n

=
0

th
e

n
1

e
lse

n
*

fa
c(n

-1
);

fa
c

7
;
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S
M

L
pattern

m
atc

hing

fu
n

fa
c

0
=

1
|

fa
c

n
=

n
*

fa
c(n

-1
);

fa
c

7
;

S
M

L
case

expressions
—

sam
e

function
as

abo
ve

fu
n

fa
c

n
=

ca
se

n
o

f

0
=

>
1

|
_

=
>

n
*

fa
c(n

-1
);

(*
th

e
_

m
a

tch
e

s
a

n
yth

in
g

*)

S
M

L
pairs

and
tuples,

product
types

va
l

w
=

(2
,

tru
e

,
3

.4
,

"b
la

h
");

fu
n

a
d

d
(x,

y)
=

x
+

y;

a
d

d
(2

,
3

);

va
l

n
o

o
n

=
(1

2
,

0
);

va
l

ta
lk

=
(1

5
,

1
5

);

fu
n

e
a

rlie
r

((h
1

,
m

1
),

(h
2

,
m

2
))

=
h

1
<

h
2

o
re

lse
(h

1
=

h
2

a
n

d
a

lso
m

1
<

m
2

)
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S
M

L
lists

of
integ

ers

va
l

x1
=

7
::

9
::

1
3

::
[];

va
l

x2
=

[7
,

9
,

1
3

];

va
l

e
q

u
a

l
=

(x1
=

x2
);

fu
n

su
m

[]
=

0
|

su
m

(x::xr)
=

x
+

su
m

xr;

fu
n

p
ro

d
[]

=
1

|
p

ro
d

(x::xr)
=

x
*

p
ro

d
xr;

fu
n

le
n

[]
=

0

|
le

n
(x::xr)

=
1

+
le

n
xr;

va
l

x2
su

m
=

su
m

x2
;

va
l

x2
p

ro
d

=
p

ro
d

x2
;

va
l

x2
le

n
=

le
n

x2
;

va
l

x3
=

[4
7

,
1

1
];

va
l

x1
x3

=
x1

@
x3

;
(*

a
p

p
e

n
d

lists
x1

a
n

d
x3

*)
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S
um

m
ary

of
S

tandard
M

L
concepts

�
Types:

in
t

,
re

a
l

,
b

o
o

l
,

strin
g

,
in

t
list

,
in

t*in
t

�

E
xpressions:

1
1

7
,

3
.1

4
,

tru
e

,
"A

3
8

"
,

[2
,3

,5
,7

]
,

(3
,

1
4

)

x
+

y

if
x

<
>

0
.0

th
e

n
1

0
0

0
/x

e
lse

1
.0

ca
se

xs
o

f
[]

=
>

tru
e

|
_

=
>

fa
lse

le
t

va
l

x
=

0
.1

in

if
x

<
>

0
.0

th
e

n
1

0
0

0
.0

/x
e

lse
1

.0
e

n
d

�

D
eclarations:

va
l

x
=

0
.1

fu
n

isE
m

p
ty

(xs
:

in
t

list)
=

ca
se

xs
o

f
[]

=
>

tru
e

|
_

=
>

fa
lse

lo
ca

l
va

l
M

A
X

=
1

0
2

3

in
fu

n
lim

x
=

if
x

>
M

A
X

th
e

n
M

A
X

e
lse

x

e
n

d
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E
fficienc

�

y
of

list
operations

fu
n

re
v

[]
=

[]
(*

in
e

fficie
n

t
*)

|
re

v
(x::xr)

=
re

v
xr

@
[x];

va
l

x1
r

=
re

v
x1

;

lo
ca

l
fu

n
ire

v
[]

re
s

=
re

s
(*

e
fficie

n
t

*)

|
ire

v
(x::xr)

re
s

=
ire

v
xr

(x
::

re
s)

in

fu
n

re
v

xs
=

ire
v

xs
[]

e
n

d
;

re
v

x1
;

S
M

L
exceptions

e
xce

p
tio

n
Ille

g
a

lH
o

u
r

fu
n

m
in

s
h

=
if

h
<

0
o

re
lse

h
>

2
3

th
e

n
ra

ise
Ille

g
a

lH
o

u
r

e
lse

h
*

6
0

;
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S
M

L
datatypes

d
a

ta
typ

e
p

e
rso

n
=

S
tu

d
e

n
t

o
f

strin
g

(*
n

a
m

e
*)

|
T

e
a

ch
e

r
o

f
strin

g
*

in
t

(*
n

a
m

e
a

n
d

p
h

o
n

e
n

o
*)

va
l

p
e

o
p

le
=

[S
tu

d
e

n
t

"N
ie

ls
Jø

rg
e

n
",

T
e

a
ch

e
r("P

e
te

r",
8

3
1

)];

fu
n

g
e

tp
h

o
n

e
(T

e
a

ch
e

r(n
a

m
e

,
p

h
o

n
e

))
=

p
h

o
n

e

|
g

e
tp

h
o

n
e

(S
tu

d
e

n
t

n
a

m
e

)
=

ra
ise

F
a

il
"n

o
p

h
o

n
e

";

T
he

o
p
t
i
o
n

datatype

d
a

ta
typ

e
in

to
p

t
=

S
O

M
E

o
f

in
t

|
N

O
N

E

fu
n

g
e

tp
h

o
n

e
(T

e
a

ch
e

r(n
a

m
e

,
p

h
o

n
e

))
=

S
O

M
E

p
h

o
n

e
|

g
e

tp
h

o
n

e
(S

tu
d

e
n

t
n

a
m

e
)

=
N

O
N

E
;

Instead
ofin

to
p

t
w

e
could

use
the

built-in
type

in
t

o
p

tio
n

—
m

ore
aboutthatnextw

eek.
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C
om

paring
S

M
L

datatypes
and

Java
class

hierarchies

T
he

p
e

rso
n

datatype
w

ith
constructors

S
tu

d
e

n
t

and
T

e
a

ch
e

r
and

function
g

e
tp

h
o

n
e

in
Java:

a
b

stra
ct

cla
ss

P
e

rso
n

{

S
trin

g
n

a
m

e
;

a
b

stra
ct

p
u

b
lic

In
te

g
e

r
g

e
tP

h
o

n
e

();
}cla

ss
S

tu
d

e
n

t
e

xte
n

d
s

P
e

rso
n

{
p

u
b

lic
S

tu
d

e
n

t(S
trin

g
n

a
m

e
)

{

th
is.n

a
m

e
=

n
a

m
e

;

}p
u

b
lic

In
te

g
e

r
g

e
tP

h
o

n
e

()
{

re
tu

rn
n

u
ll;

}
//

n
u

ll
in

ste
a

d
o

f
N

O
N

E

}cla
ss

T
e

a
ch

e
r

e
xte

n
d

s
P

e
rso

n
{

in
t

p
h

o
n

e
;

p
u

b
lic

T
e

a
ch

e
r(S

trin
g

n
a

m
e

,
in

t
p

h
o

n
e

)
{

th
is.n

a
m

e
=

n
a

m
e

;
th

is.p
h

o
n

e
=

p
h

o
n

e
;

}p
u

b
lic

In
te

g
e

r
g

e
tP

h
o

n
e

()
{

re
tu

rn
n

e
w

In
te

g
e

r(p
h

o
n

e
);

}

}...

L
in

ke
d

L
ist

p
e

o
p

le
=

n
e

w
L

in
ke

d
L

ist();

p
e

o
p

le
.a

d
d

(n
e

w
S

tu
d

e
n

t("N
ie

ls
Jø

rg
e

n
"));

p
e

o
p

le
.a

d
d

(n
e

w
T

e
a

ch
e

r("P
e

te
r",

8
3

1
));
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�
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�
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�
�

3
4

2
3

5
4

7
8

R
epresenting

binary
tree

using
recursive

datatypes

d
a

ta
typ

e
in

ttre
e

=

L
f

|
B

r
o

f
in

t
*

in
ttre

e
*

in
ttre

e
;

va
l

t1
=

B
r(3

4
,

B
r(2

3
,

L
f,

L
f),

B
r(5

4
,

L
f,

B
r(7

8
,

L
f,

L
f)));

fu
n

su
m

tre
e

L
f

=
0

|
su

m
tre

e
(B

r(v,
t1

,
t2

))
=

v
+

su
m

tre
e

t1
+

su
m

tre
e

t2
;

va
l

t1
su

m
=

su
m

tre
e

t1
;
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Let’

�

s
do

som
e

exercises
...

�

W
rite

an
S

M
L

function
sq

r
:

in
t

->
in

t
so

thatsq
r

x
returns

x

�.

�

W
rite

an
S

M
L

function
p

o
w

:
in

t
->

in
t

->
in

t
so

thatp
o

w
x

n
returns

x

�

.

�

W
rite

an
S

M
L

function
d

u
p

:
strin

g
->

strin
g

thatconcatenates
a

string
w

ith
itself.

�

W
rite

an
S

M
L

function
d

u
p

n
:

strin
g

->
in

t
->

strin
g

so
thatd

u
p

n
s

n
creates

the

concatenation
ofn

copies
ofs

.

�

A
ssum

e
the

tim
e

ofday
is

represented
as

a
pair(h

h
,

m
m

)
:

in
t

*
in

t
.

W
rite

an
S

M
L

function
tim

e
d

iff
:

in
t

*
in

t
->

in
t

*
in

t
->

in
t

so
thattim

e
d

iff

t1
t2

com
putes

the
difference

in
m

inutes
betw

een
t1

and
t2

.

�

W
rite

an
S

M
L

function
m

in
u

te
s

:
in

t
*

in
t

->
in

t
to

com
pute

the
num

ber
ofm

inutes
since

m
idnight.

�

W
rite

an
S

M
L

function
d

o
w

n
to

:
in

t
->

in
t

list
so

thatd
o

w
n

to
n

returns
the

n
-elem

entlist

[n
,

n
-1

,
...,

1
]

.

U
se

if-th
e

n
-e

lse
expressions

to
define

the
function.

�

D
efine

the
d

o
w

n
to

function
again,now

using
pattern

m
atching.
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R
epresenting

program
m

ing
langua

g
e

concepts
in

S
tandard

M
L

�

R
epresenting

expressions
w

ithoutvariables:

�

E
valuating

expressions

�

R
epresenting

expressions
w

ith
variables

�

E
valuation

environm
ents

represented
as

association
lists
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U
sing

S
M

L
as

m
eta-lan

g
u

ag
e:

m
odelling

other
langua

g
es

A
language

ofvery
sim

ple
expressions:

integer
constants

and
prim

itive
operators:

173
+

4

(7
*

9)
+

10

S
uch

objectlanguage
expressions

can
be

represented
using

recursive
datatypes:

d
a

ta
typ

e
e

xp
r

=

C
stI

o
f

in
t

|
P

rim
o

f
strin

g
*

e
xp

r
list

va
l

e
1

=
C

stI
1

7
;

va
l

e
2

=
P

rim
("+

",
[C

stI
3

,
C

stI
4

]);

va
l

e
3

=
P

rim
("+

",
[P

rim
("*",

[C
stI

7
,

C
stI

9
]),

C
stI

1
0

]);

H
ow

represent3
-

(5
+

8)
?

H
ow

represent177
-

177
?
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C
oncrete

�
syntax

(7
*

9)
+

10

7
*

9
+

10

A
bstract

syntax
tree

+

*

7
9

10

A
bstract

syntax
term

P
rim

("+
",

[P
rim

("*",
[C

stI
7

,
C

stI
9

]),
C

stI
1

0
])

F
or

now
w

e
w

ork
on

abstractsyntax.
In

tw
o

w
eeks

w
e

shalltake
a

closer
look

atconcrete
syntax.
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E
valuating

expressions
using

recursive
functions

fu
n

e
va

l
(e

:
e

xp
r)

:
in

t
=

ca
se

e
o

f

C
stI

i
=

>
i

|
P

rim
("+

",
[e

1
,

e
2

])
=

>
e

va
l

e
1

+
e

va
l

e
2

|
P

rim
("*",

[e
1

,
e

2
])

=
>

e
va

l
e

1
*

e
va

l
e

2

|
P

rim
("-",

[e
1

,
e

2
])

=
>

e
va

l
e

1
-

e
va

l
e

2
|

P
rim

_
=

>
ra

ise
F

a
il

"u
n

kn
o

w
n

p
rim

itive
";

va
l

e
1

v
=

e
va

l
e

1
;

va
l

e
2

v
=

e
va

l
e

2
;

va
l

e
3

v
=

e
va

l
e

3
;

IT-C
P

rogram
m

ing
Languages,F

2002
P

age
1-22

C
hanging

the
m

eaning
of

subtraction

T
he

e
va

l
function

defines
the

m
eaning

or
sem

antics
ofour

sm
allexpression

language.

W
e

can
decide

ourselves
w

hatan
objectlanguage

expression
m

eans.

F
or

instance,w
e

m
ay

decide
thatsubtraction

e1-e2
cannotproduce

negative
results:

fu
n

e
va

l
(e

:
e

xp
r)

:
in

t
=

ca
se

e
o

f

C
stI

i
=

>
i

|
P

rim
("+

",
[e

1
,

e
2

])
=

>
e

va
l

e
1

+
e

va
l

e
2

|
P

rim
("*",

[e
1

,
e

2
])

=
>

e
va

l
e

1
*

e
va

l
e

2
|

P
rim

("-",
[e

1
,

e
2

])
=

>

le
t

va
l

re
s

=
e

va
l

e
1

-
e

va
l

e
2

in
if

re
s

<
0

th
e

n
0

e
lse

re
s

e
n

d
|

P
rim

_
=

>
ra

ise
F

a
il

"u
n

kn
o

w
n

p
rim

itive
";

va
l

e
4

v
=

e
va

l
(P

rim
("-",

[C
stI

1
0

,
C

stI
2

7
]));
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A
ssociation

lists

A
n

association
listis

a
listofpairs

(n
a

m
e

,
va

lu
e

)
ofa

nam
e

and
a

value.

A
n

association
listhas

type
(strin

g
*

in
t)

list
.

va
l

e
n

v
=

[("a
",

3
),

("c",
7

8
),

("b
a

f",
6

6
6

),
("b

",
1

1
1

)];

va
l

e
m

p
tye

n
v

=
[];

(*
th

e
e

m
p

ty
e

n
viro

n
m

e
n

t
*)

fu
n

lo
o

ku
p

[]
x

=
ra

ise
F

a
il

(x
ˆ

"
n

o
t

fo
u

n
d

")

|
lo

o
ku

p
((y,

v)::r)
x

=
if

x=
y

th
e

n
v

e
lse

lo
o

ku
p

r
x;

lo
o

ku
p

e
n

v
"c";

A
n

association
listm

ay
be

used
as

an
evaluation

environm
ent

T
he

purpose
ofan

evaluation
environm

entis
to

bind
variables

to
their

values.
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O
bject

langua
g

e
expressions

w
ith

variab
les

173
+

a

(b
*

9)
+

a

A
bstract

syntax

d
a

ta
typ

e
e

xp
r

=

C
stI

o
f

in
t

|
V

a
r

o
f

strin
g

|
P

rim
o

f
strin

g
*

e
xp

r
list

va
l

e
1

=
C

stI
1

7
;

va
l

e
2

=
P

rim
("+

",
[C

stI
3

,
V

a
r

"a
"]);

va
l

e
3

=
P

rim
("+

",
[P

rim
("*",

[V
a

r
"b

",
C

stI
9

]),
V

a
r

"a
"]);
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E
valuation

w
ithin

an
environm

ent

fu
n

e
va

l
e

(e
n

v
:

(strin
g

*
in

t)
list)

:
in

t
=

ca
se

e
o

f
C

stI
i

=
>

i

|
V

a
r

x
=

>
lo

o
ku

p
e

n
v

x

|
P

rim
("+

",
[e

1
,

e
2

])
=

>
e

va
l

e
1

e
n

v
+

e
va

l
e

2
e

n
v

|
P

rim
("*",

[e
1

,
e

2
])

=
>

e
va

l
e

1
e

n
v

*
e

va
l

e
2

e
n

v

|
P

rim
("-",

[e
1

,
e

2
])

=
>

e
va

l
e

1
e

n
v

-
e

va
l

e
2

e
n

v
|

P
rim

_
=

>
ra

ise
F

a
il

"u
n

kn
o

w
n

p
rim

itive
"

va
l

e
1

v
=

e
va

l
e

1
e

n
v;

va
l

e
2

v1
=

e
va

l
e

2
e

n
v;

va
l

e
2

v2
=

e
va

l
e

2
[("a

",
3

1
4

)];
va

l
e

3
v

=
e

va
l

e
3

e
n

v;

IT-C
P

rogram
m

ing
Languages,F

2002
P

age
1-26

O
bject

langua
g

e
expressions

w
ith

variab
le

bindings
and

nested
scope

d
a

ta
typ

e
e

xp
r

=
C

stI
o

f
in

t

|
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

va
l

e
1

=
L

e
t("z",

C
stI

1
7

,
P

rim
("+

",
[V

a
r

"z",
V

a
r

"z"]));

va
l

e
2

=
L

e
t("z",

C
stI

1
7

,

P
rim

("+
",

[L
e

t("z",
C

stI
2

2
,

P
rim

("*",
[C

stI
1

0
0

,
V

a
r

"z"])),
V

a
r

"z"]));
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E
valuation

w
ith

variab
les

and
nested

scope

fu
n

e
va

l
e

(e
n

v
:

(strin
g

*
in

t)
list)

:
in

t
=

ca
se

e
o

f
C

stI
i

=
>

i

|
V

a
r

x
=

>
lo

o
ku

p
e

n
v

x
|

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
=

(x,
xva

l)
::

e
n

v
in

e
va

l
e

b
o

d
y

e
n

v1
e

n
d

|
P

rim
("+

",
[e

1
,

e
2

])
=

>
e

va
l

e
1

e
n

v
+

e
va

l
e

2
e

n
v

|
P

rim
("*",

[e
1

,
e

2
])

=
>

e
va

l
e

1
e

n
v

*
e

va
l

e
2

e
n

v

|
P

rim
("-",

[e
1

,
e

2
])

=
>

e
va

l
e

1
e

n
v

-
e

va
l

e
2

e
n

v

|
P

rim
_

=
>

ra
ise

F
a

il
"u

n
kn

o
w

n
p

rim
itive

"

va
l

e
1

v
=

e
va

l
e

1
e

m
p

tye
n

v;

va
l

e
2

v
=

e
va

l
e

2
e

m
p

tye
n

v;
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