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2002
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�

A
sim

ple
im

perative
language

and
a

naive
store

m
odel

�

V
ariable

declarations,
expressions,

and
statem

ents

�

A
ssignable

variables,assignm
entstatem

ents

�

If-then-else
statem

ents,for-loops,
w

hile-loops

�

A
better

m
odel:

lvalues
and

rvalues;environm
entand

store

�

P
aram

eter
passing

m
echanism

s

�

A
n

im
perative

language
(m

icro-C
)

�

C
arrays,pointers,and

pointer
arithm

etics

�

T
he

stack
ofactivation

records
during

function
calls

�

A
n

interpreter
for

m
icro-C
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A
sim

ple
im

perative
langua

g
e:

statem
ents

and
expressions

(file
i
m
p
/
i
m
p
.
s
m
l

)

E
xam

ple
1:

C
om

pute
su

m
=

0
+

1
+

���

+
1

0
0

:

su
m

=
0

;
fo

r
i

=
0

to
1

0
0

d
o

su
m

=
su

m
+

i;
p

rin
t

su
m

;

E
xam

ple
2:

C
om

pute
leasti

for
w

hich
0

+
1

+
2

+

���

+
i

�

1
0

0
0

0
:

i
=

1
;

su
m

=
0

;
w

h
ile

su
m

<
1

0
0

0
0

d
o

b
e

g
in

p
rin

t
su

m
;

su
m

=
su

m
+

i;
i

=
1

+
i;

e
n

d
;

p
rin

t
i;
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A
sim

ple
im

perative
langua

g
e:

expressions
and

statem
ents

E
valuation

of
an

expression
produces

a
value

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

E
xecution

of
a

statem
ent

produces
a

m
odified

store

d
a

ta
typ

e
stm

t
=

A
sg

n
o

f
strin

g
*

e
xp

r
|

If
o

f
e

xp
r

*
stm

t
*

stm
t

|
S

e
q

o
f

stm
t

list
|

F
o

r
o

f
strin

g
*

e
xp

r
*

e
xp

r
*

stm
t

|
W

h
ile

o
f

e
xp

r
*

stm
t

|
P

rin
t

o
f

e
xp

r
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N
aive

m
ac

hine
m

odel:
the

store
m

aps
nam

es
to

values

A
naive

store
N

a
ive

sto
re

.n
a

ive
sto

is
justa

m
apping

from
variable

nam
es

to
variable

values:

typ
e

’d
a

ta
n

a
ive

sto
(*

A
m

a
p

fro
m

strin
g

to
’d

a
ta

*)

va
l

e
m

p
ty

:
’d

a
ta

n
a

ive
sto

va
l

g
e

t
:

’d
a

ta
n

a
ive

sto
->

strin
g

->
’d

a
ta

va
l

se
t

:
’d

a
ta

n
a

ive
sto

->
strin

g
*

’d
a

ta
->

’d
a

ta
n

a
ive

sto
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A
n

expression
is

evaluated
in

a
given

store
to

produce
a

value:

fu
n

e
va

l
e

(sto
:

(strin
g

,
in

t)
sto

)
:

in
t

=
ca

se
e

o
f

C
stI

i
=

>
i

|
V

a
r

x
=

>
g

e
t

sto
x

|
P

rim
(o

p
e

,
[e

1
,

e
2

])
=

>
le

t
va

l
i1

=
e

va
l

e
1

sto
va

l
i2

=
e

va
l

e
2

sto
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
|

P
rim

_
=

>
ra

ise
F

a
il

"u
n

kn
o

w
n

p
rim

itive
"

S
o

an
expression

cannothave
side

effects:
itcannotchange

the
store.

T
his

is
a

lim
itation

ofthe
m

odel.

In
m

ostreallanguages,
expressions

can
have

side
effects:x+

+
,x

=
6

7
,....
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A
statem

ent
is

executed
in

a
given

store
to

produce
a

new
m

odified
store:

fu
n

e
xe

c
stm

t
(sto

:
(strin

g
,

in
t)

sto
)

:
(strin

g
,

in
t)

sto
=

ca
se

stm
t

o
f

A
sg

n
(x,

e
)

=
>

se
t

sto
(x,

e
va

l
e

sto
)

|
If(e

1
,

stm
t1

,
stm

t2
)

=
>

if
in

t2
b

o
o

l(e
va

l
e

1
sto

)
th

e
n

e
xe

c
stm

t1
sto

e
lse

e
xe

c
stm

t2
sto

|
S

e
q

stm
ts

=
>

le
t

fu
n

lo
o

p
[]

sto
=

sto
|

lo
o

p
(s1

::sr)
sto

=
lo

o
p

sr
(e

xe
c

s1
sto

)
in

lo
o

p
stm

ts
sto

e
n

d
|

F
o

r(x,
e

sta
rt,

e
sto

p
,

stm
t)

=
>

le
t

va
l

sta
rt

=
e

va
l

e
sta

rt
sto

va
l

sto
p

=
e

va
l

e
sto

p
sto

fu
n

lo
o

p
i

sto
i

=
if

i
<

=
sto

p
th

e
n

lo
o

p
(i+

1
)

(e
xe

c
stm

t
(se

t
sto

i
(x,

i)))
e

lse
sto

i
in

lo
o

p
sta

rt
sto

e
n

d
|

W
h

ile
(e

,
stm

t)
=

>
le

t
fu

n
lo

o
p

sto
i

=
if

in
t2

b
o

o
l(e

va
l

e
sto

i)
th

e
n

lo
o

p
(e

xe
c

stm
t

sto
i)

e
lsesto

i
in

lo
o

p
sto

e
n

d
|

P
rin

t
e

=
>

(p
rin

t
(In

t.to
S

trin
g

(e
va

l
e

sto
));

p
rin

t
"\n

";
sto

)
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A
m

ore
realistic

store
m

odel

A
store

is
a

sequence
ofnum

bered
cells.

T
he

cellnum
bers

are
called

addresses
or

locations:

0
1

2
3

4
5

6
7

8
9

1
0

1
1

1
2

1
6

T
he

value
ofa

variable
is

stored
in

a
given

cell.
M

aybe
variable

i
is

in
cell2.

T
hen

executing

i
=

1
+

i;

w
illproduce

this
store:

0
1

2
3

4
5

6
7

8
9

1
0

1
1

1
2

1
7

Lvalue
and

rvalue
of

a
variab

le

In
the

assignm
ent,variable

i
appears

in
tw

o
distinctroles:

i
=

1
+

i;

In
the

right-hand
side

(1
+

i
),w

e
use

the
contents

ofi
,thatis,16.

In
the

left-hand
side

(i
),w

e
use

the
address

ofi
,thatis,2;w

e
do

notcare
aboutthe

16.

T
hese

tw
o

aspects
are

called
the

variable’s
rvalue

and
its

lvalue,for
right

and
left.
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S
om

e
expressions

have
an

lvalue
,som

e
do

not

A
variable

i
,an

array
indexing

a
[i]

,and
a

objectfield
o

.f
allhave

an
lvalue

and
and

an
rvalue.

A
n

arithm
etic

expression
y+

5
has

an
rvalue

butno
lvalue.

S
om

e
operator

s
require

an
lvalue

,som
e

do
not

A
rithm

etic
operators

as
in

(x
+

2
)

w
orks

on
the

rvalue
ofx

.

A
ssignm

entx
=

...
and

increm
ent/decrem

entoperators
x+

+
w

ork
on

the
lvalue

ofx
.

C
om

pound
assignm

entx
+

=
...

w
orks

on
the

rvalue
and

lvalue
ofx

.

N
ew

roles
for

environm
ent

and
store

�

the
environm

entm
aps

variable
nam

es
to

lvalues,thatis,locations;

�

the
store

m
aps

locations
to

rvalues.

T
his

m
odelcan

describe
e.g.C

arrays,C
pointer

arithm
etics,and

C
#

param
eter

passing
m

echanism
s.
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P
aram

eter
passing

m
ec

hanism
s

C
onsider

a
call

p
(a

,
b

)
to

a
procedure

(or
function

or
m

ethod)
declared

like
this:

vo
id

p
(in

t
x,

d
o

u
b

le
y)

{
...

}

T
he

argum
enta

could
be

passed
to

the
form

alparam
eterx

in
severalw

ays:

�

C
all-by-value:

a
copy

ofthe
rvalue

ofa
is

m
ade

in
a

new
store

location,w
hich

is
bound

to
x

.

U
pdates

to
x

do
notaffecta

.

T
his

is
used

in
C

,Java,functionallanguages,
...

�

C
all-by-reference:

the
location

(lvalue)
ofa

is
passed

to
the

procedure
and

bound
to

x
.

U
pdates

to
x

w
illim

m
ediately

affecta
.

T
his

is
possible

in
P

ascal,C
+

+
,C

#.

N
ote

thata
m

usthave
an

lvalue;a
m

ay
be

a
variable,array

elem
ent,objectfield,or

structure
field.

�

C
all-by-value-return:

a
copy

ofthe
rvalue

ofa
is

m
ade

in
a

new
location,w

hich
is

bound
to

x
.

W
hen

the
procedure

returns,the
rvalue

ofx
is

copied
to

a
ifa

has
an

lvalue.

T
his

is
used

only
in

F
ortran

(Ithink).
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C
all-b

�

y-value
and

call-b
y-reference

in
C

#

T
he

C
#

program
m

ing
language

perm
its

both
call-by-value

and
call-by-reference:

vo
id

sw
a

p
V

(in
t

x,
in

t
y)

{
|

vo
id

sw
a

p
R

(re
f

in
t

x,
re

f
in

t
y)

{
in

t
tm

p
=

x;
x

=
y;

y
=

tm
p

;
|

in
t

tm
p

=
x;

x
=

y;
y

=
tm

p
;

}
|

}
|

a
=

1
1

;
b

=
2

2
;

|
a

=
1

1
;

b
=

2
2

;
sw

a
p

V
(a

,
b

);
|

sw
a

p
R

(re
f

a
,

re
f

b
);

t
m
p

t
m
p a

1
1

b
2
2

xy

main

a
1
1

b
2
2

xy

swap
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M
icro-C

:
a

sm
all

subset
of

the
C

program
m

ing
langua

g
e

�

C
-style

expressions,statem
ents,and

statem
entblocks

�

C
-style

declarations
ofin

t
variables,arrays,and

pointers

�

C
-style

pointer
arithm

etics

�

C
-style

function
declarations

and
call-by-value

param
eter

passing

�

N
o

type
check

�

N
o

re
tu

rn
statem

ent—
cum

bersom
e

to
m

odelabruptterm
ination

in
a

direct-style
interpreter

O
ur

m
icro-C

m
odelis

sim
ilar

to
B

,an
untyped

predecessor
ofC

:

C
P

L
(early

1960s)�

B
C

P
L

(1967)�

B
(1971)�

C
(1972)�

C
+

+
(1984)�

Java
(1994)�

C
#

(1999)
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D
eclarations

in
C

:
Integ

ers,
pointer

s,
arra

ys

D
eclaration

M
eaning

in
t

i;
i

is
an

integer

in
t

ia
[1

0
];

a
i

is
an

array
of10

integers

in
t

*p
;

p
is

a
pointer

to
an

integer

in
t

*ip
a

[1
0

];
ip

a
is

an
array

of10
pointers

to
integers

in
t

(*ia
p

)[1
0

];
ia

p
is

a
pointer

to
an

array
of10

integers

A
n

integer
declaration

in
t

i
reserves

one
m

em
ory

cellfor
the

integer.

A
n

array
declaration

in
t

ia
[1

0
]

reserves
10

m
em

ory
cells

for
the

array’s
elem

ents.

A
pointer

declaration
in

t
*p

reserves
one

m
em

ory
cellfor

the
pointer.

A
n

array-of-pointer
declaration

in
t

*ip
a

[1
0

]
reserves

10
m

em
ory

cells
for

the
pointers.

A
pointer-to-array

declaration
in

t
(*ia

p
)[1

0
]

reserves
one

m
em

ory
cellfor

the
pointer.

A
rray

declarations
look

som
ew

hatsim
ilar

in
Java,butm

ean
som

ething
else

altogether.
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E
xpressions

in
C

:
arra

y
inde

xing,
pointer

arithm
etics,

ad
dress-of

E
xpression

Lvalue
R

value

i
the

celloccupied
by

i
the

contents
ofthatcell

ia
[4

]
cell4

in
array

a
i

the
contents

ofthatcell

*p
the

cellpointed
to

by
p

the
contents

ofthatcell

*ip
a

[4
];

the
cellpointed

to
by

the
contents

ofcell4
in

ip
a

the
contents

ofthatcell

(*ia
p

)[4
];

cell4
ofthe

array
pointed

to
by

ia
p

the
contents

ofthatcell

*ia
firstcellin

array
a

i
the

contents
ofthatcell

*(ia
+

4
)

cell4
in

array
a

i
the

contents
ofthatcell

*(p
+

2
)

cell2
after

thatpointed
to

by
p

the
contents

ofthatcell

&
i

the
address

ofthe
celloccupied

by
i

In
C

,adding
an

integeri
to

a
pointerp

gives
a

new
pointer(p

+
i)

.

In
C

,an
array

ia
ofintegers

is
actually

a
pointer

to
the

firstarray
elem

entia
[0

]
.

In
C

,an
array

access
a

[i]
is

actually
*(a

+
i)

.
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C
pointer

s
galore

(file
i
m
p
/
e
x
2
.
c

)

in
t

*p
;

//
p

o
in

te
r

to
in

t
in

t
i;

//
in

t
in

t
ia

[1
0

];
//

a
rra

y
o

f
1

0
in

ts
in

t*
ia

2
;

//
p

o
in

te
r

to
in

t
in

t
*ip

a
[1

0
];

//
a

rra
y

o
f

1
0

p
o

in
te

rs
to

in
t

in
t

(*ia
p

)[1
0

];
//

p
o

in
te

r
to

a
rra

y
o

f
1

0
in

ts
p

rin
t

i;
//

˜1
p

rin
t

p
;

//
˜1

p
=

&
i;

//
n

o
w

p
p

o
in

ts
to

i
p

rin
t

p
;

//
1

ia
2

=
ia

;
//

n
o

w
ia

2
p

o
in

ts
to

ia
[0

]
p

rin
t

*ia
2

;
//

˜1
*p

=
2

2
7

;
//

n
o

w
i

is
2

2
7

p
rin

t
p

;
p

rin
t

i;
//

1
2

2
7

*&
i

=
1

2
;

//
n

o
w

i
is

1
2

p
rin

t
i;

//
1

2
p

=
&

*p
;

//
n

o
ch

a
n

g
e

p
rin

t
*p

;
//

1
2

p
=

ia
;

//
n

o
w

p
p

o
in

ts
to

ia
[0

]
*ia

=
1

4
;

//
n

o
w

ia
[0

]
is

1
4

p
rin

t
ia

[0
];

//
1

4
*(ia

+
9

)
=

1
1

4
;

//
n

o
w

ia
[9

]
is

1
1

4
p

rin
t

ia
[9

];
//

1
1

4
ip

a
[2

]
=

p
;

//
n

o
w

ip
a

[2
]

p
o

in
ts

to
i

p
rin

t
ip

a
[2

];
//

2
p

rin
t

(*ip
a

[2
]

=
=

**(ip
a

+
2

));
//

1
(tru

e
)

ia
p

=
&

ia
;

//
n

o
w

ia
p

p
o

in
ts

to
ia

p
rin

t
((*ia

p
)[2

]
=

=
*((*ia

p
)+

2
));

//
1

(tru
e

)
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M
ore

m
icro-C

exam
ples

P
ass

com
m

and
line

argum
ent�

to
m

a
in

and
printthe

num
bers�� �

� 			� � 

�

(file
im

p
/e

x3
.c

):

vo
id

m
a

in
(in

t
n

)
{

in
t

i;
i=

0
;

w
h

ile
(i

<
n

)
{

p
rin

t
i;

i=
i+

1
;

}
}

U
sing

a
pointer

r
p

to
sim

ulate
call-b

y-reference
(file

e
x
5
.
c

)

vo
id

m
a

in
(in

t
n

)
{

in
t

r;
sq

u
a

re
(n

,
&

r);
p

rin
t

r;
}vo

id
sq

u
a

re
(in

t
i,

in
t

*rp
)

{
*rp

=
i

*
i;

}
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M
icro-C

exam
ple:

R
ecursive

function
calls

(file
i
m
p
/
e
x
9
.
c

)

vo
id

m
a

in
(in

t
i)

{
in

t
r;

fa
c(i,

&
r);

p
rin

t
r;

}vo
id

fa
c(in

t
n

,
in

t
*re

s)
{

p
rin

t
&

n
;

if
(n

=
=

0
)

*re
s

=
1

;
e

lse
{

in
t

tm
p

;
fa

c(n
-1

,
&

tm
p

);
*re

s
=

tm
p

*
n

;
}

}

T
he

store
is

a
stac

k
of

activ
ation

records:
0

1
2

3
4

5
6

7
8

9
1
0

1
1

1
2

3
3

1
2

4
1

7
0

1
0

i
r

n
r
e
s

t
m
p

n
r
e
s

t
m
p

n
r
e
s

t
m
p

n
r
e
s

m
a
i
n
(
3
)

f
a
c
(
3
,
_
)

f
a
c
(
2
,
_
)

f
a
c
(
1
,
_
)

f
a
c
(
0
,
_
)
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M
icr

�
o-C

abstract
syntax

(file
i
m
p
/
A
b
s
y
n
.
s
m
l

)

d
a

ta
typ

e
typ

=
T

yp
I

(*
T

yp
e

in
t

*)
|

T
yp

C
(*

T
yp

e
ch

a
r

*)
|

T
yp

A
o

f
typ

*
e

xp
r

o
p

tio
n

(*
A

rra
y

typ
e

*)
|

T
yp

P
o

f
typ

(*
P

o
in

te
r

typ
e

*)
a

n
d

e
xp

r
=

A
cce

ss
o

f
a

cce
ss

(*
V

a
ria

b
le

o
r

e
le

m
e

n
t

a
cce

ss
*)

|
A

ssig
n

o
f

a
cce

ss
*

e
xp

r
(*

A
ssig

n
m

e
n

t
to

va
r

o
r

a
rra

ye
le

m
*)

|
A

d
d

r
o

f
a

cce
ss

(*
G

e
t

a
d

d
re

ss:
&

e
*)

|
C

st
o

f
co

n
sta

n
t

(*
C

o
n

sta
n

t
*)

|
P

rim
1

o
f

strin
g

*
e

xp
r

(*
S

trict
p

rim
itive

o
p

e
ra

to
r

*)
|

...
a

n
d

a
cce

ss
=

A
ccV

a
r

o
f

strin
g

(*
V

a
ria

b
le

a
cce

ss:
x

*)
|

A
ccD

e
re

f
o

f
e

xp
r

(*
P

o
in

te
r

d
e

re
fe

re
n

cin
g

:
*p

*)
|

A
ccIn

d
e

x
o

f
a

cce
ss

*
e

xp
r

(*
A

rra
y

in
d

e
xin

g
:

a
cc[e

i]
*)

a
n

d
stm

t
=

B
lo

ck
o

f
stm

to
rd

e
c

list
(*

B
lo

ck:
g

ro
u

p
in

g
a

n
d

sco
p

e
*)

|
...

a
n

d
stm

to
rd

e
c

=
D

e
c

o
f

typ
*

strin
g

(*
D

e
cla

ra
tio

n
o

f
lo

ca
l

va
ria

b
le

*)
|

S
tm

t
o

f
stm

t
(*

A
sta

te
m

e
n

t
*)

a
n

d
to

p
d

e
c

=
F

u
n

d
e

c
o

f
typ

o
p

tio
n

*
strin

g
*

p
a

ra
m

d
e

c
list

*
stm

t
|

V
a

rd
e

c
o

f
typ

*
strin

g
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E
nvironm

ent
and

store
in

the
m

icro-C
interpreter

T
he

environm
entm

aps
nam

es
to

locations
(in

t
)

and
rem

em
bers

the
nextunused

store
location:

typ
e

ve
n

v
=

(strin
g

,
in

t)
e

n
v

*
in

t

T
he

store
m

aps
locations

to
’d

a
ta

,usually
integers:

typ
e

’d
a

ta
sto

va
l

e
m

p
ty

:
u

n
it

->
’d

a
ta

sto
va

l
g

e
tsto

:
’d

a
ta

sto
->

in
t

->
’d

a
ta

va
l

se
tsto

:
’d

a
ta

sto
->

in
t

->
’d

a
ta

->
’d

a
ta

sto
va

l
b

in
d

va
r

:
strin

g
->

’d
a

ta
->

(strin
g

,
in

t)
E

n
v.e

n
v

*
in

t
->

’d
a

ta
sto

->
((strin

g
,

in
t)

E
n

v.e
n

v
*

in
t)

*
’d

a
ta

sto

F
unction

b
in

d
va

r
allocates

a
new

variable
x

both
in

environm
entand

store:

T
he

call
b

in
d

va
r

x
v

(e
n

v,
lo

c)
sto

returns
(e

n
v1

,
sto

1
)

w
here

�

e
n

v1
m

aps
x

to
lo

c
and

records
thatthe

nextunused
store

location
is

lo
c+

1
;

�

sto
1

m
aps

lo
c

to
v

.
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E
v

�

aluation
of

m
icro-C

expressions
(file

i
m
p
/
c
.
s
m
l

)

E
valuation

ofan
expression

requires
an

environm
entand

a
store;itproduces

a
resultand

an
updated

store:

a
n

d
e

va
l

e
e

n
v

sto
:

in
t

*
sto

=
ca

se
e

o
f

A
cce

ss
a

cc
=

>
le

t
va

l
(lo

c,
sto

1
)

=
a

cce
ss

a
cc

e
n

v
sto

in
(g

e
tsto

sto
1

lo
c,

sto
1

)
e

n
d

|
A

ssig
n

(a
cc,

e
)

=
>

le
t

va
l

(lo
c,

sto
1

)
=

a
cce

ss
a

cc
e

n
v

sto
va

l
(re

s,
sto

2
)

=
e

va
l

e
e

n
v

sto
1

in
(re

s,
se

tsto
sto

2
lo

c
re

s)
e

n
d

|
C

st
(C

stI
i)

=
>

(i,
sto

)
|

C
st

C
stN

=
>

(˜1
,

sto
)

|
A

d
d

r
a

cc
=

>
a

cce
ss

a
cc

e
n

v
sto

|
P

rim
1

(o
p

e
,

e
1

)
=

>
le

t
va

l
(i1

,
sto

1
)

=
e

va
l

e
1

e
n

v
sto

va
l

re
s

=
ca

se
o

p
e

o
f

"!"
=

>
b

o
o

l2
in

t
(n

o
t

(in
t2

b
o

o
l

i1
))

|
"p

rin
ti"

=
>

(p
rin

t
(In

t.to
S

trin
g

i1
);

p
rin

t
"

";
i1

)
|

"p
rin

tc"
=

>
(p

rin
t

(str
(ch

r
i1

));
i1

)
|

_
=

>
ra

ise
F

a
il

"u
n

kn
o

w
n

p
rim

itive
1

"
in

(re
s,

sto
1

)
e

n
d

|
P

rim
2

(o
p

e
,

e
1

,
e

2
)

=
>

...
|

C
a

ll(f,
e

s)
=

>
ca

llfu
n

f
e

s
e

n
v

sto
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Interpretation
of

accesses

T
he

interpretation
ofa

variable
or

array
access

requires
an

environm
entand

a
store.

Itproduces
an

lvalue
and

a
new

store:

fu
n

a
cce

ss
(A

ccV
a

r
x)

e
n

v
sto

=
(lo

o
ku

p
(#

1
e

n
v)

x,
sto

)
|

a
cce

ss
(A

ccD
e

re
f

e
)

e
n

v
sto

=
le

t
va

l
(a

,
sto

1
)

=
e

va
l

e
e

n
v

sto
in

(a
,

sto
1

)
e

n
d

|
a

cce
ss

(A
ccIn

d
e

x(a
cc,

id
x))

e
n

v
sto

=
le

t
va

l
(a

,
sto

1
)

=
a

cce
ss

a
cc

e
n

v
sto

va
l

a
va

l
=

g
e

tsto
sto

1
a

va
l

(i,
sto

2
)

=
e

va
l

id
x

e
n

v
sto

1
in

(a
va

l
+

i,
sto

2
)

e
n

d

A
variable

is
justlooked

up
in

the
environm

entto
getits

lvalue.

A
deferencing

expression
*e

evaluates
e

to
obtain

an
lvalue.

A
n

array
indexing

a
cc[e

i]
finds

the
address

ofarray
a

cc
;this

is
the

lvalue
a

va
l

.

T
hen

itevaluates
e

i
to

obtain
an

integeri
,and

returns
the

lvalue
a

va
l

+
i

.

T
he

interpretation
ofan

access
*e

ora
cc[e

i]
m

ay
m

odify
the

store
because

itevaluates
e

ore
i

.
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E
xecution

of
m

icro-C
statem

ents

E
xecution

takes
an

environm
entand

a
store;itproduces

an
extended

environm
entand

an
updated

store:

fu
n

e
xe

c
stm

t
(e

n
v

:
ve

n
v)

(sto
:

sto
)

:
ve

n
v

*
sto

=
ca

se
stm

t
o

f
If(e

,
stm

t1
,

stm
t2

)
=

>
le

t
va

l
(v,

sto
1

)
=

e
va

l
e

e
n

v
sto

in
if

in
t2

b
o

o
l

v
th

e
n

(e
n

v,
#

2
(e

xe
c

stm
t1

e
n

v
sto

1
))

e
lse

(e
n

v,
#

2
(e

xe
c

stm
t2

e
n

v
sto

1
))

e
n

d
|

W
h

ile
(e

,
b

o
d

y)
=

>
le

t
fu

n
lo

o
p

sto
1

=
le

t
va

l
(v,

sto
2

)
=

e
va

l
e

e
n

v
sto

1
in

if
in

t2
b

o
o

l
v

th
e

n
lo

o
p

(#
2

(e
xe

c
b

o
d

y
e

n
v

sto
2

))
e

lse
sto

2
e

n
d

in
(e

n
v,

lo
o

p
sto

)
e

n
d

|
E

xp
r

e
=

>
le

t
va

l
(v,

sto
1

)
=

e
va

l
e

e
n

v
sto

in
(e

n
v,

sto
1

)
e

n
d

|
B

lo
ck

stm
ts

=
>

le
t

fu
n

lo
o

p
[]

(e
n

v,
sto

)
=

(e
n

v,
sto

)
|

lo
o

p
(s1

::sr)
(e

n
v,

sto
)

=
lo

o
p

sr
(stm

to
rd

e
c

s1
e

n
v

sto
)

va
l

(_
,

sto
1

)
=

lo
o

p
stm

ts
(e

n
v,

sto
)

in
(e

n
v,

sto
1

)
e

n
d
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