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S
oftw
are
C
o
d
e
A
b
straction
s

A
p
iece
of
softw
are
co
d
e
m
ay
b
e
d
escrib
ed
v
ia
th
ree
com
p
on
en
ts:

1.
T
S
:
th
e
set
of
all
d
ata
ty
p
es
m
an
aged
b
y
S
,

2.
F
S
:
a
set
of
p
red
e�
n
ed
fu
n
ction
s
on
th
ese
ty
p
es,

3.
C
S
:
a
set
of
ty
p
e
com
p
osition
op
eration
s.

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
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T
y
p
e
com
p
osition
op
eration
s

1.
A
p
artial
fu
n
ction
c
on
ty
p
es.

2.
T
ak
es
as
in
p
u
t
ty
p
es
�
1 ;:::;�
n ;

3.
O
u
tp
u
t
is
a
ty
p
e
c(�
1 ;:::;�
n ).

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
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T

?S

T
0S

=
d
e
f

T
S
;

T
i+
1

S

=
d
e
f

C
S
(T
i

S
);

T
?

S

=
d
e
f

S
i2
N

T
i

S
:

W
e
w
ill
assu
m
e
T
S

=
T
?

S
,
i.e.
T
S

is
closed
u
n
d
er
ty
p
e
com
p
osition
.

C
o
p
y
rig
h
t,
V
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.S
u
b
ra
h
m
a
n
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n
,
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S
u
p
p
lier
agen
ts:
T
y
p
es

T
S
=
d
e
f
f
In
teger;L
o
cation
;S
trin
g;D
ate;O
rd
erL
og;S
to
ck
g

w
h
ere:

�
O
rd
erL
og
h
as
th
e
sch
em
a
(clien
t/strin
g,
am
ou
n
t/In
teger,

p
art
id
/S
trin
g,
m
eth
o
d
/S
trin
g,
src/L
o
cation
,

d
est/L
o
cation
,p
ick
u
p
st/d
ate,
p
ick
u
p
et/d
ate),

�
S
to
ck
h
as
th
e
sch
em
a
(am
ou
n
t/In
teger,
p
art
id
/S
trin
g)

�
L
o
cation
is
an
en
u
m
erated
ty
p
e
of
city
n
am
es.

C
o
p
y
rig
h
t,
V
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.S
u
b
ra
h
m
a
n
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n
,
et.
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S
u
p
p
lier
agen
ts:
F
u
n
ction
s

�
m
o
n
ito
rS
to
c
k
(A
m
o
u
n
t=
in
teg
e
r
;P
a
rt
id
=
strin
g
).

R
etu
rn
s
eith
er
a
m
o
u
n
t
a
v
a
i
l
a
b
l
e
or
a
m
o
u
n
t
n
o
t
a
v
a
i
l
a
b
l
e
.

�
sh
ip
F
re
ig
h
t(A
m
o
u
n
t=
In
teg
e
r
;P
a
rt
id
=
S
trin
g
;m
e
th
o
d
=
S
trin
g
;

S
rc=
L
o
ca
tio
n
;D
est=
L
oca
tion
).

U
p
d
ates
th
e
ord
er
log
an
d
logs
in
form
ation
ab
ou
t
th
e
ord
er,
togeth
er

w
ith
in
form
ation
on
(i)
th
e
earliest
tim
e
th
e
ord
er
w
ill
b
e
read
y
for

sh
ip
p
in
g,
an
d
(ii)
th
e
latest
tim
e
b
y
w
h
ich
th
e
ord
er
m
u
st
b
e
p
icked
u
p

b
y
th
e
sh
ip
p
in
g
v
en
d
or.

�
u
p
d
a
te
S
to
c
k
(A
m
o
u
n
t=
In
teg
e
r
;P
a
rt
id
=
S
trin
g
).

U
p
d
ates
th
e
in
ven
tory
of
th
e
S
u
p
p
lier.

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
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S
u
p
p
lier
agen
ts:
T
y
p
e
C
om
p
osition
O
p
erators

1.
P
ro
jection

2.
C
artesian
P
ro
d
u
ct

T
?

S

con
sists
n
ot
on
ly
of
all
th
e
ab
ove
d
ata
ty
p
es,
b
u
t
also
of

1.
su
b
-record
s
of
th
e
ab
ove
d
ata
ty
p
es
su
ch
as
a
relation
h
av
in
g
th
e

sch
em
a
(am
ou
n
t/In
teger,
d
est/L
o
cation
)
d
erived
from
th
e
O
rd
erL
og

relation
,

2.
cartesian
p
ro
d
u
cts
of
ty
p
es,
an
d

3.
m
ix
es
in
volv
in
g
th
e
ab
ove
tw
o
op
eration
s.

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
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n
,
et.
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S
tate
of
an
A
gen
t

�
A
gen
t
h
as
a
set
of
d
ata
stru
ctu
res.

�
S
tate
of
th
e
agen
t
|

d
en
oted
O
S
(t)
|

at
tim
e
t,
con
sists
of
all
ob
jects

in
th
e
agen
t's
d
ata
stru
ctu
res.

�
A
n
agen
t
m
ay
ch
an
ge
its
state
b
y
tak
in
g
an
action
|
eith
er
triggered

in
tern
ally,
or
b
y
p
ro
cessin
g
a
m
essage
receiv
ed
from
an
oth
er
agen
t.

�
E
ach
agen
t
is
assu
m
ed
to
h
ave
som
e
sp
ecialized
m
essage
d
ata

stru
ctu
res
an
d
m
essage
m
an
agem
en
t
fu
n
ction
s
w
h
ich
w
e
w
ill
d
iscu
ss

later
on
in
th
e
cou
rse.

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
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V
ariab
les

�
G
iv
en
an
y
ty
p
e
�
2
T
S
,
w
e
w
ill
assu
m
e
th
at
th
ere
is
a
set
ro
ot(�
)
of

\ro
ot"
variab
le
sy
m
b
ols
ran
gin
g
over
�
.

�
S
u
p
p
ose
�
is
a
com
p
lex
record
ty
p
e
h
av
in
g
�
eld
s
f1 ;:::;fn .
T
h
en
,
for

every
variab
le
of
ty
p
e
�
,
w
e
req
u
ire
th
at
X
:f
i
b
e
a
variab
le
of
ty
p
e
�
i

w
h
ere
�
i

is
th
e
ty
p
e
of
�
eld
fi .

�
S
im
ilarly,
if
fi
itself
h
as
a
su
b
-�
eld
g
of
ty
p
e


,
th
en
X
:f
i :g
is
a
variab
le

of
ty
p
e


,
an
d
so
on
.

�
T
h
e
variab
les,
X
:f
i ,
X
:f
i :g
,
etc.
are
called
p
a
th
v
a
ria
b
le
s.

�
F
or
an
y
p
ath
variab
le
Y

of
th
e
form
X
:p
a
th
,
w
h
ere
X

is
a
ro
ot

variab
le,
w
e
refer
to
X

as
th
e
ro
ot
of
Y
,
d
en
oted
b
y
ro
ot(Y
).

C
o
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y
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h
t,
V
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b
ra
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,
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E
x
am
p
le

�
X

is
a
ro
ot
variab
le
over
O
rd
erL
og.

�
X
:clien
t
is
a
p
ath
variab
le
over
strin
gs
w
ith
ro
ot
X
.

�
X
:L
o
ca
tio
n
is
a
p
ath
variab
le
over
lo
cation
s.

�
X
:d
a
te:m
o
n
th
is
a
p
ath
variab
le
over
th
e
in
tegers
f
1
:::12
g
.

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
l.
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V
ariab
le
A
ssign
m
en
t

�
A
n
a
ssig
n
m
e
n
t
o
f
o
b
jec
ts
to
v
a
ria
b
le
s
is
a
set
of
eq
u
ation
s
of
th
e
form

V
1

=
o
1 ;:::;V
k

=
o
k

w
h
ere
th
e
V
i 's
are
variab
les
(ro
ot
or
p
ath
)
an
d

th
e
o
i 's
are
ob
jects|
su
ch
an
assign
m
en
t
is
leg
a
l,
if
th
e
ty
p
es
of
ob
jects

an
d
corresp
on
d
in
g
variab
les
m
atch
.

�
E
X
:
f
X
:clien
t
=
\joh
n
"
g

�
E
X
:
f
X
:clien
t
=
\joh
n
",
X
:d
a
te:m
on
th
=
5;X
:d
a
te:y
ea
r
=
1998
g
.

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
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C
o
d
e
C
alls

�
S
y
n
tactic
m
ech
an
ism
th
at
allow
s
a
p
ro
cess
(w
h
ich
m
ay
b
e
an
agen
t)
to

in
vok
e
an
A
P
I
fu
n
ction
su
p
p
orted
b
y
a
softw
are
p
ackage.

�
N
ot
all
A
P
I
fu
n
ction
s
m
ay
b
e
u
sed
b
y
an
agen
t.

�
E
ach
A
P
I
fu
n
ction
h
as
a
sig
n
a
tu
re,
sp
ecify
in
g
th
e
ty
p
es
of
in
p
u
ts
it

takes,
an
d
th
e
ty
p
es
of
ou
tp
u
ts
it
retu
rn
s.

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
l.
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C
o
d
e
C
alls

�
S
u
p
p
ose
f
2
F
S

is
a
p
red
e�
n
ed
fu
n
ction
w
ith
n
argu
m
en
ts,
an
d

d
1 ;:::;d
n

are
ob
jects
or
variab
les
su
ch
th
at
each
d
i

resp
ects
th
e
ty
p
e

req
u
irem
en
ts
of
th
e
i'th
argu
m
en
t
of
f
.

�
T
h
en
S
:
f(d
1 ;:::;d
n )
is
a
co
d
e
call.

�
A
co
d
e
call
is
g
ro
u
n
d
if
all
th
e
d
i 's
are
ob
jects.

�
E
very
co
d
e
call
is
assu
m
ed
to
retu
rn
a
S
E
T
.

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
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E
x
am
p
le
C
o
d
e
C
alls

1.
su
p
p
lier
:
m
on
itorS
to
ck
(3;
p
art
008).

T
h
is
co
d
e
call
say
s
th
at
w
e
sh
ou
ld
ch
eck
w
h
eth
er
3
p
ieces
of
p
art
008

are
availab
le
or
n
ot.
T
h
e
resu
lt
of
th
is
call
is
eith
er
th
e
sin
gleton
set

f
a
m
o
u
n
t
a
v
a
ila
b
le
g
,
or
th
e
set
f
a
m
o
u
n
t
n
o
t
a
v
a
ila
b
le
g
.

2.
su
p
p
lier
:
sh
ip
F
reigh
t(3;p
art
008;tru
ck
;X
;p
aris):

T
h
is
co
d
e
call
say
s
th
at
w
e
sh
ou
ld
create
a
p
ick
u
p
sch
ed
u
le
for

sh
ip
p
in
g
3
p
ieces
of
p
art
008
from
lo
cation
X

to
P
aris
b
y
tru
ck
.
N
otice

th
at
u
n
til
a
valu
e
is
sp
eci�
ed
for
X
,
th
is
co
d
e
call
can
n
ot
b
e
ex
ecu
ted
.

In
con
trast,
th
e
p
reced
in
g
co
d
e
call
is
grou
n
d
,
an
d
is
ex
ecu
tab
le.

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
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C
o
d
e
C
all
A
tom
s

�
If
cc
is
a
co
d
e
call,
an
d
X

is
eith
er
a
variab
le
sy
m
b
ol,
or
an
ob
ject
of

th
e
ou
tp
u
t
ty
p
e
of
cc,
th
en

{
in
(X
,cc),

{
n
otin
(X
,cc),

are
called
co
d
e
ca
ll
a
to
m
s.

�
A
co
d
e
call
atom
is
g
ro
u
n
d
if
n
o
variab
le
sy
m
b
ols
o
ccu
r
an
y
w
h
ere
in
it.

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
l.

1
4

&

%



'

$
C
h
.
4

C
o
d
e
C
all
A
tom
E
valu
ation

�
C
o
d
e
call
atom
s,
w
h
en
evalu
ated
,
retu
rn
b
o
olean
valu
es.

�
C
o
d
e
call
atom
in
(X
;cc)
su
cceed
s
if
X

can
b
e
set
to
a
p
oin
ter
to
on
e
of

th
e
ob
jects
in
th
e
set
of
ob
jects
retu
rn
ed
b
y
ex
ecu
tin
g
th
e
co
d
e
call.

�
In
d
atab
ase
term
in
ology,
X

is
a
cu
rsor
on
th
e
resu
lt
of
ex
ecu
tin
g
th
e

co
d
e
call.

�
S
im
ilarly
for
n
o
t
i
n
.

C
o
p
y
rig
h
t,
V
.S
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b
ra
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n
,
et.
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E
x
am
p
le
C
o
d
e
C
all
A
tom
s

1.
in
(am
ou
n
t
availab
le,su
p
p
lier:m
on
itorS
to
ck
(3,
p
art
008)).

T
h
is
co
d
e
call
su
cceed
s
ju
st
in
case
th
e
S
u
p
p
lier
h
as
3
u
n
its
of

p
a
rt
0
0
8
on
sto
ck
.

2.
in
(X
,su
p
p
lier:m
on
itorS
to
ck
(3,
p
art
008)).

T
h
is
co
d
e
call
su
cceed
s
ju
st
in
case
th
ere
ex
ists
an
X

in
th
e
resu
lt
of

ex
ecu
tin
g
th
e
co
d
e
call
sh
ow
n
h
ere.
In
e�
ect,
X

is
a
variab
le
th
at
can

b
e
b
ou
n
d
to
th
e
statu
s
strin
g
retu
rn
ed
b
y
ex
ecu
tin
g
th
e
co
d
e
call

su
p
p
lier
:
m
on
itorS
to
ck
(3;
p
art
008).

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
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C
o
d
e
C
all
C
on
d
ition
s

�
In
tu
itiv
ely
a
\con
ju
n
ction
"
(logical
A
N
D
)
of
co
d
e
call
atom
s
an
d

\com
p
arison
"
atom
s.

�
C
om
p
arison
atom
s
are
ex
p
ression
s
su
ch
as
\=
;
�
;
�
;>
;<
etc.

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
l.
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$
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h
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C
o
d
e
C
all
C
on
d
ition
s

�
E
very
co
d
e
call
atom
is
a
co
d
e
call
con
d
ition
.

�
If
s
an
d
t
are
eith
er
variab
les
or
ob
jects,
th
en
s
=
t
is
a
co
d
e
call

con
d
ition
.

�
If
s
an
d
t
are
eith
er
in
tegers/real
valu
ed
ob
jects,
or
are
variab
les
ov
er

th
e
in
tegers/reals,
th
en
s
<
t;
s
>
t;
s
�

t;
an
d
s
�

t
are
co
d
e
call

con
d
ition
s.

�
If
�
1
an
d
�
2
are
co
d
e
call
con
d
ition
s,
th
en
�
1
&
�
2
is
a
co
d
e
call

con
d
ition
.

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
l.
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h
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E
x
am
p
le
C
o
d
e
C
all
C
on
d
ition
s

�
(1
)
:

in
(a
m
o
u
n
t
a
v
a
ila
ble;su
p
p
lier
:
m
on
itorS
to
ck
(3;p
art
008)):

�
(2
)
:

in
(X
;su
p
p
lier
:
m
on
itorS
to
ck
(3;
p
art
008))
&
X

=
a
m
ou
n
t
a
v
a
ila
ble:

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
l.
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E
x
am
p
le
C
o
d
e
C
all
C
on
d
ition
s

�
(3
)
:
in
(a
m
o
u
n
t
a
v
a
ila
ble
;su
p
p
lier
:
m
o
n
ito
rS
to
ck
(U
;p
a
rt
0
0
8
))

&

n
o
tin
(a
m
o
u
n
t
a
v
a
ila
ble
;su
p
p
lier
:
m
o
n
ito
rS
to
ck
(U
+
1
;p
a
rt
0
0
8
))

&

in
(a
m
o
u
n
t
a
v
a
ila
ble
;su
p
p
lier
:
m
o
n
ito
rS
to
ck
(V
;p
a
rt
0
0
9
))

&

n
o
tin
(a
m
o
u
n
t
a
v
a
ila
ble
;su
p
p
lier
:
m
o
n
ito
rS
to
ck
(V
+
1
;p
a
rt
0
0
9
))

&
U

<
V
:

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
l.
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In
-class
ex
ercise

Y
ou
h
ave
a
relation
al
d
atab
ase,
rel.
R
el
h
as
a
tab
le
called
i
n
v
e
n
t
o
r
y
.

L
n
am
e
F
n
am
e
T
itle

Q
ty
R
stk
S
u
p

B
u
y
S
ell

J
oh
n

K
eats

O
d
es

15

5

A
B
C
B
o
ok
s
20

38

L
eon

U
ris

T
op
az
10

3

X
Y
Z
B
o
ok
s
6

11

R
ob
in

C
o
ok

V
iru
s

20

6

A
1
B
o
ok
s

4

14

:::

:::

:::

:::

:::

:::

:::

:::

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
l.
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.
4

In
-class
ex
ercise

G
iv
e
a
list
of
A
P
I
fu
n
ction
s
th
at
m
igh
t
b
e
su
p
p
orted
b
y
R
E
L
.

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
l.

2
2

&

%
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C
h
.
4

In
-class
ex
ercise

G
iv
e
a
sim
ilar
sp
eci�
cation
of
a
sim
p
le
calcu
lator
p
rogram
(e.g.
X
C
A
L
C
)
?

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
l.

2
3

&

%
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$
C
h
.
4

In
-class
ex
ercise

W
rite
co
d
e
calls
for
th
e
follow
in
g
task
s
u
sin
g
th
e
fu
n
ction
s
given
on
th
e

p
rev
iou
s
2
slid
es.

�
F
in
d
all
b
o
ok
s
w
h
ose
resto
ck
q
u
an
tity
is
m
ore
th
an
5.

�
F
in
d
all
b
o
ok
s
w
h
ose
Q
ty
is
less
th
an
10.

�
F
in
d
all
b
o
ok
s
b
y
an
au
th
or
w
h
ose
last
n
am
e
is
C
o
ok
.

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
l.

2
4

&

%
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$
C
h
.
4

In
-class
ex
ercise

W
rite
co
d
e
call
con
d
ition
s.

�
F
in
d
all
b
o
ok
s
w
h
ose
resto
ck
q
u
an
tity
is
3
or
less
b
elow
th
e
Q
ty
?

�
F
in
d
all
b
o
ok
s
b
y
J
oh
n
K
eats
w
h
ose
resto
ck
q
u
an
tity
is
3
or
less
b
elow

th
e
Q
ty
?

�
F
in
d
all
b
o
ok
s
b
y
J
oh
n
K
eats
p
u
b
lish
ed
b
y
A
B
C
B
o
ok
s
w
h
ose
resto
ck

q
u
an
tity
is
3
or
less
b
elow
th
e
Q
ty
?

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
l.

2
5

&

%
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C
h
.
4

S
afety

�
In
tu
ition
:
C
an
w
e
reord
er
th
e
co
d
e
call
atom
s
o
ccu
rrin
g
in
it
in
a
w
ay

su
ch
th
at
w
e
can
evalu
ate
th
ese
atom
s
left
to
righ
t,
assu
m
in
g
th
at
ro
ot

variab
les
are
in
crem
en
tally
b
ou
n
d
to
ob
jects?

�
A
co
d
e
call
S
:
f(d
1 ;:::;d
n )
is
sa
fe
if
an
d
on
ly
if
each
d
i

is
grou
n
d
.

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
l.

2
6

&

%
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$
C
h
.
4

S
afety

�
A
co
d
e
call
con
d
ition
�
1
&
:::&
�
n ,
n
�

1,
is
sa
fe
if
an
d
on
ly
if
th
ere

ex
ists
a
p
erm
u
tation
�
of
�
1 ;:::;�
n

su
ch
th
at
for
every
i
=
1;:::;n

th
e
follow
in
g
h
old
s:

1.
If
�
�
(
i)
is
a
com
p
arison
s
1

o
p
s
2 ,
th
en

1.1
at
least
on
e
of
s
1 ;s
2

is
a
con
stan
t
or
a
variab
le
X

su
ch
th
at

ro
ot(X
)
b
elon
gs
to

R
V
� (i)=
d
e
f
f
ro
ot(Y
)
j
9
j
<
i
s:t:
Y

o
ccu
rs
in
�
�
(
j
) g
;

1.2
if
s
i

is
n
eith
er
a
con
stan
t
n
or
a
variab
le
X

su
ch
th
at

ro
ot(X
)
2
R
V
� (i),
th
en
s
i

is
a
ro
ot
variab
le.

2.
If
�
�
(
i)
is
a
co
d
e
call
atom
of
th
e
form
in
(X
�
(
i) ;cc
�
(
i) )
or

n
otin
(X
�
(
i) ;cc
�
(
i) ),
th
en
th
e
ro
ot
of
each
variab
le
Y

o
ccu
rrin
g
in

c
c
�
(
i
)
b
elon
gs
to
R
V
� (i),
an
d
eith
er
X
�
(
i)
is
a
ro
ot
variab
le,
or

ro
ot(X
�
(
i) )
is
from
R
V
� (i).

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
l.

2
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$
C
h
.
4

E
x
am
p
le

C
on
sid
er
ou
r
old
th
ree
co
d
e
call
con
d
ition
s.
W
h
ich
on
es
are
safe?

�
(1
)
:

in
(a
m
o
u
n
t
a
v
a
ila
ble
;su
p
p
lier
:
m
o
n
ito
rS
to
ck
(3
;p
a
rt
0
0
8
)):

�
(2
)
:

in
(X
;su
p
p
lier
:
m
o
n
ito
rS
to
ck
(3
;p
a
rt
0
0
8
))
&
X

=
a
m
o
u
n
t
a
v
a
ila
b
le
:

�
(3
)
:
in
(a
m
o
u
n
t
a
v
a
ila
ble
;su
p
p
lier
:
m
o
n
ito
rS
to
ck
(U
;p
a
rt
0
0
8
))

&

n
o
tin
(a
m
o
u
n
t
a
v
a
ila
ble
;su
p
p
lier
:
m
o
n
ito
rS
to
ck
(U
+
1
;p
a
rt
0
0
8
))

&

in
(a
m
o
u
n
t
a
v
a
ila
ble
;su
p
p
lier
:
m
o
n
ito
rS
to
ck
(V
;p
a
rt
0
0
9
))

&

n
o
tin
(a
m
o
u
n
t
a
v
a
ila
ble
;su
p
p
lier
:
m
o
n
ito
rS
to
ck
(V
+
1
;p
a
rt
0
0
9
))

&
U

<
V
:

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
l.

2
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S
afety
M
o
d
u
lo
V
ariab
les

�
S
u
p
p
ose
�
is
a
co
d
e
call
con
d
ition
,
an
d
let
X

b
e
an
y
set
of
ro
ot

variab
les.
T
h
en
,
�
is
said
to
b
e
sa
fe
m
o
d
u
lo
X

if
an
d
on
ly
if
for
an

(arb
itrary
)
assign
m
en
t
�
of
ob
jects
to
th
e
variab
les
in
X
,
it
is
th
e
case

th
at
�
�
is
safe.

�
W
h
at
is
th
e
relation
sh
ip
b
etw
een
th
e
p
rob
lem
of
ch
eck
in
g
safety,
an
d

th
e
p
rob
lem
of
ch
eck
in
g
safety
m
o
d
u
lo
a
set
of
variab
les?

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
l.

2
9

&

%



'

$
C
h
.
4

A
lgorith
m
safe
ccc

sa
fe
c
c
c
(�
:
c
o
d
e
c
a
ll
c
o
n
d
itio
n
;
X
:
se
t
o
f
r
o
o
t
v
a
r
ia
b
le
s)

(?
in
p
u
t
is
a
co
d
e
ca
ll
co
n
d
itio
n
�
=
�
1 &
���&
�
n

;
o
u
tp
u
t
is
a
p
ro
p
er
reo
rd
erin
g
?
)

(?
�
0

=
�
�

(1
) &
���&
�
�

(
n

)
if
�
is
sa
fe
m
o
d
u
lo
X
;
o
th
erw
ise,
th
e
o
u
tp
u
t
is
u
n
sa
fe
;
?
)

1
.
L
:=
�
1 ;
:
:
:;
�
n

;

2
.
�
:=
t
r
u
e;

3
.
w
h
ile

L
is
n
o
t
em
p
ty

d
o

4
.
f
select
a
ll
�
i
1 ;
:
:
:;
�
i
m

fro
m
L
su
ch
th
a
t
�
i
j

is
sa
fe
m
o
d
u
lo
X
;

5
.

if
m

=
0
th
e
n
r
e
tu
r
n
u
n
sa
fe
(e
x
it);

6
.

e
lse

7
.

f
�
:=
�
&
�
i
1 &
���&
�
i
m

;

8
.

rem
o
v
e
�
i
1 ;
:
:
:;
�
i
m

fro
m
L
;

9
.

X
=
X
[
f
ro
o
t(Y
)
j
Y

o
ccu
rs
in
so
m
e
�
i
1

;
:
:
:�
i
m

g
;

1
0
.
g

1
1
.
g

1
2
.
r
e
tu
r
n
�
0;

e
n
d
.

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
l.

3
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T
h
eorem

S
u
p
p
ose
�
=
d
e
f �
1
&
:::&
�
n

is
a
co
d
e
call
con
d
ition
.
T
h
en
,
�
is
safe

m
o
d
u
lo
a
set
of
ro
ot
variab
les
X
,
if
an
d
on
ly
if
s
a
fe

c
c
c
(�
;
X
)
retu
rn
s
a

reord
erin
g
�
0
of
�
.
M
oreover,
for
an
y
assign
m
en
t
�
to
th
e
variab
les
in
X
,

�
0�
is
a
safe
co
d
e
call
con
d
ition
w
h
ich
can
b
e
evalu
ated
left-to-righ
t.

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
l.

3
1

&

%
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E
x
am
p
le

C
on
sid
er
�
1
&
�
2 ,
w
h
ere

�
1

is
in
(X
;su
p
p
lier
:
m
on
itorS
to
ck
(3;
p
art
008))

�
2

is
X

=
a
m
ou
n
t
a
v
a
ila
ble:

1.
O
n
th
e
�
rst
iteration
m
=
2,
�
i1
=
�
1 ,
an
d
�
i2
=
�
2 .

2.
W
e
ad
d
�
i1
an
d
�
i2
to
�
0,
rem
ove
th
em
from
L
,
an
d
u
p
d
ate
X
.

3.
N
ow
,
L
is
em
p
ty,
an
d
th
e
algorith
m
correctly
retu
rn
s
�
0.

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
l.

3
2
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%
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$
C
h
.
4

E
x
am
p
le

C
on
sid
er
�
1
&
�
2
&
�
3
&
�
4
&
�
5 ,
w
h
ere

�
1

is
in
(a
m
o
u
n
t
a
v
a
ila
ble;su
p
p
lier
:
m
on
itorS
to
ck
(U
;
p
art
008));

�
2

is
n
otin
(a
m
o
u
n
t
a
v
a
ila
ble;su
p
p
lier
:
m
on
itorS
to
ck
(U
+
1;p
art
008));

�
3

is
in
(a
m
o
u
n
t
a
v
a
ila
ble;su
p
p
lier
:
m
on
itorS
to
ck
(V
;p
art
009));

�
4

is
n
otin
(a
m
o
u
n
t
a
v
a
ila
ble;su
p
p
lier
:
m
on
itorS
to
ck
(V
+
1;p
art
009));a
n
d

�
5

is
U

<
V
:

W
h
at
h
ap
p
en
s
w
h
en
w
e
ru
n
th
e
algorith
m
?

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
l.

3
3
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C
h
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P
ro
of
of
T
h
eorem
(
!

p
art)

�
C
learly,
b
y
con
stru
ction
of
�
0,
w
e
h
ave
th
at
�
0
is
a
safe
co
d
e
call

con
d
ition
m
o
d
u
lo
X

(a
su
itab
le
p
erm
u
tation
for
�
0
is
th
e
id
en
tity
).

�
T
h
u
s,
if
th
e
call
of
s
a
fe

c
c
c
(�
;
X
)
retu
rn
s
�
0,
th
en
�
is
safe
m
o
d
u
lo

X
,
as
a
su
itab
le
p
erm
u
tation
for
�
is
given
b
y
th
e
reord
erin
g
of
th
e

con
stitu
en
ts
of
�
realized
in
�
0.

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
l.

3
4

&

%
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$
C
h
.
4

P
ro
of
of
T
h
eorem
(
 

p
art)

�
S
u
p
p
ose
�
is
safe
m
o
d
u
lo
X
.

�
T
h
en
th
ere
ex
ists
an
i
2
f
1;:::;n
g
su
ch
th
at
�
i

is
safe
m
o
d
u
lo
X
.

�
If,
w
ith
ou
t
loss
of
gen
erality,
�
1 ;:::;�
k

are
all
su
ch
�
i ,
th
en
it
is
easily

seen
th
at
�
(1
)=

d
e
f �
k
+
1 &
�
�
�&
�
m

m
u
st
b
e
safe
m
o
d
u
lo
th
e
variab
les

X
(
1
)=

d
e
f X

[
f
ro
ot(
Y
)
j
Y
o
ccu
rs
in
�
1 &
�
�
�&
�
k g
.

�
E
m
p
loy
in
g
an
in
d
u
ctiv
e
argu
m
en
t,
w
e
ob
tain
th
at
th
e
con
tin
u
ation
of

th
e
com
p
u
tation
su
cceed
s
for
L
=
d
e
f �
k
+
1 ;:::;�
n

m
o
d
u
lo
X
(
1
).

�
H
en
ce
s
a
f
e

c
c
c
(�
;
X
)
retu
rn
s
a
reord
ered
co
d
e
call
con
d
ition
�
0.

�
O
b
v
iou
sly,
�
0
is
safe,
an
d
for
an
y
assign
m
en
t
�
to
th
e
variab
les
in
X

(w
h
ich
are
all
ro
ot
variab
les),
th
e
co
d
e
call
con
d
ition
�
0�
can
b
e
read
ily

evalu
ated
left
-to-righ
t.

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
l.
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C
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C
om
p
lex
ity
of
A
lgorith
m

�
Q
u
ad
ratic
in
n
.

�
W
h
y
?
B
ecu
ase
th
e
n
u
m
b
er
of
iteration
s
is
b
ou
n
d
ed
b
y
th
e
n
u
m
b
er
n
of

con
stitu
en
ts
�
i
of
�
,
an
d
th
e
b
o
d
y
of
th
e
w
h
ile
lo
op
can
b
e
ex
ecu
ted
in

lin
ear
tim
e.

C
A
N

Y
O
U

D
O

B
E
T
T
E
R

T
H

A
N

T
H

I
S
?

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
l.

3
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C
h
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4

C
o
d
e
C
all
S
olu
tion

�
S
u
p
p
ose
�
is
a
co
d
e
call
con
d
ition
in
volv
in
g
th
e
variab
les

X
=
d
e
f f
X
1 ;:::;
X
n
g
;

�
S
u
p
p
ose
S
=
d
e
f (T
S
;
F
S
;
C
S
)
is
som
e
softw
are
co
d
e;

�
A
so
lu
tio
n
of
�
w
.r.t.
T
S

in
a
state
O
S

is
a
legal
assign
m
en
t
of
ob
jects

o
1 ;:::;o
n

to
th
e
variab
les
X
1 ;:::;X
n ,
w
ritten
as
a
com
p
ou
n
d

eq
u
ation
X
:=
o
,
su
ch
th
at
th
e
ap
p
lication
of
th
e
assign
m
en
t
m
akes
�

tru
e
in
state
O
S
.

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
l.

3
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C
h
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E
x
am
p
le

in
(a
m
o
u
n
t
a
v
a
ila
ble
;su
p
p
lier
:
m
o
n
ito
rS
to
ck
(U
;p
a
rt
0
0
8
))

&

n
o
tin
(a
m
o
u
n
t
a
v
a
ila
ble
;su
p
p
lier
:
m
o
n
ito
rS
to
ck
(U
+
1
;p
a
rt
0
0
8
))

&

in
(a
m
o
u
n
t
a
v
a
ila
ble
;su
p
p
lier
:
m
o
n
ito
rS
to
ck
(V
;p
a
rt
0
0
9
))

&

n
o
tin
(a
m
o
u
n
t
a
v
a
ila
ble
;su
p
p
lier
:
m
o
n
ito
rS
to
ck
(V
+
1
;p
a
rt
0
0
9
))

&
U

<
V
:

�
S
u
p
p
ose
th
ere
are
n
u
n
its
of
p
art
008
on
sto
ck
an
d
m
u
n
its
of
p
art
009,

w
h
ere
n
<
m
.

�
T
h
en
,
s
o
l(�
(3
))
is
th
e
sin
gleton
set
con
tain
in
g
th
e
assign
m
en
t

U
:=
n
;V
:=
m
.

�
H
ow
ever,
if
n
�

m
,
th
en
s
o
l(�
(3
))
is
em
p
ty,
sin
ce
th
ere
are
n
o
satisfy
in
g

assign
m
en
ts.

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
l.

3
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In
tegrity
C
on
strain
ts

A
n
in
teg
rity
co
n
stra
in
t
I
C
is
an
ex
p
ression
of
th
e
form

 
)

�

w
h
ere:

�
 
is
a
safe
co
d
e
call
con
d
ition
,
an
d

�
�
is
an
atom
ic
co
d
e
call
con
d
ition
su
ch
th
at
every
ro
ot
variab
le
in
�

o
ccu
rs
in
 
.

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
l.

3
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$
C
h
.
4

E
x
am
p
le

I
C
2
:
P
=
p
a
rt
008
)

in
(a
m
ou
n
t
a
v
a
ila
ble;su
p
p
lier
:
m
on
itorS
to
ck
(3;
P
)):

T
h
is
IC
say
s
th
at
at
least
th
ree
u
n
its
of
p
art
008
m
u
st
alw
ay
s
b
e

availab
le.

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
l.
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E
x
am
p
le

I
C
1
:
in
(a
m
o
u
n
t
a
v
a
ila
ble;su
p
p
lier
:
m
on
itorS
to
ck
(U
;
p
art
001))
&

in
(a
m
o
u
n
t
a
v
a
ila
ble;su
p
p
lier
:
m
on
itorS
to
ck
(V
;
p
art
002))

)

in
(a
m
o
u
n
t
a
v
a
ila
ble;su
p
p
lier
:
m
on
itorS
to
ck
(U
+
V
;p
art
008)):

Is
th
is
an
IC
?

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
l.
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h
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E
x
am
p
le

T
h
is
n
on
-IC
say
s
say
s
th
at
th
e
am
ou
n
t
of
p
a
rt
0
0
8
availab
le
is
at
least
as

h
igh
as
th
e
su
m
e
of
th
e
n
u
m
b
er
of
p
a
rt
0
0
1
availab
le
an
d
th
e
n
u
m
b
er
of

p
a
rt
0
0
2
availab
le.

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
l.
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In
-class
ex
ercise

W
rite
an
IC
(for
th
e
in
ven
tory
relation
)
say
in
g
th
at:
Q
ty
m
u
st
a
lw
a
y
s
be

a
lea
st
1:2
tim
e
s
R
stk
.

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
l.
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In
-class
ex
ercise

W
rite
an
IC
(for
th
e
in
ven
tory
relation
)
say
in
g
th
at:
Q
ty
m
u
st
a
lw
a
y
s
be

a
lea
st
1:3
tim
e
s
R
stk
fo
r
a
ll
bo
o
k
s
b
y
T
o
m

C
la
n
c
y
.

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
l.
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$
C
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.
4

In
-class
ex
ercise

W
rite
an
IC
(for
th
e
in
ven
tory
relation
)
say
in
g
th
at:
Q
ty
m
u
st
a
lw
a
y
s
be

a
lea
st
1:25
tim
e
s
R
stk
fo
r
a
ll
bo
o
k
s
p
u
b
lish
ed
b
y
X
Y
Z
B
o
o
k
s.

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
l.
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In
tegrity
C
on
strain
t
S
atisfaction

�
A
state
O
S

satis�
es
an
in
tegrity
con
strain
t
I
C
of
th
e
form
 
)

�
,

d
en
oted
O
S

j=
I
C
,
if
for
ev
ery
legal
assign
m
en
t
of
ob
jects
from
O
S

to

th
e
variab
les
in
I
C
,
eith
er
 
is
false
or
�
is
tru
e.

�
O
S

satis�
es
a
set
of
in
tegrity
con
strain
ts
if
it
satis�
es
each
in
tegrity

con
strain
t
in
th
e
set,

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
l.
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T
h
e
is(
;)
C
on
stru
ct

�
is(X
;
S
:
f(d
1 ;:::;d
n ))
is
a
co
d
e-call
atom
su
ch
th
at
X

is
th
e
set
of
all

ob
jects
retu
rn
ed
b
y
th
e
fu
n
ction
f
.

�
is(X
;
S
:
f(d
1 ;:::;d
n ))
is
in
fact
rep
resen
tab
le
v
ia
an
ord
in
ary
co
d
e
call

�
A
sso
ciate
w
ith
f
,
a
fu
n
ction
f
s
e
t

su
ch
th
at:

f
s
e
t (d
1 ;:::;d
n )
=
d
e
f

f
f
o
j
in
(o;
S
:
f(d
1 ;:::;d
n ))g
g
:

�
is(X
;
S
:
f(d
1 ;:::;d
n ))
is
sh
orth
an
d
for
th
e
co
d
e
call:

in
(X
;
S
:
fse
t (d
1 ;:::;d
n )):

C
o
p
y
rig
h
t,
V
.S
.S
u
b
ra
h
m
a
n
ia
n
,
et.
a
l.

4
7

&

%


