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 p
ro
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 b
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ty
 :
= 
Qu
eu
e.
To
p 
= 
Qu
eu
e.
Fr
ee
;

  
 e
nd
 D
eq
ue
ue
;

en
d 
Qu
eu
e_
Pa
ck
_E
xc
ep
ti
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…
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n
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t p
er
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 c
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?
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Qu
eu
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ri
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te
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s

  
 Q
ue
ue
Si
ze
 :
 c

on
st
an
t 
In
te
ge
r 
:=
 1
0;

  
 t
yp
e 
El
em
en
t 
is
 n
ew
 P
os
it
iv
e 
ra
ng
e 
1.
.1
00
0;

  
 t
yp
e 
Qu
eu
e_
Ty
pe
 i
s 
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mi
te
d 
pr
iv
at
e;

  
 p
ro
ce
du
re
 E
nq
ue
ue
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em
: 
  
  
El
em
en
t;
 Q
ue
ue
: 

in
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ut
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ue
ue
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e)
;

  
 p
ro
ce
du
re
 D
eq
ue
ue
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It
em
: 

ou
t 
El
em
en
t;
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ue
ue
: 

in
 o
ut
 Q
ue
ue
_T
yp
e)
;

  
 f
un
ct
io
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 (
Qu
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oo
le
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;

  
 f
un
ct
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n 
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_F
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) 
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rn
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oo
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 Q
ue
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fl
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pr
iv
at
e

  
 t
yp
e 
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rk
er
 i
s 
mo
d 
Qu
eu
eS
iz
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 t
yp
e 
Li
st
 i
s 
ar
ra
y 
(M
ar
ke
r)
 o
f 
El
em
en
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 t
yp
e 
Qu
eu
e_
Ty
pe
 i
s 
re
co
rd

  
  
  
To
p,
 F
re
e 
: 
Ma
rk
er
  
:=
 M
ar
ke
r’
Fi
rs
t;

  
  
  
Is
_E
mp
ty
  
: 
Bo
ol
ea
n 
:=
 T
ru
e;

  
  
  
El
em
en
ts
  
: 
Li
st
;

  
 e
nd
 r
ec
or
d;

en
d 
Qu
eu
e_
Pa
ck
_P
ri
va
te
;

pr
iv
at
e 

sp
lit

s 
th

e 
sp

ec
ifi 

ca
ti

o
n

 in
to

 a
 p

ub
lic

 
an

d
 a

 p
ri

va
te

 s
ec

ti
o

n
.

Th
e 

p
ri

va
te

 s
ec

ti
o

n
 is

 o
n

ly
 

h
er

e 
so

 th
at

 th
e 
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o

n
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n

 b
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p
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y 
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m

p
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d
.

60

La
n

gu
ag

e 
re

fr
es

h
er

 / 
in

tr
o

d
u

ct
io

n
 c

o
u

rs
e

©
 2

02
0 

U
w

e 
R

. Z
im

m
er

, T
he

 A
us

tr
al

ia
n 

N
at

io
na

l U
ni

ve
rs

ity
 

pa
ge

 6
0 

of
  7

58
  (“

La
ng

ua
ge

 r
ef

re
sh

er
 / 

in
tr

od
uc

tio
n 

co
ur

se
” 

up
 to

 p
ag

e 
16

0)

A
 q

ue
ue

 s
pe

ci
fi 

ca
ti

on
 w

it
h 

pr
op

er
 e

xc
ep

ti
on

s

pa
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ag
e 
Qu
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_E
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 Q
ue
ue
Si
ze
 :
 c

on
st
an
t 
Po
si
ti
ve
 :
= 
10
;

  
 t
yp
e 
El
em
en
t 
  
  
is
 (
Up
, 
Do
wn
, 
Sp
in
, 
Tu
rn
);

  
 t
yp
e 
Ma
rk
er
  
  
  
is
 m
od
 Q
ue
ue
Si
ze
;

  
 t
yp
e 
Li
st
  
  
  
  
is
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rr
ay
 (
Ma
rk
er
) 
of
 E
le
me
nt
;

  
 t
yp
e 
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is
 r
ec
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d

  
  
  
To
p,
 F
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e 
: 
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rk
er
  
:=
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r’
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t;

  
  
  
Is
_E
mp
ty
  
: 
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n 
:=
 T
ru
e;

  
  
  
El
em
en
ts
  
: 
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st
;

  
 e
nd
 r
ec
or
d;

  
 p
ro
ce
du
re
 E
nq
ue
ue
 (
It
em
: 
  
  
El
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en
t;
 Q
ue
ue
: 

in
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ue
ue
_T
yp
e)
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 p
ro
ce
du
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 D
eq
ue
ue
 (
It
em
: 

ou
t 
El
em
en
t;
 Q
ue
ue
: 

in
 o
ut
 Q
ue
ue
_T
yp
e)
;

  
 f
un
ct
io
n 
Is
_E
mp
ty
 (
Qu
eu
e 
: 
Qu
eu
e_
Ty
pe
) 

re
tu
rn
 B
oo
le
an
 i
s 
(Q
ue
ue
.I
s_
Em
pt
y)
;

  
 f
un
ct
io
n 
Is
_F
ul
l 
 (
Qu
eu
e 
: 
Qu
eu
e_
Ty
pe
) 

re
tu
rn
 B
oo
le
an
 i
s

  
  
 (
no
t 
Qu
eu
e.
Is
_E
mp
ty
 a

nd
 t
he
n 
Qu
eu
e.
To
p 
= 
Qu
eu
e.
Fr
ee
);

  
 Q
ue
ue
_o
ve
rf
lo
w,
 Q
ue
ue
_u
nd
er
fl
ow
 :
 e

xc
ep
ti
on
;

en
d 
Qu
eu
e_
Pa
ck
_E
xc
ep
ti
on
s;

Th
is

 p
ac

ka
ge

 p
ro

vi
d

es
 a

cc
es

s 
to

 
‘in

te
rn

al
’ s

tr
u

ct
u

re
s 

w
h

ic
h

 c
an

 
le

ad
 to

 in
co

n
si

st
en

t a
cc

es
s.
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 t
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s

wi
th
 Q
ue
ue
_P
ac
k_
Ex
ce
pt
io
ns
; 

us
e 
Qu
eu
e_
Pa
ck
_E
xc
ep
ti
on
s;

wi
th
 A
da
.T
ex
t_
IO
  
  
  
  
  
; 

us
e 
Ad
a.
Te
xt
_I
O;

pr
oc
ed
ur
e 
Qu
eu
e_
Te
st
_E
xc
ep
ti
on
s 

is
  
 Q
ue
ue
 :
 Q
ue
ue
_T
yp
e;

  
 I
te
m 
 :
 E
le
me
nt
;

be
gi
n

  
 E
nq
ue
ue
 (
Tu
rn
, 
Qu
eu
e)
;

  
 D
eq
ue
ue
 (
It
em
, 
Qu
eu
e)
;

  
 D
eq
ue
ue
 (
It
em
, 
Qu
eu
e)
; 

--
 w
il
l 
pr
od
uc
e 
a 
Qu
eu
e_
un
de
rf
lo
w 
ex
ce
pt
io
n

ex
ce
pt
io
n

  
 w
he
n 
Qu
eu
e_
un
de
rf
lo
w 
=>
 P
ut
 (
“Q
ue
ue
 u
nd
er
fl
ow
”)
;

  
 w
he
n 
Qu
eu
e_
ov
er
fl
ow
  
=>
 P
ut
 (
“Q
ue
ue
 o
ve
rf
lo
w”
);

en
d 
Qu
eu
e_
Te
st
_E
xc
ep
ti
on
s;
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ri
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te
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s

  
 Q
ue
ue
Si
ze
 :
 c
on
st
an
t 
In
te
ge
r 
:=
 1
0;

  
 t
yp
e 
El
em
en
t 
is
 n
ew
 P
os
it
iv
e 
ra
ng
e 
1.
.1
00
0;

  
 t
yp
e 
Qu
eu
e_
Ty
pe
 i
s 
li
mi
te
d 
pr
iv
at
e;

  
 p
ro
ce
du
re
 E
nq
ue
ue
 (
It
em
: 
  
  
El
em
en
t;
 Q
ue
ue
: 
in
 o
ut
 Q
ue
ue
_T
yp
e)
;

  
 p
ro
ce
du
re
 D
eq
ue
ue
 (
It
em
: 
ou
t 
El
em
en
t;
 Q
ue
ue
: 
in
 o
ut
 Q
ue
ue
_T
yp
e)
;

  
 f
un
ct
io
n 
Is
_E
mp
ty
 (
Qu
eu
e 
: 
Qu
eu
e_
Ty
pe
) 
re
tu
rn
 B
oo
le
an
;

  
 f
un
ct
io
n 
Is
_F
ul
l 
 (
Qu
eu
e 
: 
Qu
eu
e_
Ty
pe
) 
re
tu
rn
 B
oo
le
an
;

  
 Q
ue
ue
ov
er
fl
ow
, 
Qu
eu
eu
nd
er
fl
ow
 :
 e
xc
ep
ti
on
;

pr
iv
at
e

  
 t
yp
e 
Ma
rk
er
 i
s 
mo
d 
Qu
eu
eS
iz
e;

  
 t
yp
e 
Li
st
 i
s 
ar
ra
y 
(M
ar
ke
r)
 o
f 
El
em
en
t;

  
 t
yp
e 
Qu
eu
e_
Ty
pe
 i
s 
re
co
rd

  
  
  
To
p,
 F
re
e 
: 
Ma
rk
er
  
:=
 M
ar
ke
r’
Fi
rs
t;

  
  
  
Is
_E
mp
ty
  
: 
Bo
ol
ea
n 
:=
 T
ru
e;

  
  
  
El
em
en
ts
  
: 
Li
st
;

  
 e
nd
 r
ec
or
d;

en
d 
Qu
eu
e_
Pa
ck
_P
ri
va
te
;

Qu
eu
e_
Ty
pe

 c
an

 n
o

w
 b

e 
u

se
d

 o
u

t-
si

d
e 

th
is

 p
ac

ka
ge

 w
it

ho
ut

 a
ny

 w
ay

 
to

 a
cc

es
s 

it
s 

in
te

rn
al

 s
tr

uc
tu

re
.

li
mi
te
d 

di
sa

bl
es

 a
ss

ig
nm

en
ts

 a
nd

 
co

m
pa

ri
so

ns
 fo

r 
th

is
 ty

p
e.

A
 u

se
r 

o
f t

h
is

 p
ac

ka
ge

 w
o

u
ld

 
n

o
w

 e
.g
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e 
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p
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ue
ue
_T
yp
e 

va
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ra
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 c
o
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b
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h
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p
ac
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n
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 c
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wi
th
 Q
ue
ue
_P
ac
k_
Ex
ce
pt
io
ns
; 
us
e 
Qu
eu
e_
Pa
ck
_E
xc
ep
ti
on
s;

wi
th
 A
da
.T
ex
t_
IO
  
  
  
  
  
; 
us
e 
Ad
a.
Te
xt
_I
O;

pr
oc
ed
ur
e 
Qu
eu
e_
Te
st
_E
xc
ep
ti
on
s 
is

  
 Q
ue
ue
 :
 Q
ue
ue
_T
yp
e;

  
 I
te
m 
 :
 E
le
me
nt
;

be
gi
n

  
 E
nq
ue
ue
 (
Tu
rn
, 
Qu
eu
e)
;

  
 D
eq
ue
ue
 (
It
em
, 
Qu
eu
e)
;

  
 D
eq
ue
ue
 (
It
em
, 
Qu
eu
e)
; 
--
 w
il
l 
pr
od
uc
e 
a 
Qu
eu
e_
un
de
rf
lo
w 
ex
ce
pt
io
n

ex
ce
pt
io
n

  
 w
he
n 
Qu
eu
e_
un
de
rf
lo
w 
=>
 P
ut
 (
“Q
ue
ue
 u
nd
er
fl
ow
”)
;

  
 w
he
n 
Qu
eu
e_
ov
er
fl
ow
  
=>
 P
ut
 (
“Q
ue
ue
 o
ve
rf
lo
w”
);

en
d 
Qu
eu
e_
Te
st
_E
xc
ep
ti
on
s;

Ra
is
ed

 e
xc

ep
ti

on
s 

b
re

ak
 th

e 
co

n
tr

o
l 

fl 
o

w
 a

n
d

 “
p

ro
p

ag
at

e”
 to

 th
e 

cl
o

se
st

 

“e
xc

ep
ti

o
n

 h
an

d
le

r”
 in

 th
e 

ca
ll-

ch
ai

n
.

A
n

 e
xc

ep
ti

on
 h

an
dl

er
 h

as
 a

 c
h

o
ic

e 
to

 h
an

dl
e,

 p
as

s,
 o

r 
re

-r
ai

se
 th

e 
sa

m
e 

o
r 

a 
d

if
fe

re
n

t e
xc

ep
ti

o
n

.
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o

n
tr

o
l fl

 o
w

 is
 c
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n
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ft
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ex
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wi
th
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IO
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 u
se
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da
.T
ex
t_
IO
;

pr
oc
ed
ur
e 
Qu
eu
e_
Te
st
_P
ri
va
te
 i
s

  
 Q
ue
ue
, 
Qu
eu
e_
Co
py
 :
 Q
ue
ue
_T
yp
e;

  
 I
te
m 
  
  
  
  
  
  
 :
 E
le
me
nt
;

be
gi
n

  
 Q
ue
ue
_C
op
y 
:=
 Q
ue
ue
;

  
  
  
--
 c
om
pi
le
r-
er
ro
r:
 “
le
ft
 h
an
d 
of
 a
ss
ig
nm
en
t 
mu
st
 n
ot
 b
e 
li
mi
te
d 
ty
pe
”

  
 E
nq
ue
ue
 (
It
em
 =
> 
1,
 Q
ue
ue
 =
> 
Qu
eu
e)
;

  
 D
eq
ue
ue
 (
It
em
, 
Qu
eu
e)
;

  
 D
eq
ue
ue
 (
It
em
, 
Qu
eu
e)
; 
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 w
ou
ld
 p
ro
du
ce
 a
 “
Qu
eu
e 
un
de
rf
lo
w”

ex
ce
pt
io
n

  
 w
he
n 
Qu
eu
eu
nd
er
fl
ow
 =
> 
Pu
t 
(“
Qu
eu
e 
un
de
rf
lo
w”
);

  
 w
he
n 
Qu
eu
eo
ve
rf
lo
w 
 =
> 
Pu
t 
(“
Qu
eu
e 
ov
er
fl
ow
”)
;

en
d 
Qu
eu
e_
Te
st
_P
ri
va
te
;

Il
le

ga
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n
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 li
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 p
ro
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 E
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ue
ue
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em
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El
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en
t;
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ue
ue
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in
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ue
ue
_T
yp
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s

  
 b
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 I
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Fu
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Qu
eu
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 r
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 Q
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ov
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en
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;
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eu
e.
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 (
Qu
eu
e.
Fr
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) 
:=
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 p
ro
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 D
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 b
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 D
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 f
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 f
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El
em
en
t 
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ew
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it
iv
e 
ra
ng
e 
1.
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00
0;

  
 t
yp
e 
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eu
e_
Ty
pe
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s 
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mi
te
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iv
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e;

  
 p
ro
ce
du
re
 E
nq
ue
ue
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It
em
: 
  
  
El
em
en
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ue
ue
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in
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ut
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ue
ue
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 p
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ce
du
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 D
eq
ue
ue
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em
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ou
t 
El
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en
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 Q
ue
ue
: 
in
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ut
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ue
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yp
e)
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 f
un
ct
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n 
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mp
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e_
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tu
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an
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 f
un
ct
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 t
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ra
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(M
ar
ke
r)
 o
f 
El
em
en
t;

  
 t
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er
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Is
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mp
ty
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ru
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El
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en
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en
d 
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eu
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at
e;

wi
th
 A
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se
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;
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ed
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eu
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ri
va
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ue
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eu
e_
Co
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ue
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yp
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te
m 
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le
me
nt
;
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op
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 D
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 D
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ue
ue
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 b
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eu
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ee
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:=
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:=
 M
ar
ke
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ed
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e.
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ee
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eu
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 p
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 D
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 b
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e.
To
p 
  
  
 :
= 
Ma
rk
er

’P
re
d 
(Q
ue
ue
.T
op
);

  
  
  
Qu
eu
e.
Is
_E
mp
ty
 :
= 
Qu
eu
e.
To
p 
= 
Qu
eu
e.
Fr
ee
;

  
 e
nd
 D
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A
 c

on
tr

ac
ti

ng
 q

ue
ue

 s
pe

ci
fi 

ca
ti
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pa
ck
ag
e 
Qu
eu
e_
Pa
ck
_C
on
tr
ac
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is
  
 Q
ue
ue
_S
iz
e 
: 

co
ns
ta
nt
 P
os
it
iv
e 
:=
 1
0;

  
 t
yp
e 
El
em
en
t 
is
 n
ew
 P
os
it
iv
e 
ra
ng
e 
1 
..
 1
00
0;

  
 t
yp
e 
Qu
eu
e_
Ty
pe
 i
s 
pr
iv
at
e;

  
 p
ro
ce
du
re
 E
nq
ue
ue
 (
It
em
 :
  
  
 E
le
me
nt
; 
Q 
: 

in
 o
ut
 Q
ue
ue
_T
yp
e)
 w
it
h

  
  
 P
re
  
=>
 n
ot
 I
s_
Fu
ll
 (
Q)
,

  
  
 P
os
t 
=>
 n
ot
 I
s_
Em
pt
y 
(Q
) 

an
d 
th
en
 L
en
gt
h 
(Q
) 
= 
Le
ng
th
 (
Q’
Ol
d)
 +
 1

  
  
  
  
  
  
  
  

an
d 
th
en
 L
oo
ka
he
ad
 (
Q,
 L
en
gt
h 
(Q
))
 =
 I
te
m

  
  
  
  
  
  
  
  

an
d 
th
en
 (
fo
r 
al
l 
ix
 i
n 
1 
..
 L
en
gt
h 
(Q
’O
ld
) 

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 =
> 
Lo
ok
ah
ea
d 
(Q
, 
ix
) 
= 
Lo
ok
ah
ea
d 
(Q
’O
ld
, 
ix
))
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 p
ro
ce
du
re
 D
eq
ue
ue
 (
It
em
 :
 o

ut
 E
le
me
nt
; 
Q 
: 

in
 o
ut
 Q
ue
ue
_T
yp
e)
 w
it
h

  
  
 P
re
  
=>
 n
ot
 I
s_
Em
pt
y 
(Q
),

  
  
 P
os
t 
=>
 n
ot
 I
s_
Fu
ll
 (
Q)
 a
nd
 t
he
n 
Le
ng
th
 (
Q)
 =
 L
en
gt
h 
(Q
’O
ld
) 
- 
1

  
  
  
  
  
  
  
  

an
d 
th
en
 (
fo
r 
al
l 
ix
 i
n 
1 
..
 L
en
gt
h 
(Q
) 

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 =
> 
Lo
ok
ah
ea
d 
(Q
, 
ix
) 
= 
Lo
ok
ah
ea
d 
(Q
’O
ld
, 
ix
 +
 1
))
;

  
 f
un
ct
io
n 
Is
_E
mp
ty
  
(Q
 :
 Q
ue
ue
_T
yp
e)
 r

et
ur
n  

Bo
ol
ea
n;

  
 f
un
ct
io
n 
Is
_F
ul
l 
  
(Q
 :
 Q
ue
ue
_T
yp
e)
 r

et
ur
n 
Bo
ol
ea
n;

  
 f
un
ct
io
n 
Le
ng
th
  
  
(Q
 :
 Q
ue
ue
_T
yp
e)
 r

et
ur
n 
Na
tu
ra
l;

  
 f
un
ct
io
n 
Lo
ok
ah
ea
d 
(Q
 :
 Q
ue
ue
_T
yp
e;
 D
ep
th
 :
 P
os
it
iv
e)
 r

et
ur
n 
El
em
en
t;
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A
 c

on
tr

ac
ti

ng
 q

ue
ue

 t
es

t 
pr

og
ra

m

wi
th
 A
da
.T
ex
t_
IO
; 
  
  
  
  
us
e 
Ad
a.
Te
xt
_I
O;

wi
th
 E
xc
ep
ti
on
s;
  
  
  
  
  
us
e 
Ex
ce
pt
io
ns
;

wi
th
 Q
ue
ue
_P
ac
k_
Co
nt
ra
ct
; 
us
e 
Qu
eu
e_
Pa
ck
_C
on
tr
ac
t;

wi
th
 S
ys
te
m.
As
se
rt
io
ns
; 
  
us
e 
Sy
st
em
.A
ss
er
ti
on
s;

pr
oc
ed
ur
e 
Qu
eu
e_
Te
st
_C
on
tr
ac
t 
is

  
 Q
ue
ue
 :
 Q
ue
ue
_T
yp
e;

  
 I
te
m 
 :
 E
le
me
nt
;

be
gi
n

  
 E
nq
ue
ue
 (
It
em
 =
> 
1,
 Q
 =
> 
Qu
eu
e)
;

  
 E
nq
ue
ue
 (
It
em
 =
> 
2,
 Q
 =
> 
Qu
eu
e)
;

  
 D
eq
ue
ue
 (
It
em
, 
Qu
eu
e)
; 
Pu
t 
(E
le
me
nt
’I
ma
ge
 (
It
em
))
;

  
 D
eq
ue
ue
 (
It
em
, 
Qu
eu
e)
; 
Pu
t 
(E
le
me
nt
’I
ma
ge
 (
It
em
))
;

  
 D
eq
ue
ue
 (
It
em
, 
Qu
eu
e)
; 
--
 w
il
l 
pr
od
uc
e 
an
 A
ss
er
t_
Fa
il
ur
e

  
 P
ut
 (
El
em
en
t’
Im
ag
e 
(I
te
m)
);

  
 P
ut
 (
“Q
ue
ue
 i
s 
em
pt
y 
on
 e
xi
t:
 “
);
 P
ut
 (
Bo
ol
ea
n’
Im
ag
e 
(I
s_
Em
pt
y 
(Q
ue
ue
))
);

ex
ce
pt
io
n

  
 w
he
n 
Ex
ce
pt
io
n_
Id
 :
 A
ss
er
t_
Fa
il
ur
e 
=>
 S
ho
w_
Ex
ce
pt
io
n 
(E
xc
ep
ti
on
_I
d)
;

en
d 
Qu
eu
e_
Te
st
_C
on
tr
ac
t;
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 (

co
nt

.)
pr
iv
at
e

  
 t
yp
e 
Ma
rk
er
 i
s 
mo
d 
Qu
eu
e_
Si
ze
;

  
 t
yp
e 
Li
st
 i
s 
ar
ra
y 
(M
ar
ke
r)
 o
f 
El
em
en
t;

  
 t
yp
e 
Qu
eu
e_
Ty
pe
 i
s 
re
co
rd

  
  
  
To
p,
 F
re
e 
: 
Ma
rk
er
  
:=
 M
ar
ke
r’
Fi
rs
t;

  
  
  
Is
_E
mp
ty
  
: 
Bo
ol
ea
n 
:=
 T
ru
e;

  
  
  
El
em
en
ts
  
: 
Li
st
; 
--
 w
il
l 
be
 i
ni
ti
al
iz
ed
 t
o 
in
va
li
ds

  
 e
nd
 r
ec
or
d 
wi
th
 T
yp
e_
In
va
ri
an
t 

  
  
  
=>
 (
no
t 
Qu
eu
e_
Ty
pe
.I
s_
Em
pt
y 
or
 e
ls
e 
Qu
eu
e_
Ty
pe
.T
op
 =
 Q
ue
ue
_T
yp
e.
Fr
ee
)

  
  
  
  
  
an
d 
th
en
 (
fo
r 
al
l 
ix
 i
n 
1 
..
 L
en
gt
h 
(Q
ue
ue
_T
yp
e)
 

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
=>
 L
oo
ka
he
ad
 (
Qu
eu
e_
Ty
pe
, 
ix
)’
Va
li
d)
;

  
 f
un
ct
io
n 
Is
_E
mp
ty
 (
Q 
: 
Qu
eu
e_
Ty
pe
) 
re
tu
rn
 B
oo
le
an
 i
s 
(Q
.I
s_
Em
pt
y)
;

  
 f
un
ct
io
n 
Is
_F
ul
l 
(Q
 :
 Q
ue
ue
_T
yp
e)
  
re
tu
rn
 B
oo
le
an
 i
s

  
  
 (
no
t 
Q.
Is
_E
mp
ty
 a
nd
 t
he
n 
Q.
To
p 
= 
Q.
Fr
ee
);

  
 f
un
ct
io
n 
Le
ng
th
 (
Q 
: 
Qu
eu
e_
Ty
pe
) 
re
tu
rn
 N
at
ur
al
 i
s

  
  
 (
if
 I
s_
Fu
ll
 (
Q)
 t
he
n 
Qu
eu
e_
Si
ze
 e
ls
e 
Na
tu
ra
l 
(Q
.F
re
e 
- 
Q.
To
p)
);

  
 f
un
ct
io
n 
Lo
ok
ah
ea
d 
(Q
 :
 Q
ue
ue
_T
yp
e;
 D
ep
th
 :
 P
os
it
iv
e)
 r
et
ur
n 
El
em
en
t 
is

  
  
 (
Q.
El
em
en
ts
 (
Q.
To
p 
+ 
Ma
rk
er
 (
De
pt
h 
- 
1)
))
;

en
d 
Qu
eu
e_
Pa
ck
_C
on
tr
ac
t;

Ty
pe

-I
nv

ar
ia

nt
s 

ar
e 

ch
ec

ke
d

 
o

n
 r

et
u

rn
 fr

o
m

 a
n

y 
o

p
er

at
io

n
 

d
efi

 n
ed

 in
 th

e 
p

u
b

lic
 p

ar
t.
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ck
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is

  
 Q
ue
ue
_S
iz
e 
: 
co
ns
ta
nt
 P
os
it
iv
e 
:=
 1
0;

  
 t
yp
e 
El
em
en
t 
is
 n
ew
 P
os
it
iv
e 
ra
ng
e 
1 
..
 1
00
0;

  
 t
yp
e 
Qu
eu
e_
Ty
pe
 i
s 
pr
iv
at
e;

  
 p
ro
ce
du
re
 E
nq
ue
ue
 (
It
em
 :
  
  
 E
le
me
nt
; 
Q 
: 
in
 o
ut
 Q
ue
ue
_T
yp
e)
 w
it
h

  
  
 P
re
  
=>
 n
ot
 I
s_
Fu
ll
 (
Q)
,

  
  
 P
os
t 
=>
 n
ot
 I
s_
Em
pt
y 
(Q
) 
an
d 
th
en
 L
en
gt
h 
(Q
) 
= 
Le
ng
th
 (
Q’
Ol
d)
 +
 1

  
  
  
  
  
  
  
  
an
d 
th
en
 L
oo
ka
he
ad
 (
Q,
 L
en
gt
h 
(Q
))
 =
 I
te
m

  
  
  
  
  
  
  
  
an
d 
th
en
 (
fo
r 
al
l 
ix
 i
n 
1 
..
 L
en
gt
h 
(Q
’O
ld
) 

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 =
> 
Lo
ok
ah
ea
d 
(Q
, 
ix
) 
= 
Lo
ok
ah
ea
d 
(Q
’O
ld
, 
ix
))
;

  
 p
ro
ce
du
re
 D
eq
ue
ue
 (
It
em
 :
 o
ut
 E
le
me
nt
; 
Q 
: 
in
 o
ut
 Q
ue
ue
_T
yp
e)
 w
it
h

  
  
 P
re
  
=>
 n
ot
 I
s_
Em
pt
y 
(Q
),

  
  
 P
os
t 
=>
 n
ot
 I
s_
Fu
ll
 (
Q)
 a
nd
 t
he
n 
Le
ng
th
 (
Q)
 =
 L
en
gt
h 
(Q
’O
ld
) 
- 
1

  
  
  
  
  
  
  
  
an
d 
th
en
 (
fo
r 
al
l 
ix
 i
n 
1 
..
 L
en
gt
h 
(Q
) 

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 =
> 
Lo
ok
ah
ea
d 
(Q
, 
ix
) 
= 
Lo
ok
ah
ea
d 
(Q
’O
ld
, 
ix
 +
 1
))
;

  
 f
un
ct
io
n 
Is
_E
mp
ty
  
(Q
 :
 Q
ue
ue
_T
yp
e)
 r
et
ur
n  

Bo
ol
ea
n;

  
 f
un
ct
io
n 
Is
_F
ul
l 
  
(Q
 :
 Q
ue
ue
_T
yp
e)
 r
et
ur
n 
Bo
ol
ea
n;

  
 f
un
ct
io
n 
Le
ng
th
  
  
(Q
 :
 Q
ue
ue
_T
yp
e)
 r
et
ur
n 
Na
tu
ra
l;

  
 f
un
ct
io
n 
Lo
ok
ah
ea
d 
(Q
 :
 Q
ue
ue
_T
yp
e;
 D
ep
th
 :
 P
os
it
iv
e)
 r
et
ur
n 
El
em
en
t;

Pr
e-

 a
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 b
ef

o
re

 a
n

d
 a

ft
er

 
ea

ch
 e

xe
cu

ti
o

n
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P
i

P
iiit
ititiii

)))))
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ElEl
t

oo o aoooooo
le
an

le
an
;;;

oooo
le
an

lele
an
;;

oooooo
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an
;

atttt
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;
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A generic queue specifi cation
generic
   type Element is private;

package Queue_Pack_Generic is
   QueueSize: constant Integer := 10;
   type Queue_Type is limited private;

   procedure Enqueue (Item:     Element; Queue: in out Queue_Type);
   procedure Dequeue (Item: out Element; Queue: in out Queue_Type);
   function Is_Empty (Queue : Queue_Type) return Boolean;
   function Is_Full  (Queue : Queue_Type) return Boolean;
   Queueoverflow, Queueunderflow : exception;
private
   type Marker is mod QueueSize;
   type List is array (Marker) of Element;
   type Queue_Type is record
      Top, Free : Marker  := Marker’First;
      Is_Empty  : Boolean := True;
      Elements  : List;
   end record;
end Queue_Pack_Generic;

B
B

n
n
nn out Queue_Type);
nn out Queue_Type);
Booooolean;
Booooolean;

Generic aspects can include:

• Type categories

• Incomplete types

• Constants

• Procedures and functions

• Other packages

• Objects (interfaces)

Default values can be provided
(making those parameters optional)
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Ada

Generic (polymorphic) packages
… introducing:

• Specifi cation of generic packages

• Instantiation of generic packages
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A contracting queue test program

with Ada.Text_IO;         use Ada.Text_IO;
with Exceptions;          use Exceptions;
with Queue_Pack_Contract; use Queue_Pack_Contract;
with System.Assertions;   use System.Assertions;

procedure Queue_Test_Contract is
   Queue : Queue_Type;
   Item  : Element;

begin
   Enqueue (Item => 1, Q => Queue);
   Enqueue (Item => 2, Q => Queue);
   Dequeue (Item, Queue); Put (Element’Image (Item));
   Dequeue (Item, Queue); Put (Element’Image (Item));
   Dequeue (Item, Queue); -- will produce an Assert_Failure

   Put (Element’Image (Item));
   Put (“Queue is empty on exit: “); Put (Boolean’Image (Is_Empty (Queue)));

exception
   when Exception_Id : Assert_Failure => Show_Exception (Exception_Id);

end Queue_Test_Contract;

Violated Pre-condition will raise 
an assert failure exception.
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A generic queue specifi cation
generic
   type Element is private;

package Queue_Pack_Generic is
   QueueSize: constant Integer := 10;
   type Queue_Type is limited private;

   procedure Enqueue (Item:     Element; Queue: in out Queue_Type);
   procedure Dequeue (Item: out Element; Queue: in out Queue_Type);
   function Is_Empty (Queue : Queue_Type) return Boolean;
   function Is_Full  (Queue : Queue_Type) return Boolean;
   Queueoverflow, Queueunderflow : exception;
private
   type Marker is mod QueueSize;
   type List is array (Marker) of Element;
   type Queue_Type is record
      Top, Free : Marker  := Marker’First;
      Is_Empty  : Boolean := True;
      Elements  : List;
   end record;
end Queue_Pack_Generic;

… anything on this slide 
still not perfectly clear?
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A generic queue specifi cation
generic
   type Element is private;

package Queue_Pack_Generic is
   QueueSize: constant Integer := 10;
   type Queue_Type is limited private;

   procedure Enqueue (Item:     Element; Queue: in out Queue_Type);
   procedure Dequeue (Item: out Element; Queue: in out Queue_Type);
   function Is_Empty (Queue : Queue_Type) return Boolean;
   function Is_Full  (Queue : Queue_Type) return Boolean;
   Queueoverflow, Queueunderflow : exception;
private
   type Marker is mod QueueSize;
   type List is array (Marker) of Element;
   type Queue_Type is record
      Top, Free : Marker  := Marker’First;
      Is_Empty  : Boolean := True;
      Elements  : List;
   end record;
end Queue_Pack_Generic;
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A contracting queue test program

with Ada.Text_IO;         use Ada.Text_IO;
with Exceptions;          use Exceptions;
with Queue_Pack_Contract; use Queue_Pack_Contract;
with System.Assertions;   use System.Assertions;

procedure Queue_Test_Contract is
   Queue : Queue_Type;
   Item  : Element;

begin
   Enqueue (Item => 1, Q => Queue);
   Enqueue (Item => 2, Q => Queue);
   Dequeue (Item, Queue); Put (Element’Image (Item));
   Dequeue (Item, Queue); Put (Element’Image (Item));
   Dequeue (Item, Queue); -- will produce an Assert_Failure

   Put (Element’Image (Item));
   Put (“Queue is empty on exit: “); Put (Boolean’Image (Is_Empty (Queue)));

exception
   when Exception_Id : Assert_Failure => Show_Exception (Exception_Id);

end Queue_Test_Contract;

… anything on this slide 
still not perfectly clear?
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A generic queue implementation

package body Queue_Pack_Generic is

   procedure Enqueue (Item: Element; Queue: in out Queue_Type) is
   begin

      if Is_Full (Queue) then
         raise Queueoverflow;
      end if;

      Queue.Elements (Queue.Free) := Item;
      Queue.Free                  := Marker’Pred (Queue.Free);
      Queue.Is_Empty              := False;
   end Enqueue;

   procedure Dequeue (Item: out Element; Queue: in out Queue_Type) is
   begin

      if Is_Empty (Queue) then raise Queueunderflow; end if;

      Item           := Queue.Elements (Queue.Top);
      Queue.Top      := Marker’Pred (Queue.Top);
      Queue.Is_Empty := Queue.Top = Queue.Free;
   end Dequeue;

   function Is_Empty (Queue : Queue_Type) return Boolean is (Queue.Is_Empty);
   function Is_Full  (Queue : Queue_Type) return Boolean is
     (not Queue.Is_Empty and then Queue.Top = Queue.Free);
end Queue_Pack_Generic;
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A generic queue specifi cation
generic
   type Element is private;

package Queue_Pack_Generic is
   QueueSize: constant Integer := 10;
   type Queue_Type is limited private;

   procedure Enqueue (Item:     Element; Queue: in out Queue_Type);
   procedure Dequeue (Item: out Element; Queue: in out Queue_Type);
   function Is_Empty (Queue : Queue_Type) return Boolean;
   function Is_Full  (Queue : Queue_Type) return Boolean;
   Queueoverflow, Queueunderflow : exception;
private
   type Marker is mod QueueSize;
   type List is array (Marker) of Element;
   type Queue_Type is record
      Top, Free : Marker  := Marker’First;
      Is_Empty  : Boolean := True;
      Elements  : List;
   end record;
end Queue_Pack_Generic;

The type of Element now becomes a 

parameter of a generic package.

Haskell syntax:

enqueue :: a -> Queue a -> Queue a 

H kk llll t

No restrictions (private) have 
been set for the type of Element.
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A contracted queue specifi cation
package Queue_Pack_Contract is
  (…)
  procedure Enqueue (Item : Element; Q : in out Queue_Type) with
     Pre  => not Is_Full  (Q), -- could also be “=> True” according to specifications 
     Post => not Is_Empty (Q) and then Length (Q) = Length (Q’Old) + 1
               and then Lookahead (Q, Length (Q)) = Item
               and then (for all ix in 1 .. Length (Q’Old) 
                            => Lookahead (Q, ix) = Lookahead (Q’Old, ix));

   procedure Dequeue (Item : out Element; Q : in out Queue_Type) with
     Pre  => not Is_Empty (Q), -- could also be “=> True” according to specifications 
     Post => not Is_Full  (Q) and then Length (Q) = Length (Q’Old) - 1
               and then (for all ix in 1 .. Length (Q) 
                            => Lookahead (Q, ix) = Lookahead (Q’Old, ix + 1));
  (…)
   type Queue_Type is record
      Top, Free : Marker  := Marker’First;
      Is_Empty  : Boolean := True;
      Elements  : List;
   end record with Type_Invariant => 
      (not Queue_Type.Is_Empty or else Queue_Type.Top = Queue_Type.Free)
      and then (for all ix in 1 .. Length (Queue_Type) 
                                                 => Lookahead (Queue_Type, ix)’Valid);
  (…)

Those contracts can be used to fully specify 

operations and types. Specifi cations should be 

complete, consistent and canonical, while using 

as little implementation details as possible.

tttt QQueuQueuQuQueuQQueu y_ ye_Tyee Tye Tyee Ty_ yyp )ppe)pepe)pepe)ppe)pppe)e)))) withwithwithwithwithwit

uuuueeeue specifi cation

t Queue Type) withwith

specifi ca

t Queue Type) iith

Exceptions are commonly preferred to 

handle rare, yet valid situations. 

Contracts are commonly used to test program 

correctness with respect to its specifi cations. 
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st
an
ti
at
ed
 p
ac
ka
ge

  
 Q
ue
ue
 :
 Q
ue
ue
_T
yp
e;

  
 I
te
m 
 :
 P
os
it
iv
e;

be
gi
n

  
 E
nq
ue
ue
 (
It
em
 =
> 
1,
 Q
ue
ue
 =
> 
Qu
eu
e)
;

  
 D
eq
ue
ue
 (
It
em
, 
Qu
eu
e)
;

  
 D
eq
ue
ue
 (
It
em
, 
Qu
eu
e)
; 
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 w
il
l 
pr
od
uc
e 
a 
“Q
ue
ue
 u
nd
er
fl
ow
”

ex
ce
pt
io
n

  
 w
he
n 
Qu
eu
eu
nd
er
fl
ow
 =
> 
Pu
t 
(“
Qu
eu
e 
un
de
rf
lo
w”
);

  
 w
he
n 
Qu
eu
eo
ve
rf
lo
w 
 =
> 
Pu
t 
(“
Qu
eu
e 
ov
er
fl
ow
”)
;

en
d 
Qu
eu
e_
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_G
en
er
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;
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at
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ge
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 p
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 t
yp
e 
El
em
en
t 
is
 p
ri
va
te
;

  
 t
yp
e 
In
de
x 
  
is
 m
od
 <
>;
  

--
 M
od
ul
o 
de
fi
ne
s 
si
ze
 o
f 
th
e 
qu
eu
e.

pa
ck
ag
e 
Qu
eu
e_
Pa
ck
_P
ro
te
ct
ed
_G
en
er
ic
 i
s

  
 t
yp
e 
Qu
eu
e_
Ty
pe
 i
s 
li
mi
te
d 
pr
iv
at
e;

  
 p
ro
te
ct
ed
 t
yp
e 
Pr
ot
ec
te
d_
Qu
eu
e 
is

  
  
  
en
tr
y 
En
qu
eu
e 
(I
te
m 
: 
  
  
El
em
en
t)
;

  
  
  
en
tr
y 
De
qu
eu
e 
(I
te
m 
: 
ou
t 
El
em
en
t)
;

  
  
  
pr
oc
ed
ur
e 
Em
pt
y_
Qu
eu
e;

  
  
  
fu
nc
ti
on
 I
s_
Em
pt
y 
re
tu
rn
 B
oo
le
an
;

  
  
  
fu
nc
ti
on
 I
s_
Fu
ll
  
re
tu
rn
 B
oo
le
an
;

  
 p
ri
va
te

  
  
  
Qu
eu
e 
: 
Qu
eu
e_
Ty
pe
;

  
 e
nd
 P
ro
te
ct
ed
_Q
ue
ue
;

pr
iv
at
e

  
 t
yp
e 
Li
st
 i
s 
ar
ra
y 
(I
nd
ex
) 
of
 E
le
me
nt
;

  
 t
yp
e 
Qu
eu
e_
Ty
pe
 i
s 
re
co
rd

  
  
  
To
p,
 F
re
e 
: 
In
de
x 
  
:=
 I
nd
ex
’F
ir
st
;

  
  
  
Is
_E
mp
ty
  
: 
Bo
ol
ea
n 
:=
 T
ru
e;

  
  
  
El
em
en
ts
  
: 
Li
st
;

  
 e
nd
 r
ec
or
d;

en
d 
Qu
eu
e_
Pa
ck
_P
ro
te
ct
ed
_G
en
er
ic
;
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at
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 m
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ro

te
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ed
 d
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en
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ex
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 a
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 m
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 p
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e 
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eu
e.
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ag
e 
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_P
ro
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yp
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pe
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te
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pr
iv
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e;

  
 p
ro
te
ct
ed
 t
yp
e 
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ot
ec
te
d_
Qu
eu
e 
is

  
  
  
en
tr
y 
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qu
eu
e 
(I
te
m 
: 
  
  
El
em
en
t)
;

  
  
  
en
tr
y 
De
qu
eu
e 
(I
te
m 
: 
ou
t 
El
em
en
t)
;

  
  
  
pr
oc
ed
ur
e 
Em
pt
y_
Qu
eu
e;

  
  
  
fu
nc
ti
on
 I
s_
Em
pt
y 
re
tu
rn
 B
oo
le
an
;

  
  
  
fu
nc
ti
on
 I
s_
Fu
ll
  
re
tu
rn
 B
oo
le
an
;

  
 p
ri
va
te

  
  
  
Qu
eu
e 
: 
Qu
eu
e_
Ty
pe
;

  
 e
nd
 P
ro
te
ct
ed
_Q
ue
ue
;

pr
iv
at
e

  
 t
yp
e 
Li
st
 i
s 
ar
ra
y 
(I
nd
ex
) 
of
 E
le
me
nt
;

  
 t
yp
e 
Qu
eu
e_
Ty
pe
 i
s 
re
co
rd

  
  
  
To
p,
 F
re
e 
: 
In
de
x 
  
:=
 I
nd
ex
’F
ir
st
;

  
  
  
Is
_E
mp
ty
  
: 
Bo
ol
ea
n 
:=
 T
ru
e;

  
  
  
El
em
en
ts
  
: 
Li
st
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 e
nd
 r
ec
or
d;

en
d 
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eu
e_
Pa
ck
_P
ro
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ct
ed
_G
en
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ca
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ot
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pp
ly
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us
e’
 c
la
us
e 
he
re

wi
th
 A
da
.T
ex
t_
IO
  
  
  
 ;
 u
se
 A
da
.T
ex
t_
IO
;

pr
oc
ed
ur
e 
Qu
eu
e_
Te
st
_G
en
er
ic
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s

  
 p
ac
ka
ge
 Q
ue
ue
_P
ac
k_
Po
si
ti
ve
 i
s

  
  
  
ne
w 
Qu
eu
e_
Pa
ck
_G
en
er
ic
 (
El
em
en
t 
=>
 P
os
it
iv
e)
;

  
 u
se
 Q
ue
ue
_P
ac
k_
Po
si
ti
ve
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--
 ‘
us
e’
 c
la
us
e 
ca
n 
be
 a
pp
li
ed
 t
o 
in
st
an
ti
at
ed
 p
ac
ka
ge

  
 Q
ue
ue
 :
 Q
ue
ue
_T
yp
e;

  
 I
te
m 
 :
 P
os
it
iv
e;

be
gi
n

  
 E
nq
ue
ue
 (
It
em
 =
> 
1,
 Q
ue
ue
 =
> 
Qu
eu
e)
;

  
 D
eq
ue
ue
 (
It
em
, 
Qu
eu
e)
;

  
 D
eq
ue
ue
 (
It
em
, 
Qu
eu
e)
; 
--
 w
il
l 
pr
od
uc
e 
a 
“Q
ue
ue
 u
nd
er
fl
ow
”

ex
ce
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io
n

  
 w
he
n 
Qu
eu
eu
nd
er
fl
ow
 =
> 
Pu
t 
(“
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eu
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un
de
rf
lo
w”
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he
n 
Qu
eu
eo
ve
rf
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 =
> 
Pu
t 
(“
Qu
eu
e 
ov
er
fl
ow
”)
;

en
d 
Qu
eu
e_
Te
st
_G
en
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ic
;

…
 a

n
yt
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in
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th
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Id
en
ti
fi
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on
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 u
se
 A
da
.T
as
k_
Id
en
ti
fi
ca
ti
on
;

wi
th
 A
da
.T
ex
t_
IO
; 
  
  
  
  
  
  
  
  
 u
se
 A
da
.T
ex
t_
IO
;

wi
th
 Q
ue
ue
_P
ac
k_
Pr
ot
ec
te
d_
Ge
ne
ri
c;

pr
oc
ed
ur
e 
Qu
eu
e_
Te
st
_P
ro
te
ct
ed
_G
en
er
ic
 i
s

  
 t
yp
e 
Qu
eu
e_
Si
ze
 i
s 
mo
d 
3;

  
 p
ac
ka
ge
 Q
ue
ue
_P
ac
k_
Pr
ot
ec
te
d_
Ch
ar
ac
te
r 
is

  
  
  
ne
w 
Qu
eu
e_
Pa
ck
_P
ro
te
ct
ed
_G
en
er
ic
 (
El
em
en
t 
=>
 C
ha
ra
ct
er
, 
In
de
x 
=>
 Q
ue
ue
_S
iz
e)
;

  
 u
se
 Q
ue
ue
_P
ac
k_
Pr
ot
ec
te
d_
Ch
ar
ac
te
r;

  
 Q
ue
ue
 :
 P
ro
te
ct
ed
_Q
ue
ue
;

  
 t
yp
e 
Ta
sk
_I
nd
ex
 i
s 
ra
ng
e 
1 
..
 3
;

  
 t
as
k 
ty
pe
 P
ro
du
ce
r;

  
 t
as
k 
ty
pe
 C
on
su
me
r;

  
 P
ro
du
ce
rs
 :
 a
rr
ay
 (
Ta
sk
_I
nd
ex
) 
of
 P
ro
du
ce
r;

  
 C
on
su
me
rs
 :
 a
rr
ay
 (
Ta
sk
_I
nd
ex
) 
of
 C
on
su
me
r;

(…
)

be
gi
n

  
 n
ul
l;

en
d 
Qu
eu
e_
Te
st
_P
ro
te
ct
ed
_G
en
er
ic
;
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ta

ti
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pa
ck
ag
e 
bo
dy
 Q
ue
ue
_P
ac
k_
Pr
ot
ec
te
d_
Ge
ne
ri
c 
is

  
 p
ro
te
ct
ed
 b
od
y 
Pr
ot
ec
te
d_
Qu
eu
e 
is

  
  
  
en
tr
y 
En
qu
eu
e 
(I
te
m 
: 
El
em
en
t)
 w
he
n 
no
t 
Is
_F
ul
l 
is

  
  
  
be
gi
n

  
  
  
  
 Q
ue
ue
.E
le
me
nt
s 
(Q
ue
ue
.F
re
e)
 :
= 
It
em
; 
Qu
eu
e.
Fr
ee
 :
= 
In
de
x’
Su
cc
 (
Qu
eu
e.
Fr
ee
);

  
  
  
  
 Q
ue
ue
.I
s_
Em
pt
y 
:=
 F
al
se
;

  
  
  
en
d 
En
qu
eu
e;

  
  
  
en
tr
y 
De
qu
eu
e 
(I
te
m 
: 
ou
t 
El
em
en
t)
 w
he
n 
no
t 
Is
_E
mp
ty
 i
s

  
  
  
be
gi
n

  
  
  
  
 I
te
m 
:=
 Q
ue
ue
.E
le
me
nt
s 
(Q
ue
ue
.T
op
);
 Q
ue
ue
.T
op
 :
= 
In
de
x’
Su
cc
 (
Qu
eu
e.
To
p)
;

  
  
  
  
 Q
ue
ue
.I
s_
Em
pt
y 
:=
 Q
ue
ue
.T
op
 =
 Q
ue
ue
.F
re
e;

  
  
  
en
d 
De
qu
eu
e;

  
  
  
pr
oc
ed
ur
e 
Em
pt
y_
Qu
eu
e 
is

  
  
  
be
gi
n

  
  
  
  
 Q
ue
ue
.T
op
 :
= 
In
de
x’
Fi
rs
t;
 Q
ue
ue
.F
re
e 
:=
 I
nd
ex
’F
ir
st
; 
Qu
eu
e.
Is
_E
mp
ty
 :
= 
Tr
ue
;

  
  
  
en
d 
Em
pt
y_
Qu
eu
e;

  
  
  
fu
nc
ti
on
 I
s_
Em
pt
y 
re
tu
rn
 B
oo
le
an
 i
s 
(Q
ue
ue
.I
s_
Em
pt
y)
;

  
  
  
fu
nc
ti
on
 I
s_
Fu
ll
  
re
tu
rn
 B
oo
le
an
 i
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(n
ot
 Q
ue
ue
.I
s_
Em
pt
y 
an
d 
th
en
 Q
ue
ue
.T
op
 =
 Q
ue
ue
.F
re
e)
;

  
 e
nd
 P
ro
te
ct
ed
_Q
ue
ue
;

en
d 
Qu
eu
e_
Pa
ck
_P
ro
te
ct
ed
_G
en
er
ic
;
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en
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ri
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yp
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de
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is
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od
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 M
od
ul
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de
fi
ne
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si
ze
 o
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th
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qu
eu
e.

pa
ck
ag
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Qu
eu
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Pa
ck
_P
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te
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ed
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yp
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Ty
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 i
s 
li
mi
te
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pr
iv
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 p
ro
te
ct
ed
 t
yp
e 
Pr
ot
ec
te
d_
Qu
eu
e 
is

  
  
  
en
tr
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En
qu
eu
e 
(I
te
m 
: 
  
  
El
em
en
t)
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en
tr
y 
De
qu
eu
e 
(I
te
m 
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ou
t 
El
em
en
t)
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pr
oc
ed
ur
e 
Em
pt
y_
Qu
eu
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fu
nc
ti
on
 I
s_
Em
pt
y 
re
tu
rn
 B
oo
le
an
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fu
nc
ti
on
 I
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Fu
ll
  
re
tu
rn
 B
oo
le
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 p
ri
va
te

  
  
  
Qu
eu
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Qu
eu
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Ty
pe
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 e
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 P
ro
te
ct
ed
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ue
ue
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pr
iv
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e

  
 t
yp
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 i
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ar
ra
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nd
ex
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 E
le
me
nt
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 t
yp
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Qu
eu
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pe
 i
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re
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rd
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 F
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In
de
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nd
ex
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ir
st
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Is
_E
mp
ty
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Bo
ol
ea
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ru
e;

  
  
  
El
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en
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Li
st
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 e
nd
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en
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eu
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Pa
ck
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ro
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ed
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en
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 u

se
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da
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en
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ti
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;

wi
th
 A
da
.T
ex
t_
IO
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 u

se
 A
da
.T
ex
t_
IO
;

wi
th
 Q
ue
ue
_P
ac
k_
Pr
ot
ec
te
d_
Ge
ne
ri
c;

pr
oc
ed
ur
e 
Qu
eu
e_
Te
st
_P
ro
te
ct
ed
_G
en
er
ic
 i

s

  
 t
yp
e 
Qu
eu
e_
Si
ze
 i
s 
mo
d 
3;

  
 p
ac
ka
ge
 Q
ue
ue
_P
ac
k_
Pr
ot
ec
te
d_
Ch
ar
ac
te
r 

is
  
  
  
ne
w 
Qu
eu
e_
Pa
ck
_P
ro
te
ct
ed
_G
en
er
ic
 (
El
em
en
t 
=>
 C
ha
ra
ct
er
, 
In
de
x 
=>
 Q
ue
ue
_S
iz
e)
;

  
 u
se
 Q
ue
ue
_P
ac
k_
Pr
ot
ec
te
d_
Ch
ar
ac
te
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 Q
ue
ue
 :
 P
ro
te
ct
ed
_Q
ue
ue
;

  
 t
yp
e 
Ta
sk
_I
nd
ex
 i
s 
ra
ng
e 
1 
..
 3
;

  
 t
as
k 
ty
pe
 P
ro
du
ce
r;

  
 t
as
k 
ty
pe
 C
on
su
me
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 P
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rs
 :
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rr
ay
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Ta
sk
_I
nd
ex
) 

of
 P
ro
du
ce
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 C
on
su
me
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rr
ay
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nd
ex
) 

of
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