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rf
lo

w 
 =

> 
Pu

t 
(“

Qu
eu

e 
ov

er
fl

ow
”)

;
en

d 
Qu

eu
e_

Te
st

_P
ri

va
te

;
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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;

V
io

la
te

d 
Pr

e-
co

nd
it

io
n 

w
ill

 r
ai

se
 

an
 a

ss
er

t f
ai

lu
re

 e
xc

ep
ti

o
n

.
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A
 c

on
tr

ac
ti

ng
 q

ue
ue

 s
pe

ci
fi 

ca
ti

on
 (

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
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n
 

d
efi
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 th
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u
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lic
 p
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t.
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A
 c

on
tr

ac
ti

ng
 q

ue
ue

 s
pe

ci
fi 

ca
ti

on
pa

ck
ag

e 
Qu

eu
e_

Pa
ck

_C
on

tr
ac

t 
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;
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A
 q

ue
ue

 t
es

t 
pr

og
ra

m
 w

it
h 

pr
op

er
 in

fo
rm

at
io

n 
hi

di
ng

wi
th

 Q
ue

ue
_P

ac
k_

Pr
iv

at
e;

 u
se

 Q
ue

ue
_P

ac
k_

Pr
iv

at
e;

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

_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)
; 

--
 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
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p
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Ada

Access routines for concurrent systems
… introducing:

• Protected objects

• Entry guards

• Side-effecting (mutually exclusive) entry and procedure calls

• Side-effect-free (concurrent) function calls
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A generic queue test program

with Queue_Pack_Generic; -- cannot apply ‘use’ clause here
with Ada.Text_IO       ; use Ada.Text_IO;

procedure Queue_Test_Generic is

   package Queue_Pack_Positive is
      new Queue_Pack_Generic (Element => Positive);
   use Queue_Pack_Positive; -- ‘use’ clause can be applied to instantiated package

   Queue : Queue_Type;
   Item  : Positive;

begin
   Enqueue (Item => 1, Queue => Queue);
   Dequeue (Item, Queue);
   Dequeue (Item, Queue); -- will produce a “Queue underflow”

exception
   when Queueunderflow => Put (“Queue underflow”);
   when Queueoverflow  => Put (“Queue overflow”);
end Queue_Test_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 k lk ll tl

No restrictions (private) have 
been set for the type of Element.
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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 protected queue specifi cation

generic
   type Element is private;
   type Index   is mod <>;  -- Modulo defines size of the queue.

package Queue_Pack_Protected_Generic is

   type Queue_Type is limited private;

   protected type Protected_Queue is
      entry Enqueue (Item :     Element);
      entry Dequeue (Item : out Element);
      procedure Empty_Queue;
      function Is_Empty return Boolean;
      function Is_Full  return Boolean;
   private
      Queue : Queue_Type;
   end Protected_Queue;

private
   type List is array (Index) of Element;
   type Queue_Type is record
      Top, Free : Index   := Index’First;
      Is_Empty  : Boolean := True;
      Elements  : List;
   end record;
end Queue_Pack_Protected_Generic;
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A generic queue test program

with Queue_Pack_Generic; -- cannot apply ‘use’ clause here
with Ada.Text_IO       ; use Ada.Text_IO;

procedure Queue_Test_Generic is

   package Queue_Pack_Positive is
      new Queue_Pack_Generic (Element => Positive);
   use Queue_Pack_Positive; -- ‘use’ clause can be applied to instantiated package

   Queue : Queue_Type;
   Item  : Positive;

begin
   Enqueue (Item => 1, Queue => Queue);
   Dequeue (Item, Queue);
   Dequeue (Item, Queue); -- will produce a “Queue underflow”

exception
   when Queueunderflow => Put (“Queue underflow”);
   when Queueoverflow  => Put (“Queue overflow”);
end Queue_Test_Generic;

Instantiate generic package
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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);
Boooolean;
Boooolean;

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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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.
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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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A generic protected queue specifi cation

generic
   type Element is private;
   type Index   is mod <>;  -- Modulo defines size of the queue.

package Queue_Pack_Protected_Generic is

   type Queue_Type is limited private;

   protected type Protected_Queue is
      entry Enqueue (Item :     Element);
      entry Dequeue (Item : out Element);
      procedure Empty_Queue;
      function Is_Empty return Boolean;
      function Is_Full  return Boolean;
   private
      Queue : Queue_Type;
   end Protected_Queue;

private
   type List is array (Index) of Element;
   type Queue_Type is record
      Top, Free : Index   := Index’First;
      Is_Empty  : Boolean := True;
      Elements  : List;
   end record;
end Queue_Pack_Protected_Generic;

Generic components of the package:

Element can be anything 
while the Index need to 

be a modulo type.
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A generic queue test program

with Queue_Pack_Generic; -- cannot apply ‘use’ clause here
with Ada.Text_IO       ; use Ada.Text_IO;

procedure Queue_Test_Generic is

   package Queue_Pack_Positive is
      new Queue_Pack_Generic (Element => Positive);
   use Queue_Pack_Positive; -- ‘use’ clause can be applied to instantiated package

   Queue : Queue_Type;
   Item  : Positive;

begin
   Enqueue (Item => 1, Queue => Queue);
   Dequeue (Item, Queue);
   Dequeue (Item, Queue); -- will produce a “Queue underflow”

exception
   when Queueunderflow => Put (“Queue underflow”);
   when Queueoverflow  => Put (“Queue overflow”);
end Queue_Test_Generic;

… anything on this slide 
still not perfectly clear?

90

Language refresher / introduction course

© 2020 Uwe R. Zimmer, The Australian National University page 90 of  758  (“Language refresher / introduction course” up to page 160)

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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Ada

Generic (polymorphic) packages
… introducing:

• Specifi cation of generic packages

• Instantiation of generic packages
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A generic protected queue specifi cation

generic
   type Element is private;
   type Index   is mod <>;  -- Modulo defines size of the queue.

package Queue_Pack_Protected_Generic is

   type Queue_Type is limited private;

   protected type Protected_Queue is
      entry Enqueue (Item :     Element);
      entry Dequeue (Item : out Element);
      procedure Empty_Queue;
      function Is_Empty return Boolean;
      function Is_Full  return Boolean;
   private
      Queue : Queue_Type;
   end Protected_Queue;

private
   type List is array (Index) of Element;
   type Queue_Type is record
      Top, Free : Index   := Index’First;
      Is_Empty  : Boolean := True;
      Elements  : List;
   end record;
end Queue_Pack_Protected_Generic;

Queue is protected for safe 
concurrent access.

Three categories of a access routines 

are distinguished by the keywords:

entry, procedure, function
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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;

None of the packages so far can be 

used in a concurrent environment.
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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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_Empty              := False;
;
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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;



11
2

©
 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

 1
12

 o
f  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
 g

en
er

ic
 p

ro
te

ct
ed

 q
ue

ue
 t

es
t 

pr
og

ra
m

 (
co

nt
.)

  
 s

ub
ty

pe
 S

om
e_

Ch
ar

ac
te

rs
 i

s 
Ch

ar
ac

te
r 

ra
ng

e 
‘a

’ 
..

 ‘
f’

;

  
 t

as
k 

bo
dy

 P
ro

du
ce

r 
is

  
  

  

  
 b

eg
in

  
  

  
fo

r 
Ch

 i
n 

So
me

_C
ha

ra
ct

er
s 

lo
op

  
  

  
  

 P
ut

_L
in

e 
(“

Ta
sk

 “
 &

 I
ma

ge
 (

Cu
rr

en
t_

Ta
sk

) 
& 

“ 
fi

nd
s 

th
e 

qu
eu

e 
to

 b
e 

“ 
&

  
  

  
  

  
  

  
  

  
 (

if
 Q

ue
ue

.I
s_

Em
pt

y 
th

en
 “

EM
PT

Y”
 e

ls
e 

“n
ot

 e
mp

ty
”)

 &
  

  
  

  
  

  
  

  
  

  
 “

 a
nd

 “
 &

  
  

  
  

  
  

  
  

  
 (

if
 Q

ue
ue

.I
s_

Fu
ll

  
th

en
 “

FU
LL

” 
el

se
 “

no
t 

fu
ll

”)
 &

  
  

  
  

  
  

  
  

  
  

 “
 a

nd
 p

re
pa

re
s 

to
 a

dd
: 

“ 
& 

Ch
ar

ac
te

r’
Im

ag
e 

(C
h)

 &
  

  
  

  
  

  
  

  
  

  
 “

 t
o 

th
e 

qu
eu

e.
”)

;

  
  

  
  

 Q
ue

ue
.E

nq
ue

ue
 (

Ch
);

 -
- 

ta
sk

 m
ig

ht
 b

e 
bl

oc
ke

d 
he

re
!

  
  

  
en

d 
lo

op
;

  
  

  
Pu

t_
Li

ne
 (

“<
--

--
 T

as
k 

“ 
& 

Im
ag

e 
(C

ur
re

nt
_T

as
k)

 &
 “

 t
er

mi
na

te
s.

”)
;

  
 e

nd
 P

ro
du

ce
r;

10
8

©
 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

 1
08

 o
f  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
 g

en
er

ic
 p

ro
te

ct
ed

 q
ue

ue
 t

es
t 

pr
og

ra
m

wi
th

 A
da

.T
as

k_
Id

en
ti

fi
ca

ti
on

; 
  

  
 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
;

If
 m

o
re

 th
an

 o
n

e 
in

st
an

ce
 o

f a
 s

p
ec

ifi 
c 

ta
sk

 is
 to

 b
e 

ru
n

 th
en

 a
 ta

sk
 t

yp
e 

(a
s 

o
p

p
o

se
d

 to
 a

 c
o

n
cr

et
e 

ta
sk

) i
s 

d
ec

la
re

d
.

10
4

©
 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

 1
04

 o
f  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
 g

en
er

ic
 p

ro
te

ct
ed

 q
ue

ue
 im

pl
em

en
ta

ti
on

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

s 
  

  
  

  
(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

;

10
0

©
 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

 1
00

 o
f  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
 g

en
er

ic
 p

ro
te

ct
ed

 q
ue

ue
 s

pe
ci

fi 
ca

ti
on

ge
ne

ri
c

  
 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

;

R
at

io
n

al
e:

Pr
o

ce
d

u
re

s 
ca

n
 m

o
d

if
y 

th
e 

p
ro

te
ct

ed
 d

at
a.

H
en

ce
 th

ey
 n

ee
d

 a
 g

u
ar

an
te

e 
fo

r 
ex

cl
u

si
ve

 a
cc

es
s.

Pr
oc
ed
ur
es

 a
re

 m
ut

ua
lly

 e
xc

lu
si

ve
 

to
 a

ll 
o

th
er

 a
cc

es
s 

ro
u

ti
n

es
.

11
3

©
 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

 1
13

 o
f  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
 g

en
er

ic
 p

ro
te

ct
ed

 q
ue

ue
 t

es
t 

pr
og

ra
m

 (
co

nt
.)

  
 s

ub
ty

pe
 S

om
e_

Ch
ar

ac
te

rs
 i

s 
Ch

ar
ac

te
r 

ra
ng

e 
‘a

’ 
..

 ‘
f’

;

  
 t

as
k 

bo
dy

 P
ro

du
ce

r 
is

  
  

  

  
 b

eg
in

  
  

  
fo

r 
Ch

 i
n 

So
me

_C
ha

ra
ct

er
s 

lo
op

  
  

  
  

 P
ut

_L
in

e 
(“

Ta
sk

 “
 &

 I
ma

ge
 (

Cu
rr

en
t_

Ta
sk

) 
& 

“ 
fi

nd
s 

th
e 

qu
eu

e 
to

 b
e 

“ 
&

  
  

  
  

  
  

  
  

  
 (

if
 Q

ue
ue

.I
s_

Em
pt

y 
th

en
 “

EM
PT

Y”
 e

ls
e 

“n
ot

 e
mp

ty
”)

 &
  

  
  

  
  

  
  

  
  

  
 “

 a
nd

 “
 &

  
  

  
  

  
  

  
  

  
 (

if
 Q

ue
ue

.I
s_

Fu
ll

  
th

en
 “

FU
LL

” 
el

se
 “

no
t 

fu
ll

”)
 &

  
  

  
  

  
  

  
  

  
  

 “
 a

nd
 p

re
pa

re
s 

to
 a

dd
: 

“ 
& 

Ch
ar

ac
te

r’
Im

ag
e 

(C
h)

 &
  

  
  

  
  

  
  

  
  

  
 “

 t
o 

th
e 

qu
eu

e.
”)

;

  
  

  
  

 Q
ue

ue
.E

nq
ue

ue
 (

Ch
);

 -
- 

ta
sk

 m
ig

ht
 b

e 
bl

oc
ke

d 
he

re
!

  
  

  
en

d 
lo

op
;

  
  

  
Pu

t_
Li

ne
 (

“<
--

--
 T

as
k 

“ 
& 

Im
ag

e 
(C

ur
re

nt
_T

as
k)

 &
 “

 t
er

mi
na

te
s.

”)
;

  
 e

nd
 P

ro
du

ce
r;

g
;

Th
e 

ex
ec

u
ta

b
le

 c
o

d
e 

fo
r 

a 
ta

sk
 is

 p
ro

vi
d

ed
 in

 it
s 
bo
dy

.

10
9

©
 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

 1
09

 o
f  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
 g

en
er

ic
 p

ro
te

ct
ed

 q
ue

ue
 t

es
t 

pr
og

ra
m

wi
th

 A
da

.T
as

k_
Id

en
ti

fi
ca

ti
on

; 
  

  
 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
;

Ta
sk

s 
ar

e 
st

ar
te

d
 r

ig
h

t w
h

en
 s

u
ch

 a
n

 a
rr

ay
 is

 c
re

at
ed

.

M
u

lt
ip

le
 in

st
an

ce
s 

o
f a

 ta
sk

 c
an

 
b

e 
in

st
an

ti
at

ed
 e

.g
. b

y 
d

ec
la

ri
n

g 
an

 a
rr

ay
 o

f t
h

is
 ta

sk
 ty

p
e.

10
5

©
 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

 1
05

 o
f  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
 g

en
er

ic
 p

ro
te

ct
ed

 q
ue

ue
 im

pl
em

en
ta

ti
on

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

s 
  

  
  

  
(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

;

) .T
op Qu
eu

ue
.F

re
e)e)))))

:=
al

se
;

ou
t

EElEElEl
em

en
t

ntntntttt
ssss

ueueuueuuee
us sssss 

(Q
u

(Q
ue

(Q
ueQu
e

Qu
e

Qu
e

Qu
euue
ue

.
ueuueue

.
ue

ue
To

p
ue

To
ue

T
e

T
ee

T
e

T
=

n
y

pa
ge

 1
05

 o
f  

y
75

8
(“

La
ng

ua
g

g
gge

 r
ef

re
sh

er
 / 

in
tr

od
uc

 / 
in

tr
od

uc
/ i

nt
ro

du
c

in
tr

od
uc

tiotitititiotiioiioiooo
8

EEEEEEmmmm
pmmmp

d

re
e

:=
In

de
x

Fi
rs

t;
ue

ue
Is

E

ni
vvveee

rs
ity

pa
ge

10
5

of
y

75
8

(“
La

ng
ua

ge
re

fr
es

he
r

/i
t

d
8

re
e 

:=
 I

nd
ex

Fi
rs

t;
Q

; 
Qu

eu
_

e.
Is

_E

rrre
tu

rn
Bo

ol
ea

n 
is

(Q
ue

ue
.I

s_
Em

pt
y)

;
rre

tu
rn

Bo
ol

ea
n 

is
mpp

ty
an

d
th

en
Qu

eu
e.

To
p 

=
Qu

eu
e.

Fr
ee

);

d___
Ge

ne
ri

c;

Ta
sk

s 
ar

e 
au

to
m

at
ic

al
ly

 b
lo

ck
ed

 o
r 

re
le

as
ed

 

d
ep

en
d

in
g 

o
n

 th
e 

st
at

e 
o

f t
h

e 
gu

ar
d

. 

G
u

ar
d

 e
xp

re
ss

io
n

s 
ar

e 
re

-e
va

lu
at

ed
 o

n
 e

xi
ti

n
g 

an
 

en
tr
y 

o
r 
pr
oc
ed
ur
e 

(n
o

 p
o

in
t t

o
 r

e-
ch

ec
k 

th
em

 a
t a

n
y 

o
th

er
 ti

m
e)

. 

Ex
ac

tl
y 

o
n

e 
w

ai
ti

n
g 

ta
sk

 o
n

 o
n

e 
en

tr
y 

is
 r

el
ea

se
d

.

u rrr
een

d
Em

pt
y

Qu
eu

e;
T

k
to

m
aueuuuuu FFFrrrrrreeeeeeeeeeeeuu FFFFFrrr

;
Qu

eu
e.

FFFFrr
en

d
en

d
en

d
eeen

d
en

d
en

d
ee

d
en

d
ee

dndd
Em

pt
y

Em
pt

y
Em

pt
y

Em
pt

y
E

t
E

t
Em

pt
y

EEm
pt

EmEmmm
pt

y
mpp

tytyyy
Qu

eu
e

Qu
eu

e
Qu

eu
e

Qu
e

Qu
eu

e
QQQQuQQuQuu

eu
e

ue
ueeeu

;;;;;;
T

kk
t

a

Qu
eu

e
Is

Em
pt

y
:=

Quu
euuee
uuu

Qu
eu

e
Is

Em
pt

y
:=

Quu
eueuee
uuu

Qu
e

To
p

=
Qu

e
To

p
=

rs
t;

 Q
ue

ue
.F

  
 Q

ue
ue

.I
s_

p
y

Em
pt

y 
p

y
Q

:=
 Q

ueQ
u

eeen
d 

De
qu

eu
e;

pr
oc

ed
ur

e 
Em

pt
y_

Qu
eu

e 
is

bbe
gi

n
  

 Q
ue

ue
.T

op
 :

= 
In

de
x’

Fi
rs

t;
 Q

ue
ue

.F

ue
.T

op
ue

.T
op

ue
.T

o
 Q

u
= 

QuQQu
ue

uue
.T

op
=

nd
ex

Fi
rs

t;
 Q

ue
ue

.F

G
ua

rd
 e

xp
re

ss
io

ns
 

fo
llo

w
 a

ft
er

 w
he
n 

in
 th

e 
im

p
le

m
en

ta
ti

o
n

 o
f e

nt
ri
es

.

10
1

©
 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

 1
01

 o
f  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
 g

en
er

ic
 p

ro
te

ct
ed

 q
ue

ue
 s

pe
ci

fi 
ca

ti
on

ge
ne

ri
c

  
 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

;

R
at

io
n

al
e:

Th
e 

co
m

p
ile

r 
en

fo
rc

es
 th

o
se

 
fu

n
ct

io
n

s 
to

 b
e 

si
d

e-
ef

fe
ct

-f
re

e 
w

it
h

 
re

sp
ec

t t
o

 th
e 

p
ro

te
ct

ed
 d

at
a.

H
en

ce
 c

o
n

cu
rr

en
t a

cc
es

s 
ca

n
 b

e 

gr
an

te
d

 a
m

o
n

g 
fu

n
ct

io
n

s 
w

it
h

o
u

t r
is

k.

Fu
nc
ti
on
s 

ar
e 

m
ut

ua
lly

 e
xc

lu
si

ve
 

to
 p
ro
ce
du
re
s 

an
d

 e
nt
ri
es

, y
et

 
co

nc
ur

re
nt

 to
 o

th
er

 fu
n

ct
io

n
s.

11
4

©
 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

 1
14

 o
f  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
 g

en
er

ic
 p

ro
te

ct
ed

 q
ue

ue
 t

es
t 

pr
og

ra
m

 (
co

nt
.)

  
 s

ub
ty

pe
 S

om
e_

Ch
ar

ac
te

rs
 i

s 
Ch

ar
ac

te
r 

ra
ng

e 
‘a

’ 
..

 ‘
f’

;

  
 t

as
k 

bo
dy

 P
ro

du
ce

r 
is

  
  

  

  
 b

eg
in

  
  

  
fo

r 
Ch

 i
n 

So
me

_C
ha

ra
ct

er
s 

lo
op

  
  

  
  

 P
ut

_L
in

e 
(“

Ta
sk

 “
 &

 I
ma

ge
 (

Cu
rr

en
t_

Ta
sk

) 
& 

“ 
fi

nd
s 

th
e 

qu
eu

e 
to

 b
e 

“ 
&

  
  

  
  

  
  

  
  

  
 (

if
 Q

ue
ue

.I
s_

Em
pt

y 
th

en
 “

EM
PT

Y”
 e

ls
e 

“n
ot

 e
mp

ty
”)

 &
  

  
  

  
  

  
  

  
  

  
 “

 a
nd

 “
 &

  
  

  
  

  
  

  
  

  
 (

if
 Q

ue
ue

.I
s_

Fu
ll

  
th

en
 “

FU
LL

” 
el

se
 “

no
t 

fu
ll

”)
 &

  
  

  
  

  
  

  
  

  
  

 “
 a

nd
 p

re
pa

re
s 

to
 a

dd
: 

“ 
& 

Ch
ar

ac
te

r’
Im

ag
e 

(C
h)

 &
  

  
  

  
  

  
  

  
  

  
 “

 t
o 

th
e 

qu
eu

e.
”)

;

  
  

  
  

 Q
ue

ue
.E

nq
ue

ue
 (

Ch
);

 -
- 

ta
sk

 m
ig

ht
 b

e 
bl

oc
ke

d 
he

re
!

  
  

  
en

d 
lo

op
;

  
  

  
Pu

t_
Li

ne
 (

“<
--

--
 T

as
k 

“ 
& 

Im
ag

e 
(C

ur
re

nt
_T

as
k)

 &
 “

 t
er

mi
na

te
s.

”)
;

  
 e

nd
 P

ro
du

ce
r;

11
4

11
4

ff7
58

(“
L

f
h

/i
d

i
”

16
0)

8
11

4
f7

58
(“

L
(“

f
h

/i
d

i
”

16
0)

8

Th
er

e 
ar

e 
th

re
e 

o
f t

h
o

se
 ta

sk
s 

an
d

 th
ey

 a
re

 a
ll 

‘h
am

m
er

in
g’

 
th

e 
q

u
eu

e 
at

 fu
ll 

C
PU

 s
p

ee
d

.

g

“ 
& 

Im
agma
gagaggg
e 

(C
ur

e 
(C

u
e 

(C
e 

(C
e 

(C
e 

(C
e 

(C(
re

nt
_T

as
k)

11
0

©
 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

 1
10

 o
f  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)

Th
es

e 
d

ec
la

ra
ti

o
n

s 
sp

aw
n

ed
 

o
ff

 a
ll 

th
e 

p
ro

d
u

ct
io

n
 c

o
d

e.

A
 g

en
er

ic
 p

ro
te

ct
ed

 q
ue

ue
 t

es
t 

pr
og

ra
m

wi
th

 A
da

.T
as

k_
Id

en
ti

fi
ca

ti
on

; 
  

  
 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
;

O
ft

en
 th

er
e 

ar
e 

n
o

 s
ta

te
m

en
ts

 fo
r 

th
e 

“m
ai

n
 ta

sk
” 

(h
er

e 
ex

p
lic

it
ly

 s
ta

te
d

 b
y 

a 
nu
ll

 s
ta

te
m

en
t)

.

6
pa

ge
 1

10
 o

f 7
58

  (“
La

ng
ua

ge
 r

ef
re

sh
er

 / 
in

tr
od

uc
tio

n 
co

ur
se

p
p

g
 u

p 
to

 p
ag

” 
up

 to
 p

ag
p

p
ge

 1e 
1

e 
1

e 
1111161666

8
pa

ge
 1

10
 o

f 7
58

(“
La

ng
ua

ge
re

fr
es

he
r

/i
nt

ro
du

ct
io

n
co

ur
se

”
up

to
pa

ge
8

Th
is

 ta
sk

 is
 p

re
ve

n
te

d
 fr

o
m

 te
rm

in
at

in
g 

th
o

u
gh

 

u
n

ti
l a

ll 
ta

sk
s 

in
si

d
e 

it
s 

sc
o

p
e 

te
rm

in
at

ed
.

10
6

©
 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

 1
06

 o
f  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
 g

en
er

ic
 p

ro
te

ct
ed

 q
ue

ue
 im

pl
em

en
ta

ti
on

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

s 
  

  
  

  
(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

;

…
 a

n
yt

h
in

g 
o

n
 th

is
 s

lid
e 

st
ill

 n
o

t p
er

fe
ct

ly
 c

le
ar

?

10
2

©
 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

 1
02

 o
f  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
 g

en
er

ic
 p

ro
te

ct
ed

 q
ue

ue
 s

pe
ci

fi 
ca

ti
on

ge
ne

ri
c

  
 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

;

R
at

io
n

al
e:

En
tr

ie
s 

ca
n

 b
e 

b
lo

ck
in

g 
ev

en
 if

 th
e 

p
ro

te
ct

ed
 o

b
je

ct
 it

se
lf

 is
 u

n
lo

ck
ed

.

H
en

ce
 a

 s
ep

ar
at

e 
ta

sk
 w

ai
ti

n
g 

q
u

eu
e 

is
 p

ro
vi

d
ed

 p
er

 e
n

tr
y.

 

En
tr
ie
s 

ar
e 

m
ut

ua
lly

 e
xc

lu
si

ve
 to

 a
ll 

o
th

er
 

ac
ce

ss
 r

o
u

ti
n

es
 a

n
d

 a
ls

o
 p

ro
vi

d
e 

o
n

e 

gu
ar

d 
p

er
 e

n
tr

y 
w

h
ic

h
 n

ee
d

 to
 e

va
lu

at
e 

to
 T
ru
e 

b
ef

o
re

 e
n

tr
y 

is
 g

ra
n

te
d

.

Th
e 

gu
ar

d 
ex

pr
es

si
on

s 
ar

e 
d

efi
 n

ed
 

in
 th

e 
im

p
le

m
en

ta
ti

o
n

 p
ar

t.

11
5

©
 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

 1
15

 o
f  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
 g

en
er

ic
 p

ro
te

ct
ed

 q
ue

ue
 t

es
t 

pr
og

ra
m

 (
co

nt
.)

  
 s

ub
ty

pe
 S

om
e_

Ch
ar

ac
te

rs
 i

s 
Ch

ar
ac

te
r 

ra
ng

e 
‘a

’ 
..

 ‘
f’

;

  
 t

as
k 

bo
dy

 P
ro

du
ce

r 
is

  
  

  

  
 b

eg
in

  
  

  
fo

r 
Ch

 i
n 

So
me

_C
ha

ra
ct

er
s 

lo
op

  
  

  
  

 P
ut

_L
in

e 
(“

Ta
sk

 “
 &

 I
ma

ge
 (

Cu
rr

en
t_

Ta
sk

) 
& 

“ 
fi

nd
s 

th
e 

qu
eu

e 
to

 b
e 

“ 
&

  
  

  
  

  
  

  
  

  
 (

if
 Q

ue
ue

.I
s_

Em
pt

y 
th

en
 “

EM
PT

Y”
 e

ls
e 

“n
ot

 e
mp

ty
”)

 &
  

  
  

  
  

  
  

  
  

  
 “

 a
nd

 “
 &

  
  

  
  

  
  

  
  

  
 (

if
 Q

ue
ue

.I
s_

Fu
ll

  
th

en
 “

FU
LL

” 
el

se
 “

no
t 

fu
ll

”)
 &

  
  

  
  

  
  

  
  

  
  

 “
 a

nd
 p

re
pa

re
s 

to
 a

dd
: 

“ 
& 

Ch
ar

ac
te

r’
Im

ag
e 

(C
h)

 &
  

  
  

  
  

  
  

  
  

  
 “

 t
o 

th
e 

qu
eu

e.
”)

;

  
  

  
  

 Q
ue

ue
.E

nq
ue

ue
 (

Ch
);

 -
- 

ta
sk

 m
ig

ht
 b

e 
bl

oc
ke

d 
he

re
!

  
  

  
en

d 
lo

op
;

  
  

  
Pu

t_
Li

ne
 (

“<
--

--
 T

as
k 

“ 
& 

Im
ag

e 
(C

ur
re

nt
_T

as
k)

 &
 “

 t
er

mi
na

te
s.

”)
;

  
 e

nd
 P

ro
du

ce
r;

Ta
sk

s 
au

to
m

at
ic

al
ly

 te
rm

in
at

e 
o

n
ce

 th
ey

 r
ea

ch
 th

ei
r 
en
d 

d
ec

la
ra

ti
o

n
 

(a
n

d
 o

n
ce

 a
ll 

in
n

er
 ta

sk
s 

ar
e 

te
rm

in
at

ed
).

11
1

©
 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

 1
11

 o
f  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
 g

en
er

ic
 p

ro
te

ct
ed

 q
ue

ue
 t

es
t 

pr
og

ra
m

wi
th

 A
da

.T
as

k_
Id

en
ti

fi
ca

ti
on

; 
  

  
 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
;

…
 a

n
yt

h
in

g 
o

n
 th

is
 s

lid
e 

st
ill

 n
o

t p
er

fe
ct

ly
 c

le
ar

?

10
7

©
 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

 1
07

 o
f  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
 g

en
er

ic
 p

ro
te

ct
ed

 q
ue

ue
 t

es
t 

pr
og

ra
m

wi
th

 A
da

.T
as

k_
Id

en
ti

fi
ca

ti
on

; 
  

  
 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
;

10
3

©
 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

 1
03

 o
f  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
 g

en
er

ic
 p

ro
te

ct
ed

 q
ue

ue
 s

pe
ci

fi 
ca

ti
on

ge
ne

ri
c

  
 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

;

…
 a

n
yt

h
in

g 
o

n
 th

is
 s

lid
e 

st
ill

 n
o

t p
er

fe
ct

ly
 c

le
ar

?



12
8

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

 1
28

 o
f  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
n 

ab
st

ra
ct

 q
ue

ue
 s

pe
ci

fi 
ca

ti
on

ge
ne

ri
c

  
 t

yp
e 

El
em

en
t 

is
 p

ri
va

te
;

pa
ck

ag
e 

Qu
eu

e_
Pa

ck
_A

bs
tr

ac
t 

is

  
 t

yp
e 

Qu
eu

e_
In

te
rf

ac
e 

is
 s

yn
ch

ro
ni

ze
d 

in
te

rf
ac

e;

  
 p

ro
ce

du
re

 E
nq

ue
ue

 (
Q 

: 
in

 o
ut

 Q
ue

ue
_I

nt
er

fa
ce

; 
It

em
 :

  
  

 E
le

me
nt

) 
is

 a
bs

tr
ac

t;
  

 p
ro

ce
du

re
 D

eq
ue

ue
 (

Q 
: 

in
 o

ut
 Q

ue
ue

_I
nt

er
fa

ce
; 

It
em

 :
 o

ut
 E

le
me

nt
) 

is
 a

bs
tr

ac
t;

en
d 

Qu
eu

e_
Pa

ck
_A

bs
tr

ac
t;

…
 th

is
 d

o
es

 n
o

t r
eq

u
ir

e 
an

 im
p

le
m

en
ta

ti
o

n
 p

ac
ka

ge
 (a

s 
al

l p
ro

ce
d

u
re

s 
ar

e 
ab

st
ra

ct
)

…
 a

n
yt

h
in

g 
o

n
 th

is
 s

lid
e 

st
ill

 n
o

t p
er

fe
ct

ly
 c

le
ar

?

12
4

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

 1
24

 o
f  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)

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

 1
24

 o
f 

y
75

8
(“

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)
8

A
n 

ab
st

ra
ct

 q
ue

ue
 s

pe
ci

fi 
ca

ti
on

ge
ne

ri
c

  
 t

yp
e 

El
em

en
t 

is
 p

ri
va

te
;

pa
ck

ag
e 

Qu
eu

e_
Pa

ck
_A

bs
tr

ac
t 

is

  
 t

yp
e 

Qu
eu

e_
In

te
rf

ac
e 

is
 s

yn
ch

ro
ni

ze
d 

in
te

rf
ac

e;

  
 p

ro
ce

du
re

 E
nq

ue
ue

 (
Q 

: 
in

 o
ut

 Q
ue

ue
_I

nt
er

fa
ce

; 
It

em
 :

  
  

 E
le

me
nt

) 
is

 a
bs

tr
ac

t;
  

 p
ro

ce
du

re
 D

eq
ue

ue
 (

Q 
: 

in
 o

ut
 Q

ue
ue

_I
nt

er
fa

ce
; 

It
em

 :
 o

ut
 E

le
me

nt
) 

is
 a

bs
tr

ac
t;

en
d 

Qu
eu

e_
Pa

ck
_A

bs
tr

ac
t;

12
0

©
 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

 1
20

 o
f  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
 g

en
er

ic
 p

ro
te

ct
ed

 q
ue

ue
 t

es
t 

pr
og

ra
m

 (
ou

tp
ut

)

Ta
sk

 p
ro

du
ce

rs
(1

) 
fi

nd
s 

th
e 

qu
eu

e 
to

 b
e 

EM
PT

Y 
an

d 
no

t 
fu

ll
 a

nd
 p

re
pa

re
s 

to
 a

dd
: 

‘a
’ 

to
 t

he
 q

ue
ue

.
Ta

sk
 p

ro
du

ce
rs

(1
) 

fi
nd

s 
th

e 
qu

eu
e 

to
 b

e 
no

t 
em

pt
y 

an
d 

no
t 

fu
ll

 a
nd

 p
re

pa
re

s 
to

 a
dd

: 
‘b

’ 
to

 t
he

 q
ue

ue
.

Ta
sk

 p
ro

du
ce

rs
(1

) 
fi

nd
s 

th
e 

qu
eu

e 
to

 b
e 

no
t 

em
pt

y 
an

d 
no

t 
fu

ll
 a

nd
 p

re
pa

re
s 

to
 a

dd
: 

‘c
’ 

to
 t

he
 q

ue
ue

.
Ta

sk
 p

ro
du

ce
rs

(1
) 

fi
nd

s 
th

e 
qu

eu
e 

to
 b

e 
no

t 
em

pt
y 

an
d 

FU
LL

 a
nd

 p
re

pa
re

s 
to

 a
dd

: 
‘d

’ 
to

 t
he

 q
ue

ue
.

Ta
sk

 p
ro

du
ce

rs
(2

) 
fi

nd
s 

th
e 

qu
eu

e 
to

 b
e 

no
t 

em
pt

y 
an

d 
FU

LL
 a

nd
 p

re
pa

re
s 

to
 a

dd
: 

‘a
’ 

to
 t

he
 q

ue
ue

.
Ta

sk
 p

ro
du

ce
rs

(3
) 

fi
nd

s 
th

e 
qu

eu
e 

to
 b

e 
no

t 
em

pt
y 

an
d 

FU
LL

 a
nd

 p
re

pa
re

s 
to

 a
dd

: 
‘a

’ 
to

 t
he

 q
ue

ue
.

Ta
sk

 c
on

su
me

rs
(1

) 
re

ce
iv

ed
: 

‘a
’ 

an
d 

th
e 

qu
eu

e 
ap

pe
ar

s 
to

 b
e 

no
t 

em
pt

y 
an

d 
FU

LL
 a

ft
er

wa
rd

s.
Ta

sk
 c

on
su

me
rs

(1
) 

re
ce

iv
ed

: 
‘b

’ 
an

d 
th

e 
qu

eu
e 

ap
pe

ar
s 

to
 b

e 
no

t 
em

pt
y 

an
d 

FU
LL

 a
ft

er
wa

rd
s.

Ta
sk

 c
on

su
me

rs
(1

) 
re

ce
iv

ed
: 

‘c
’ 

an
d 

th
e 

qu
eu

e 
ap

pe
ar

s 
to

 b
e 

no
t 

em
pt

y 
an

d 
FU

LL
 a

ft
er

wa
rd

s.
Ta

sk
 c

on
su

me
rs

(1
) 

re
ce

iv
ed

: 
‘d

’ 
an

d 
th

e 
qu

eu
e 

ap
pe

ar
s 

to
 b

e 
no

t 
em

pt
y 

an
d 

no
t 

fu
ll

 a
ft

er
wa

rd
s.

Ta
sk

 c
on

su
me

rs
(1

) 
re

ce
iv

ed
: 

‘a
’ 

an
d 

th
e 

qu
eu

e 
ap

pe
ar

s 
to

 b
e 

no
t 

em
pt

y 
an

d 
no

t 
fu

ll
 a

ft
er

wa
rd

s.
.. <-

--
- 

Ta
sk

 p
ro

du
ce

rs
(1

) 
te

rm
in

at
es

. 
.. Ta

sk
 c

on
su

me
rs

(3
) 

re
ce

iv
ed

: 
‘b

’ 
an

d 
th

e 
qu

eu
e 

ap
pe

ar
s 

to
 b

e 
EM

PT
Y 

an
d 

no
t 

fu
ll

 a
ft

er
wa

rd
s.

<-
--

- 
Ta

sk
 c

on
su

me
rs

(2
) 

te
rm

in
at

es
 a

nd
 r

ec
ei

ve
d 

1 
it

em
s.

.. <-
--

- 
Ta

sk
 p

ro
du

ce
rs

(2
) 

te
rm

in
at

es
.

.. <-
--

- 
Ta

sk
 p

ro
du

ce
rs

(3
) 

te
rm

in
at

es
.

.. <-
--

- 
Ta

sk
 c

on
su

me
rs

(1
) 

te
rm

in
at

es
 a

nd
 r

ec
ei

ve
d 

12
 i

te
ms

.
<-

--
- 

Ta
sk

 c
on

su
me

rs
(3

) 
te

rm
in

at
es

 a
nd

 r
ec

ei
ve

d 
5 

it
em

s.
W

h
at

 is
 g

o
in

g 
o

n
 h

er
e?

11
6

©
 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

 1
16

 o
f  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
 g

en
er

ic
 p

ro
te

ct
ed

 q
ue

ue
 t

es
t 

pr
og

ra
m

 (
co

nt
.)

  
 s

ub
ty

pe
 S

om
e_

Ch
ar

ac
te

rs
 i

s 
Ch

ar
ac

te
r 

ra
ng

e 
‘a

’ 
..

 ‘
f’

;

  
 t

as
k 

bo
dy

 P
ro

du
ce

r 
is

  
  

  

  
 b

eg
in

  
  

  
fo

r 
Ch

 i
n 

So
me

_C
ha

ra
ct

er
s 

lo
op

  
  

  
  

 P
ut

_L
in

e 
(“

Ta
sk

 “
 &

 I
ma

ge
 (

Cu
rr

en
t_

Ta
sk

) 
& 

“ 
fi

nd
s 

th
e 

qu
eu

e 
to

 b
e 

“ 
&

  
  

  
  

  
  

  
  

  
 (

if
 Q

ue
ue

.I
s_

Em
pt

y 
th

en
 “

EM
PT

Y”
 e

ls
e 

“n
ot

 e
mp

ty
”)

 &
  

  
  

  
  

  
  

  
  

  
 “

 a
nd

 “
 &

  
  

  
  

  
  

  
  

  
 (

if
 Q

ue
ue

.I
s_

Fu
ll

  
th

en
 “

FU
LL

” 
el

se
 “

no
t 

fu
ll

”)
 &

  
  

  
  

  
  

  
  

  
  

 “
 a

nd
 p

re
pa

re
s 

to
 a

dd
: 

“ 
& 

Ch
ar

ac
te

r’
Im

ag
e 

(C
h)

 &
  

  
  

  
  

  
  

  
  

  
 “

 t
o 

th
e 

qu
eu

e.
”)

;

  
  

  
  

 Q
ue

ue
.E

nq
ue

ue
 (

Ch
);

 -
- 

ta
sk

 m
ig

ht
 b

e 
bl

oc
ke

d 
he

re
!

  
  

  
en

d 
lo

op
;

  
  

  
Pu

t_
Li

ne
 (

“<
--

--
 T

as
k 

“ 
& 

Im
ag

e 
(C

ur
re

nt
_T

as
k)

 &
 “

 t
er

mi
na

te
s.

”)
;

  
 e

nd
 P

ro
du

ce
r;

…
 a

n
yt

h
in

g 
o

n
 th

is
 s

lid
e 

st
ill

 n
o

t p
er

fe
ct

ly
 c

le
ar

?

12
9

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

 1
29

 o
f  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)

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

 1
29

 o
f 

y
75

8
(“

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)
8

A
 c

on
cr

et
e 

qu
eu

e 
sp

ec
ifi 

ca
ti

on

wi
th

 Q
ue

ue
_P

ac
k_

Ab
st

ra
ct

;
ge

ne
ri

c
  

 w
it

h 
pa

ck
ag

e 
Qu

eu
e_

In
st

an
ce

 i
s 

ne
w 

Qu
eu

e_
Pa

ck
_A

bs
tr

ac
t 

(<
>)

;
  

 t
yp

e 
In

de
x 

is
 m

od
 <

>;
 -

- 
Mo

du
lo

 d
ef

in
es

 s
iz

e 
of

 t
he

 q
ue

ue
.

pa
ck

ag
e 

Qu
eu

e_
Pa

ck
_C

on
cr

et
e 

is
  

 u
se

 Q
ue

ue
_I

ns
ta

nc
e;

  
 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

 n
ew

 Q
ue

ue
_I

nt
er

fa
ce

 w
it

h
  

  
  

ov
er

ri
di

ng
 e

nt
ry

 E
nq

ue
ue

 (
It

em
 :

  
  

 E
le

me
nt

);
  

  
  

ov
er

ri
di

ng
 e

nt
ry

 D
eq

ue
ue

 (
It

em
 :

 o
ut

 E
le

me
nt

);
  

  
  

no
t 

ov
er

ri
di

ng
 p

ro
ce

du
re

 E
mp

ty
_Q

ue
ue

;
  

  
  

no
t 

ov
er

ri
di

ng
 f

un
ct

io
n 

Is
_E

mp
ty

 r
et

ur
n 

Bo
ol

ea
n;

  
  

  
no

t 
ov

er
ri

di
ng

 f
un

ct
io

n 
Is

_F
ul

l 
 r

et
ur

n 
Bo

ol
ea

n;
  

 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
  

 (
..

.)
 -
- 

as
 a

ll
 p

re
vi

ou
s 

pr
iv

at
e 

qu
eu

e 
de

cl
ar

at
io

ns
 

en
d 

Qu
eu

e_
Pa

ck
_C

on
cr

et
e;

12
5

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

 1
25

 o
f  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
n 

ab
st

ra
ct

 q
ue

ue
 s

pe
ci

fi 
ca

ti
on

ge
ne

ri
c

  
 t

yp
e 

El
em

en
t 

is
 p

ri
va

te
;

pa
ck

ag
e 

Qu
eu

e_
Pa

ck
_A

bs
tr

ac
t 

is

  
 t

yp
e 

Qu
eu

e_
In

te
rf

ac
e 

is
 s

yn
ch

ro
ni

ze
d 

in
te

rf
ac

e;

  
 p

ro
ce

du
re

 E
nq

ue
ue

 (
Q 

: 
in

 o
ut

 Q
ue

ue
_I

nt
er

fa
ce

; 
It

em
 :

  
  

 E
le

me
nt

) 
is

 a
bs

tr
ac

t;
  

 p
ro

ce
du

re
 D

eq
ue

ue
 (

Q 
: 

in
 o

ut
 Q

ue
ue

_I
nt

er
fa

ce
; 

It
em

 :
 o

ut
 E

le
me

nt
) 

is
 a

bs
tr

ac
t;

en
d 

Qu
eu

e_
Pa

ck
_A

bs
tr

ac
t;

M
o

ti
va

ti
o

n
: 

D
if

fe
re

n
t, 

d
er

iv
ed

 im
p

le
m

en
ta

ti
o

n
s 

(p
o

te
n

ti
al

ly
 o

n
 d

if
fe

re
n

t c
o

m
p

u
te

rs
) 

ca
n

 b
e 

p
as

se
d

 a
ro

u
n

d
 a

n
d

 r
ef

er
re

d
 to

 w
it

h
 th

e 

sa
m

e 
co

m
m

o
n

 in
te

rf
ac

e 
as

 d
efi

 n
ed

 h
er

e.

12
1

©
 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

 1
21

 o
f  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
 g

en
er

ic
 p

ro
te

ct
ed

 q
ue

ue
 t

es
t 

pr
og

ra
m

 (
an

ot
he

r 
ou

tp
ut

)

Ta
sk

 p
ro

du
ce

rs
(1

) 
fi

nd
s 

th
e 

qu
eu

e 
to

 b
e 

EM
PT

Y 
an

d 
no

t 
fu

ll
 a

nd
 p

re
pa

re
s 

to
 a

dd
: 

‘a
’ 

to
 t

he
 q

ue
ue

.
Ta

sk
 p

ro
du

ce
rs

(2
) 

fi
nd

s 
th

e 
qu

eu
e 

to
 b

e 
EM

PT
Y 

an
d 

no
t 

fu
ll

 a
nd

 p
re

pa
re

s 
to

 a
dd

: 
‘a

’ 
to

 t
he

 q
ue

ue
.

Ta
sk

 p
ro

du
ce

rs
(1

) 
fi

nd
s 

th
e 

qu
eu

e 
to

 b
e 

no
t 

em
pt

y 
an

d 
no

t 
fu

ll
 a

nd
 p

re
pa

re
s 

to
 a

dd
: 

‘b
’ 

to
 t

he
 q

ue
ue

.
Ta

sk
 c

on
su

me
rs

(1
) 

re
ce

iv
ed

: 
‘a

’ 
an

d 
th

e 
qu

eu
e 

ap
pe

ar
s 

to
 b

e 
EM

PT
Y 

an
d 

no
t 

fu
ll

 a
ft

er
wa

rd
s.

Ta
sk

 p
ro

du
ce

rs
(3

) 
fi

nd
s 

th
e 

qu
eu

e 
to

 b
e 

EM
PT

Y 
an

d 
no

t 
fu

ll
 a

nd
 p

re
pa

re
s 

to
 a

dd
: 

‘a
’ 

to
 t

he
 q

ue
ue

.
Ta

sk
 p

ro
du

ce
rs

(1
) 

fi
nd

s 
th

e 
qu

eu
e 

to
 b

e 
EM

PT
Y 

an
d 

no
t 

fu
ll

 a
nd

 p
re

pa
re

s 
to

 a
dd

: 
‘c

’ 
to

 t
he

 q
ue

ue
.

Ta
sk

 p
ro

du
ce

rs
(2

) 
fi

nd
s 

th
e 

qu
eu

e 
to

 b
e 

EM
PT

Y 
an

d 
no

t 
fu

ll
 a

nd
 p

re
pa

re
s 

to
 a

dd
: 

‘b
’ 

to
 t

he
 q

ue
ue

.
Ta

sk
 c

on
su

me
rs

(2
) 

re
ce

iv
ed

: 
‘a

’ 
an

d 
th

e 
qu

eu
e 

ap
pe

ar
s 

to
 b

e 
EM

PT
Y 

an
d 

no
t 

fu
ll

 a
ft

er
wa

rd
s.

Ta
sk

 c
on

su
me

rs
(3

) 
re

ce
iv

ed
: 

‘b
’ 

an
d 

th
e 

qu
eu

e 
ap

pe
ar

s 
to

 b
e 

EM
PT

Y 
an

d 
no

t 
fu

ll
 a

ft
er

wa
rd

s.
.. <-

--
- 

Ta
sk

 p
ro

du
ce

rs
(1

) 
te

rm
in

at
es

.
Ta

sk
 p

ro
du

ce
rs

(2
) 

fi
nd

s 
th

e 
qu

eu
e 

to
 b

e 
no

t 
em

pt
y 

an
d 

FU
LL

 a
nd

 p
re

pa
re

s 
to

 a
dd

: 
‘f

’ 
to

 t
he

 q
ue

ue
.

Ta
sk

 c
on

su
me

rs
(2

) 
re

ce
iv

ed
: 

‘f
’ 

an
d 

th
e 

qu
eu

e 
ap

pe
ar

s 
to

 b
e 

no
t 

em
pt

y 
an

d 
no

t 
fu

ll
 a

ft
er

wa
rd

s.
Ta

sk
 c

on
su

me
rs

(3
) 

re
ce

iv
ed

: 
‘e

’ 
an

d 
th

e 
qu

eu
e 

ap
pe

ar
s 

to
 b

e 
EM

PT
Y 

an
d 

no
t 

fu
ll

 a
ft

er
wa

rd
s.

Ta
sk

 p
ro

du
ce

rs
(3

) 
fi

nd
s 

th
e 

qu
eu

e 
to

 b
e 

no
t 

em
pt

y 
an

d 
no

t 
fu

ll
 a

nd
 p

re
pa

re
s 

to
 a

dd
: 

‘f
’ 

to
 t

he
 q

ue
ue

. 
Ta

sk
 c

on
su

me
rs

(1
) 

re
ce

iv
ed

: 
‘d

’ 
an

d 
th

e 
qu

eu
e 

ap
pe

ar
s 

to
 b

e 
no

t 
em

pt
y 

an
d 

no
t 

fu
ll

 a
ft

er
wa

rd
s.

<-
--

- 
Ta

sk
 p

ro
du

ce
rs

(2
) 

te
rm

in
at

es
.

<-
--

- 
Ta

sk
 c

on
su

me
rs

(2
) 

te
rm

in
at

es
 a

nd
 r

ec
ei

ve
d 

5 
it

em
s.

Ta
sk

 c
on

su
me

rs
(3

) 
re

ce
iv

ed
: 

‘e
’ 

an
d 

th
e 

qu
eu

e 
ap

pe
ar

s 
to

 b
e 

no
t 

em
pt

y 
an

d 
no

t 
fu

ll
 a

ft
er

wa
rd

s.
<-

--
- 

Ta
sk

 p
ro

du
ce

rs
(3

) 
te

rm
in

at
es

.
Ta

sk
 c

on
su

me
rs

(1
) 

re
ce

iv
ed

: 
‘f

’ 
an

d 
th

e 
qu

eu
e 

ap
pe

ar
s 

to
 b

e 
no

t 
em

pt
y 

an
d 

no
t 

fu
ll

 a
ft

er
wa

rd
s.

Ta
sk

 c
on

su
me

rs
(3

) 
re

ce
iv

ed
: 

‘f
’ 

an
d 

th
e 

qu
eu

e 
ap

pe
ar

s 
to

 b
e 

EM
PT

Y 
an

d 
no

t 
fu

ll
 a

ft
er

wa
rd

s.
<-

--
- 

Ta
sk

 c
on

su
me

rs
(1

) 
te

rm
in

at
es

 a
nd

 r
ec

ei
ve

d 
6 

it
em

s.
<-

--
- 

Ta
sk

 c
on

su
me

rs
(3

) 
te

rm
in

at
es

 a
nd

 r
ec

ei
ve

d 
7 

it
em

s.
D

o
es

 th
is

 m
ak

e 
an

y 
se

n
se

?

11
7

©
 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

 1
17

 o
f  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
 g

en
er

ic
 p

ro
te

ct
ed

 q
ue

ue
 t

es
t 

pr
og

ra
m

 (
co

nt
.)

  
 t

as
k 

bo
dy

 C
on

su
me

r 
is

  
  

  
It

em
  

  
: 

Ch
ar

ac
te

r;
  

  
  

Co
un

te
r 

: 
Na

tu
ra

l 
:=

 0
;

  
 b

eg
in

  
  

  
lo

op

  
  

  
  

 Q
ue

ue
.D

eq
ue

ue
 (

It
em

);
 -

- 
ta

sk
 m

ig
ht

 b
e 

bl
oc

ke
d 

he
re

!

  
  

  
  

 C
ou

nt
er

 :
= 

Na
tu

ra
l’

Su
cc

 (
Co

un
te

r)
;

  
  

  
  

 P
ut

_L
in

e 
(“

Ta
sk

 “
 &

 I
ma

ge
 (

Cu
rr

en
t_

Ta
sk

) 
&

  
  

  
  

  
  

  
  

  
  

 “
 r

ec
ei

ve
d:

 “
 &

 C
ha

ra
ct

er
’I

ma
ge

 (
It

em
) 

&
  

  
  

  
  

  
  

  
  

  
 “

 a
nd

 t
he

 q
ue

ue
 a

pp
ea

rs
 t

o 
be

 “
 &

  
  

  
  

  
  

  
  

  
 (

if
 Q

ue
ue

.I
s_

Em
pt

y 
th

en
 “

EM
PT

Y”
 e

ls
e 

“n
ot

 e
mp

ty
”)

 &
  

  
  

  
  

  
  

  
  

  
 “

 a
nd

 “
 &

  
  

  
  

  
  

  
  

  
 (

if
 Q

ue
ue

.I
s_

Fu
ll

  
th

en
 “

FU
LL

” 
el

se
 “

no
t 

fu
ll

”)
 &

  
  

  
  

  
  

  
  

  
  

 “
 a

ft
er

wa
rd

s.
”)

;
  

  
  

  
 e

xi
t 

wh
en

 I
te

m 
= 

So
me

_C
ha

ra
ct

er
s’

La
st

;
  

  
  

en
d 

lo
op

;
  

  
  

Pu
t_

Li
ne

 (
“<

--
--

 T
as

k 
“ 

& 
Im

ag
e 

(C
ur

re
nt

_T
as

k)
 &

 
  

  
  

  
  

  
  

  
  

“ 
te

rm
in

at
es

 a
nd

 r
ec

ei
ve

d“
 &

 N
at

ur
al

’I
ma

ge
 (

Co
un

te
r)

 &
 “

 i
te

ms
.”

);
  

 e
nd

 C
on

su
me

r;

13
0

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

 1
30

 o
f  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
 c

on
cr

et
e 

qu
eu

e 
sp

ec
ifi 

ca
ti

on

wi
th

 Q
ue

ue
_P

ac
k_

Ab
st

ra
ct

;
ge

ne
ri

c
  

 w
it

h 
pa

ck
ag

e 
Qu

eu
e_

In
st

an
ce

 i
s 

ne
w 

Qu
eu

e_
Pa

ck
_A

bs
tr

ac
t 

(<
>)

;
  

 t
yp

e 
In

de
x 

is
 m

od
 <

>;
 -

- 
Mo

du
lo

 d
ef

in
es

 s
iz

e 
of

 t
he

 q
ue

ue
.

pa
ck

ag
e 

Qu
eu

e_
Pa

ck
_C

on
cr

et
e 

is
  

 u
se

 Q
ue

ue
_I

ns
ta

nc
e;

  
 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

 n
ew

 Q
ue

ue
_I

nt
er

fa
ce

 w
it

h
  

  
  

ov
er

ri
di

ng
 e

nt
ry

 E
nq

ue
ue

 (
It

em
 :

  
  

 E
le

me
nt

);
  

  
  

ov
er

ri
di

ng
 e

nt
ry

 D
eq

ue
ue

 (
It

em
 :

 o
ut

 E
le

me
nt

);
  

  
  

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
  

 (
..

.)
 -
- 

as
 a

ll
 p

re
vi

ou
s 

pr
iv

at
e 

qu
eu

e 
de

cl
ar

at
io

ns
 

en
d 

Qu
eu

e_
Pa

ck
_C

on
cr

et
e;

A
 g

en
er

ic
 p

ac
ka

ge
 

w
h

ic
h

 ta
ke

s 
an

o
th

er
 

ge
ne

ri
c 

pa
ck

ag
e 

as
 a

 p
ar

am
et

er
.

12
6

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

 1
26

 o
f  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)

sy
nc
hr
on
iz
ed

 m
ea

n
s 

th
at

 th
is

 in
te

rf
ac

e 
ca

n
 

o
n

ly
 b

e 
im

p
le

m
en

te
d

 b
y 

sy
nc

hr
on

iz
ed

 e
nt

it
ie

s 

lik
e 

pr
ot

ec
te

d 
ob

je
ct

s 
(a

s 
se

en
 a

b
o

ve
) 

o
r 

sy
nc

hr
on

ou
s 

m
es

sa
ge

 p
as

si
ng

.

A
n 

ab
st

ra
ct

 q
ue

ue
 s

pe
ci

fi 
ca

ti
on

ge
ne

ri
c

  
 t

yp
e 

El
em

en
t 

is
 p

ri
va

te
;

pa
ck

ag
e 

Qu
eu

e_
Pa

ck
_A

bs
tr

ac
t 

is

  
 t

yp
e 

Qu
eu

e_
In

te
rf

ac
e 

is
 s

yn
ch

ro
ni

ze
d 

in
te

rf
ac

e;

  
 p

ro
ce

du
re

 E
nq

ue
ue

 (
Q 

: 
in

 o
ut

 Q
ue

ue
_I

nt
er

fa
ce

; 
It

em
 :

  
  

 E
le

me
nt

) 
is

 a
bs

tr
ac

t;
  

 p
ro

ce
du

re
 D

eq
ue

ue
 (

Q 
: 

in
 o

ut
 Q

ue
ue

_I
nt

er
fa

ce
; 

It
em

 :
 o

ut
 E

le
me

nt
) 

is
 a

bs
tr

ac
t;

en
d 

Qu
eu

e_
Pa

ck
_A

bs
tr

ac
t;

A
bs

tr
ac

t, 
em

p
ty

 ty
p

e 
d

efi
 n

it
io

n
 w

h
ic

h
 s

er
ve

s 
to

 
d

efi
 n

e 
in

te
rf

ac
e 

te
m

p
la

te
s.

ch
ro

n

12
2

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

 1
22

 o
f  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
da

A
b

st
ra

ct
 t

yp
es

 &
 d

is
p

at
ch

in
g

…
 in

tr
o

d
u

ci
n

g:

• 
A

bs
tr

ac
t 

ta
gg

ed
 t

yp
es

 &
 s

ub
ro

ut
in

es
 (

In
te

rf
ac

es
)

• 
C

o
n

cr
et

e 
im

p
le

m
en

ta
ti

o
n

 o
f a

b
st

ra
ct

 ty
p

es

• 
D

yn
am

ic
 d

is
pa

tc
hi

ng
 to

 d
if

fe
re

n
t p

ac
ka

ge
s,

 
ta

sk
s,

 p
ro

te
ct

ed
 ty

p
es

 o
r 

p
ar

ti
ti

o
n

s.

• 
Sy

nc
hr

on
ou

s 
m

es
sa

ge
 p

as
si

ng
.

11
8

©
 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

 1
18

 o
f  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
 g

en
er

ic
 p

ro
te

ct
ed

 q
ue

ue
 t

es
t 

pr
og

ra
m

 (
co

nt
.)

  
 t

as
k 

bo
dy

 C
on

su
me

r 
is

  
  

  
It

em
  

  
: 

Ch
ar

ac
te

r;
  

  
  

Co
un

te
r 

: 
Na

tu
ra

l 
:=

 0
;

  
 b

eg
in

  
  

  
lo

op

  
  

  
  

 Q
ue

ue
.D

eq
ue

ue
 (

It
em

);
 -

- 
ta

sk
 m

ig
ht

 b
e 

bl
oc

ke
d 

he
re

!

  
  

  
  

 C
ou

nt
er

 :
= 

Na
tu

ra
l’

Su
cc

 (
Co

un
te

r)
;

  
  

  
  

 P
ut

_L
in

e 
(“

Ta
sk

 “
 &

 I
ma

ge
 (

Cu
rr

en
t_

Ta
sk

) 
&

  
  

  
  

  
  

  
  

  
  

 “
 r

ec
ei

ve
d:

 “
 &

 C
ha

ra
ct

er
’I

ma
ge

 (
It

em
) 

&
  

  
  

  
  

  
  

  
  

  
 “

 a
nd

 t
he

 q
ue

ue
 a

pp
ea

rs
 t

o 
be

 “
 &

  
  

  
  

  
  

  
  

  
 (

if
 Q

ue
ue

.I
s_

Em
pt

y 
th

en
 “

EM
PT

Y”
 e

ls
e 

“n
ot

 e
mp

ty
”)

 &
  

  
  

  
  

  
  

  
  

  
 “

 a
nd

 “
 &

  
  

  
  

  
  

  
  

  
 (

if
 Q

ue
ue

.I
s_

Fu
ll

  
th

en
 “

FU
LL

” 
el

se
 “

no
t 

fu
ll

”)
 &

  
  

  
  

  
  

  
  

  
  

 “
 a

ft
er

wa
rd

s.
”)

;
  

  
  

  
 e

xi
t 

wh
en

 I
te

m 
= 

So
me

_C
ha

ra
ct

er
s’

La
st

;
  

  
  

en
d 

lo
op

;
  

  
  

Pu
t_

Li
ne

 (
“<

--
--

 T
as

k 
“ 

& 
Im

ag
e 

(C
ur

re
nt

_T
as

k)
 &

 
  

  
  

  
  

  
  

  
  

“ 
te

rm
in

at
es

 a
nd

 r
ec

ei
ve

d“
 &

 N
at

ur
al

’I
ma

ge
 (

Co
un

te
r)

 &
 “

 i
te

ms
.”

);
  

 e
nd

 C
on

su
me

r;

A
n

o
th

er
 th

re
e 

ta
sk

s 
an

d
 a

re
 a

ll 
‘h

am
m

er
in

g’
 th

e 
q

u
eu

e 
at

 th
is

 
en

d
 a

n
d

 a
t f

u
ll 

C
PU

 s
p

ee
d

.

----
ta

sk
mi

gh
t

be

13
1

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

 1
31

 o
f  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
 c

on
cr

et
e 

qu
eu

e 
sp

ec
ifi 

ca
ti

on

wi
th

 Q
ue

ue
_P

ac
k_

Ab
st

ra
ct

;
ge

ne
ri

c
  

 w
it

h 
pa

ck
ag

e 
Qu

eu
e_

In
st

an
ce

 i
s 

ne
w 

Qu
eu

e_
Pa

ck
_A

bs
tr

ac
t 

(<
>)

;
  

 t
yp

e 
In

de
x 

is
 m

od
 <

>;
 -

- 
Mo

du
lo

 d
ef

in
es

 s
iz

e 
of

 t
he

 q
ue

ue
.

pa
ck

ag
e 

Qu
eu

e_
Pa

ck
_C

on
cr

et
e 

is
  

 u
se

 Q
ue

ue
_I

ns
ta

nc
e;

  
 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

 n
ew

 Q
ue

ue
_I

nt
er

fa
ce

 w
it

h
  

  
  

ov
er

ri
di

ng
 e

nt
ry

 E
nq

ue
ue

 (
It

em
 :

  
  

 E
le

me
nt

);
  

  
  

ov
er

ri
di

ng
 e

nt
ry

 D
eq

ue
ue

 (
It

em
 :

 o
ut

 E
le

me
nt

);
  

  
  

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
  

 (
..

.)
 -

- 
as

 a
ll

 p
re

vi
ou

s 
pr

iv
at

e 
qu

eu
e 

de
cl

ar
at

io
ns

 
en

d 
Qu

eu
e_

Pa
ck

_C
on

cr
et

e;

A
 s

yn
ch

ro
n

o
u

s 
im

p
le

m
en

ta
ti

o
n

 o
f 

th
e 

ab
st

ra
ct

 ty
p

e 
Qu
eu
e_
In
te
rf
ac
e

A
ll 

ab
st

ra
ct

 m
et

h
o

d
s 

ar
e 

ov
er

ri
dd

en
 

w
it

h
 c

o
n

cr
et

e 
im

p
le

m
en

ta
ti

o
n

s.

12
7

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

 1
27

 o
f  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
n 

ab
st

ra
ct

 q
ue

ue
 s

pe
ci

fi 
ca

ti
on

ge
ne

ri
c

  
 t

yp
e 

El
em

en
t 

is
 p

ri
va

te
;

pa
ck

ag
e 

Qu
eu

e_
Pa

ck
_A

bs
tr

ac
t 

is

  
 t

yp
e 

Qu
eu

e_
In

te
rf

ac
e 

is
 s

yn
ch

ro
ni

ze
d 

in
te

rf
ac

e;

  
 p

ro
ce

du
re

 E
nq

ue
ue

 (
Q 

: 
in

 o
ut

 Q
ue

ue
_I

nt
er

fa
ce

; 
It

em
 :

  
  

 E
le

me
nt

) 
is

 a
bs

tr
ac

t;
  

 p
ro

ce
du

re
 D

eq
ue

ue
 (

Q 
: 

in
 o

ut
 Q

ue
ue

_I
nt

er
fa

ce
; 

It
em

 :
 o

ut
 E

le
me

nt
) 

is
 a

bs
tr

ac
t;

en
d 

Qu
eu

e_
Pa

ck
_A

bs
tr

ac
t;

A
bs

tr
ac

t m
et

h
o

d
s 

n
ee

d
 to

 b
e 

ov
er

ri
dd

en
 w

it
h

 c
o

n
cr

et
e 

m
et

h
o

d
s 

w
h

en
 a

 n
ew

 ty
p

e 
is

 d
er

iv
ed

 fr
o

m
 it

.

12
3

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

 1
23

 o
f  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
da

A
b

st
ra

ct
 t

yp
es

 &
 d

is
p

at
ch

in
g

…
 in

tr
o

d
u

ci
n

g:

• 
A

bs
tr

ac
t 

ta
gg

ed
 t

yp
es

 &
 s

ub
ro

ut
in

es
 (

In
te

rf
ac

es
)

• 
C

o
n

cr
et

e 
im

p
le

m
en

ta
ti

o
n

 o
f a

b
st

ra
ct

 ty
p

es

• 
D

yn
am

ic
 d

is
pa

tc
hi

ng
 to

 d
if

fe
re

n
t p

ac
ka

ge
s,

 
ta

sk
s,

 p
ro

te
ct

ed
 ty

p
es

 o
r 

p
ar

ti
ti

o
n

s.

• 
Sy

nc
hr

on
ou

s 
m

es
sa

ge
 p

as
si

ng
.

Z
ii

Th
A

t
l

h
A

i
N

ti
lU

i
it

12
3

f7
58

(“
L

f
h

/i
t

d
ti

”
8

11
9

©
 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

 1
19

 o
f  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
 g

en
er

ic
 p

ro
te

ct
ed

 q
ue

ue
 t

es
t 

pr
og

ra
m

 (
co

nt
.)

  
 t

as
k 

bo
dy

 C
on

su
me

r 
is

  
  

  
It

em
  

  
: 

Ch
ar

ac
te

r;
  

  
  

Co
un

te
r 

: 
Na

tu
ra

l 
:=

 0
;

  
 b

eg
in

  
  

  
lo

op

  
  

  
  

 Q
ue

ue
.D

eq
ue

ue
 (

It
em

);
 -

- 
ta

sk
 m

ig
ht

 b
e 

bl
oc

ke
d 

he
re

!

  
  

  
  

 C
ou

nt
er

 :
= 

Na
tu

ra
l’

Su
cc

 (
Co

un
te

r)
;

  
  

  
  

 P
ut

_L
in

e 
(“

Ta
sk

 “
 &

 I
ma

ge
 (

Cu
rr

en
t_

Ta
sk

) 
&

  
  

  
  

  
  

  
  

  
  

 “
 r

ec
ei

ve
d:

 “
 &

 C
ha

ra
ct

er
’I

ma
ge

 (
It

em
) 

&
  

  
  

  
  

  
  

  
  

  
 “

 a
nd

 t
he

 q
ue

ue
 a

pp
ea

rs
 t

o 
be

 “
 &

  
  

  
  

  
  

  
  

  
 (

if
 Q

ue
ue

.I
s_

Em
pt

y 
th

en
 “

EM
PT

Y”
 e

ls
e 

“n
ot

 e
mp

ty
”)

 &
  

  
  

  
  

  
  

  
  

  
 “

 a
nd

 “
 &

  
  

  
  

  
  

  
  

  
 (

if
 Q

ue
ue

.I
s_

Fu
ll

  
th

en
 “

FU
LL

” 
el

se
 “

no
t 

fu
ll

”)
 &

  
  

  
  

  
  

  
  

  
  

 “
 a

ft
er

wa
rd

s.
”)

;
  

  
  

  
 e

xi
t 

wh
en

 I
te

m 
= 

So
me

_C
ha

ra
ct

er
s’

La
st

;
  

  
  

en
d 

lo
op

;
  

  
  

Pu
t_

Li
ne

 (
“<

--
--

 T
as

k 
“ 

& 
Im

ag
e 

(C
ur

re
nt

_T
as

k)
 &

 
  

  
  

  
  

  
  

  
  

“ 
te

rm
in

at
es

 a
nd

 r
ec

ei
ve

d“
 &

 N
at

ur
al

’I
ma

ge
 (

Co
un

te
r)

 &
 “

 i
te

ms
.”

);
  

 e
nd

 C
on

su
me

r;

ggggggg
tio

n 
co

ur
se

 u
p 

to
 p

ag
e 

16
0)

aaggg
ee 

re
fr

es
he

r 
/ i

nt
ro

du
ct

io
n 

co
ur

se
” 

up
 to

 p
ag

e 
16

0)

…
 a

n
yt

h
in

g 
o

n
 th

is
 s

lid
e 

st
ill

 n
o

t p
er

fe
ct

ly
 c

le
ar

?



14
4

©
 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

 1
44

 o
f  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
 d

is
pa

tc
hi

ng
 t

es
t 

pr
og

ra
m

 (
co

nt
.)

  
 t

as
k 

bo
dy

 Q
ue

ue
_H

ol
de

r 
is

  
  

  
Lo

ca
l_

Qu
eu

e 
: 

co
ns

ta
nt

 Q
ue

ue
_C

la
ss

 :
= 

ne
w 

Pr
ot

ec
te

d_
Qu

eu
e;

  
  

  
It

em
  

  
  

  
: 

Ch
ar

ac
te

r;

  
 b

eg
in

  
  

  
Qu

eu
e_

Us
er

.S
en

d_
Qu

eu
e 

(L
oc

al
_Q

ue
ue

);

  
  

  
Lo

ca
l_

Qu
eu

e.
al

l.
De

qu
eu

e 
(I

te
m)

;

  
  

  
Pu

t_
Li

ne
 (

“L
oc

al
 d

eq
ue

ue
 (

Ho
ld

er
):

 “
 &

 C
ha

ra
ct

er
’I

ma
ge

 (
It

em
))

;
  

 e
nd

 Q
ue

ue
_H

ol
de

r;

  
 t

as
k 

bo
dy

 Q
ue

ue
_U

se
r 

is

  
  

  
Lo

ca
l_

Qu
eu

e 
: 

co
ns

ta
nt

 Q
ue

ue
_C

la
ss

 :
= 

ne
w 

Pr
ot

ec
te

d_
Qu

eu
e;

  
  

  
It

em
  

  
  

  
: 

Ch
ar

ac
te

r;

  
 b

eg
in

  
  

  
ac

ce
pt

 S
en

d_
Qu

eu
e 

(R
em

ot
e_

Qu
eu

e 
: 

Qu
eu

e_
Cl

as
s)

 d
o

  
  

  
  

 R
em

ot
e_

Qu
eu

e.
al

l.
En

qu
eu

e 
(‘

r’
);

 -
- 

po
te

nt
ia

ll
y 

a 
re

mo
te

 p
ro

ce
du

re
 c

al
l!

  
  

  
  

 L
oc

al
_Q

ue
ue

.a
ll

.E
nq

ue
ue

  
(‘

l’
);

  
  

  
en

d 
Se

nd
_Q

ue
ue

;

  
  

  
Lo

ca
l_

Qu
eu

e.
al

l.
De

qu
eu

e 
(I

te
m)

;

  
  

  
Pu

t_
Li

ne
 (

“L
oc

al
 d

eq
ue

ue
 (

Us
er

) 
 :

 “
 &

 C
ha

ra
ct

er
’I

ma
ge

 (
It

em
))

;
  

 e
nd

 Q
ue

ue
_U

se
r;

Ta
sk

s 
co

u
ld

 r
u

n
 o

n
 

se
p

ar
at

e 
co

m
p

u
te

rs

ue
ue

_C
la

ss
)

do

--
 p

ot
--

 p
otpo
t

po
t

ppo
t

po
tot
en

ti
al

en
ti

al
en

ti
al

en
ti

al
en

ti
al

en
ti

al
en

ti
al

ti
a

ly
 a

 r
ly

a
lylll

em
ot

e 
pr

oc
ed

ur
e

ca
ll

!

t tteee
r’

Im
ag

e
(I

te
m)

);

tee
ct

ed
_Q

ue
ue

;

Th
es

e 
tw

o
 c

al
ls

 c
an

 b
e 

ve
ry

 
d

if
fe

re
n

t i
n

 n
at

u
re

:

Th
e 

fi 
rs

t c
al

l i
s 

p
o

te
n

ti
al

ly
 

tu
nn

el
ed

 t
hr

ou
gh

 a
 n

et
w

or
k 

to
 

an
o

th
er

 c
o

m
p

u
te

r 
an

d
 th

u
s 

u
se

s 
a 

re
m

ot
e 

da
ta

 s
tr

uc
tu

re
.

Th
e 

se
co

n
d

 c
al

l i
s 

al
w

ay
s 

a 
lo

ca
l c

al
l 

an
d

 u
si

n
g 

a 
lo

ca
l d

at
a-

st
ru

ct
ur

e.

14
0

©
 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

 1
40

 o
f  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
 d

is
pa

tc
hi

ng
 t

es
t 

pr
og

ra
m

 (
co

nt
.)

  
 t

as
k 

bo
dy

 Q
ue

ue
_H

ol
de

r 
is

  
  

  
Lo

ca
l_

Qu
eu

e 
: 

co
ns

ta
nt

 Q
ue

ue
_C

la
ss

 :
= 

ne
w 

Pr
ot

ec
te

d_
Qu

eu
e;

  
  

  
It

em
  

  
  

  
: 

Ch
ar

ac
te

r;

  
 b

eg
in

  
  

  
Qu

eu
e_

Us
er

.S
en

d_
Qu

eu
e 

(L
oc

al
_Q

ue
ue

);

  
  

  
Lo

ca
l_

Qu
eu

e.
al

l.
De

qu
eu

e 
(I

te
m)

;

  
  

  
Pu

t_
Li

ne
 (

“L
oc

al
 d

eq
ue

ue
 (

Ho
ld

er
):

 “
 &

 C
ha

ra
ct

er
’I

ma
ge

 (
It

em
))

;
  

 e
nd

 Q
ue

ue
_H

ol
de

r;

  
 t

as
k 

bo
dy

 Q
ue

ue
_U

se
r 

is

  
  

  
Lo

ca
l_

Qu
eu

e 
: 

co
ns

ta
nt

 Q
ue

ue
_C

la
ss

 :
= 

ne
w 

Pr
ot

ec
te

d_
Qu

eu
e;

  
  

  
It

em
  

  
  

  
: 

Ch
ar

ac
te

r;

  
 b

eg
in

  
  

  
ac

ce
pt

 S
en

d_
Qu

eu
e 

(R
em

ot
e_

Qu
eu

e 
: 

Qu
eu

e_
Cl

as
s)

 d
o

  
  

  
  

 R
em

ot
e_

Qu
eu

e.
al

l.
En

qu
eu

e 
(‘

r’
);

 -
- 

po
te

nt
ia

ll
y 

a 
re

mo
te

 p
ro

ce
du

re
 c

al
l!

  
  

  
  

 L
oc

al
_Q

ue
ue

.a
ll

.E
nq

ue
ue

  
(‘

l’
);

  
  

  
en

d 
Se

nd
_Q

ue
ue

;

  
  

  
Lo

ca
l_

Qu
eu

e.
al

l.
De

qu
eu

e 
(I

te
m)

;

  
  

  
Pu

t_
Li

ne
 (

“L
oc

al
 d

eq
ue

ue
 (

Us
er

) 
 :

 “
 &

 C
ha

ra
ct

er
’I

ma
ge

 (
It

em
))

;
  

 e
nd

 Q
ue

ue
_U

se
r;

13
6

©
 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

 1
36

 o
f  7

58
  (c

ha
pt

er
 2

: “
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
 d

is
pa

tc
hi

ng
 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
 Q

ue
ue

_P
ac

k_
Ab

st
ra

ct
;

wi
th

 Q
ue

ue
_P

ac
k_

Co
nc

re
te

;

pr
oc

ed
ur

e 
Qu

eu
e_

Te
st

_D
is

pa
tc

hi
ng

 i
s

  
 p

ac
ka

ge
 Q

ue
ue

_P
ac

k_
Ab

st
ra

ct
_C

ha
ra

ct
er

 i
s 

  
  

  
ne

w 
Qu

eu
e_

Pa
ck

_A
bs

tr
ac

t 
(C

ha
ra

ct
er

);
  

 u
se

 Q
ue

ue
_P

ac
k_

Ab
st

ra
ct

_C
ha

ra
ct

er
;

  
 t

yp
e 

Qu
eu

e_
Si

ze
 i

s 
mo

d 
3;

  
 p

ac
ka

ge
 Q

ue
ue

_P
ac

k_
Ch

ar
ac

te
r 

is
 

  
  

  
ne

w 
Qu

eu
e_

Pa
ck

_C
on

cr
et

e 
(Q

ue
ue

_P
ac

k_
Ab

st
ra

ct
_C

ha
ra

ct
er

, 
Qu

eu
e_

Si
ze

);
  

 u
se

 Q
ue

ue
_P

ac
k_

Ch
ar

ac
te

r;

  
 t

yp
e 

Qu
eu

e_
Cl

as
s 

is
 a

cc
es

s 
al

l 
Qu

eu
e_

In
te

rf
ac

e’
cl

as
s;

  
 t

as
k 

Qu
eu

e_
Ho

ld
er

; 
--

 c
ou

ld
 b

e 
on

 a
n 

in
di

vi
du

al
 p

ar
ti

ti
on

 /
 s

ep
ar

at
e 

co
mp

ut
er

  
 t

as
k 

Qu
eu

e_
Us

er
 i

s 
--

 c
ou

ld
 b

e 
on

 a
n 

in
di

vi
du

al
 p

ar
ti

ti
on

 /
 s

ep
ar

at
e 

co
mp

ut
er

  
  

  
en

tr
y 

Se
nd

_Q
ue

ue
 (

Re
mo

te
_Q

ue
ue

 :
 Q

ue
ue

_C
la

ss
);

  
 e

nd
 Q

ue
ue

_U
se

r;

(.
..

)

be
gi

n
  

 n
ul

l;
en

d 
Qu

eu
e_

Te
st

_D
is

pa
tc

hi
ng

;

Se
q

u
en

ce
 o

f i
n

st
an

ti
at

io
n

s

13
2

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

 1
32

 o
f  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
 c

on
cr

et
e 

qu
eu

e 
sp

ec
ifi 

ca
ti

on

wi
th

 Q
ue

ue
_P

ac
k_

Ab
st

ra
ct

;
ge

ne
ri

c
  

 w
it

h 
pa

ck
ag

e 
Qu

eu
e_

In
st

an
ce

 i
s 

ne
w 

Qu
eu

e_
Pa

ck
_A

bs
tr

ac
t 

(<
>)

;
  

 t
yp

e 
In

de
x 

is
 m

od
 <

>;
 -

- 
Mo

du
lo

 d
ef

in
es

 s
iz

e 
of

 t
he

 q
ue

ue
.

pa
ck

ag
e 

Qu
eu

e_
Pa

ck
_C

on
cr

et
e 

is
  

 u
se

 Q
ue

ue
_I

ns
ta

nc
e;

  
 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

 n
ew

 Q
ue

ue
_I

nt
er

fa
ce

 w
it

h
  

  
  

ov
er

ri
di

ng
 e

nt
ry

 E
nq

ue
ue

 (
It

em
 :

  
  

 E
le

me
nt

);
  

  
  

ov
er

ri
di

ng
 e

nt
ry

 D
eq

ue
ue

 (
It

em
 :

 o
ut

 E
le

me
nt

);
  

  
  

no
t 

ov
er

ri
di

ng
 p

ro
ce

du
re

 E
mp

ty
_Q

ue
ue

;
  

  
  

no
t 

ov
er

ri
di

ng
 f

un
ct

io
n 

Is
_E

mp
ty

 r
et

ur
n 

Bo
ol

ea
n;

  
  

  
no

t 
ov

er
ri

di
ng

 f
un

ct
io

n 
Is

_F
ul

l 
 r

et
ur

n 
Bo

ol
ea

n;
  

 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
  

 (
..

.)
 -

- 
as

 a
ll

 p
re

vi
ou

s 
pr

iv
at

e 
qu

eu
e 

de
cl

ar
at

io
ns

 
en

d 
Qu

eu
e_

Pa
ck

_C
on

cr
et

e;

O
th

er
 (n

o
t-

o
ve

rr
id

in
g)

 
m

et
h

o
d

s 
ca

n
 b

e 
ad

d
ed

.

14
5

©
 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

 1
45

 o
f  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
 d

is
pa

tc
hi

ng
 t

es
t 

pr
og

ra
m

 (
co

nt
.)

  
 t

as
k 

bo
dy

 Q
ue

ue
_H

ol
de

r 
is

  
  

  
Lo

ca
l_

Qu
eu

e 
: 

co
ns

ta
nt

 Q
ue

ue
_C

la
ss

 :
= 

ne
w 

Pr
ot

ec
te

d_
Qu

eu
e;

  
  

  
It

em
  

  
  

  
: 

Ch
ar

ac
te

r;

  
 b

eg
in

  
  

  
Qu

eu
e_

Us
er

.S
en

d_
Qu

eu
e 

(L
oc

al
_Q

ue
ue

);

  
  

  
Lo

ca
l_

Qu
eu

e.
al

l.
De

qu
eu

e 
(I

te
m)

;

  
  

  
Pu

t_
Li

ne
 (

“L
oc

al
 d

eq
ue

ue
 (

Ho
ld

er
):

 “
 &

 C
ha

ra
ct

er
’I

ma
ge

 (
It

em
))

;
  

 e
nd

 Q
ue

ue
_H

ol
de

r;

  
 t

as
k 

bo
dy

 Q
ue

ue
_U

se
r 

is

  
  

  
Lo

ca
l_

Qu
eu

e 
: 

co
ns

ta
nt

 Q
ue

ue
_C

la
ss

 :
= 

ne
w 

Pr
ot

ec
te

d_
Qu

eu
e;

  
  

  
It

em
  

  
  

  
: 

Ch
ar

ac
te

r;

  
 b

eg
in

  
  

  
ac

ce
pt

 S
en

d_
Qu

eu
e 

(R
em

ot
e_

Qu
eu

e 
: 

Qu
eu

e_
Cl

as
s)

 d
o

  
  

  
  

 R
em

ot
e_

Qu
eu

e.
al

l.
En

qu
eu

e 
(‘

r’
);

 -
- 

po
te

nt
ia

ll
y 

a 
re

mo
te

 p
ro

ce
du

re
 c

al
l!

  
  

  
  

 L
oc

al
_Q

ue
ue

.a
ll

.E
nq

ue
ue

  
(‘

l’
);

  
  

  
en

d 
Se

nd
_Q

ue
ue

;

  
  

  
Lo

ca
l_

Qu
eu

e.
al

l.
De

qu
eu

e 
(I

te
m)

;

  
  

  
Pu

t_
Li

ne
 (

“L
oc

al
 d

eq
ue

ue
 (

Us
er

) 
 :

 “
 &

 C
ha

ra
ct

er
’I

ma
ge

 (
It

em
))

;
  

 e
nd

 Q
ue

ue
_U

se
r;

R
ea

d
in

g 
o

u
t ‘

r’

R
ea

d
in

g 
o

u
t ‘

l’

14
1

©
 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

 1
41

 o
f  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
 d

is
pa

tc
hi

ng
 t

es
t 

pr
og

ra
m

 (
co

nt
.)

  
 t

as
k 

bo
dy

 Q
ue

ue
_H

ol
de

r 
is

  
  

  
Lo

ca
l_

Qu
eu

e 
: 

co
ns

ta
nt

 Q
ue

ue
_C

la
ss

 :
= 

ne
w 

Pr
ot

ec
te

d_
Qu

eu
e;

  
  

  
It

em
  

  
  

  
: 

Ch
ar

ac
te

r;

  
 b

eg
in

  
  

  
Qu

eu
e_

Us
er

.S
en

d_
Qu

eu
e 

(L
oc

al
_Q

ue
ue

);

  
  

  
Lo

ca
l_

Qu
eu

e.
al

l.
De

qu
eu

e 
(I

te
m)

;

  
  

  
Pu

t_
Li

ne
 (

“L
oc

al
 d

eq
ue

ue
 (

Ho
ld

er
):

 “
 &

 C
ha

ra
ct

er
’I

ma
ge

 (
It

em
))

;
  

 e
nd

 Q
ue

ue
_H

ol
de

r;

  
 t

as
k 

bo
dy

 Q
ue

ue
_U

se
r 

is

  
  

  
Lo

ca
l_

Qu
eu

e 
: 

co
ns

ta
nt

 Q
ue

ue
_C

la
ss

 :
= 

ne
w 

Pr
ot

ec
te

d_
Qu

eu
e;

  
  

  
It

em
  

  
  

  
: 

Ch
ar

ac
te

r;

  
 b

eg
in

  
  

  
ac

ce
pt

 S
en

d_
Qu

eu
e 

(R
em

ot
e_

Qu
eu

e 
: 

Qu
eu

e_
Cl

as
s)

 d
o

  
  

  
  

 R
em

ot
e_

Qu
eu

e.
al

l.
En

qu
eu

e 
(‘

r’
);

 -
- 

po
te

nt
ia

ll
y 

a 
re

mo
te

 p
ro

ce
du

re
 c

al
l!

  
  

  
  

 L
oc

al
_Q

ue
ue

.a
ll

.E
nq

ue
ue

  
(‘

l’
);

  
  

  
en

d 
Se

nd
_Q

ue
ue

;

  
  

  
Lo

ca
l_

Qu
eu

e.
al

l.
De

qu
eu

e 
(I

te
m)

;

  
  

  
Pu

t_
Li

ne
 (

“L
oc

al
 d

eq
ue

ue
 (

Us
er

) 
 :

 “
 &

 C
ha

ra
ct

er
’I

ma
ge

 (
It

em
))

;
  

 e
nd

 Q
ue

ue
_U

se
r;

D
ec

la
ri

n
g 

lo
ca

l q
u

eu
es

 in
 e

ac
h

 ta
sk

.

13
7

©
 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

 1
37

 o
f  7

58
  (c

ha
pt

er
 2

: “
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
 d

is
pa

tc
hi

ng
 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
 Q

ue
ue

_P
ac

k_
Ab

st
ra

ct
;

wi
th

 Q
ue

ue
_P

ac
k_

Co
nc

re
te

;

pr
oc

ed
ur

e 
Qu

eu
e_

Te
st

_D
is

pa
tc

hi
ng

 i
s

  
 p

ac
ka

ge
 Q

ue
ue

_P
ac

k_
Ab

st
ra

ct
_C

ha
ra

ct
er

 i
s 

  
  

  
ne

w 
Qu

eu
e_

Pa
ck

_A
bs

tr
ac

t 
(C

ha
ra

ct
er

);
  

 u
se

 Q
ue

ue
_P

ac
k_

Ab
st

ra
ct

_C
ha

ra
ct

er
;

  
 t

yp
e 

Qu
eu

e_
Si

ze
 i

s 
mo

d 
3;

  
 p

ac
ka

ge
 Q

ue
ue

_P
ac

k_
Ch

ar
ac

te
r 

is
 

  
  

  
ne

w 
Qu

eu
e_

Pa
ck

_C
on

cr
et

e 
(Q

ue
ue

_P
ac

k_
Ab

st
ra

ct
_C

ha
ra

ct
er

, 
Qu

eu
e_

Si
ze

);
  

 u
se

 Q
ue

ue
_P

ac
k_

Ch
ar

ac
te

r;

  
 t

yp
e 

Qu
eu

e_
Cl

as
s 

is
 a

cc
es

s 
al

l 
Qu

eu
e_

In
te

rf
ac

e’
cl

as
s;

  
 t

as
k 

Qu
eu

e_
Ho

ld
er

; 
--

 c
ou

ld
 b

e 
on

 a
n 

in
di

vi
du

al
 p

ar
ti

ti
on

 /
 s

ep
ar

at
e 

co
mp

ut
er

  
 t

as
k 

Qu
eu

e_
Us

er
 i

s 
--

 c
ou

ld
 b

e 
on

 a
n 

in
di

vi
du

al
 p

ar
ti

ti
on

 /
 s

ep
ar

at
e 

co
mp

ut
er

  
  

  
en

tr
y 

Se
nd

_Q
ue

ue
 (

Re
mo

te
_Q

ue
ue

 :
 Q

ue
ue

_C
la

ss
);

  
 e

nd
 Q

ue
ue

_U
se

r;

(.
..

)

be
gi

n
  

 n
ul

l;
en

d 
Qu

eu
e_

Te
st

_D
is

pa
tc

hi
ng

;

Ty
p

e 
w

h
ic

h
 c

an
 r

ef
er

 to
 a

n
y 

in
st

an
ce

 o
f Q

ue
ue
_I
nt
er
fa
ce

s
mo

d 
3;

k_
Ch

ar
ac

te
r

is
k_

Co
nc

re
te

 (
Qu

eu
e_

Pa_P
aac

k_
Ab

s
ck

_A
bs

ck
_A

bs
ck

_A
bs

ck
_A

bs
ck

_Ak_
Ab

s
k_

Ab
st

ra
ct

_
tr

ac
t

tr
ac

t
tr

ac
tr

ac
tr

ac
t

tr
ac

Ch
ar

ac
C

te
r,

 Q
ue

ue
_S

iz
e

ar
ac

te
r;

te
r;;;;;

isisisisisisisisssssss
ac

ce
ss

a
al

l
Qu

eu
e

In
te

rf
ac

e’
cl

as
s;

13
3

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

 1
33

 o
f  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
 c

on
cr

et
e 

qu
eu

e 
sp

ec
ifi 

ca
ti

on

wi
th

 Q
ue

ue
_P

ac
k_

Ab
st

ra
ct

;
ge

ne
ri

c
  

 w
it

h 
pa

ck
ag

e 
Qu

eu
e_

In
st

an
ce

 i
s 

ne
w 

Qu
eu

e_
Pa

ck
_A

bs
tr

ac
t 

(<
>)

;
  

 t
yp

e 
In

de
x 

is
 m

od
 <

>;
 -

- 
Mo

du
lo

 d
ef

in
es

 s
iz

e 
of

 t
he

 q
ue

ue
.

pa
ck

ag
e 

Qu
eu

e_
Pa

ck
_C

on
cr

et
e 

is
  

 u
se

 Q
ue

ue
_I

ns
ta

nc
e;

  
 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

 n
ew

 Q
ue

ue
_I

nt
er

fa
ce

 w
it

h
  

  
  

ov
er

ri
di

ng
 e

nt
ry

 E
nq

ue
ue

 (
It

em
 :

  
  

 E
le

me
nt

);
  

  
  

ov
er

ri
di

ng
 e

nt
ry

 D
eq

ue
ue

 (
It

em
 :

 o
ut

 E
le

me
nt

);
  

  
  

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
  

 (
..

.)
 -

- 
as

 a
ll

 p
re

vi
ou

s 
pr

iv
at

e 
qu

eu
e 

de
cl

ar
at

io
ns

 
en

d 
Qu

eu
e_

Pa
ck

_C
on

cr
et

e;

…
 a

n
yt

h
in

g 
o

n
 th

is
 s

lid
e 

st
ill

 n
o

t p
er

fe
ct

ly
 c

le
ar

?

14
6

©
 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

 1
46

 o
f  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
 d

is
pa

tc
hi

ng
 t

es
t 

pr
og

ra
m

 (
co

nt
.)

  
 t

as
k 

bo
dy

 Q
ue

ue
_H

ol
de

r 
is

  
  

  
Lo

ca
l_

Qu
eu

e 
: 

co
ns

ta
nt

 Q
ue

ue
_C

la
ss

 :
= 

ne
w 

Pr
ot

ec
te

d_
Qu

eu
e;

  
  

  
It

em
  

  
  

  
: 

Ch
ar

ac
te

r;

  
 b

eg
in

  
  

  
Qu

eu
e_

Us
er

.S
en

d_
Qu

eu
e 

(L
oc

al
_Q

ue
ue

);

  
  

  
Lo

ca
l_

Qu
eu

e.
al

l.
De

qu
eu

e 
(I

te
m)

;

  
  

  
Pu

t_
Li

ne
 (

“L
oc

al
 d

eq
ue

ue
 (

Ho
ld

er
):

 “
 &

 C
ha

ra
ct

er
’I

ma
ge

 (
It

em
))

;
  

 e
nd

 Q
ue

ue
_H

ol
de

r;

  
 t

as
k 

bo
dy

 Q
ue

ue
_U

se
r 

is

  
  

  
Lo

ca
l_

Qu
eu

e 
: 

co
ns

ta
nt

 Q
ue

ue
_C

la
ss

 :
= 

ne
w 

Pr
ot

ec
te

d_
Qu

eu
e;

  
  

  
It

em
  

  
  

  
: 

Ch
ar

ac
te

r;

  
 b

eg
in

  
  

  
ac

ce
pt

 S
en

d_
Qu

eu
e 

(R
em

ot
e_

Qu
eu

e 
: 

Qu
eu

e_
Cl

as
s)

 d
o

  
  

  
  

 R
em

ot
e_

Qu
eu

e.
al

l.
En

qu
eu

e 
(‘

r’
);

 -
- 

po
te

nt
ia

ll
y 

a 
re

mo
te

 p
ro

ce
du

re
 c

al
l!

  
  

  
  

 L
oc

al
_Q

ue
ue

.a
ll

.E
nq

ue
ue

  
(‘

l’
);

  
  

  
en

d 
Se

nd
_Q

ue
ue

;

  
  

  
Lo

ca
l_

Qu
eu

e.
al

l.
De

qu
eu

e 
(I

te
m)

;

  
  

  
Pu

t_
Li

ne
 (

“L
oc

al
 d

eq
ue

ue
 (

Us
er

) 
 :

 “
 &

 C
ha

ra
ct

er
’I

ma
ge

 (
It

em
))

;
  

 e
nd

 Q
ue

ue
_U

se
r;

…
 a

n
yt

h
in

g 
o

n
 th

is
 s

lid
e 

st
ill

 n
o

t p
er

fe
ct

ly
 c

le
ar

?

14
2

©
 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

 1
42

 o
f  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
 d

is
pa

tc
hi

ng
 t

es
t 

pr
og

ra
m

 (
co

nt
.)

  
 t

as
k 

bo
dy

 Q
ue

ue
_H

ol
de

r 
is

  
  

  
Lo

ca
l_

Qu
eu

e 
: 

co
ns

ta
nt

 Q
ue

ue
_C

la
ss

 :
= 

ne
w 

Pr
ot

ec
te

d_
Qu

eu
e;

  
  

  
It

em
  

  
  

  
: 

Ch
ar

ac
te

r;

  
 b

eg
in

  
  

  
Qu

eu
e_

Us
er

.S
en

d_
Qu

eu
e 

(L
oc

al
_Q

ue
ue

);

  
  

  
Lo

ca
l_

Qu
eu

e.
al

l.
De

qu
eu

e 
(I

te
m)

;

  
  

  
Pu

t_
Li

ne
 (

“L
oc

al
 d

eq
ue

ue
 (

Ho
ld

er
):

 “
 &

 C
ha

ra
ct

er
’I

ma
ge

 (
It

em
))

;
  

 e
nd

 Q
ue

ue
_H

ol
de

r;

  
 t

as
k 

bo
dy

 Q
ue

ue
_U

se
r 

is

  
  

  
Lo

ca
l_

Qu
eu

e 
: 

co
ns

ta
nt

 Q
ue

ue
_C

la
ss

 :
= 

ne
w 

Pr
ot

ec
te

d_
Qu

eu
e;

  
  

  
It

em
  

  
  

  
: 

Ch
ar

ac
te

r;

  
 b

eg
in

  
  

  
ac

ce
pt

 S
en

d_
Qu

eu
e 

(R
em

ot
e_

Qu
eu

e 
: 

Qu
eu

e_
Cl

as
s)

 d
o

  
  

  
  

 R
em

ot
e_

Qu
eu

e.
al

l.
En

qu
eu

e 
(‘

r’
);

 -
- 

po
te

nt
ia

ll
y 

a 
re

mo
te

 p
ro

ce
du

re
 c

al
l!

  
  

  
  

 L
oc

al
_Q

ue
ue

.a
ll

.E
nq

ue
ue

  
(‘

l’
);

  
  

  
en

d 
Se

nd
_Q

ue
ue

;

  
  

  
Lo

ca
l_

Qu
eu

e.
al

l.
De

qu
eu

e 
(I

te
m)

;

  
  

  
Pu

t_
Li

ne
 (

“L
oc

al
 d

eq
ue

ue
 (

Us
er

) 
 :

 “
 &

 C
ha

ra
ct

er
’I

ma
ge

 (
It

em
))

;
  

 e
nd

 Q
ue

ue
_U

se
r;

H
an

d
in

g 
o

ve
r 

th
e 

H
o

ld
er

’s
 q

u
eu

e 

vi
a 

sy
n

ch
ro

n
o

u
s 

m
es

sa
ge

 p
as

si
n

g.

13
8

©
 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

 1
38

 o
f  7

58
  (c

ha
pt

er
 2

: “
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
 d

is
pa

tc
hi

ng
 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
 Q

ue
ue

_P
ac

k_
Ab

st
ra

ct
;

wi
th

 Q
ue

ue
_P

ac
k_

Co
nc

re
te

;

pr
oc

ed
ur

e 
Qu

eu
e_

Te
st

_D
is

pa
tc

hi
ng

 i
s

  
 p

ac
ka

ge
 Q

ue
ue

_P
ac

k_
Ab

st
ra

ct
_C

ha
ra

ct
er

 i
s 

  
  

  
ne

w 
Qu

eu
e_

Pa
ck

_A
bs

tr
ac

t 
(C

ha
ra

ct
er

);
  

 u
se

 Q
ue

ue
_P

ac
k_

Ab
st

ra
ct

_C
ha

ra
ct

er
;

  
 t

yp
e 

Qu
eu

e_
Si

ze
 i

s 
mo

d 
3;

  
 p

ac
ka

ge
 Q

ue
ue

_P
ac

k_
Ch

ar
ac

te
r 

is
 

  
  

  
ne

w 
Qu

eu
e_

Pa
ck

_C
on

cr
et

e 
(Q

ue
ue

_P
ac

k_
Ab

st
ra

ct
_C

ha
ra

ct
er

, 
Qu

eu
e_

Si
ze

);
  

 u
se

 Q
ue

ue
_P

ac
k_

Ch
ar

ac
te

r;

  
 t

yp
e 

Qu
eu

e_
Cl

as
s 

is
 a

cc
es

s 
al

l 
Qu

eu
e_

In
te

rf
ac

e’
cl

as
s;

  
 t

as
k 

Qu
eu

e_
Ho

ld
er

; 
--

 c
ou

ld
 b

e 
on

 a
n 

in
di

vi
du

al
 p

ar
ti

ti
on

 /
 s

ep
ar

at
e 

co
mp

ut
er

  
 t

as
k 

Qu
eu

e_
Us

er
 i

s 
--

 c
ou

ld
 b

e 
on

 a
n 

in
di

vi
du

al
 p

ar
ti

ti
on

 /
 s

ep
ar

at
e 

co
mp

ut
er

  
  

  
en

tr
y 

Se
nd

_Q
ue

ue
 (

Re
mo

te
_Q

ue
ue

 :
 Q

ue
ue

_C
la

ss
);

  
 e

nd
 Q

ue
ue

_U
se

r;

(.
..

)

be
gi

n
  

 n
ul

l;
en

d 
Qu

eu
e_

Te
st

_D
is

pa
tc

hi
ng

;

D
ec

la
ri

n
g 

tw
o

 c
o

n
cr

et
e 

ta
sk

s.

(Q
ue
ue
_U
se
r 

h
as

 a
 s

yn
ch

ro
n

o
u

s 
m

es
sa

ge
 p

as
si

n
g 

en
tr

y)

13
4

©
 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

 1
34

 o
f  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
 c

on
cr

et
e 

qu
eu

e 
im

pl
em

en
ta

ti
on

pa
ck

ag
e 

bo
dy

 Q
ue

ue
_P

ac
k_

Co
nc

re
te

 i
s

  
 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

s 
  

  
  

  
(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
_C

on
cr

et
e;

bo
dy

 P
ro

te
ct

ed
_Q

ue
ue

is

En
qu

eu
e 

(I
te

m 
: 

El
em

en
t)

wh
en

no
t 

Is
_F

ul
l

is

ue
.E

le
me

nt
s 

(Q
ue

ue
.F

re
e)

 :
= 

It
em

; 
Qu

eu
e.

Fr
ee

 :
=    

In
de

x’
In

de
x’

nndnd
ex

In
de

x
In

de
x

In
de

x
nnnd

ex
nd

ex
nd

ex
’

nd
ex

nnnnd
ex

’
nd

ex
SSSSSSSSSSuSuSSSSSSSuSSSSuSuSSSSuSSSSu

cc
 

ue
.I

s_
Em

pt
y 

:=
 F

al
se

;
qu

eu
e;

De
qu

eu
e 

(I
te

m 
: 

ou
t 

El
em

en
t)

wh
enhee

nonononnoooooooooo
toootottt

Is
_E

Is
_E

Is
_E

Is
_E

m
Is

_E
Is

_E
m

Is
_E

m
Is

_E
m

Is
_E

m
IIs

E
s_

EEEEEEEEEEEEEEEEE
ppt

yy yyyy yyyy
isisisisiisisisisisiisisiisisiisisissssssssssss

m 
:=

 Q
ue

ue
.E

le
me

nt
s 

(Q
ue

ue
.T

op
ue

.T
op

ue
.T

op
e.

To
pp

e.
To

p
e.

To
p

e.
To

e.
To

e.
To

e.
To

e.
To

e.
To

e.
T

e.
To

e.
To

e.
To

e.
ToTo

p
e.e.

To.T
o

.T
op

..
op

.
ooTo
poppp
);

 Q
ue

);
 Q

uQ
; 

Qu
; 

Qu
; 

QuQuQuQuQuQQQQuQQuQQ Q
uQQQQQQQQQ

ue
.T

op
ue

.T
op

e.
To

p
e.

To
p

e.
To

p
.T

op
.T

op
.T

opop
.T

op
.T

opo
.T

oToooToTo.T
op

.T
o

.T
oToToT.T
oTo
p

ToTTTToToTo
popoo
 :

= 
In

de
x’

Su
cc

 (
Q

ue
.I

s_
Em

pt
y yyyyyy 

::=
 Q

ue
ue

.T
oToooooooo
popopopooop

= 
Qu

e
= 

Qu
e

= 
Qu

e
= 

Qu
e

== 
Qu

e
= 

Qu
e

==
Qu

e
= 

Qu
e

= 
Qu

e
= 

Qu
e

== 
Qu

e
= 

Qu
e

====
Qu

e
=

Qu
e

= 
Qu

e
= 

Qu
e

=== 
Qu

e
= 

Q
= 

Qu
= 

QuQQu
eeuu

e.
Fr

e
uue

.F
uue

.F
re

ue
.F

ue
.

ue
.F

re
ue

.F
ue

.F
re

ue
.F

re
ue

.F
uuue

.F
reFr
e

Fr
e

F
e

F
e

Fr
e

FFr
e

F
erereFr
erereree
e;e;eeeeeeee;eeeeeee;e;e;eee;ee;e;;;

qu
eu

e;

ur
e

EEEEEEEEmEmEmEEEEEEEEEEmEm
pt

y
Em

_Q
ue

ue
ue

ue
ue

ue
ue

ue
ue

ueeee
ue

ueueeeueueeueeueueeueeueueuee
 ii

sssss

ue
.TT

opTTo
p

To
p

To
p

To
ppp

ToT
ppppppppppppp

:==
 

’F
i

’F
ii

’F
ii

’F
i

’F
i

’F
iii

’F
iFiFiiFiFiFiFiFi’F
iFiFiiiiii
rs

t;
rrrrrrrrrs

t;
 

rrrrrrrs
t;

rs
t;

 Q
ue

ue
.F

re
e 

:=
 I

nd
ex

’F
ir

st
; 

Qu
eu

e.
Is

_
pt

y_
Qu

eu
e

Qu
eu

e
Qu

eu
e

Qu
eu

e
Qu

eu
e

ue
ue

ue
ueuu

u
uuueueueeuueueueuue
u

u
uuueuuuu

;;

on
Is

_EEE
mEmEmEEmEmmmmmmmmmmmmmm
ptptptppptptptpt

y
pt

y
ptpt

y
ptptppt

y
ppt

y
ptpt

y
pt

y
pt

y
ptptpt

y
pt

y
pt

yty
 

tytytyttty
 

ttty
re

tu
rn

 B
oo

le
an

QuQuQuQuQuuuuu
eueueuueuueuuee IIIIIIIIIIIInInIInIInIInInInnnnn
de

x
de

xxxx

is
 (

Qu
eu

e.
Is

_E
mp

ty
);

on
Is

FuFuFFuFFFFFFFF
lll

re
tu

rn
Bo

ol
ea

n
is

x’x’’x’’’’’’’’’’’’’’’’’’
SSSSSSSSSS

iiii

:=
 = =   ==
IInIIIIInIIIInIInInInnnnnnnnnnn iiiii

yyytyy
s_s_

Em_EE_E
m

_EEEEEEEE_EEE
mEE
pt

ytyyyyyyy
 yyyy yyyyyy

e....

nonooooooooonnnno
t

no
tototottotottttttttttttttttttt

e.e.e.
T

e.e.e..
T.T.T
o

.TTTTTTT

hhhhhe
n

he
n

hhhh ; 
Qu

e
QQQQQQQQQQQQQQQQQQQQ

uuu
Fr

e
Fr

e
Fr

e
FFrFr

e
FrFrFr

erFrFr
e

FrFr
e

Fr
errerrererrererrerrre

..T..T
ue

ToTouee
e.

To
e.

T
ue

.Tee.
To

e.
T

uee
.T

o
ue

.
ue

.T
ue

.T
o

ue
.

ue
.T

o
ue

.Te.
To

ue
.T

o
ue

.T
o

e
To

e
TTo

e.
TTTo

e
To

ee.
To

e.
ToTo.T
o

.T
oT.TTTT

To
popopTo
popopppppppppppppppppp

= 
Qu

eeeueueeueueeeeueueueueueueueQu
eeeee

issssssssssssssssssssssssssss

tyyyyyyyyyyyyyyyyy
 y yy y y y _Q
ue

u
Qu

euue
u

_Q
ue

u
ue

ue
Qu

eu
QQu

eu
e

Qu
eu

e
Qu

eu
Qu

eu
e

Qu
eu

Qu
euuue
u

ue
ue

ue
ue

ue
ueueuuue
uueuueuuu
e

= 
IIIIIIIIIIIIIIIIIIII

’F
i

x’
F

x’
Fi

x’
Fi’F
i

’’F’F’F
i

’F’F
iFFiFiFFiFFFFiFiFiFiFiFFFFi

_EEE_

ur
e

ur
e

ur
ereereereeeee

To
popopopopopopopopopopoopoppppppppppppp Qu
eueeueeeee
ueueueueeueueueueeueueueeeueueueeuu _E
mEm_E
mEEmEmEmEmEEmEEmmmmmm
p

14
7

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

 1
47

 o
f  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
da

A
d

a 
la

ng
ua

ge
 s

ta
tu

s

B
o

ei
n

g 
78

7 
co

ck
p

it
 (p

re
ss

 r
el

ea
se

 p
h

o
to

)

• 
Es

ta
b

lis
h

ed
 la

n
gu

ag
e 

st
an

d
ar

d
 w

it
h

 fr
ee

 a
n

d
 p

ro
fe

ss
io

n
al

ly
 

su
p

p
o

rt
ed

 c
o

m
p

ile
rs

 a
va

ila
b

le
 fo

r 
al

l m
aj

o
r 

O
Ss

 a
n

d
 p

la
tf

o
rm

s.

• 
Em

p
h

as
is

 o
n

 m
ai

n
ta

in
ab

ili
ty

, h
ig

h
-i

n
te

gr
it

y 
an

d
 e

ffi
 c

ie
n

cy
.

• 
St

an
d

-a
lo

n
e 

ru
n

ti
m

e 
en

vi
ro

n
m

en
ts

 fo
r 

em
b

ed
d

ed
 s

ys
te

m
s.

• 
H

ig
h

 in
te

gr
it

y,
 r

ea
l-

ti
m

e 
p

ro
fi 

le
s 

p
ar

t o
f t

h
e 

st
an

d
ar

d
 

 e
.g

. R
av

en
sc

ar
 p

ro
fi 

le
.

 U
se

d
 in

 m
an

y 
la

rg
e 

sc
al

e 
an

d
/o

r 
h

ig
h

 in
te

gr
it

y 
p

ro
je

ct
s 

• 
C

o
m

m
o

n
ly

 u
se

d
 in

 a
vi

at
io

n
 in

d
u

st
ry

, h
ig

h
 s

p
ee

d
 tr

ai
n

s,
 

m
et

ro
-s

ys
te

m
s,

 s
p

ac
e 

p
ro

gr
am

s 
an

d
 m

ili
ta

ry
 p

ro
gr

am
s.

 

• 
…

 a
ls

o
 in

cr
ea

si
n

gl
y 

o
n

 s
m

al
l p

la
tf

o
rm

s 
/ m

ic
ro

-c
o

n
tr

o
lle

rs
.

f
h

/i
d

/i
i

”
16

0)

TG
V,

 R
en

au
d

 C
h

o
d

ko
w

sk
i 2

01
2

14
3

©
 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

 1
43

 o
f  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
 d

is
pa

tc
hi

ng
 t

es
t 

pr
og

ra
m

 (
co

nt
.)

  
 t

as
k 

bo
dy

 Q
ue

ue
_H

ol
de

r 
is

  
  

  
Lo

ca
l_

Qu
eu

e 
: 

co
ns

ta
nt

 Q
ue

ue
_C

la
ss

 :
= 

ne
w 

Pr
ot

ec
te

d_
Qu

eu
e;

  
  

  
It

em
  

  
  

  
: 

Ch
ar

ac
te

r;

  
 b

eg
in

  
  

  
Qu

eu
e_

Us
er

.S
en

d_
Qu

eu
e 

(L
oc

al
_Q

ue
ue

);

  
  

  
Lo

ca
l_

Qu
eu

e.
al

l.
De

qu
eu

e 
(I

te
m)

;

  
  

  
Pu

t_
Li

ne
 (

“L
oc

al
 d

eq
ue

ue
 (

Ho
ld

er
):

 “
 &

 C
ha

ra
ct

er
’I

ma
ge

 (
It

em
))

;
  

 e
nd

 Q
ue

ue
_H

ol
de

r;

  
 t

as
k 

bo
dy

 Q
ue

ue
_U

se
r 

is

  
  

  
Lo

ca
l_

Qu
eu

e 
: 

co
ns

ta
nt

 Q
ue

ue
_C

la
ss

 :
= 

ne
w 

Pr
ot

ec
te

d_
Qu

eu
e;

  
  

  
It

em
  

  
  

  
: 

Ch
ar

ac
te

r;

  
 b

eg
in

  
  

  
ac

ce
pt

 S
en

d_
Qu

eu
e 

(R
em

ot
e_

Qu
eu

e 
: 

Qu
eu

e_
Cl

as
s)

 d
o

  
  

  
  

 R
em

ot
e_

Qu
eu

e.
al

l.
En

qu
eu

e 
(‘

r’
);

 -
- 

po
te

nt
ia

ll
y 

a 
re

mo
te

 p
ro

ce
du

re
 c

al
l!

  
  

  
  

 L
oc

al
_Q

ue
ue

.a
ll

.E
nq

ue
ue

  
(‘

l’
);

  
  

  
en

d 
Se

nd
_Q

ue
ue

;

  
  

  
Lo

ca
l_

Qu
eu

e.
al

l.
De

qu
eu

e 
(I

te
m)

;

  
  

  
Pu

t_
Li

ne
 (

“L
oc

al
 d

eq
ue

ue
 (

Us
er

) 
 :

 “
 &

 C
ha

ra
ct

er
’I

ma
ge

 (
It

em
))

;
  

 e
nd

 Q
ue

ue
_U

se
r;

A
d

d
in

g 
to

 b
o

th
 q

u
eu

es

13
9

©
 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

 1
39

 o
f  7

58
  (c

ha
pt

er
 2

: “
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
 d

is
pa

tc
hi

ng
 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
 Q

ue
ue

_P
ac

k_
Ab

st
ra

ct
;

wi
th

 Q
ue

ue
_P

ac
k_

Co
nc

re
te

;

pr
oc

ed
ur

e 
Qu

eu
e_

Te
st

_D
is

pa
tc

hi
ng

 i
s

  
 p

ac
ka

ge
 Q

ue
ue

_P
ac

k_
Ab

st
ra

ct
_C

ha
ra

ct
er

 i
s 

  
  

  
ne

w 
Qu

eu
e_

Pa
ck

_A
bs

tr
ac

t 
(C

ha
ra

ct
er

);
  

 u
se

 Q
ue

ue
_P

ac
k_

Ab
st

ra
ct

_C
ha

ra
ct

er
;

  
 t

yp
e 

Qu
eu

e_
Si

ze
 i

s 
mo

d 
3;

  
 p

ac
ka

ge
 Q

ue
ue

_P
ac

k_
Ch

ar
ac

te
r 

is
 

  
  

  
ne

w 
Qu

eu
e_

Pa
ck

_C
on

cr
et

e 
(Q

ue
ue

_P
ac

k_
Ab

st
ra

ct
_C

ha
ra

ct
er

, 
Qu

eu
e_

Si
ze

);
  

 u
se

 Q
ue

ue
_P

ac
k_

Ch
ar

ac
te

r;

  
 t

yp
e 

Qu
eu

e_
Cl

as
s 

is
 a

cc
es

s 
al

l 
Qu

eu
e_

In
te

rf
ac

e’
cl

as
s;

  
 t

as
k 

Qu
eu

e_
Ho

ld
er

; 
--

 c
ou

ld
 b

e 
on

 a
n 

in
di

vi
du

al
 p

ar
ti

ti
on

 /
 s

ep
ar

at
e 

co
mp

ut
er

  
 t

as
k 

Qu
eu

e_
Us

er
 i

s 
--

 c
ou

ld
 b

e 
on

 a
n 

in
di

vi
du

al
 p

ar
ti

ti
on

 /
 s

ep
ar

at
e 

co
mp

ut
er

  
  

  
en

tr
y 

Se
nd

_Q
ue

ue
 (

Re
mo

te
_Q

ue
ue

 :
 Q

ue
ue

_C
la

ss
);

  
 e

nd
 Q

ue
ue

_U
se

r;

(.
..

)

be
gi

n
  

 n
ul

l;
en

d 
Qu

eu
e_

Te
st

_D
is

pa
tc

hi
ng

;

…
 a

n
yt

h
in

g 
o

n
 th

is
 s

lid
e 

st
ill

 n
o

t p
er

fe
ct

ly
 c

le
ar

?

13
5

©
 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

 1
35

 o
f  7

58
  (c

ha
pt

er
 2

: “
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
 d

is
pa

tc
hi

ng
 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
 Q

ue
ue

_P
ac

k_
Ab

st
ra

ct
;

wi
th

 Q
ue

ue
_P

ac
k_

Co
nc

re
te

;

pr
oc

ed
ur

e 
Qu

eu
e_

Te
st

_D
is

pa
tc

hi
ng

 i
s

  
 p

ac
ka

ge
 Q

ue
ue

_P
ac

k_
Ab

st
ra

ct
_C

ha
ra

ct
er

 i
s 

  
  

  
ne

w 
Qu

eu
e_

Pa
ck

_A
bs

tr
ac

t 
(C

ha
ra

ct
er

);
  

 u
se

 Q
ue

ue
_P

ac
k_

Ab
st

ra
ct

_C
ha

ra
ct

er
;

  
 t

yp
e 

Qu
eu

e_
Si

ze
 i

s 
mo

d 
3;

  
 p

ac
ka

ge
 Q

ue
ue

_P
ac

k_
Ch

ar
ac

te
r 

is
 

  
  

  
ne

w 
Qu

eu
e_

Pa
ck

_C
on

cr
et

e 
(Q

ue
ue

_P
ac

k_
Ab

st
ra

ct
_C

ha
ra

ct
er

, 
Qu

eu
e_

Si
ze

);
  

 u
se

 Q
ue

ue
_P

ac
k_

Ch
ar

ac
te

r;

  
 t

yp
e 

Qu
eu

e_
Cl

as
s 

is
 a

cc
es

s 
al

l 
Qu

eu
e_

In
te

rf
ac

e’
cl

as
s;

  
 t

as
k 

Qu
eu

e_
Ho

ld
er

; 
--

 c
ou

ld
 b

e 
on

 a
n 

in
di

vi
du

al
 p

ar
ti

ti
on

 /
 s

ep
ar

at
e 

co
mp

ut
er

  
 t

as
k 

Qu
eu

e_
Us

er
 i

s 
--

 c
ou

ld
 b

e 
on

 a
n 

in
di

vi
du

al
 p

ar
ti

ti
on

 /
 s

ep
ar

at
e 

co
mp

ut
er

  
  

  
en

tr
y 

Se
nd

_Q
ue

ue
 (

Re
mo

te
_Q

ue
ue

 :
 Q

ue
ue

_C
la

ss
);

  
 e

nd
 Q

ue
ue

_U
se

r;

(.
..

)

be
gi

n
  

 n
ul

l;
en

d 
Qu

eu
e_

Te
st

_D
is

pa
tc

hi
ng

;



16
0

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

 1
60

 o
f  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)

Su
m

m
ar

y

La
ng

ua
ge

 r
ef

re
sh

er
 /

 in
tr

o
d

uc
ti

o
n 

co
ur

se

• 
Sp

ec
ifi 

ca
ti

o
n

 a
n

d
 im

p
le

m
en

ta
ti

o
n

 (b
o

d
y)

 p
ar

ts
, b

as
ic

 ty
p

es

• 
Ex

ce
p

ti
o

n
s 

&
 C

o
n

tr
ac

ts

• 
In

fo
rm

at
io

n
 h

id
in

g 
in

 s
p

ec
ifi 

ca
ti

o
n

s 
(‘p

ri
va

te
’)

• 
G

en
er

ic
 p

ro
gr

am
m

in
g

• 
Ta

sk
in

g

• 
M

o
n

it
o

rs
 a

n
d

 s
yn

ch
ro

n
is

at
io

n
 (‘

p
ro

te
ct

ed
’, ‘

en
tr

ie
s’

, ‘
se

le
ct

s’
, ‘

ac
ce

p
ts

’)

• 
A

b
st

ra
ct

 ty
p

es
 a

n
d

 d
is

p
at

ch
in

g

• 
D

at
a 

p
ar

al
le

l o
p

er
at

io
n

s

15
6

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

 1
56

 o
f  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
 d

at
a-

pa
ra

lle
l s

te
nc

il 
pr

og
ra

m
 (

co
nt

.)

Fi
el

d 
[S

in
gl

e_
Bo

rd
er

] 
= 

in
it

ia
l_

bo
rd

er
;

fo
r 

l 
in

 1
 .

. 
ma

x_
it

er
at

io
ns

 {

  
fo

ra
ll

 M
at

ri
x_

In
di

ce
s 

in
 M

at
ri

x 
do

  
  

Ne
xt

_F
ie

ld
 (

Ma
tr

ix
_I

nd
ic

es
) 

= 
St

en
ci

l 
(F

ie
ld

, 
Ma

tr
ix

_I
nd

ic
es

);
  

  
  

  
co

ns
t 

de
lt

a 
= 

ma
x 

re
du

ce
 a

bs
 (

Fi
el

d 
[M

at
ri

x]
 -

 N
ex

t_
Fi

el
d)

;
    

Fi
el

d 
[M

at
ri

x]
 =

 N
ex

t_
Fi

el
d;

    
if

 d
el

ta
 <

 e
ps

il
on

 t
he

n 
br

ea
k;

}

Sc
al

ar
 to

 2
-d

 a
rr

ay
-s

lic
e 

as
si

gn
m

en
t

(T
ec

h
n

ic
al

ly
 a

 3
-d

 d
o

m
ai

n
 w

it
h

 
tw

o
 d

eg
en

er
at

e 
d

im
en

si
o

n
s)

3-
d

 a
rr

ay
 to

 3
-d

 a
rr

ay
-s

lic
e 

as
si

gn
m

en
t

15
2

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

 1
52

 o
f  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
 d

at
a-

pa
ra

lle
l s

te
nc

il 
pr

og
ra

m

co
nf

ig
 c

on
st

 n
  

  
  

  
  

  
  

= 
10

0,
  

  
  

  
  

  
 m

ax
_i

te
ra

ti
on

s 
= 

50
,

  
  

  
  

  
  

 e
ps

il
on

  
  

  
  

= 
1.

0E
-5

,
  

  
  

  
  

  
 i

ni
ti

al
_b

or
de

r 
= 

1.
0;

co
ns

t 
Ma

tr
ix

_w
_B

or
de

rs
 =

 {
0 

..
 n

 +
 1

, 
0 

..
 n

 +
 1

, 
0 

..
 n

 +
 1

},
  

  
  

Ma
tr

ix
  

  
  

  
  

 =
 M

at
ri

x_
w_

Bo
rd

er
s 

[1
 .

. 
n,

 1
 .

. 
n,

 1
 .

. 
n]

,
  

  
  

Si
ng

le
_B

or
de

r 
  

 =
 M

at
ri

x.
ex

te
ri

or
 (

1,
 0

, 
0)

;

va
r 

Fi
el

d 
  

  
 :

 [
Ma

tr
ix

_w
_B

or
de

rs
] 

re
al

,
  

  
Ne

xt
_F

ie
ld

 :
 [

Ma
tr

ix
] 

  
  

  
  

  
re

al
;

pr
oc

 S
te

nc
il

 (
M 

: 
[/

* 
Ma

tr
ix

_w
_B

or
de

rs
 *

/]
 r

ea
l,

 (
i,

 j
, 

k)
 :

 i
nd

ex
 (

Ma
tr

ix
))

 :
 r

ea
l 

{

  
re

tu
rn

 (
M 

[i
 -

 1
, 

j,
 k

] 
  

  
  

  
+ 

M 
[i

 +
 1

, 
j,

 k
] 

  
  

  
  

+ 
M 

[i
, 

j 
- 

1,
 k

] 
  

  
  

  
+ 

M 
[i

, 
j 

+ 
1,

 k
]

  
  

  
  

+ 
M 

[i
, 

j,
 k

 +
 1

]
  

  
  

  
+ 

M 
[i

, 
j,

 k
 -

 1
])

 /
 6

;
}

D
ec

la
ri

n
g 

m
at

ri
ce

s 
o

f d
if

fe
re

n
t, 

ye
t r

el
at

ed
 d

im
en

si
o

n
s.

14
8

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

 1
48

 o
f  7

58
  (c

ha
pt

er
 2

: “
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)

C
ha

pe
l

C
u

rr
en

tl
y 

u
n

d
er

 d
ev

el
o

p
m

en
t a

t C
ra

y.
 

(o
ri

gi
n

al
ly

 fo
r 

th
e 

D
A

R
PA

 H
ig

h
 P

ro
d

u
ct

iv
it

y 
C

o
m

p
u

ti
n

g 
Sy

st
em

s 
in

it
ia

ti
ve

.)

 
Ta

rg
et

ed
 a

t m
as

si
ve

ly
 p

ar
al

le
l c

o
m

p
u

te
rs

La
n

gu
ag

e 
p

ri
m

it
iv

es
 fo

r 
…

• 
D

at
a 

p
ar

al
le

lis
m

:

 D
is

tr
ib

u
te

d
 d

at
a 

st
o

ra
ge

 w
it

h
 fi 

n
e 

gr
ai

n
ed

 c
o

n
tr

o
l (

“d
o

m
ai

n
s”

).

 C
o

n
cu

rr
en

t m
ap

 o
p

er
at

io
n

s 
(f
or

al
l)

.

 C
o

n
cu

rr
en

t f
o

ld
 o

p
er

at
io

n
s 

(s
ca

n,
 r

ed
uc

e)
.

• 
Ta

sk
 p

ar
al

le
lis

m
: 

 c
o

n
cu

rr
en

t l
o

o
p

s 
an

d
 b

lo
ck

s 
(c
ob

eg
in

, 
co

fo
ra

ll
).

• 
Sy

n
ch

ro
n

iz
at

io
n

:

 T
as

k 
sy

n
ch

ro
n

iz
at

io
n

, s
yn

ch
ro

n
iz

ed
 v

ar
ia

b
le

s,
 a

to
m

ic
 s

ec
ti

o
n

s.

15
7

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

 1
57

 o
f  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
 d

at
a-

pa
ra

lle
l s

te
nc

il 
pr

og
ra

m
 (

co
nt

.)

Fi
el

d 
[S

in
gl

e_
Bo

rd
er

] 
= 

in
it

ia
l_

bo
rd

er
;

fo
r 

l 
in

 1
 .

. 
ma

x_
it

er
at

io
ns

 {

  
fo

ra
ll

 M
at

ri
x_

In
di

ce
s 

in
 M

at
ri

x 
do

  
  

Ne
xt

_F
ie

ld
 (

Ma
tr

ix
_I

nd
ic

es
) 

= 
St

en
ci

l 
(F

ie
ld

, 
Ma

tr
ix

_I
nd

ic
es

);
  

  
  

  
co

ns
t 

de
lt

a 
= 

ma
x 

re
du

ce
 a

bs
 (

Fi
el

d 
[M

at
ri

x]
 -

 N
ex

t_
Fi

el
d)

;
    

Fi
el

d 
[M

at
ri

x]
 =

 N
ex

t_
Fi

el
d;

    
if

 d
el

ta
 <

 e
ps

il
on

 t
he

n 
br

ea
k;

}

D
at

a 
p

ar
al

le
l a

p
p

lic
at

io
n

 
o

f t
h

e 
St
en
ci
l 

 fu
n

ct
io

n
 

to
 th

e 
w

h
o

le
 3

-d
 m

at
ri

x

15
3

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

 1
53

 o
f  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
 d

at
a-

pa
ra

lle
l s

te
nc

il 
pr

og
ra

m

co
nf

ig
 c

on
st

 n
  

  
  

  
  

  
  

= 
10

0,
  

  
  

  
  

  
 m

ax
_i

te
ra

ti
on

s 
= 

50
,

  
  

  
  

  
  

 e
ps

il
on

  
  

  
  

= 
1.

0E
-5

,
  

  
  

  
  

  
 i

ni
ti

al
_b

or
de

r 
= 

1.
0;

co
ns

t 
Ma

tr
ix

_w
_B

or
de

rs
 =

 {
0 

..
 n

 +
 1

, 
0 

..
 n

 +
 1

, 
0 

..
 n

 +
 1

},
  

  
  

Ma
tr

ix
  

  
  

  
  

 =
 M

at
ri

x_
w_

Bo
rd

er
s 

[1
 .

. 
n,

 1
 .

. 
n,

 1
 .

. 
n]

,
  

  
  

Si
ng

le
_B

or
de

r 
  

 =
 M

at
ri

x.
ex

te
ri

or
 (

1,
 0

, 
0)

;

va
r 

Fi
el

d 
  

  
 :

 [
Ma

tr
ix

_w
_B

or
de

rs
] 

re
al

,
  

  
Ne

xt
_F

ie
ld

 :
 [

Ma
tr

ix
] 

  
  

  
  

  
re

al
;

pr
oc

 S
te

nc
il

 (
M 

: 
[/

* 
Ma

tr
ix

_w
_B

or
de

rs
 *

/]
 r

ea
l,

 (
i,

 j
, 

k)
 :

 i
nd

ex
 (

Ma
tr

ix
))

 :
 r

ea
l 

{

  
re

tu
rn

 (
M 

[i
 -

 1
, 

j,
 k

] 
  

  
  

  
+ 

M 
[i

 +
 1

, 
j,

 k
] 

  
  

  
  

+ 
M 

[i
, 

j 
- 

1,
 k

] 
  

  
  

  
+ 

M 
[i

, 
j 

+ 
1,

 k
]

  
  

  
  

+ 
M 

[i
, 

j,
 k

 +
 1

]
  

  
  

  
+ 

M 
[i

, 
j,

 k
 -

 1
])

 /
 6

;
}

Fu
n

ct
io

n
 w

h
ic

h
 c

al
cu

la
te

s 
a 

“s
te

n
ci

l”
 v

al
u

e 
at

 a
 s

p
o

t 
in

si
d

e 
a 

gi
ve

n
 m

at
ri

xN
o

te
 th

e 
in

d
ex

 ty
p

e

14
9

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

 1
49

 o
f  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)

La
n

gu
ag

e 
re

fr
es

h
er

/ i
n

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

 1
49

 o
f 

y
75

8
(“

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)
8

A
 d

at
a-

pa
ra

lle
l s

te
nc

il 
pr

og
ra

m

co
nf

ig
 c

on
st

 n
  

  
  

  
  

  
  

= 
10

0,
  

  
  

  
  

  
 m

ax
_i

te
ra

ti
on

s 
= 

50
,

  
  

  
  

  
  

 e
ps

il
on

  
  

  
  

= 
1.

0E
-5

,
  

  
  

  
  

  
 i

ni
ti

al
_b

or
de

r 
= 

1.
0;

co
ns

t 
Ma

tr
ix

_w
_B

or
de

rs
 =

 {
0 

..
 n

 +
 1

, 
0 

..
 n

 +
 1

, 
0 

..
 n

 +
 1

},
  

  
  

Ma
tr

ix
  

  
  

  
  

 =
 M

at
ri

x_
w_

Bo
rd

er
s 

[1
 .

. 
n,

 1
 .

. 
n,

 1
 .

. 
n]

,
  

  
  

Si
ng

le
_B

or
de

r 
  

 =
 M

at
ri

x.
ex

te
ri

or
 (

1,
 0

, 
0)

;

va
r 

Fi
el

d 
  

  
 :

 [
Ma

tr
ix

_w
_B

or
de

rs
] 

re
al

,
  

  
Ne

xt
_F

ie
ld

 :
 [

Ma
tr

ix
] 

  
  

  
  

  
re

al
;

pr
oc

 S
te

nc
il

 (
M 

: 
[/

* 
Ma

tr
ix

_w
_B

or
de

rs
 *

/]
 r

ea
l,

 (
i,

 j
, 

k)
 :

 i
nd

ex
 (

Ma
tr

ix
))

 :
 r

ea
l 

{

  
re

tu
rn

 (
M 

[i
 -

 1
, 

j,
 k

] 
  

  
  

  
+ 

M 
[i

 +
 1

, 
j,

 k
] 

  
  

  
  

+ 
M 

[i
, 

j 
- 

1,
 k

] 
  

  
  

  
+ 

M 
[i

, 
j 

+ 
1,

 k
]

  
  

  
  

+ 
M 

[i
, 

j,
 k

 +
 1

]
  

  
  

  
+ 

M 
[i

, 
j,

 k
 -

 1
])

 /
 6

;
}

15
8

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

 1
58

 o
f  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
 d

at
a-

pa
ra

lle
l s

te
nc

il 
pr

og
ra

m
 (

co
nt

.)

Fi
el

d 
[S

in
gl

e_
Bo

rd
er

] 
= 

in
it

ia
l_

bo
rd

er
;

fo
r 

l 
in

 1
 .

. 
ma

x_
it

er
at

io
ns

 {

  
fo

ra
ll

 M
at

ri
x_

In
di

ce
s 

in
 M

at
ri

x 
do

  
  

Ne
xt

_F
ie

ld
 (

Ma
tr

ix
_I

nd
ic

es
) 

= 
St

en
ci

l 
(F

ie
ld

, 
Ma

tr
ix

_I
nd

ic
es

);
  

  
  

  
co

ns
t 

de
lt

a 
= 

ma
x 

re
du

ce
 a

bs
 (

Fi
el

d 
[M

at
ri

x]
 -

 N
ex

t_
Fi

el
d)

;
    

Fi
el

d 
[M

at
ri

x]
 =

 N
ex

t_
Fi

el
d;

    
if

 d
el

ta
 <

 e
ps

il
on

 t
he

n 
br

ea
k;

}

D
at

a 
p

ar
al

le
l (

d
iv

id
e-

an
d

-c
o

n
q

u
er

) 

ap
p

lic
at

io
n

 o
f t

h
e 
ma
x 

fu
n

ct
io

n
 to

 
th

e 
co

m
p

o
n

en
t-

w
is

e 
d

if
fe

re
n

ce
s.

“3
-d

 d
at

a-
p

ar
al

le
l v

er
si

o
n

” 
o

f (
H

as
ke

ll)
:

fo
ld
r 
ma
x 
mi
nB
ou
nd
 $
 z
ip
Wi
th
 (
-)
 f
ie
ld
 n
ex
t_
fi
el
d

15
4

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

 1
54

 o
f  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
 d

at
a-

pa
ra

lle
l s

te
nc

il 
pr

og
ra

m

co
nf

ig
 c

on
st

 n
  

  
  

  
  

  
  

= 
10

0,
  

  
  

  
  

  
 m

ax
_i

te
ra

ti
on

s 
= 

50
,

  
  

  
  

  
  

 e
ps

il
on

  
  

  
  

= 
1.

0E
-5

,
  

  
  

  
  

  
 i

ni
ti

al
_b

or
de

r 
= 

1.
0;

co
ns

t 
Ma

tr
ix

_w
_B

or
de

rs
 =

 {
0 

..
 n

 +
 1

, 
0 

..
 n

 +
 1

, 
0 

..
 n

 +
 1

},
  

  
  

Ma
tr

ix
  

  
  

  
  

 =
 M

at
ri

x_
w_

Bo
rd

er
s 

[1
 .

. 
n,

 1
 .

. 
n,

 1
 .

. 
n]

,
  

  
  

Si
ng

le
_B

or
de

r 
  

 =
 M

at
ri

x.
ex

te
ri

or
 (

1,
 0

, 
0)

;

va
r 

Fi
el

d 
  

  
 :

 [
Ma

tr
ix

_w
_B

or
de

rs
] 

re
al

,
  

  
Ne

xt
_F

ie
ld

 :
 [

Ma
tr

ix
] 

  
  

  
  

  
re

al
;

pr
oc

 S
te

nc
il

 (
M 

: 
[/

* 
Ma

tr
ix

_w
_B

or
de

rs
 *

/]
 r

ea
l,

 (
i,

 j
, 

k)
 :

 i
nd

ex
 (

Ma
tr

ix
))

 :
 r

ea
l 

{

  
re

tu
rn

 (
M 

[i
 -

 1
, 

j,
 k

] 
  

  
  

  
+ 

M 
[i

 +
 1

, 
j,

 k
] 

  
  

  
  

+ 
M 

[i
, 

j 
- 

1,
 k

] 
  

  
  

  
+ 

M 
[i

, 
j 

+ 
1,

 k
]

  
  

  
  

+ 
M 

[i
, 

j,
 k

 +
 1

]
  

  
  

  
+ 

M 
[i

, 
j,

 k
 -

 1
])

 /
 6

;
}

…
 a

n
yt

h
in

g 
o

n
 th

is
 s

lid
e 

st
ill

 n
o

t p
er

fe
ct

ly
 c

le
ar

?

15
0

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

 1
50

 o
f  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
 d

at
a-

pa
ra

lle
l s

te
nc

il 
pr

og
ra

m

co
nf

ig
 c

on
st

 n
  

  
  

  
  

  
  

= 
10

0,
  

  
  

  
  

  
 m

ax
_i

te
ra

ti
on

s 
= 

50
,

  
  

  
  

  
  

 e
ps

il
on

  
  

  
  

= 
1.

0E
-5

,
  

  
  

  
  

  
 i

ni
ti

al
_b

or
de

r 
= 

1.
0;

co
ns

t 
Ma

tr
ix

_w
_B

or
de

rs
 =

 {
0 

..
 n

 +
 1

, 
0 

..
 n

 +
 1

, 
0 

..
 n

 +
 1

},
  

  
  

Ma
tr

ix
  

  
  

  
  

 =
 M

at
ri

x_
w_

Bo
rd

er
s 

[1
 .

. 
n,

 1
 .

. 
n,

 1
 .

. 
n]

,
  

  
  

Si
ng

le
_B

or
de

r 
  

 =
 M

at
ri

x.
ex

te
ri

or
 (

1,
 0

, 
0)

;

va
r 

Fi
el

d 
  

  
 :

 [
Ma

tr
ix

_w
_B

or
de

rs
] 

re
al

,
  

  
Ne

xt
_F

ie
ld

 :
 [

Ma
tr

ix
] 

  
  

  
  

  
re

al
;

pr
oc

 S
te

nc
il

 (
M 

: 
[/

* 
Ma

tr
ix

_w
_B

or
de

rs
 *

/]
 r

ea
l,

 (
i,

 j
, 

k)
 :

 i
nd

ex
 (

Ma
tr

ix
))

 :
 r

ea
l 

{

  
re

tu
rn

 (
M 

[i
 -

 1
, 

j,
 k

] 
  

  
  

  
+ 

M 
[i

 +
 1

, 
j,

 k
] 

  
  

  
  

+ 
M 

[i
, 

j 
- 

1,
 k

] 
  

  
  

  
+ 

M 
[i

, 
j 

+ 
1,

 k
]

  
  

  
  

+ 
M 

[i
, 

j,
 k

 +
 1

]
  

  
  

  
+ 

M 
[i

, 
j,

 k
 -

 1
])

 /
 6

;
}

C
on

fi 
gu

ra
ti

on
 c

on
st

an
ts

 c
an

 b
e 

se
t v

ia
 c

o
m

m
an

d
 li

n
e 

o
p

ti
o

n
s:

./
St
en
ci
l 
--
n=
50
0

15
9

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

 1
59

 o
f  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
 d

at
a-

pa
ra

lle
l s

te
nc

il 
pr

og
ra

m
 (

co
nt

.)

Fi
el

d 
[S

in
gl

e_
Bo

rd
er

] 
= 

in
it

ia
l_

bo
rd

er
;

fo
r 

l 
in

 1
 .

. 
ma

x_
it

er
at

io
ns

 {

  
fo

ra
ll

 M
at

ri
x_

In
di

ce
s 

in
 M

at
ri

x 
do

  
  

Ne
xt

_F
ie

ld
 (

Ma
tr

ix
_I

nd
ic

es
) 

= 
St

en
ci

l 
(F

ie
ld

, 
Ma

tr
ix

_I
nd

ic
es

);
  

  
  

  
co

ns
t 

de
lt

a 
= 

ma
x 

re
du

ce
 a

bs
 (

Fi
el

d 
[M

at
ri

x]
 -

 N
ex

t_
Fi

el
d)

;
    

Fi
el

d 
[M

at
ri

x]
 =

 N
ex

t_
Fi

el
d;

    
if

 d
el

ta
 <

 e
ps

il
on

 t
he

n 
br

ea
k;

}

…
 a

n
yt

h
in

g 
o

n
 th

is
 s

lid
e 

st
ill

 n
o

t p
er

fe
ct

ly
 c

le
ar

?

15
5

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

 1
55

 o
f  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)

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
 1

55
 o

f  
y

75
8  

(“
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)

8

A
 d

at
a-

pa
ra

lle
l s

te
nc

il 
pr

og
ra

m
 (

co
nt

.)

Fi
el

d 
[S

in
gl

e_
Bo

rd
er

] 
= 

in
it

ia
l_

bo
rd

er
;

fo
r 

l 
in

 1
 .

. 
ma

x_
it

er
at

io
ns

 {

  
fo

ra
ll

 M
at

ri
x_

In
di

ce
s 

in
 M

at
ri

x 
do

  
  

Ne
xt

_F
ie

ld
 (

Ma
tr

ix
_I

nd
ic

es
) 

= 
St

en
ci

l 
(F

ie
ld

, 
Ma

tr
ix

_I
nd

ic
es

);
  

  
  

  
co

ns
t 

de
lt

a 
= 

ma
x 

re
du

ce
 a

bs
 (

Fi
el

d 
[M

at
ri

x]
 -

 N
ex

t_
Fi

el
d)

;
    

Fi
el

d 
[M

at
ri

x]
 =

 N
ex

t_
Fi

el
d;

    
if

 d
el

ta
 <

 e
ps

il
on

 t
he

n 
br

ea
k;

}

15
1

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

 1
51

 o
f  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
 d

at
a-

pa
ra

lle
l s

te
nc

il 
pr

og
ra

m

co
nf

ig
 c

on
st

 n
  

  
  

  
  

  
  

= 
10

0,
  

  
  

  
  

  
 m

ax
_i

te
ra

ti
on

s 
= 

50
,

  
  

  
  

  
  

 e
ps

il
on

  
  

  
  

= 
1.

0E
-5

,
  

  
  

  
  

  
 i

ni
ti

al
_b

or
de

r 
= 

1.
0;

co
ns

t 
Ma

tr
ix

_w
_B

or
de

rs
 =

 {
0 

..
 n

 +
 1

, 
0 

..
 n

 +
 1

, 
0 

..
 n

 +
 1

},
  

  
  

Ma
tr

ix
  

  
  

  
  

 =
 M

at
ri

x_
w_

Bo
rd

er
s 

[1
 .

. 
n,

 1
 .

. 
n,

 1
 .

. 
n]

,
  

  
  

Si
ng

le
_B

or
de

r 
  

 =
 M

at
ri

x.
ex

te
ri

or
 (

1,
 0

, 
0)

;

va
r 

Fi
el

d 
  

  
 :

 [
Ma

tr
ix

_w
_B

or
de

rs
] 

re
al

,
  

  
Ne

xt
_F

ie
ld

 :
 [

Ma
tr

ix
] 

  
  

  
  

  
re

al
;

pr
oc

 S
te

nc
il

 (
M 

: 
[/

* 
Ma

tr
ix

_w
_B

or
de

rs
 *

/]
 r

ea
l,

 (
i,

 j
, 

k)
 :

 i
nd

ex
 (

Ma
tr

ix
))

 :
 r

ea
l 

{

  
re

tu
rn

 (
M 

[i
 -

 1
, 

j,
 k

] 
  

  
  

  
+ 

M 
[i

 +
 1

, 
j,

 k
] 

  
  

  
  

+ 
M 

[i
, 

j 
- 

1,
 k

] 
  

  
  

  
+ 

M 
[i

, 
j 

+ 
1,

 k
]

  
  

  
  

+ 
M 

[i
, 

j,
 k

 +
 1

]
  

  
  

  
+ 

M 
[i

, 
j,

 k
 -

 1
])

 /
 6

;
}

000
+

1}1}

D
efi

 n
in

g 
do

m
ai

ns
 to

 b
e 

u
se

d
 

fo
r 

m
u

lt
i-

d
im

en
si

o
n

al
 a

rr
ay

 
d

ec
la

ra
ti

o
n

s 
an

d
 a

ss
ig

n
m

en
ts

.


