
    pppp....

22225555    OOOOccccttttoooobbbbeeeerrrr    2222000000000000

TTTThhhheeeeoooo    DDDD''''HHHHoooonnnnddddtttt    ————    VVVVUUUUBBBB

IIIInnnnttttrrrroooodddduuuuccccttttiiiioooonnnn    ttttoooo    OOOObbbbjjjjeeeecccctttt    TTTTeeeehhhhnnnnoooollllooooggggyyyy

Introduction to Object
Technology

25 October 2000

1

Theo D'Hondt

Programming Technology Lab
Vrije Universiteit Brussel

http://prog.vub.ac.be/~tjdhondt

ftp://dinf.vub.ac.be/pub/TOOLSEE/ObjTech.pdf



    pppp....

22225555    OOOOccccttttoooobbbbeeeerrrr    2222000000000000

TTTThhhheeeeoooo    DDDD''''HHHHoooonnnnddddtttt    ————    VVVVUUUUBBBB

IIIInnnnttttrrrroooodddduuuuccccttttiiiioooonnnn    ttttoooo    OOOObbbbjjjjeeeecccctttt    TTTTeeeehhhhnnnnoooollllooooggggyyyy

CCCCoooonnnntttteeeennnnttttssss

Definition
Abstraction
Polymorphism
Inheritance
Frameworks
Types
Simulation
Conduits

2



    pppp....

22225555    OOOOccccttttoooobbbbeeeerrrr    2222000000000000

TTTThhhheeeeoooo    DDDD''''HHHHoooonnnnddddtttt    ————    VVVVUUUUBBBB

IIIInnnnttttrrrroooodddduuuuccccttttiiiioooonnnn    ttttoooo    OOOObbbbjjjjeeeecccctttt    TTTTeeeehhhhnnnnoooollllooooggggyyyy

DDDDeeeeffffiiiinnnniiiittttiiiioooonnnn

OOOObbbbjjjjeeeecccctttt    oooorrrriiiieeeennnnttttaaaattttiiiioooonnnn
====

ddddaaaattttaaaa    aaaabbbbssssttttrrrraaaaccccttttiiiioooonnnn
++++

ssssttttrrrruuuuccccttttuuuurrrreeeedddd    ppppoooollllyyyymmmmoooorrrrpppphhhhiiiissssmmmm

3333



    pppp....

22225555    OOOOccccttttoooobbbbeeeerrrr    2222000000000000

TTTThhhheeeeoooo    DDDD''''HHHHoooonnnnddddtttt    ————    VVVVUUUUBBBB

IIIInnnnttttrrrroooodddduuuuccccttttiiiioooonnnn    ttttoooo    OOOObbbbjjjjeeeecccctttt    TTTTeeeehhhhnnnnoooollllooooggggyyyy

DDDDeeeeffffiiiinnnniiiittttiiiioooonnnn    ((((ccccoooonnnntttt''''dddd))))

OOOObbbbjjjjeeeecccctttt    oooorrrriiiieeeennnnttttaaaattttiiiioooonnnn
====

ddddaaaattttaaaa    aaaabbbbssssttttrrrraaaaccccttttiiiioooonnnn
++++

ssssttttrrrruuuuccccttttuuuurrrreeeedddd    ppppoooollllyyyymmmmoooorrrrpppphhhhiiiissssmmmm

4444



    pppp....

22225555    OOOOccccttttoooobbbbeeeerrrr    2222000000000000

TTTThhhheeeeoooo    DDDD''''HHHHoooonnnnddddtttt    ————    VVVVUUUUBBBB

IIIInnnnttttrrrroooodddduuuuccccttttiiiioooonnnn    ttttoooo    OOOObbbbjjjjeeeecccctttt    TTTTeeeehhhhnnnnoooollllooooggggyyyy

CCCCoooonnnntttteeeennnnttttssss    ((((ccccoooonnnntttt''''dddd))))

Definition
Abstraction

Names
Procedures
Composition
Data abstraction

Polymorphism
 ...

5



    pppp....

22225555    OOOOccccttttoooobbbbeeeerrrr    2222000000000000

TTTThhhheeeeoooo    DDDD''''HHHHoooonnnnddddtttt    ————    VVVVUUUUBBBB

IIIInnnnttttrrrroooodddduuuuccccttttiiiioooonnnn    ttttoooo    OOOObbbbjjjjeeeecccctttt    TTTTeeeehhhhnnnnoooollllooooggggyyyy

leap-year?
  if multiple-of? year 4
    if multiple-of? year 100
      if multiple-of? year 400
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AAAAbbbbssssttttrrrraaaaccccttttiiiioooonnnn::::    ccccoooommmmppppoooossssiiiittttiiiioooonnnn
length month year
  if month = 2 
    if leap-year? year
      29 28
    if even? month = (month > 7)
      31 30

julian->date day year
  loop day month
   if day > length month year
     loop day - length month year 
          month + 1
     list day month year
  loop day 1
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composition of one or more
(procedural) abstractions

around a shared, persistent
and hidden data structure
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ssssiiiizzzzeeee

ttttoooopppp
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ppppuuuusssshhhh    iiiitttteeeemmmm ppppoooopppp

ffffuuuullllllll???? eeeemmmmppppttttyyyy????

SSSSTTTTAAAACCCCKKKK     UUUUnnnnpppprrrrooootttteeeecccctttteeeedddd    ............
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ttttoooopppp    ====    ssssiiiizzzzeeee

ttttoooopppp    ====    ssssiiiizzzzeeee    ---->>>>    eeeerrrrrrrroooorrrr
aaaarrrrrrrraaaayyyyttttoooopppp    <<<<----    iiiitttteeeemmmm
ttttoooopppp    <<<<----    ttttoooopppp    ++++    1111

ttttoooopppp    ====    0000    ---->>>>    eeeerrrrrrrroooorrrr
ttttoooopppp    <<<<----    ttttoooopppp    ----    1111
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ppppuuuusssshhhh    iiiitttteeeemmmm ppppoooopppp

ffffuuuullllllll???? eeeemmmmppppttttyyyy????
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AAAAbbbbssssttttrrrraaaaccccttttiiiioooonnnn::::    ddddaaaattttaaaa    aaaabbbbssssttttrrrraaaaccccttttiiiioooonnnn
((((ccccoooonnnntttt''''dddd))))

A is a stack
A:push 'alfa'
A:push 'omega'
while not A:empty?
  display A:pop

B is a protected stack
c is 0
repeat
  B:push c
  c<-c+1
until B:full?
display B:pop
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A is a stack
A:push 'alfa'
A:push 'omega'
while not A:empty?
  display A:pop

B is a protected stack
c is 0
repeat
  B:push c
  c<-c+1
until B:full?
display B:pop
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A is a stack
A:push 'alfa'
A:push 'omega'
while not A:empty?
  display A:pop

B is a protected stack
c is 0
repeat
  B:push c
  c<-c+1
until B:full?
display B:pop
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Definition
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generic behaviour patterns (i.e. 

with multiple implementations)

implementation selection on the 

basis of object types in context

formalizes conventions

promotes substitutability
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incremental abstractions

inheritance of features

organized genericity

framework constraints
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    NNNNeeeessssttttiiiinnnngggg    ............
ssssttttaaaacccckkkk

22222222

ssssttttaaaacccckkkk....ffffuuuullllllll???? ssssttttaaaacccckkkk....eeeemmmmppppttttyyyy????

ffffuuuullllllll???? eeeemmmmppppttttyyyy????



    pppp....

22225555    OOOOccccttttoooobbbbeeeerrrr    2222000000000000

TTTThhhheeeeoooo    DDDD''''HHHHoooonnnnddddtttt    ————    VVVVUUUUBBBB

IIIInnnnttttrrrroooodddduuuuccccttttiiiioooonnnn    ttttoooo    OOOObbbbjjjjeeeecccctttt    TTTTeeeehhhhnnnnoooollllooooggggyyyy

ssssttttaaaacccckkkk....ttttoooopppp    ====    ssssiiiizzzzeeee
                                                ---->>>>    eeeerrrrrrrroooorrrr
ssssttttaaaacccckkkk....ppppuuuusssshhhh    iiiitttteeeemmmm

ssssttttaaaacccckkkk....ttttoooopppp    ====    0000
                                    ---->>>>    eeeerrrrrrrroooorrrr
rrrreeeettttuuuurrrrnnnn    ssssttttaaaacccckkkk....ppppoooopppp
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    IIIInnnnhhhheeeerrrriiiittttaaaannnncccceeee????
ssssttttaaaacccckkkk

22223333

ssssttttaaaacccckkkk....ffffuuuullllllll???? ssssttttaaaacccckkkk....eeeemmmmppppttttyyyy????

ffffuuuullllllll???? eeeemmmmppppttttyyyy????



    pppp....

22225555    OOOOccccttttoooobbbbeeeerrrr    2222000000000000

TTTThhhheeeeoooo    DDDD''''HHHHoooonnnnddddtttt    ————    VVVVUUUUBBBB

IIIInnnnttttrrrroooodddduuuuccccttttiiiioooonnnn    ttttoooo    OOOObbbbjjjjeeeecccctttt    TTTTeeeehhhhnnnnoooollllooooggggyyyy

CCCCoooonnnntttteeeennnnttttssss    ((((ccccoooonnnntttt''''dddd))))

...
Polymorphism
Inheritance

Class based inheritance
Prototype based inheritance
Actor based inheritance

Frameworks
...
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CCCCllllaaaassssssss    bbbbaaaasssseeeedddd    iiiinnnnhhhheeeerrrriiiittttaaaannnncccceeee

objects belong to the same class if they share
the same behaviour

A ≡ B

⇔
{ µ | A responds to µ} ={ µ | B responds to µ}

Footnote: ≡ is an equivalence relation
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IIIInnnn    pppprrrraaaaccccttttiiiicccceeee::::

A class describes …

… the composition of the internal state …

… the specification of the common behaviour …

… of all of its member objects
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CCCCllllaaaassssssss    bbbbaaaasssseeeedddd    iiiinnnnhhhheeeerrrriiiittttaaaannnncccceeee    ((((ccccoooonnnntttt''''dddd))))
AAAA    ttttaaaaxxxxoooonnnnoooommmmyyyy    iiiissss    ddddeeeeffffiiiinnnneeeedddd    oooonnnn    tttthhhheeee    sssseeeetttt    ooooffff    aaaallllllll

ccccllllaaaasssssssseeeessss,,,,    eeee....gggg....:
A class is a subclass of another class
if it has at least the same behaviour

A ≈ B

⇔
A specifies µ ⇒  B specifies µ

Footnote: ≈ is a partial order
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IIIInnnn    pppprrrraaaaccccttttiiiicccceeee::::

A subclass has …

… at least the same composition of the internal state …

… at least the same specification of behaviour …

… as its superclass
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TTTTyyyyppppeeeessss::::    ssssuuuubbbbssssttttiiiittttuuuuttttaaaabbbbiiiilllliiiittttyyyy

55555555

Stack    S
ArrayStack    A
ListStack    L

A.push 456
S becomes A
L.push S.pop + 456
S becomes L
S.pop
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TTTTyyyyppppeeeessss::::    vvvviiiirrrrttttuuuuaaaallll    ttttaaaabbbblllleeeessss

55556666

x
y

10
20

move code
area code

x
y

0
0

Points …

x
y

5
5

move code
area code

x
y

0
0

radius code
radius 30

radius 0

Circles …

x
y

5
5

move code
area code

x
y

0
0

side code
side 30

side 0

Squares …

x
y

5
5

move code
area code

x
y

0
0

radius code
radius 30

radius 0

Ellipses …

radius’ 30

radius’ 30

radius’ code

x
y

5
5

move code
area code

x
y

0
0

side code
side 30

side 0

Rectangles …

side’ 30

side’ 30

side’ code



    pppp....

22225555    OOOOccccttttoooobbbbeeeerrrr    2222000000000000

TTTThhhheeeeoooo    DDDD''''HHHHoooonnnnddddtttt    ————    VVVVUUUUBBBB

IIIInnnnttttrrrroooodddduuuuccccttttiiiioooonnnn    ttttoooo    OOOObbbbjjjjeeeecccctttt    TTTTeeeehhhhnnnnoooollllooooggggyyyy

TTTTyyyyppppeeeessss::::    vvvvaaaarrrriiiiaaaannnncccceeee

55557777

class Square
...
method contains Square S

...

class Rectangle is Square
...
method contains Rectangle R

...

Square S
Rectangle R
...
S becomes R
...
S contains S

overriding?

No, because
contains is going
to use side' on a

Square!
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CCCCoooonnnntttteeeennnnttttssss    ((((ccccoooonnnntttt''''dddd))))

...
Frameworks
Types
Conduits

Simulation
Components
Specification
Implementation

55558888
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reality

specification
model

in
terpretation

simulation

process

CCCCoooonnnndddduuuuiiiittttssss::::    ssssiiiimmmmuuuullllaaaattttiiiioooonnnn

55559999
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66660000

ssssoooouuuurrrrcccceeee
ssssoooouuuurrrrcccceeee

ppppiiiippppeeee
ssssiiiinnnnkkkk

jjjjooooiiiinnnn

ppppiiiippppeeee
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CCCCoooonnnndddduuuuiiiittttssss::::    ssssiiiimmmmuuuullllaaaattttiiiioooonnnn    ((((ccccoooonnnntttt''''dddd))))

PRO_1 is [[10, 1],[20, 3],[40, 1],[50, 4],[80, 1],[90, 5]]
PRO_2 is [[10, 2],[20, 4],[40, 1],[50, 2],[80, 1],[90, 4]]
        
SRC_1 is Source make "Source 1" 5 PRO_1
PIP_1 is Pipe   make "Pipe   1" 4 SRC_1
SRC_2 is Source make "Source 2" 4 PRO_2
PIP_2 is Pipe   make "Pipe   2" 2 SRC_2
JOI_1 is Join   make "Join   1" 4 PIP_1 PIP_2
PIP_3 is Pipe   make "Pipe   3" 3 JOI_1
SNK_1 is Sink   make "Sink   1" 4 PIP_3

sc
rip

t

66661111
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CCCCoooonnnndddduuuuiiiittttssss::::    ssssiiiimmmmuuuullllaaaattttiiiioooonnnn    ((((ccccoooonnnntttt''''dddd))))
tttt==== 0000 SSSSoooouuuurrrrcccceeee    1111 pppprrrroooodddduuuucccceeeedddd 1111
tttt==== 1111 SSSSoooouuuurrrrcccceeee    1111 ffffiiiilllllllleeeedddd    1111
tttt==== 1111 SSSSoooouuuurrrrcccceeee    1111 ccccoooonnnnttttaaaaiiiinnnnssss 1111
tttt==== 1111 SSSSoooouuuurrrrcccceeee    1111 ddddrrrraaaaiiiinnnneeeedddd    1111
tttt==== 1111 PPPPiiiippppeeee            1111 ffffiiiilllllllleeeedddd    1111
tttt==== 1111 PPPPiiiippppeeee            1111 ccccoooonnnnttttaaaaiiiinnnnssss 1111
tttt==== 1111 SSSSoooouuuurrrrcccceeee    1111 pppprrrroooodddduuuucccceeeedddd 2222
tttt==== 2222 SSSSoooouuuurrrrcccceeee    1111 ffffiiiilllllllleeeedddd    1111
tttt==== 2222 SSSSoooouuuurrrrcccceeee    1111 ccccoooonnnnttttaaaaiiiinnnnssss 1111
tttt==== 0000 SSSSoooouuuurrrrcccceeee    2222 pppprrrroooodddduuuucccceeeedddd 2222
tttt==== 1111 SSSSoooouuuurrrrcccceeee    2222 ffffiiiilllllllleeeedddd    2222
tttt==== 1111 SSSSoooouuuurrrrcccceeee    2222 ccccoooonnnnttttaaaaiiiinnnnssss 2222
tttt==== 1111 SSSSoooouuuurrrrcccceeee    2222 ddddrrrraaaaiiiinnnneeeedddd    2222
tttt==== 1111 PPPPiiiippppeeee            2222 ffffiiiilllllllleeeedddd    2222
tttt==== 1111 PPPPiiiippppeeee            2222 ccccoooonnnnttttaaaaiiiinnnnssss 2222
tttt==== 1111 SSSSoooouuuurrrrcccceeee    2222 pppprrrroooodddduuuucccceeeedddd 4444
tttt==== 2222 SSSSoooouuuurrrrcccceeee    2222 ffffiiiilllllllleeeedddd    2222
tttt==== 2222 SSSSoooouuuurrrrcccceeee    2222 ccccoooonnnnttttaaaaiiiinnnnssss 2222
tttt==== 1111 PPPPiiiippppeeee            1111 ddddrrrraaaaiiiinnnneeeedddd    0000
tttt==== 1111 PPPPiiiippppeeee            2222 ddddrrrraaaaiiiinnnneeeedddd    0000

0

20

40

60

80

100

120

Join   
1

Pipe   
1Pipe   
2

Pipe   
3

Sink   
1

Source 1

Source 2

1 4 7

10 13 16 19 22 25 28 31 34 37 40 43 46 49

contains...
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CCCCoooonnnndddduuuuiiiittttssss::::    ccccoooommmmppppoooonnnneeeennnnttttssss    ((((ccccoooonnnntttt''''dddd))))

ddddrrrraaaaiiiinnnnffffiiiillllllll
capacity ~ section

delay ~ length

pipe

66663333
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CCCCoooonnnndddduuuuiiiittttssss::::    ccccoooommmmppppoooonnnneeeennnnttttssss    ((((ccccoooonnnntttt''''dddd))))

ddddrrrraaaaiiiinnnn

ffffiiiillllllll ffffiiiillllllll

capacity ~ section

delay ~ standard

join

66664444
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ddddrrrraaaaiiiinnnn

ffffiiiillllllll

capacity ~ volume10 20

1

2

3

4

30 40 50 60 70 80 90

CCCCoooonnnndddduuuuiiiittttssss::::    ccccoooommmmppppoooonnnneeeennnnttttssss    ((((ccccoooonnnntttt''''dddd))))
source

66665555
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CCCCoooonnnndddduuuuiiiittttssss::::    ccccoooommmmppppoooonnnneeeennnnttttssss    ((((ccccoooonnnntttt''''dddd))))

ffffiiiillllllll

capacity ~ sectionsink

66666666
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CCCCoooonnnndddduuuuiiiittttssss::::    ssssppppeeeecccciiiiffffiiiiccccaaaattttiiiioooonnnn

ddddrrrraaaaiiiinnnn

ffffiiiillllllll(((())))

ddddrrrraaaaiiiinnnn

66667777

1. every tick of the clock
the conduit is asked to

fill itself

2. non-source conduits
are filled by draining

other conduits

3. non sink-conduits
wait until they are

drained

4. the conduit is ready
to receive the signal to

fill itself



    pppp....

22225555    OOOOccccttttoooobbbbeeeerrrr    2222000000000000

TTTThhhheeeeoooo    DDDD''''HHHHoooonnnnddddtttt    ————    VVVVUUUUBBBB

IIIInnnnttttrrrroooodddduuuuccccttttiiiioooonnnn    ttttoooo    OOOObbbbjjjjeeeecccctttt    TTTTeeeehhhhnnnnoooollllooooggggyyyy

CCCCoooonnnndddduuuuiiiittttssss::::    ssssppppeeeecccciiiiffffiiiiccccaaaattttiiiioooonnnn    ((((ccccoooonnnntttt''''dddd))))

66668888

remains to
be filled

total
capacity

remains to be
drained
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IIIInnnnttttrrrroooodddduuuuccccttttiiiioooonnnn    ttttoooo    OOOObbbbjjjjeeeecccctttt    TTTTeeeehhhhnnnnoooollllooooggggyyyy

CCCCoooonnnndddduuuuiiiittttssss::::    iiiimmmmpppplllleeeemmmmeeeennnnttttaaaattttiiiioooonnnn

CCCCoooonnnndddduuuuiiiitttt

DDDDrrrraaaaiiiinnnnaaaabbbblllleeeeCCCCoooonnnndddduuuuiiiitttt

SSSSiiiinnnnkkkkSSSSoooouuuurrrrcccceeee JJJJooooiiiinnnn PPPPiiiippppeeee

66669999

inherits

abstract

synchronized
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CCCCoooonnnndddduuuuiiiittttssss::::    iiiimmmmpppplllleeeemmmmeeeennnnttttaaaattttiiiioooonnnn    ((((ccccoooonnnntttt''''dddd))))class Conduit
variable name
variable capacity
variable time iiiissss    0
variable content iiiissss    0

make nam cap is
name becomes nam
capacity becomes cap
while true tick

method report message value is ...

method error message is ...

method fill is
error "not my job"

method tick is
flow is fill;
content add flow;
time add 1        
report "filled  " flow
report "contains" content

77770000
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CCCCoooonnnndddduuuuiiiittttssss::::    iiiimmmmpppplllleeeemmmmeeeennnnttttaaaattttiiiioooonnnn    ((((ccccoooonnnntttt''''dddd))))class Conduit
variable name
variable capacity
variable time iiiissss    0
variable content iiiissss    0

make nam cap is
name becomes nam
capacity becomes cap
while true tick

method report message value is ...

method error message is ...

method fill is
error "not my job"

method tick is
flow is fill;
content add flow;
time add 1        
report "filled  " flow
report "contains" content

}
}

}
}

77771111

Conduit state

Instantiation

Clock

Specialisation
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CCCCoooonnnndddduuuuiiiittttssss::::    iiiimmmmpppplllleeeemmmmeeeennnnttttaaaattttiiiioooonnnn    ((((ccccoooonnnntttt''''dddd))))CCCCoooonnnndddduuuuiiiittttssss::::    iiiimmmmpppplllleeeemmmmeeeennnnttttaaaattttiiiioooonnnn    ((((ccccoooonnnntttt''''dddd))))

class Sink is Conduit
variable inConduit

make nam cap inp is
inConduit becomes inp
super make nam cap

method fill is
return inConduit drain capacity

77772222
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CCCCoooonnnndddduuuuiiiittttssss::::    iiiimmmmpppplllleeeemmmmeeeennnnttttaaaattttiiiioooonnnn    ((((ccccoooonnnntttt''''dddd))))CCCCoooonnnndddduuuuiiiittttssss::::    iiiimmmmpppplllleeeemmmmeeeennnnttttaaaattttiiiioooonnnn    ((((ccccoooonnnntttt''''dddd))))

class Sink is Conduit
variable inConduit

make nam cap inp is
inConduit becomes inp
super make nam cap

method fill is
return inConduit drain capacity

}
}

77773333

register input

simple drain



    pppp....

22225555    OOOOccccttttoooobbbbeeeerrrr    2222000000000000

TTTThhhheeeeoooo    DDDD''''HHHHoooonnnnddddtttt    ————    VVVVUUUUBBBB
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CCCCoooonnnndddduuuuiiiittttssss::::    iiiimmmmpppplllleeeemmmmeeeennnnttttaaaattttiiiioooonnnn    ((((ccccoooonnnntttt''''dddd))))CCCCoooonnnndddduuuuiiiittttssss::::    iiiimmmmpppplllleeeemmmmeeeennnnttttaaaattttiiiioooonnnn    ((((ccccoooonnnntttt''''dddd))))
class DrainableConduit is Conduit

variable isFilled is false

make nam cap is
super make nam cap

method tick is
if isFilled wait
isFilled becomes true
super tick
notify

method available max is
if content > max 

return max
else 

return content

method drain is
ifnot isFilled wait
isFilled becomes false
flow is available max
report "drained" flow
content subtract flow;
notify
return flow

77774444
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CCCCoooonnnndddduuuuiiiittttssss::::    iiiimmmmpppplllleeeemmmmeeeennnnttttaaaattttiiiioooonnnn    ((((ccccoooonnnntttt''''dddd))))CCCCoooonnnndddduuuuiiiittttssss::::    iiiimmmmpppplllleeeemmmmeeeennnnttttaaaattttiiiioooonnnn    ((((ccccoooonnnntttt''''dddd))))
class DrainableConduit is Conduit

variable isFilled is false

make nam cap is
super make nam cap

method tick is
if isFilled wait
isFilled becomes true
super tick
notify

method available max is
if content > max 
return max

else 
return content

method drain is
ifnot isFilled wait
isFilled becomes false
flow is available max
report "drained" flow
content subtract flow;
notify
return flow

}
}

}
77775555

overriden clock

default

universal drain
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IIIInnnnttttrrrroooodddduuuuccccttttiiiioooonnnn    ttttoooo    OOOObbbbjjjjeeeecccctttt    TTTTeeeehhhhnnnnoooollllooooggggyyyy

CCCCoooonnnndddduuuuiiiittttssss::::    iiiimmmmpppplllleeeemmmmeeeennnnttttaaaattttiiiioooonnnn    ((((ccccoooonnnntttt''''dddd))))CCCCoooonnnndddduuuuiiiittttssss::::    iiiimmmmpppplllleeeemmmmeeeennnnttttaaaattttiiiioooonnnn    ((((ccccoooonnnntttt''''dddd))))
class Source is DrainableConduit

variable profile
variable produced

make nam cap pro is
profile becomes pro 
super make nam cap

private method lookUp is
index is 1
while index ≤ length profile

if profile[index 1] ≥ time
return profile[index 2]

return profile[1 2]

method fill is
  flow is lookUp

if flow > capacity
error "overflow"

report "produced" flow
return flow

77776666



    pppp....

22225555    OOOOccccttttoooobbbbeeeerrrr    2222000000000000

TTTThhhheeeeoooo    DDDD''''HHHHoooonnnnddddtttt    ————    VVVVUUUUBBBB

IIIInnnnttttrrrroooodddduuuuccccttttiiiioooonnnn    ttttoooo    OOOObbbbjjjjeeeecccctttt    TTTTeeeehhhhnnnnoooollllooooggggyyyy

CCCCoooonnnndddduuuuiiiittttssss::::    iiiimmmmpppplllleeeemmmmeeeennnnttttaaaattttiiiioooonnnn    ((((ccccoooonnnntttt''''dddd))))CCCCoooonnnndddduuuuiiiittttssss::::    iiiimmmmpppplllleeeemmmmeeeennnnttttaaaattttiiiioooonnnn    ((((ccccoooonnnntttt''''dddd))))
class Source is DrainableConduit

variable profile
variable produced

make nam cap pro is
profile becomes pro 
super make nam cap

private method lookUp is
index is 1
while index ≤ length profile

if profile[index 1] ≥ time
return profile[index 2]

return profile[1 2]

method fill is
flow is lookUp
if flow > capacity

error "overflow"
report "produced" flow
return flow

}
}
}

77777777

register profile

consult profile

profiled fill
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CCCCoooonnnndddduuuuiiiittttssss::::    iiiimmmmpppplllleeeemmmmeeeennnnttttaaaattttiiiioooonnnn    ((((ccccoooonnnntttt''''dddd))))CCCCoooonnnndddduuuuiiiittttssss::::    iiiimmmmpppplllleeeemmmmeeeennnnttttaaaattttiiiioooonnnn    ((((ccccoooonnnntttt''''dddd))))

class Join is DrainableConduit
variable inConduit1
variable inConduit2

make nam cap in1 in2 is
inConduit1 becomes in1 
inConduit2 becomes in2 
super make nam cap

method fill is
free is (capacity - content) / 2

  flo1 is inConduit1 drain free
flo2 is inConduit2 drain free
return flo1 + flo2

77778888
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CCCCoooonnnndddduuuuiiiittttssss::::    iiiimmmmpppplllleeeemmmmeeeennnnttttaaaattttiiiioooonnnn    ((((ccccoooonnnntttt''''dddd))))CCCCoooonnnndddduuuuiiiittttssss::::    iiiimmmmpppplllleeeemmmmeeeennnnttttaaaattttiiiioooonnnn    ((((ccccoooonnnntttt''''dddd))))

class Join is DrainableConduit
variable inConduit1
variable inConduit2

make nam cap in1 in2 is
inConduit1 becomes in1 
inConduit2 becomes in2 
super make nam cap

method fill is
free is (capacity - content) / 2

  flo1 is inConduit1 drain free
flo2 is inConduit2 drain free
return flo1 + flo2

}
}

77779999

register inputs

equitable fill
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22225555    OOOOccccttttoooobbbbeeeerrrr    2222000000000000

TTTThhhheeeeoooo    DDDD''''HHHHoooonnnnddddtttt    ————    VVVVUUUUBBBB

IIIInnnnttttrrrroooodddduuuuccccttttiiiioooonnnn    ttttoooo    OOOObbbbjjjjeeeecccctttt    TTTTeeeehhhhnnnnoooollllooooggggyyyy

CCCCoooonnnndddduuuuiiiittttssss::::    iiiimmmmpppplllleeeemmmmeeeennnnttttaaaattttiiiioooonnnn    ((((ccccoooonnnntttt''''dddd))))CCCCoooonnnndddduuuuiiiittttssss::::    iiiimmmmpppplllleeeemmmmeeeennnnttttaaaattttiiiioooonnnn    ((((ccccoooonnnntttt''''dddd))))class Pipe is DrainableConduit
variable inConduit
variable cell is [0 0 0 0 0 0 0 0 0 0]

make nam cap inc is
inConduit becomes inc 
super make nam cap

method available max is
if cell[10] > max 

flow is max
else 

flow is cell[10]
cell[10] subtract flow
return flow

method fill is
free is capacity - cell[1]
flow is inConduit drain free
cell[1] add flow
index is 10
while index > 1

free becomes capacity - cell[index]
available is cell[index - 1]

88880000



    pppp....

22225555    OOOOccccttttoooobbbbeeeerrrr    2222000000000000

TTTThhhheeeeoooo    DDDD''''HHHHoooonnnnddddtttt    ————    VVVVUUUUBBBB

IIIInnnnttttrrrroooodddduuuuccccttttiiiioooonnnn    ttttoooo    OOOObbbbjjjjeeeecccctttt    TTTTeeeehhhhnnnnoooollllooooggggyyyy

CCCCoooonnnndddduuuuiiiittttssss::::    iiiimmmmpppplllleeeemmmmeeeennnnttttaaaattttiiiioooonnnn    ((((ccccoooonnnntttt''''dddd))))CCCCoooonnnndddduuuuiiiittttssss::::    iiiimmmmpppplllleeeemmmmeeeennnnttttaaaattttiiiioooonnnn    ((((ccccoooonnnntttt''''dddd))))class Pipe is DrainableConduit
variable inConduit
variable cell is [0 0 0 0 0 0 0 0 0 0]

make nam cap inc is
inConduit becomes inc 
super make nam cap

method available max is
if cell[10] > max 

flow is max
else 

flow is cell[10]
cell[10] subtract flow
return flow

method fill is
free is capacity - cell[1]
flow is inConduit drain free
cell[1] add flow
index is 10
while index > 1

free becomes capacity - cell[index]
available is cell[index - 1]

}
}
}

88881111

Cells

register input

Specialisation
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22225555    OOOOccccttttoooobbbbeeeerrrr    2222000000000000

TTTThhhheeeeoooo    DDDD''''HHHHoooonnnnddddtttt    ————    VVVVUUUUBBBB

IIIInnnnttttrrrroooodddduuuuccccttttiiiioooonnnn    ttttoooo    OOOObbbbjjjjeeeecccctttt    TTTTeeeehhhhnnnnoooollllooooggggyyyy

CCCCoooonnnndddduuuuiiiittttssss::::    iiiimmmmpppplllleeeemmmmeeeennnnttttaaaattttiiiioooonnnn    ((((ccccoooonnnntttt''''dddd))))CCCCoooonnnndddduuuuiiiittttssss::::    iiiimmmmpppplllleeeemmmmeeeennnnttttaaaattttiiiioooonnnn    ((((ccccoooonnnntttt''''dddd))))

cell[10] subtract flow
return flow

method fill is
free is capacity - cell[1]
flow is inConduit drain free
cell[1] add flow

  index is 10
  while index > 1

free becomes capacity - cell[index]
available is cell[index - 1]
if available > free

available becomes free
cell[index] add available
index subtract 1
cell[index] subtract available

return flow

88882222
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22225555    OOOOccccttttoooobbbbeeeerrrr    2222000000000000

TTTThhhheeeeoooo    DDDD''''HHHHoooonnnnddddtttt    ————    VVVVUUUUBBBB

IIIInnnnttttrrrroooodddduuuuccccttttiiiioooonnnn    ttttoooo    OOOObbbbjjjjeeeecccctttt    TTTTeeeehhhhnnnnoooollllooooggggyyyy

CCCCoooonnnndddduuuuiiiittttssss::::    iiiimmmmpppplllleeeemmmmeeeennnnttttaaaattttiiiioooonnnn    ((((ccccoooonnnntttt''''dddd))))CCCCoooonnnndddduuuuiiiittttssss::::    iiiimmmmpppplllleeeemmmmeeeennnnttttaaaattttiiiioooonnnn    ((((ccccoooonnnntttt''''dddd))))

cell[10] subtract flow
return flow

method fill is
free is capacity - cell[1]
flow is inConduit drain free
cell[1] add flow

  index is 10
  while index > 1

free becomes capacity - cell[index]
available is cell[index - 1]
if available > free

available becomes free
cell[index] add available
index subtract 1
cell[index] subtract available

return flow

}

88883333

propagated fill
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22225555    OOOOccccttttoooobbbbeeeerrrr    2222000000000000

TTTThhhheeeeoooo    DDDD''''HHHHoooonnnnddddtttt    ————    VVVVUUUUBBBB

IIIInnnnttttrrrroooodddduuuuccccttttiiiioooonnnn    ttttoooo    OOOObbbbjjjjeeeecccctttt    TTTTeeeehhhhnnnnoooollllooooggggyyyy

RRRReeeeaaaallllllllyyyy    hhhhaaaarrrrdddd    aaaassssssssiiiiggggnnnnmmmmeeeennnntttt

ffffiiiillllllll

ddddrrrraaaaiiiinnnnddddrrrraaaaiiiinnnn
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22225555    OOOOccccttttoooobbbbeeeerrrr    2222000000000000

TTTThhhheeeeoooo    DDDD''''HHHHoooonnnnddddtttt    ————    VVVVUUUUBBBB

IIIInnnnttttrrrroooodddduuuuccccttttiiiioooonnnn    ttttoooo    OOOObbbbjjjjeeeecccctttt    TTTTeeeehhhhnnnnoooollllooooggggyyyy
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    pppp....

22225555    OOOOccccttttoooobbbbeeeerrrr    2222000000000000

TTTThhhheeeeoooo    DDDD''''HHHHoooonnnnddddtttt    ————    VVVVUUUUBBBB

IIIInnnnttttrrrroooodddduuuuccccttttiiiioooonnnn    ttttoooo    OOOObbbbjjjjeeeecccctttt    TTTTeeeehhhhnnnnoooollllooooggggyyyy

AAAAppppppppeeeennnnddddiiiixxxx
package Conduits;

abstract class Conduit extends Thread
  { private String name;
    protected  int capacity;
    protected  int time = 0;
    protected  int content = 0;
    
    protected Conduit(String nam, int cap)
      { name = nam;
        capacity = cap; }

    final protected void report(String msg, int vol)
      { System.out.println('t=\t' + time + '\t' + name + 
                           '\t' + msg + '\t' + vol); }

    final protected void error(String msg)
      { System.out.println(name + '\t=>\t' + msg); 
        stop(); }
        
    abstract protected int fill();
                        
    protected void tick()
      { int flow = fill();
        content += flow;
        time++;
        report("filled    ", flow);
        report("contains  ", content);  }
    
    final public void run()
      { while (time < 50)
          { tick(); 
            yield(); }}}

package Conduits;

abstract class DrainableConduit extends Conduit
  { private boolean isFilled = false;
    
    protected DrainableConduit(String nam, int cap)
      { super(nam, cap); }
      
    synchronized protected void tick()
      { if (isFilled)
          try
            { wait(); }
          catch (InterruptedException e)
            { error(e.toString()); }
        isFilled = true; 
        super.tick(); 
        notify(); }
    
    protected int available(int max)
      { if (content > max)
          return max;
        else
          return content; }

    synchronized final public int drain(int max)
      { int flow;
        if (!isFilled)
          try
            { wait(); }
          catch (InterruptedException e)
            { error(e.toString()); }      
        flow = available(max);

  isFilled = false; 
  report("drained   ", flow);
  content -= flow;
  notify();

        return flow; }}

88886666
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22225555    OOOOccccttttoooobbbbeeeerrrr    2222000000000000

TTTThhhheeeeoooo    DDDD''''HHHHoooonnnnddddtttt    ————    VVVVUUUUBBBB

IIIInnnnttttrrrroooodddduuuuccccttttiiiioooonnnn    ttttoooo    OOOObbbbjjjjeeeecccctttt    TTTTeeeehhhhnnnnoooollllooooggggyyyy

AAAAppppppppeeeennnnddddiiiixxxx    ((((ccccoooonnnntttt''''dddd))))
package Conduits;

final public class Source extends DrainableConduit
  { private int profile [][];
    private int produced;
    
    public Source(String nam, int cap, int[][] pro)
      { super(nam, cap);
        profile = pro;
        produced = 0; }

    private int lookUp()
      { for (int index = 0; index < profile.length; index++)
          if (profile[index][0] >= time)
            return profile[index][1]; 
        return profile[0][1]; }
        
    protected int fill()
      { int flow = lookUp();
        if (flow > capacity)
          error("overflow");
        report("produced  ", flow);
        return flow; }}

package Conduits;

import Conduits.*;

final public class Pipe extends DrainableConduit
  { final static int pipeLength = 10;
  
    private DrainableConduit inConduit;
    private int cell[] = new int[pipeLength];
    
    public Pipe(String nam, int cap, DrainableConduit inc)
      { super(nam, cap);
        inConduit = inc; 
        for(int index = 0; index < pipeLength; index++)
          cell[index] = 0; }

    protected int fill()
      { int flow = inConduit.drain(capacity - cell[0]);
        int free;
        int available;
        cell[0] += flow;
        for(int index = pipeLength - 1; index > 0; index--)
          { free = capacity - cell[index];
            available = cell[index - 1];
            if (available > free)
              available = free;
            cell[index] += available;
            cell[index - 1] -= available; }
        return flow; }
                
    protected int available(int max)
      { int flow;
        if (cell[pipeLength - 1] > max)
          flow = max;
        else
          flow = cell[pipeLength - 1];
        cell[pipeLength - 1] -= flow; 
        return flow; }}

88887777



    pppp....

22225555    OOOOccccttttoooobbbbeeeerrrr    2222000000000000

TTTThhhheeeeoooo    DDDD''''HHHHoooonnnnddddtttt    ————    VVVVUUUUBBBB

IIIInnnnttttrrrroooodddduuuuccccttttiiiioooonnnn    ttttoooo    OOOObbbbjjjjeeeecccctttt    TTTTeeeehhhhnnnnoooollllooooggggyyyy

AAAAppppppppeeeennnnddddiiiixxxx    ((((ccccoooonnnntttt''''dddd))))
package Conduits;

import Conduits.*;

final public class Join extends DrainableConduit
  { private DrainableConduit inConduit1;
    private DrainableConduit inConduit2;
    
    public Join(String nam, int cap, DrainableConduit in1,
                                     DrainableConduit in2)
      { super(nam, cap);
        inConduit1 = in1; 
        inConduit2 = in2; }

    protected int fill()
      { int free = (capacity - content) / 2;
        int flo1 = inConduit1.drain(free);
        int flo2 = inConduit2.drain(free);
        return (flo1 + flo2); }}

package Conduits;

import Conduits.*;

final public class Sink extends Conduit
  { private DrainableConduit inConduit;
  
    public Sink(String nam, int cap, DrainableConduit inc)
      { super(nam, cap);
        inConduit = inc; }
        
    protected int fill()
      { return inConduit.drain(capacity); }}

import Conduits.*;
import java.applet.Applet;

public class Simulation extends Applet
  { public static void main(String argv[])
      { final int PRO_1[][] = {{10, 1},{20, 3},{40, 1},
                               {50, 4},{80, 1},{90, 5}};
        final int PRO_2[][] = {{10, 2},{20, 4},{40, 1},
                               {50, 2},{80, 1},{90, 4}};
        
        Source SRC_1 = new Source ("Source 1", 5, PRO_1);
        Source SRC_2 = new Source ("Source 2", 4, PRO_2);
        Pipe   PIP_1 = new Pipe   ("Pipe   1", 4, SRC_1);
        Pipe   PIP_2 = new Pipe   ("Pipe   2", 2, SRC_2);
        Join   JOI_1 = new Join   ("Join   1", 4, PIP_1, 
                                                  PIP_2);
        Pipe   PIP_3 = new Pipe   ("Pipe   3", 3, JOI_1);
        Sink   SNK_1 = new Sink   ("Sink   1", 4, PIP_3);
    
        SRC_1.start();
        SRC_2.start();
        PIP_1.start();
        PIP_2.start();
        JOI_1.start();
        PIP_3.start();
        SNK_1.start(); }}
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