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∩
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∈
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=
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⊆
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J∀

c
∈
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∈
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⊥

⊥
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∧
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⊥
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⊥
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∪̇
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⊥
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⊥
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⊥
,

false
,otherw

ise

isU
ndefined

I
is

d
e

fin
ite:itneveryields

⊥
.

E
xa

m
p

le:
E

va
lu

a
te

F
o

rm
u

la
fo

r
S

ystem
S

ta
te

– 12 – 2017-07-03 – Socl –

12
/66

σ
:

1
C

:C
x
=

1
3

C
x
:Int

∀
c
∈
a
llIn

sta
n
ce
s
C
•
x
(c)

6=
2
7

•
Recallp

re
fix

n
o

tatio
n:∀

c
∈
a
llIn

sta
n
ce
s
C
•
6=
(x
(c),2

7
)

N
o

te:6=
isa

binary
function

sym
bol,27

isa
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∈
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∅
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I
(
I
Jx
(c)K(σ

,β
),

I
J2
7
K(σ

,β
)
)

=
6=
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I
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σ
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I
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1
3
,
2
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=
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∀
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=
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=
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⊥
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∅
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=
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∈
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⊥
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⊥
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⊥
b

y
ru

le

I
Jv(F

)K(σ
,β

)
=

{

σ
(I

JF
K(σ

,β
))(v)

,if
I
JF

K(σ
,β

)
∈
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⊥
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∀
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)
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)
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I
JcK(σ
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=

β
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1
C

•
σ
(
I
JcK(σ

,β
)
)(n

)
=

σ
(
1
C
)(n

)
=

∅

•
σ
(
σ
(
I
JcK(σ

,β
)
)(n

)
)
(x
)
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⊥
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I
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,β

)
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{

σ
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{
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⊆
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⊥
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O
CL

is
the

sam
e

—
justw

ith
less

readable
(?)syntax.

Literature:( O
M

G
,20

0
6;W

arm
erand

Kleppe,1999).

E
xa

m
p

les
(fro

m
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c
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re
“

S
o

ftw
a
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ch
n

ik
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0
0

8
”

)
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T
ea

m
M

em
b

er

n
a

m
e : S

trin
g

a
g

e : In
teg

er

n
a

m
e : S

trin
g

L
o

ca
tio

n

p
a

rticip
a

n
ts

2
..*

m
eetin

g
s*

title : S
trin

g

n
u

m
P

a
rticip

a
n

ts : In
teg

er

sta
rt : D

a
te

d
u

ra
tio

n
: T

im
e

M
eetin

g

m
o

v
e(n

ew
S

ta
rt : D

a
te)

1

*

context
Meeting

inv:
self.participants->size()

=
numParticipants

context
Location

inv:
name="Lobby"

implies
meeting->isEmpty()

Prof. Dr. P. Thiemann, http://proglang.informatik.uni-freiburg.de/teaching/swt/2008/
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b
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c
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•
N

o
te

s:A
U

M
L

n
o

te
isa

diagram
elem

entofthe
form

te
x
t

te
x
t

can
principally

be
e

ve
ry

th
in

g,in
particular

co
m

m
e

n
ts

and
co

n
strain

ts.

S
o

m
e

tim
e

s,contentis
e

xp
licitly

classifie
d

forclarity:
O

CL:
F

•
Conventions:C

......

F

stan
d

s
fo

r

C

......

∀
se
lf

∈
a
llIn

sta
n
ce
s
C
•
F

T
ype: d : D

_* 
C

onstraint: 
  forall c in A

llInstances_C
 . 

    size( d( c ) ) =
 3 or 

    size( d( c ) ) >
=

 17 
    and size( d( c ) ) <

=
 21
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n
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•
P

ro
to

-O
C

L

•
syntax,sem

antics,
•

Proto-O
CL

vs.O
CL.

•
Proto-O

CL
vs.Softw

are

•
An

outlook
on

U
M

L

•
P

rin
cip

le
s

o
f

(G
o

o
d

)
D

e
sign

•
m

odularity,separation
ofconcerns

•
inform

ation
hiding

and
data

encapsulation
•

abstractdata
types,objectorientation

•
...by

exam
ple

•
A

rch
ite

ctu
re

P
atte

rn
s

•
Layered

Architectures,Pipe-Filter,
M

odel-V
iew

-Controller.

•
D

e
sign

P
atte

rn
s

•
Strategy,Exam

ples

•
Lib

rarie
s

an
d

Fram
e

w
o

rks

P
u

ttin
g

It
A

ll
T
o
g
eth

er
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M
o

d
ellin

g
S

tru
ctu

re
w

ith
C

la
ss

D
ia

g
ra

m
s
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D
e

fin
itio

n
.

S
o

ftw
a

re
is

a
finite

description
S

ofa
(possibly

infinite)set
J
S
K

of
(finite

orinfinite)com
putation

pathsofthe
form

σ
0

α
1

−
→

σ
1

α
2

−
→

σ
2
·
·
·

w
here

•
σ
i
∈
Σ

,
i
∈

N
0 ,iscalled

state
(or

co
n

fig
u

ratio
n),and

•
α
i
∈
A

,
i
∈

N
0 ,iscalled

a
ctio

n
(or

e
ve

n
t).

The
(possibly

partial)function
J
·K

:
S
7→

J
S
Kiscalled

in
te

rp
re

tatio
n

of
S

.

•
The

setof
state

s
Σ

could
be

the
setof

sy
ste

m
state

s
asdefined

by
a

classdiagram
,e.g.

Σ
:=

Σ
DS

S
:

C
x
:Int

•
A

corresponding
co

m
p

u
tatio

n
p

ath
ofa

softw
are

S
could

be

2
7
C

:C
x
=

0

τ−→
2
7
C

:C
x
=

1

τ−→
2
7
C

:C
x
=

3

τ−→
2
7
C

:C
x
=

4

τ−→
...

•
Ifa

requirem
entisform

alised
by

the
Proto-O

CL
constraint

F
=

∀
c
∈
a
llIn

sta
n
ce
s
C
•
x
(c)

<
4

then
S

d
o

e
s

n
o

tsatisfy
the

requirem
ent.

M
o

re
G

en
era

l:
S

o
ftw

a
re

vs.
P

ro
to

-O
C

L
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•
Let

S
be

an
o

b
je

ct
sy

ste
m

sig
n

atu
re

and
D

a
stru

ctu
re.

•
Let

S
be

a
so

ftw
are

w
ith

•
states

Σ
⊆

Σ
DS

,and
•

co
m

p
u

tatio
n

p
ath

s
JS

K.

•
Let

F
be

a
Proto-O

CL
constraintover

S
.

•
W

e
say

JS
K

satisfie
s
F

,denoted
by

JS
K
|=

F
,ifand

only
ifforall

σ
0

α
1

−−→
σ
1

α
2

−−→
σ
2
···

∈
JS

K

and
all

i
∈
N

0 ,
I
JF

K(σ
i ,∅

)
=

true.

•
W

e
say

JS
K

d
o

e
s

n
o

t
satisfy

F
,denoted

by
JS

K
6|=

F
,ifand

only
ifthere

exists

σ
0

α
1

−−→
σ
1

α
2

−−→
σ
2
···

∈
JS

Kand
i
∈
N

0 ,such
that

I
JF

K(σ
i ,∅

)
=

false.

•
N

o
te:¬

(JS
K
6|=

F
)doesnotim

ply
JS

K
|=

F
.

T
ell

T
h

em
W

h
a

t
Y
o

u
’ve

T
o

ld
T

h
em

...
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•
C

lass
D

iag
ram

s
can

be
used

to
g

rap
h

ically

•
visualise

code,
•

define
an

o
b

je
ct

sy
ste

m
stru

ctu
re

S
.

•
An

O
b

je
ct

S
y

ste
m

S
tru

ctu
re

S
(togetherw

ith
a

structure
D

)

•
definesa

setof
sy

ste
m

state
s
Σ

DS
.

•
A

S
y

ste
m

S
tate

σ
∈
Σ

DS

•
can

be
visu

alise
d

by
an

o
b

je
ct

d
iag

ram
.

•
P

ro
to

-O
C

L
constraintscan

be
evaluated

on
sy

ste
m

state
s.

•
A

so
ftw

are
over

Σ
DS

satisfiesa
Proto-O

CL
constraint

F
ifand

only
if
F

evaluatesto
true

in
allsystem

states
ofallthe

softw
are’s

com
-

putation
paths.

C
o

n
ten

t
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•
P

ro
to

-O
C

L

•
syntax,sem

antics,
•

Proto-O
CL

vs.O
CL.

•
Proto-O

CL
vs.Softw

are

•
An

outlook
on

U
M

L

•
P

rin
cip

le
s

o
f

(G
o

o
d

)
D

e
sign

•
m

odularity,separation
ofconcerns

•
inform

ation
hiding

and
data

encapsulation
•

abstractdata
types,objectorientation

•
...by

exam
ple

•
A

rch
ite

ctu
re

P
atte

rn
s

•
Layered

Architectures,Pipe-Filter,
M

odel-V
iew

-Controller.

•
D

e
sign

P
atte

rn
s

•
Strategy,Exam

ples

•
Lib

rarie
s

an
d

Fram
e

w
o

rks
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O
nce

Again,Please

– 10 – 2017-06-22 – Sdesintro –
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S
y

ste
m

S
o

ftw
are

S
y

ste
m

C
o

m
p

o
n

e
n

t

S
o

ftw
are

C
o

m
p

o
n

e
n

t

M
o

d
u

le

In
te

rface

C
o

m
p

o
n

e
n

t
In

te
rface

consistsof1orm
ore

"

is a

is a

m
ay

be
a

has
is an

S
o

ftw
are

A
rch

ite
ctu

re

A
rch

ite
ctu

re

A
rch

ite
ctu

ral
D

e
scrip

tio
n

D
e

sig
n

so
ftw

are
arch

ite
ctu

re
—

The
softw

are
architecture

ofa
program

orcom
puting

system
is

the
structure

orstructuresofthe
system

w
hich

com
prise

softw
are

elem
ents,the

externally
visi-

ble
propertiesofthose

elem
ents,and

the
relationshipsam

ong
them

.
(B

a
ss

e
t

al.,2
0

0
3

)

isanisdescribed
by isthe

resultof
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G
oalsand

Relevance
ofD

esign

– 10 – 2017-06-22 – Sdesintro –
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•
The

stru
ctu

re
ofsom

ething
isthe

setof
re

latio
n

s
b

e
tw

e
e

n
its

p
arts.

•
Som

ething
notbuiltfrom

(recognisable)partsiscalled
u

n
stru

ctu
re

d.

D
e

sig
n...

(i)
stru

ctu
re

s
a

system
into

m
an

age
ab

le
units

(yields
softw

are
architecture),

(ii)
d

e
te

rm
in

e
s

the
approach

forrealising
the

required
softw

are,

(iii)
provides

h
ie

rarch
icalstru

ctu
rin

g
into

a
m

an
age

ab
le

num
berofunits

ateach
hierarchy

level.

O
versim

plified
process

m
odel“D

esign”:

req.

design
design

arch.

designer

d
e

sig
n

m
odule

spec.

im
pl.

im
pl.

code

program
m

er

im
p

le
m

e
n

tatio
n
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P
rin

cip
les

o
f

(A
rch

itectu
ra

l)
D

esig
n
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1.)
M

o
d

u
larisatio

n

•
splitsoftw

are
into

units
/

com
ponentsof

m
an

age
ab

le
size

•
provide

w
ell-defined

interface

2.)
S

e
p

aratio
n

o
f

C
o

n
ce

rn
s

•
each

com
ponentshould

be
re

sp
o

n
sib

le
fo

r
a

p
articu

lar
are

a
o

f
tasks

•
group

data
and

operation
on

thatdata;functionalaspects;functionalvs.technical;
functionality

and
interaction

3.)
In

fo
rm

atio
n

H
id

in
g

•
the

“need
to

know
principle”/

inform
ation

hiding
•

users(e.g.otherdevelopers)need
notnecessarily

know
the

algorithm
and

helperdata
w

hich
realise

the
com

ponent’sinterface

4.)
D

ata
E

n
cap

su
latio

n

•
offeroperationsto

accesscom
ponentdata,

instead
ofaccessing

data
(variables,files,etc.)directly

→
m

any
program

m
ing

languages
and

system
s

offerm
eansto

e
n

fo
rce

(som
e

of)these
principles

te
ch

n
ically;use

these
m

eans.

1
.)

M
o

d
u

la
risa

tio
n
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m
o

d
u

lar
d

e
co

m
p

o
sitio

n
—

The
process

of
breaking

a
system

into
com

po-
nentsto

facilitate
design

and
developm

ent;an
elem

entofm
odularprogram

-
m

ing.
IE

E
E

6
10

.12
(19

9
0

)

m
o

d
u

larity
—

The
degree

to
w

hich
a

system
orcom

puterprogram
is

com
-

posed
of

discrete
com

ponents
such

that
a

change
to

one
com

ponent
has

m
inim

alim
pacton

othercom
ponents.

IE
E

E
6

10
.12

(19
9

0
)

•
So,m

o
d

u
larity

isa
p

ro
p

e
rty

ofan
architecture.

•
G

oals
ofm

odulardecom
position:

•
The

stru
ctu

re
ofeach

m
odule

should
be

sim
p

le
and

e
asily

co
m

p
re

h
e

n
sib

le.
•

The
im

p
le

m
e

n
tatio

n
ofa

m
odule

should
be

e
xch

an
ge

ab
le;

inform
ation

on
the

im
plem

entation
ofotherm

odules
should

notbe
necessary.

The
otherm

odules
should

notbe
affected

by
im

plem
entation

exchanges.
•

M
odulesshould

be
designed

such
that

e
xp

e
cte

d
ch

an
ge

s
do

notrequire
m

odifications
ofthe

m
o

d
u

le
in

te
rface.

•
B

ig
ge

r
ch

an
ge

s
should

be
the

resultofa
setof

m
in

o
r

ch
an

ge
s.

Aslong
asthe

interface
doesnotchange,

itshould
be

possible
to

testold
and

new
versions

ofa
m

odule
together.



2
.)

S
ep

a
ra

tio
n

o
f

C
o

n
cern

s
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•
S

e
p

aratio
n

o
f

co
n

ce
rn

s
isa

fundam
entalprinciple

in
softw

are
engineering:

•
each

com
ponentshould

be
re

sp
o

n
sib

le
fo

r
a

p
articu

lar
are

a
o

f
tasks,

•
com

ponentsw
hich

try
to

coverdifferenttask
areastend

to
be

unnecessarily
com

plex,
thus

hard
to

understand
and

m
aintain.

•
C

rite
ria

forseparation/grouping:

•
in

o
b

je
ct

o
rie

n
te

d
d

e
sig

n,data
and

operationson
thatdata

are
grouped

into
classes,

•
som

etim
es,functionalaspects

(features)like
printing

are
realised

as
separate

com
ponents,

•
separate

fu
n

ctio
n

aland
te

ch
n

ical
com

ponents,
E

xam
p

le:logicalflow
of(logical)m

essages
in

a
com

m
unication

protocol( fu
n

ctio
n

al)
vs.exchange

of(physical)m
essagesusing

a
certain

technology
(te

ch
n

ical).

•
assign

flexible
orvariable

functionality
to

ow
n

com
ponents.

E
xam

p
le:differentnetw

orking
technology

(w
ireless,etc.)

•
assign

functionality
w

hich
is

expected
to

need
extensionsorchangeslater

to
ow

n
com

ponents.

•
separate

system
fu

n
ctio

n
ality

and
in

te
ractio

n

E
xam

p
le:m

ostprom
inently

graphical
userinterfaces(G

U
I),also

file
input/output

3
.)

In
fo

rm
a

tio
n

H
id

in
g
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•
By

now
,w

e
only

discussed
the

g
ro

u
p

in
g

ofdata
and

operations.
O

ne
should

also
consider

acce
ssib

ility.
•

The
“n

e
e

d
to

kn
o

w
p

rin
cip

le”iscalled
in

fo
rm

atio
n

h
id

in
g

in
SW

engineering.(Parnas,1972)

in
fo

rm
atio

n
h

id
in

g—
A

softw
are

developm
enttechnique

in
w

hich
each

m
odule’sinter-

facesrevealaslittle
aspossible

aboutthe
m

odule’sinnerw
orkings,and

otherm
odules

are
prevented

from
using

inform
ation

aboutthe
m

odule
thatisnotin

the
m

odule’sin-
terface

specification.
IE

E
E

6
10

.12
(19

9
0

)

•
N

o
te:w

hatishidden
isinform

ation
w

hich
othercom

ponents
n

e
e

d
n

o
t

kn
o

w
(e.g.,how

data
isstored

and
accessed,how

operationsare
im

plem
ented).

In
o

th
e

r
w

o
rd

s:
in

fo
rm

atio
n

h
id

in
g

isabout
m

akin
g

e
xp

licitforone
com

ponent
w

hich
data

oroperationsothercom
ponents

m
ay

use
ofthiscom

ponent.

•
A

d
van

tage
s

/
go

als:

•
H

idden
solutionsm

ay
be

ch
an

ge
d

w
ithoutothercom

ponents
noticing,

aslong
asthe

visible
behaviourstaysthe

sam
e

(e.g.the
em

ployed
sorting

algorithm
).

IO
W

:othercom
ponents

cannot(u
n

in
te

n
tio

n
ally)depend

on
detailsthey

are
notsupposed

to.
•

Com
ponents

can
be

verified
/

validated
in

isolation.

4
.)

D
a

ta
E

n
ca

p
su

la
tio

n
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•
Sim

ilardirection:d
ata

e
n

cap
su

latio
n

(exam
ples

later).

•
D

o
notaccessdata

(variables,files,etc.)directly
w

here
needed,butencapsulate

the
data

in
a

com
ponentw

hich
offers

operationsto
access(read,w

rite,etc.)the
data.

R
e

al-W
o

rld
E

xam
p

le:U
sersdo

notw
rite

to
bank

accountsdirectly,only
bank

clerksdo.

4
.)

D
a

ta
E

n
ca

p
su

la
tio

n
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•
Sim

ilardirection:d
ata

e
n

cap
su

latio
n

(exam
ples

later).

•
D

o
notaccessdata

(variables,files,etc.)directly
w

here
needed,butencapsulate

the
data

in
a

com
ponentw

hich
offers

operationsto
access(read,w

rite,etc.)the
data.

R
e

al-W
o

rld
E

xam
p

le:U
sersdo

notw
rite

to
bank

accountsdirectly,only
bank

clerksdo.

4
.)

D
a

ta
E

n
ca

p
su

la
tio

n
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•
Sim

ilardirection:d
ata

e
n

cap
su

latio
n

(exam
ples

later).

•
D

o
notaccessdata

(variables,files,etc.)directly
w

here
needed,butencapsulate

the
data

in
a

com
ponentw

hich
offers

operationsto
access(read,w

rite,etc.)the
data.

R
e

al-W
o

rld
E

xam
p

le:U
sersdo

notw
rite

to
bank

accountsdirectly,only
bank

clerksdo.

•
In

fo
rm

atio
n

h
id

in
g

and
d

ata
e

n
cap

su
latio

n
—

w
hen

enforced
technically

(exam
pleslater)—

usually
co

m
e

at
th

e
p

rice
ofw

orse
efficiency.

•
Itism

ore
efficientto

read
a

com
ponent’s

data
directly

than
calling

an
operation

to
provide

the
value:there

isan
overhead

ofone
operation

call.
•

Know
ing

how
a

com
ponentw

orksinternally
m

ay
enable

m
ore

efficientoperation.
E

xam
p

le:ifa
sequence

ofdata
item

s
isstored

asa
singly-linked

list,accessing
the

data
item

sin
list-orderm

ay
be

m
ore

efficientthan
accessing

them
in

reverse
orderby

position.
G

o
o

d
m

o
d

u
le

s
give

usage
hintsin

theirdocum
entation

(e.g.C++
standard

library).

E
xam

p
le:ifan

im
plem

entation
storesinterm

ediate
resultsata

certain
place,itm

ay
be

tem
pting

to
“quickly”read

thatplace
w

hen
the

interm
ediate

resultsisneeded
in

a
differentcontext.

→
m

ain
te

n
an

ce
n

ig
h

tm
are

—
Ifthe

resultisneeded
in

anothercontext,
add

a
corresponding

operation
explicitly

to
the

interface.

Yetw
ith

today’s
hardw

are
and

program
m

ing
languages,this

ishardly
an

issue
any

m
ore;

atthe
tim

e
of(Parnas,1972),itclearly

w
as.

A
C

la
ssifi

ca
tio

n
o

f
M

o
d

u
les

(N
a
g
l,

1
9
9
0
)
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•
fu

n
ctio

n
alm

o
d

u
le

s

•
group

com
putationsw

hich
belong

togetherlogically,
•

do
nothave

“m
em

ory”orstate,thatis,behaviourofoffered
functionality

doesnotdepend
on

prior
program

evolution,
•

E
xam

p
le

s:m
athem

aticalfunctions,transform
ations

•
d

ata
o

b
je

ct
m

o
d

u
le

s

•
realise

encapsulation
ofdata,

•
a

data
m

odule
hideskind

and
structure

ofdata,interface
offersoperationsto

m
anipulate

encapsulated
data

•
E

xam
p

le
s:m

odulesencapsulating
globalconfiguration

data,databases

•
d

ata
ty

p
e

m
o

d
u

le
s

•
im

plem
enta

user-defined
data

type
in

form
ofan

abstractdata
type

(AD
T)

•
allow

s
to

create
and

use
asm

any
exem

plarsofthe
data

type
•

E
xam

p
le:gam

e
object

•
In

an
object-oriented

design,

•
classesare

d
ata

ty
p

e
m

o
d

u
le

s,
•

d
ata

o
b

je
ct

m
o

d
u

le
s

correspond
to

classes
offering

only
class

m
ethodsorsingletons

(→
later),

•
fu

n
ctio

n
alm

o
d

u
le

s
occurseldom

,one
exam

ple
isJava’sclass

M
a
t
h.
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•
P

ro
to

-O
C

L

•
syntax,sem

antics,
•

Proto-O
CL

vs.O
CL.

•
Proto-O

CL
vs.Softw

are

•
An

outlook
on

U
M

L

•
P

rin
cip

le
s

o
f

(G
o

o
d

)
D

e
sign

•
m

odularity,separation
ofconcerns

•
inform

ation
hiding

and
data

encapsulation
•

abstractdata
types,objectorientation

•
...by

exam
ple

•
A

rch
ite

ctu
re

P
atte

rn
s

•
Layered

Architectures,Pipe-Filter,
M

odel-V
iew

-Controller.

•
D

e
sign

P
atte

rn
s

•
Strategy,Exam

ples

•
Lib

rarie
s

an
d

Fram
e

w
o

rks

A
rch

itectu
re

P
a

ttern
s
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•
O

verdecades
ofsoftw

are
engineering,

m
any

cle
ve

r,p
ro

ve
d

and
te

ste
d

designs
ofsolutions

forparticularproblem
s

em
erged.

•
Q

u
e

stio
n:can

w
e

ge
n

e
ralise,d

o
cu

m
e

n
tand

re
-u

se
these

designs?

•
G

o
als:

•
“d

o
n

’t
re

-in
ve

n
t

th
e

w
h

e
e

l”,
•

benefitfrom
“cle

ve
r”,from

“p
ro

ve
n

an
d

te
ste

d”,and
from

“so
lu

tio
n”.

arch
ite

ctu
ral

p
atte

rn
—

An
architecturalpattern

expresses
a

fundam
ental

structuralorganization
schem

a
forsoftw

are
system

s.
Itprovidesa

setofpredefined
subsystem

s,specifiestheirresponsibilities,and
includesrulesand

guidelinesfororganizing
the

relationshipsbetw
een

them
.

B
u

sch
m

an
n

e
t

al.(19
9

6
)

In
tro

d
u

ctio
n

C
o

n
t’d
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arch
ite

ctu
ral

p
atte

rn
—

An
architecturalpattern

expresses
a

fundam
ental

structuralorganization
schem

a
forsoftw

are
system

s.
Itprovidesa

setofpredefined
subsystem

s,specifiestheirresponsibilities,and
includesrulesand

guidelinesfororganizing
the

relationshipsbetw
een

them
.

B
u

sch
m

an
n

e
t

al.(19
9

6
)

•
U

sin
g

an
architecturalpattern

•
im

p
lie

s
certain

characteristicsorpropertiesofthe
softw

are
(construction,extendibility,com

m
unication,dependencies,etc.),

•
d

e
te

rm
in

e
s

structures
on

a
high

levelofthe
architecture,

thus
istypically

a
centraland

fundam
entaldesign

decision.

•
The

inform
ation

that(w
here,how

,...)a
w

ell-know
n

architecture
/

design
pattern

is
u

se
d

in
a

given
softw

are
can

•
m

ake
co

m
p

re
h

e
n

sio
n

and
m

ain
te

n
an

ce
significantly

easier,
•

avoid
errors.

L
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A
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•
(Züllighoven,20

0
5):

A
lay

e
rw

hose
com

ponentsonly
interactw

ith
com

ponents
oftheir

d
ire

ct
n

e
ig

h
b

o
u

rlayersiscalled
p

ro
to

co
l-b

ase
d

layer.
A

p
ro

to
co

l-b
ase

d
lay

e
rhidesalllayersbeneath

it
and

definesa
protocolw

hich
is(only)used

by
the

layersdirectly
above.

•
E

xam
p

le
:T

h
e

IS
O

/
O

S
I

re
fe

re
n

ce
m

o
d

e
l.

7.Application

6.Presentation

5.Session

4.Transport

3.N
etw

ork

2.D
ata

link

1.Physical

7.Application

6.Presentation

5.Session

4.Transport

3.N
etw

ork

2.D
ata

link

1.Physical

data

packets

fram
es

bits
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•
O

b
je

ct-o
rie

n
te

d
lay

e
r:interactsw

ith
layersdirectly

(and
possibly

further)above
and

below
.

•
R

u
le

s:the
com

ponentsofa
layerm

ay
use

•
o

n
ly

com
ponents

ofthe
protocol-based

layerdirectly
beneath,or

•
allcom

ponents
oflayersfurtherbeneath.G

N
O

M
E
 e

tc
.

 A
p

p
lic

a
tio

n
s

G
T
K

+

G
D

K
A
T
K

C
a
ir

o
G

L
ib

G
IO

P
a
n

g
o

E
xa

m
p

le:
L

a
yered

A
rch

itectu
res

C
o

n
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•
O

b
je

ct-o
rie

n
te

d
lay

e
r:interactsw

ith
layersdirectly

(and
possibly

further)above
and

below
.

•
R

u
le

s:the
com

ponentsofa
layerm

ay
use

•
o

n
ly

com
ponents

ofthe
protocol-based

layerdirectly
beneath,or

•
allcom

ponents
oflayersfurtherbeneath.G

N
O

M
E
 e

tc
.

 A
p

p
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a
tio

n
s

G
T
K

+

G
D

K
A
T
K

C
a
ir

o
G

L
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G
IO

P
a
n

g
o

E
xa

m
p

le:
T

h
ree-T
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A
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– 12 – 2017-07-03 – Slayered –

41/66

D
esktop

H
ost

presentation
tier

Application
Server

(business)logic
tier

data
tier

D
atabase

Server

D
BM

S

(Ludew
ig

and
Lichter,20

13)

•
p

re
se

n
tatio

n
lay

e
r(or

tie
r):

userinterface;presents
inform

ation
obtained

from
the

logic
layerto

the
user,controls

interaction
w

ith
the

user,i.e.requests
actions

atthe
logic

layerac-
cording

to
userinputs.

•
lo

g
ic

lay
e

r:
core

system
functionality;layerisdesigned

w
ithout

inform
ation

aboutthe
presentation

layer,m
ay

only
read/w

rite
data

according
to

data
layerinterface.

•
d

ata
lay

e
r:

persistent
data

storage;
hides

inform
ation

about
how

data
isorganised,read,and

w
ritten,offerspar-

ticularchunksofinform
ation

in
aform

usefulforthe
logic

layer.

•
E

xam
p

le
s:W

eb-shop,businesssoftw
are

(enterprise
resource

planning),etc.

L
a

yered
A

rch
itectu

res:
D

iscu
ssio

n
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6.Presentation

5.Session

4.Transport

3.N
etw

ork

2.D
ata

link

1.Physical

7.Application

6.Presentation

5.Session

4.Transport

3.N
etw

ork

2.D
ata

link

1.Physical

data

packets

fram
es

bits

G
N

O
M

E
 e

tc
.

 A
p

p
lic

a
tio

n
s

G
T
K

+

G
D

K
A
T
K

C
a
ir

o
G

L
ib

G
IO

P
a
n

g
o

D
esktop

H
ost

presentation
tier

Application
Server

(business)logic
tier

data
tier

D
atabase

Server

D
BM

S

(Ludew
ig

and
Lichter,20

13)

•
A

d
van

tage
s:

•
p

ro
to

co
l-b

ase
d:

only
neighouring

layersare
coupled,i.e.com

ponentsofthese
layersinteract,

•
coupling

islow
,data

usually
encapsulated,

•
changeshave

localeffect(only
neighbouring

layersaffected),
•

p
ro

to
co

l-b
ase

d:d
istrib

u
te

d
im

plem
entation

often
easy.

•
D

isad
van

tage
s:

•
perform

ance
(as

usual)—
now

adays
often

nota
problem

.
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E
xam

p
le:C

o
m

p
ile

r

lexicalanalysis
(lexer)

syntacticalanalysis
(parser)

sem
antical

analysis
code

generation

ASCII
Tokens

AST
dAST

Sourcecode

O
bjectcode

Errorm
essages
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E
xam

p
le:C

o
m

p
ile

r

lexicalanalysis
(lexer)

syntacticalanalysis
(parser)

sem
antical

analysis
code

generation

ASCII
Tokens

AST
dAST

Sourcecode

O
bjectcode

Errorm
essages

E
xam

p
le:U

N
IX

P
ip

e
s

l
s

-
l

|
g
r
e
p

S
a
r
c
h
.
t
e
x

|
a
w
k

’
{

p
r
i
n
t

$
5

}
’

•
D

isad
van

tage
s:

•
ifthe

filters
use

a
com

m
on

data
exchange

form
at,allfilters

m
ay

need
changes

ifthe
form

atischanged,orneed
to

em
ploy

(costly)conversions.
•

filters
do

notuse
globaldata,in

particularnotto
handle

errorconditions.

M
o

d
el-V

iew
-C

o
n
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E
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controller
view

m
odel

sees
uses

change
of

visualisation

m
anipulation
ofdata

notification
of

updates
accessto

data

https://commons.wikimedia.org/wiki/File:Maschinenleitstand_KWZ.jpg Dergenaue, CC-BY-SA-2.5
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controller
view

m
odel

sees
uses

change
of

visualisation

m
anipulation
ofdata

notification
of

updates
accessto

data

https://commons.wikimedia.org/wiki/File:Maschinenleitstand_KWZ.jpg Dergenaue, CC-BY-SA-2.5

•
A

d
van

tage
s:

•
one

m
odelcan

serve
m

ultiple
view

/controllerpairs;
•

view
/controllerpairscan

be
added

and
rem

oved
atruntim

e;
•

m
odelvisualisation

alw
ays

up-to-date
in

allview
s;

•
distributed

im
plem

entation
(m

ore
orless)easily.

•
D

isad
van

tage
s:

•
ifthe

view
needs

a
lo

t
o

f
d

ata,updating
the

view
can

be
inefficient.

D
esig

n
P

a
ttern

s
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•
In

a
sense

the
sam

e
as

arch
ite

ctu
ralp

atte
rn

s,buton
a

low
erscale.

•
O

ften
traced

back
to

(Alexanderetal.,1977;Alexander,1979).

D
e

sig
n

p
atte

rn
s...are

descriptionsofcom
m

unicating
objectsand

classesthatare
cus-

tom
ized

to
solve

a
generaldesign

problem
in

a
particularcontext.

A
design

pattern
nam

es,abstracts,and
identifiesthe

key
aspectsofa

com
m

on
design

structure
thatm

ake
itusefulforcreating

a
reusable

object-oriented
design.

( G
am

m
a

e
t

al.,19
9

5
)

T
ell

T
h

em
W

h
a

t
Y
o

u
’ve

T
o

ld
T

h
em

...
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•
A

rch
ite

ctu
re

&
D

e
sig

n
P

atte
rn

s

•
allow

re
-u

se
ofpractice-proven

designs,
•

prom
ise

easier
co

m
p

re
h

e
n

sio
n

and
m

ain
te

n
an

ce.

•
N

otable
A

rch
ite

ctu
re

P
atte

rn
s

•
Layered

Architecture,
•

Pipe-Filter,
•

M
odel-V

iew
-Controller.

•
D

e
sig

n
P

atte
rn

s:read
(G

am
m

a
etal.,1995)

•
Rule-of-thum

b:

•
lib

rary
m

o
d

u
le

s
are

called
from

user-code,
•

fram
e

w
o

rk
m

o
d

u
le

s
calluser-code.
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•
P

ro
to

-O
C

L

•
syntax,sem

antics,
•

Proto-O
CL

vs.O
CL.

•
Proto-O

CL
vs.Softw

are

•
An

outlook
on

U
M

L

•
P

rin
cip

le
s

o
f

(G
o

o
d

)
D

e
sign

•
m

odularity,separation
ofconcerns

•
inform

ation
hiding

and
data

encapsulation
•

abstractdata
types,objectorientation

•
...by

exam
ple

•
A

rch
ite

ctu
re

P
atte

rn
s

•
Layered

Architectures,Pipe-Filter,
M

odel-V
iew

-Controller.

•
D

e
sign

P
atte

rn
s

•
Strategy,Exam

ples

•
Lib

rarie
s

an
d

Fram
e

w
o

rks

A
B

rief
H

isto
ry

o
f

th
e

U
n

ifi
ed

M
o

d
ellin

g
L

a
n

g
u

a
g
e

(U
M

L
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•
Boxes/linesand

finite
autom

ata
are

used
to

visualise
softw

are
fo

r
age

s.

•
19

7
0

’s,S
o

ftw
are

C
risis™

—
Idea:learn

from
engineering

disciplinesto
handle

grow
ing

com
plexity.

M
odelling

languages: F
lo

w
ch

arts,N
assi-S

h
n

e
id

e
rm

an
,E

n
tity

-R
e

latio
n

D
iag

ram
s

•
M

id
19

8
0

’s:S
tate

ch
arts

(H
arel,1987),S

tateM
ate™

(H
areletal.,1990

)

•
Early

19
9

0
’s,adventof

O
b

je
ct-O

rie
n

te
d-Analysis/D

esign/Program
m

ing
—

Inflation
ofnotationsand

m
ethods,m

ostprom
inent:
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Figure A
.5 - The taxonom

y of structure and behavior diagram
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