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DesignPrinciples

MicroStepsintheDesignProcess

�Designisaniterativedecisionprocesswiththe
followinggeneralsteps:

1.Listthedi�cultdecisionsanddecisionslikelyto
change

2.Designacomponentspeci�cationtohideeach
suchdecision
{Makedecisionsthatapplytowholeprogram

family�rst
{Modularizemostlikelychanges�rst
{Thenmodularizeremainingdi�cultdecisions

anddecisionslikelytochange
{Designtheuseshierarchyasyoudothis

(includereusedecisions)
3.Treateachhigher-levelcomponentasa

speci�cationandapplyaboveprocesstoeach
4.Continuere�ninguntilalldesigndecisionsare:

{hiddeninacomponent
{containeasilycomprehensiblecomponents
{provideindividual,independent,low-level

implementationassignments

4

D
es
ig
n
P
ri
n
ci
p
le
s

K
e
y
D
e
si
g
n
C
o
n
ce
p
ts
a
n
d
P
ri
n
ci
p
le
s

K
ey
d
es
ig
n
co
n
ce
p
ts
an
d
d
es
ig
n

pr
in
ci
p
le
s
in
cl
u
d
e:

�
D
ec
o
m
p
o
si
ti
o
n

�
A
b
st
ra
ct
io
n

�
In
fo
rm
a
ti
o
n
H
id
in
g

�
M
o
d
u
la
ri
ty

�
E
xt
en
si
b
il
it
y

�
V
ir
tu
a
l
M
a
ch
in
e
S
tr
u
ct
u
ri
n
g

�
H
ie
ra
rc
h
y

�
P
ro
g
ra
m
F
a
m
il
ie
s
a
n
d
S
u
b
se
ts

M
ai
n
go
al
of
th
es
e
co
n
ce
p
ts

an
d
pr
in
ci
p
le
s
is
to
:

�
M
an
ag
e
so
ft
w
ar
e
sy
st
em

co
m
p
le
xi
ty

�
Im
pr
ov
e
so
ft
w
ar
e
q
u
al
it
y

fa
ct
or
s

�
F
ac
ili
at
e
sy
st
em
at
ic
re
u
se

5

D
es
ig
n
P
ri
n
ci
p
le
s

D
e
co
m
p
o
si
ti
o
n

�
M
ot
iv
at
io
n
:
h
an
d
le
co
m
p
le
xi
ty
by
sp
lit
in
g
la
rg
e
pr
ob
le
m
s
in
to
sm
al
le
r

pr
ob
le
m
s,
i.
e.
,
\d
iv
id
e
an
d
co
n
q
u
er
"

�
B
as
ic
m
et
h
o
d
ol
og
y:

1.
S
el
ec
t
a
p
ie
ce
of
th
e
pr
ob
le
m
(i
n
it
ia
lly
,
th
e
w
h
o
le
pr
ob
le
m
)

2.
D
et
er
m
in
e
th
e
co
m
p
o
n
en
ts
in
th
is
p
ie
ce
u
si
n
g
a
d
es
ig
n
p
ar
ad
ig
m
,

e.
g
.,
fu
n
ct
io
n
al
,
st
ru
ct
u
re
d
,
ob
je
ct
-o
ri
en
te
d
,
g
en
er
ic
,
et
c.

3.
D
es
cr
ib
e
th
e
co
m
p
o
n
en
ts
in
te
ra
ct
io
n
s

4.
R
ep
ea
t
st
ep
s
1
th
ro
u
g
h
3
u
n
ti
l
so
m
e
te
rm
in
at
io
n
cr
it
er
ia
is
m
et

{
e.
g
.,
cu
st
om
er
is
sa
ti
s�
ed
,
ru
n
o
u
t
of
m
on
ey
,
et
c.
;-
)

6

D
es
ig
n
P
ri
n
ci
p
le
s

D
e
co
m
p
o
si
ti
o
n
E
xa
m
p
le
:
E
xt
e
rn
a
l
O
S
fo
r
P
B
X

N
E

T
W

O
R

K
N

E
T

W
O

R
K

S
W

IT
C

H
E

S
S

W
IT

C
H

E
S

S
E

R
V

E
R

S
E

R
V

E
R

C
L

IE
N

T
C

L
IE

N
T

A
P

P
L

IC
A

T
IO

N
A

P
P

L
IC

A
T

IO
N

F
R

A
M

E
W

O
R

K
F

R
A

M
E

W
O

R
K

C
A

L
L

  
C

E
N

T
E

R
C

A
L

L
  
C

E
N

T
E

R

M
A

N
A

G
E

R
M

A
N

A
G

E
R

D
IR

E
C

T
O

R
Y

D
IR

E
C

T
O

R
Y

M
A

N
A

G
E

R
M

A
N

A
G

E
R

E
X

T
E

N
S

IO
N

E
X

T
E

N
S

IO
N

M
A

N
A

G
E

R
M

A
N

A
G

E
R

C
L

IE
N

T
C

L
IE

N
T

C
L

IE
N

T
C

L
IE

N
T

C
L

IE
N

T
C

L
IE

N
T

�
F
e
a
tu
re
s

{
A
llo
w
cl
ie
n
ts
to
m
an
ag
e

va
ri
ou
s
as
p
ec
ts
of
P
B
X

sw
it
ch
es
w
it
h
ou
t
m
o
d
if
yi
n
g

th
e
sw
it
ch
so
ft
w
ar
e

{
S
u
p
p
or
t
re
u
se
of
ex
is
ti
n
g

co
m
p
on
en
ts
b
as
ed
on
a

co
m
m
on
ar
ch
it
ec
tu
ra
l

fr
am
ew
or
k

w
w
w
.c
s.
w
u
st
l.
ed
u
/�
sc
h
m
id
t/
D
S
E
J-

94
.p
s.
gz

7



Design Principles

Decomposition Principles

1. Don't design components to correspond to execution steps

� Since design decisions usually transcend execution time

2. Decompose so as to limit the e�ect of any one design decision on the

rest of the system

� Anything that permeates the system will be expensive to change

3. Components should be speci�ed by all information needed to use the

component

� and nothing more!
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Design Principles

Abstraction

IMPLEMENTATIONIMPLEMENTATION

ESSENTIAL

CHARACTERISTICS

UNESSENTIAL

DETAILS

INTERFACEINTERFACE

� Motivation: manage complexity by

emphasizing essential

characteristics and suppressing

implementation details

� Common abstractions

1. Procedural abstraction

{ e.g., closed subroutines

2. Data abstraction

{ e.g., ADTs

3. Control abstraction

{ e.g., iterators, loops, and

multitasking

9

Design Principles

Information Hiding

� Motivation: design decisions that are subject to change should be

hidden behind abstract interfaces

{ i.e., components

� Components should communicate only through well-de�ned interfaces.

� Each component is speci�ed by as little information as possible.

� If internal details change, client components should be minimally

a�ected

{ May not even require recompilation and relinking...

� Information hiding is one means to enhance abstraction

10

Design Principles

Information Hiding Example: ACE Message Queueing

 Message
Block

 Message
Queue

head_
tail_

SYNCHSYNCH

STRATEGYSTRATEGY

 Message Message
BlockBlock

next_next_
prev_prev_
cont_cont_ Message Message

BlockBlock
next_next_
prev_prev_
cont_cont_  Message Message

BlockBlock
next_next_
prev_prev_
cont_cont_

Data_BlockData_Block

Data_BlockData_Block

Data_BlockData_Block

Data_BlockData_Block

next_next_
prev_prev_
cont_cont_

� Message Queue and

Message Block hide Stream

messaging implementations from

clients

� e.g., reference counting can be

added transparently

MessageMessage
BlockBlock

cont_cont_
next_next_

ref_count_ref_count_
base_base_

DataData
BlockBlock

MessageMessage
BlockBlock

cont_cont_
next_next_
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Design Principles

Extensibility

� Motivation: aspects of a design \seem" constant until they are examined

in the light of the dependency structure of an application

{ At this point, it becomes necessary to refactor the framework or

pattern to account for the variation

� Therefore, components often must be both open and closed, i.e., the

\open/closed" principle:

{ Open component ! still available for extension

� This is necessary since the requirements and speci�cations are rarely

completely understood from the system's inception

{ Closed component ! available for use by other components

� This is necessary since code sharing becomes unmanageable when

reopening a component triggers many changes

20

Design Principles

Extensibility Example: ACE Task

EventEvent
HandlerHandler

handle_input()
handle_output()
handle_exception()
handle_signal()
handle_timeout ()
handle_close()
get_handle()=0

SharedShared
ObjectObject

init()=0
fini ()=0
info()=0

SvcSvc
HandlerHandler

ServiceService
ObjectObject

A

A
PPLIC

A
TIO

N

A
PPLIC

A
TIO

N
--

SPE
C

IF
IC

SPE
C

IF
IC A

PPLIC
A
TIO

N

A
PPLIC

A
TIO

N
--

IN
D
EPEN

D
EN

T

IN
D
EPEN

D
EN

T

TaskTask

MessageMessage
QueueQueue

SYNCH_STRATEGY

PEER_STREAM

suspend()=0
resume()=0

open()=0
close()=0
put()=0
svc()=0

SYNCH

STRATEGY

SYNCH

STRATEGY

A

A

A

� Features

{ Tasks can register with a

Reactor

{ They can be dynamically

linked

{ They can queue data

{ They can run as \active

objects"

� Note how OO techniques use

inheritance and dynamic

binding to produce

components that are both

open and closed
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Design Principles

Virtual Machine Structuring

� Motivation: decompose system into smaller, more manageable units,

that are layered hierarchically

� A virtual machine provides an extended \software instruction set"

{ Extensions provide additional data types and associated \software

instructions"

{ Modeled after hardware instruction set primitives that work on a

limited set of data types

� A virtual machine component provides a set of operations that are

useful in developing a family of similar systems

22

Design Principles

Virtual Machine Example: OSI Protocol Stack

APPLICATION

PRESENTATION

SESSION

TRANSPORT

NETWORK

DATA  LINK

PHYSICAL

APPLICATION

PRESENTATION

SESSION

TRANSPORT

NETWORK

DATA  LINK

PHYSICAL

APPLICATION

PRESENTATION

SESSION

TRANSPORT

NETWORK

DATA  LINK

PHYSICAL

APPLICATION

PRESENTATION

SESSION

TRANSPORT

NETWORK

DATA  LINK

PHYSICAL

NETWORK

DATA  LINK

PHYSICAL

NETWORK

DATA  LINK

PHYSICAL

NETWORK

DATA  LINK

PHYSICAL

NETWORK

DATA  LINK

PHYSICAL

HHOST  OST  AA HHOST  OST  BB

GGATEWAY  ATEWAY  AA GGATEWAY  ATEWAY  BB

VIRTUAL

LINK

PHYSICAL

LINK
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DesignPrinciples

OtherExamplesofVirtualMachines

Computerarchitectures

�e.g.,compiler!assembler!objcode!
microcode!gates,transistors,signals,etc.

Operatingsystems

�e.g.,Mach,BSDUNIX

HardwareMachineSoftwareVirtualMachine

instructionsetsetofsystemcalls

restartableinstructionsrestartablesystemcalls

interrupts/trapssignals

interrupt/traphandlerssignalhandlers

blockinginterruptsmaskingsignals

interruptstacksignalstack

JavaVirtualMachine(JVM)

�AbstractsawayfromdetailsoftheunderlyingOS
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DesignPrinciples

OtherExamplesofProgramFamilies

andSubsets

�Di�erentservicesfordi�erentmarkets

{e.g.,di�erentalphabets,di�erentvertical
applications,di�erentI/Oformats

�Di�erenthardwareorsoftwareplatforms

{e.g.,compilersorOSs

�Di�erentresourcetrade-o�s

{e.g.,speedvsspace

�Di�erentinternalresources

{e.g.,shareddatastructuresandlibraryroutines

�Di�erentexternalevents

{e.g.,UNIXI/Odeviceinterface

�Backwardcompatibility

{e.g.,sometimesitisimportanttoretainbugs!
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