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Design Principles

Goals of the Design Phase

EVENT
SERVER

SUPER
VISOR

CCM
Stream

ACE
RUN-TIME

TELECOM
SWITCHES

Session  Router
Module

Event  Filter
Module

Switch  Adapter
Module

Event  Analyzer
Module

SUPER
VISOR SUPER

VISOR

MIB

� Decompose system into

components

{ i.e., identify the software

architecture

� Determine relationships between

components

{ e.g., identify component

dependencies and determine

intercomponent communication

mechanisms
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Design Principles

Goals of the Design Phase (cont'd)

U
P

S
T

R
E

A
M

D
O

W
N

S
T

R
E

A
M

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

STREAM
Head

STREAM
Tail

� Specify component interfaces

{ Interfaces should be well-de�ned

� Facilitates component testing and

team communication

� Describe component functionality

{ e.g., informally or formally

� Identify opportunities for systematic

reuse

{ Both top-down and bottom-up
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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
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Design Principles

Decomposition Example: External OS for PBX

NETWORK
SWITCHES

SERVER

CLIENT

APPLICATION

FRAMEWORK

CALL  CENTER
MANAGER

DIRECTORY
MANAGER

EXTENSION
MANAGER

CLIENT CLIENT

CLIENT

� Features

{ Allow clients to manage

various aspects of PBX

switches without modifying

the switch software

{ Support reuse of existing

components based on a

common architectural

framework

www.cs.wustl.edu/�schmidt/DSEJ-

94.ps.gz
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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
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Design Principles

Information Hiding Example: ACE Message Queueing

Message
Block

Message
Queue

head_
tail_

SYNCH
STRATEGY

Message
Block

next()
prev()
cont()Message

Block
next()
prev()
cont() Message

Block
next()
prev()
cont()

Data_Block

Data_Block

Data_Block

Data_Block

next()
prev()
cont()

� Message Queue and

Message Block hide Stream

messaging implementations from

clients

� e.g., reference counting can be

added transparently

Message
Block

cont()
next()

ref_count()
base()

Data
Block

Message
Block

cont()
next()

PAYLOAD
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Design Principles

Modularity

Session Router
Module

Presentation
Module

Event Filter
Module

Event Analysis
Module

Presentation
Module

Switch Adapter
Module

� A Modular system is one that's

structured into identi�able

abstractions called components

{ Components should possess

well-speci�ed abstract interfaces

{ Components should have high

cohesion and low coupling

� Modularity is important for both

design and implementation phases
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Design Principles

Modularity Example: ACE Stream

NETWORK  INTERFACE

OR  PSEUDO-DEVICES

STREAM
Tail

Multiplexor

APPLICATION

Stream

STREAM
Head

APPLICATION

Stream

U
P

S
T

R
E

A
MD

O
W

N
S

T
R

E
A

M

MESSAGE WRITE
TASK

READ
TASK

MODULE

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

� A Stream contains a stack of

Modules

� Each Module contains two

Tasks

{ i.e., a read Task and a

write Task

� Each Task contains a

Message Queue and a pointer

to a Thread Manager
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Design Principles

Extensibility Example: ACE Task

Event
Handler

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

Shared
Object

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

Svc
Handler

Service
Object

A

APPLICATION-
SPECIFIC

APPLICATION-
INDEPENDENT

Message
Queue

SYNCH_STRATEGY
PEER_STREAM

suspend()=0
resume()=0

SYNCH
STRATEGY

AA

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

SYNCH
STRATEGY

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 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

25



D
es
ig
n
P
ri
n
ci
p
le
s

H
ie
ra
rc
h
y

�
M
o
ti
va
ti
o
n
:
re
d
u
ce
s
co
m
p
o
n
en
t
in
te
ra
ct
io
n
s
b
y
re
st
ri
ct
in
g
th
e
to
p
o
lo
g
y

o
f
re
la
ti
o
n
sh
ip
s

�
A

re
la
ti
o
n
d
e�
n
es
a
h
ie
ra
rc
h
y
if
it
p
ar
ti
ti
o
n
s
u
n
it
s
in
to
le
ve
ls
(n
o
te

co
n
n
ec
ti
o
n
to
v
ir
tu
a
l
m
a
ch
in
es
)

{
L
ev
el
0
is
th
e
se
t
o
f
a
ll
u
n
it
s
th
a
t
u
se
n
o
o
th
er
u
n
it
s

{
L
ev
el
i
is
th
e
se
t
o
f
a
ll
u
n
it
s
th
a
t
u
se
a
t
le
a
st
o
n
e
u
n
it
a
t
le
ve
l
<

i
a
n
d

n
o
u
n
it
a
t
le
ve
l
�
i
.

�
H
ie
ra
rc
h
ie
s
fo
rm
th
e
b
a
si
s
o
f
ar
ch
it
ec
tu
re
s
a
n
d
d
es
ig
n
s

{
F
a
ci
li
ta
te
s
in
d
ep
en
d
en
t
d
ev
el
o
p
m
en
t

{
Is
o
la
te
s
ra
m
i�
ca
ti
o
n
s
o
f
ch
a
n
g
e

{
A
ll
ow
s
ra
p
id
p
ro
to
ty
p
in
g

2
6



Design Principles
Hierarchy Example: The ACE Framework

PROCESSES/
THREADS

DYNAMIC

LINKING

SHARED

MEMORY
SELECT/
IO COMP

FILE SYS

APIS

WIN32 NAMED
PIPES & UNIX

STREAM PIPES

UNIX

FIFOS

C
APIS

SOCKETS/
TLI

COMMUNICATION

SUBSYSTEM

VIRTUAL MEMORY & FILE

SUBSYSTEM

GENERAL OPERATING SYSTEM SERVICES

PROCESS/THREAD

SUBSYSTEM

FRAMEWORK

LAYER

ACCEPTOR CONNECTOR

NETWORKED

SERVICE

COMPONENTS

LAYER

NAME

SERVER

TOKEN

SERVER

LOGGING

SERVER

GATEWAY

SERVER

SOCK SAP/
TLI SAP

FIFO

SAP

LOG

MSG

SERVICE

HANDLER

TIME

SERVER

C++
WRAPPER

FACADE

LAYER SPIPE

SAP

CORBA

HANDLER

FILE

SAP

SHARED

MALLOC

THE ACE ORB

(TAO)

JAWS ADAPTIVE

WEB SERVER
STANDARDS-BASED MIDDLEWARE

REACTOR/
PROACTOR

PROCESS/
THREAD

MANAGERS

STREAMS

SERVICE

CONFIG-
URATOR

SYNCH

WRAPPERS

MEM

MAP

OS ADAPTATION LAYER

www.cs.wustl.edu/�schmidt/ACE.html
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b
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Design Principles

Example of Program Families: External OS for PBX

DATABASE

 Session
Router

 Event
Analyzer

 Reactor

 Switch
Adapter

SWITCHES

SERVER

CLIENT

CLIENT

CLIENT

CALL  CENTER
MANAGER

DIRECTORY
MANAGER

EXTENSION
MANAGER

NETWORK

ACE
FRAMEWORK
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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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{
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b
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b
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