
01.07.2002

1

JR - RA - SS2002 Kap. 5 5/1

Überblick

❚ ����������

❙ ����� ����	
����� �
�������
� 	��
��
���
���
��� ����

❚ 	�
�����
�����������

❚ �������
��������

❚ ����
�����
��������

❚ ������������

❚ ���������������������� ���

Kap.5
Ein-Ausgabe

JR - RA - SS2002 Kap. 5 5/3

Ein-/Ausgabeeinheiten

❚ ���������	��� ����
��� � ��!

"����� #��
�  ����������$��%��&'

❙ �
����
� ��
��
��� ��� �����������

❙ �����
�

❙ 
 �
��
 !"
���
��
��
� �����
��
�
�
#�
�"�
��
� ����

❙ �
$%
��
�&
����#��'��
�


❙ ���

JR - RA - SS2002 Kap. 5 5/4

Kommunikation und
Interface
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❙ Datentransfer zwischen Sender- und Empfängerprozess

❙ hohe Abstraktionsebene
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❙ Schaltungen, Kommunikationsprotokolle

❙ niedrige Abstraktionsebene

P1 P2
Nachricht

request

acknowledge

data
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❚ Asynchrone Kommunikation

❚ synchrone Kommunikation

S E
write read

S E
write read

buffer
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bus structure

Processor Memory
rd'/wr

enable

addr[0-11]

data[0-7]

bus
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bus

Processor Memoryrd'/wr

enable

addr[0-11]

data[0-7]

port
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write protocol

rd'/wr

enable

addr

data

tsetup twrite
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read protocol

rd'/wr

enable

addr

data

tsetup tread
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Strobe protocol Handshake protocol

Master Servantreq

ack

req

data

Master Servant

data

req

data

taccess

req

data

ack

1. Master asserts req to receive data

2. Servant puts data on bus within time taccess

1

2

3

4

3. Master receives data and deasserts req

4. Servant ready for next request

1

2

3

4

1. Master asserts req to receive data

2. Servant puts data on bus and asserts ack
3. Master receives data and deasserts req

4. Servant ready for next request
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Fast-response case

req

data

wait

1 3

4

1. Master asserts req to receive data
2. Servant puts data on bus within time taccess

3. Master receives data and deasserts req
4. Servant ready for next request

2

Slow-response case

Master Servantreq

wait

data

req

data

wait

1

3

4

1. Master asserts req to receive data
2. Servant can't put data within taccess, asserts wait
3. Servant puts data on bus and deasserts wait
4. Master receives data and deasserts req

2

taccess taccess

5. Servant ready for next request

5

     (wait line is unused)

JR - RA - SS2002 Kap. 5 5/12

��� ��� ��
	
�
� � 
�

� ������

Microprocessor Memory I/O Device

ISA bus

ADDRESS

CYCLE

CLOCK

D[7-0]

A[19-0]

ALE

/MEMR

CHRDY

C1                    C2                    WAIT              C3
C4

DATA
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❙ benutzt in 80x86’er

❚ 0�#
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❙ 20-Bit Adresse

❙ Kompromiss
strobe/handshake

❘ �������� �	�� 
 ��
���

❘ ������ ���� �����

����������� ����
�������	��� ��
��� ��	� ��

� 

memory-read bus cycle

CYCLE

CLOCK

D[7-0]

A[19-0]

ALE

/MEMW

CHRDY

C1                    C2                    WAIT              C3
C4

DATA

ADDRESS

memory-write bus cycle
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❚ Kommunikation mit anderen Komponenten über einige

Pins

❙ Port-based I/O (parallel I/O)
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Processor Memory

Parallel I/O peripheral

Port A

System bus

Port CPort B

Adding parallel I/O to a bus-
based I/O processor

Processor

Parallel I/O peripheral

Port A Port B Port C

Port 0
Port 1
Port 2
Port 3

Extended parallel I/O
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Micro-
processor

Priority
arbiter

Peripheral1

System bus

Int
2

3
5

Inta
Peripheral2

Ireq1

Iack2

Iack1

Ireq2

1 1
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µP
System bus

Int

Inta
Peripheral1

Ack_in Ack_out
Req_out Req_in

Peripheral2

Ack_in Ack_out
Req_out Req_in

Daisy-chain aware peripherals

0
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low priority cell

high priority cell

Aufbau des Arbiters in Zellen

reqn

req2

req1

ackn

ack2

ack1

0

≥ & D

D &
≥

≥

&

&•

•
••

•

•

Realisierung einer Zelle

Token out

Token in Override out Grant in

Grant outOverride in

•

token

wait
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µP
System bus

Int

Inta
Peripheral1

Ack_in Ack_out

Req_out Req_in

Peripheral2

Ack_in Ack_out

Req_out Req_in

Daisy-chain aware peripherals

0

Micro-
processor

Priority
arbiter

Peripheral1

System bus

Int

Inta
Peripheral2

Ireq1

Iack2

Iack1

Ireq2
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❙ programmierte Ein-/Ausgabe
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❙ Interrupt
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❙ DMA (=direct memory access)
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❘ Voraussetzung ist, daß MP über spezielle I/O-
Befehle verfügt

> 
1)1 ,4 ?����@� 5&3 ?����@

❘ eigenen Adreßbereich für I/O-Geräte

❘ eigene Steuersignale zur Unterscheidung

❘ I/O-port mit Steuerbus verbunden

❘ neben eigentlichen Daten transferieren von
Synchronisationssignalen
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❙ Anstoßverfahren (��	����
)

❙ Statusabstimmung (������
)

❙ gegenseitige Abstimmung (����������
)
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E/A-Programm

Adressierung des gewünschten E/A-Gerätes

Ist Einheit für 
Datenaustausch 

bereit?

nein

ja

"
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Ein-Aus?

Datenwort
laden

Datenwort
ausgeben

weitere
Daten?

E/A-Gerät freigeben

Ende
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❘ interrupt enable

❘ interrupt acknowledge
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❚ DMA-Verfahren

❙ ‘ideale DMA’
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❙ ‘����� �	������’-Verfahren

❘ �#$%&	��	�����' ���� #( ��

❘ !)�*��� +��� ,������"�

CPU                RAM     Plattenkontroller
Laufwerk

Puffer

Speicheradresse
DMA-Zähler
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• ‘�������� ������	�	�-Signal von MP an DMA-Einheit
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