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{54) Dataprocessing system

(57) A data processing system
includes a processor 2, a memory 3, a
direct memory accessing (DMA) controt
unit 5 and an input/output adapter 6. A
memory area 17 of a given capacity is
reserved in the memory 3 for storing
control information transferred
between the processor 2 and the
adapter 6. For transfer of the control
information, the adapter 6 accesses the
control information stored in the
memory area 17 through direct
memory accessing under control of the

DMA control unit 5 while the processor
2 can make access to the control
information through a memory
read/write command. By storing ai the
predetermined area 17 of the memory 3
the control information transferred
between the processor 2 and the
adapter 6, the quantity of hardware and
the number of IC’s required for
implementing the adapter 6 can be
significantly reduced. The access to the
memory area 17 is controlled by DMA
control unit 5 so as to avoid collision
between data requests by the processor
2 and the adapter 6.
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GB 2089076 A 1

SPECIFICATION
Data processing system

5 The present invention relates generally to a data
processing system. In rnore particular, the invention
concerns a control of transfer of control information
in a data processing systermn which comprises a Pro-
cessor such as a microcomputer and an inpu¥/output

10 adapter for connecting a plurality of input/output
devices and in which the contrci information is
transferred between the processor and the
input/output adapter (hereinafter also referred to
simply as adapter).

15 Adataprocessing system is known which com-
prises a processor such as a microcomputer for
executing data processings, a memory and an adap-
ter for connecting a plurality of input/output devices.
In the data processing computer system of this type,

20 interface between the processor and the adapteris
realized by providing a group of registers for infor-
mation transfer in the adapter, wherein the control
information as required such as status information
of interruption issued from the adapter to the pro-

25 cessor, for example, is stored in the group of the

information with input/output (/O) commands for

read/write operations. The data processing system
of this type however suffers from drawbacks as
described below.

In the first place, in the case where a large quantity
of interface information is to be transferred between
the processor and the adapter, a correspondingly
increased number of the information transfer regis-
ters have to be installed at the adapter, involving an
35 increased number of parts or IC’s in implimenta-

tion of the adapter.

Second, it should be mentioned that the number
of 1/0 ports of the processor is imposed with a limita-
tion. Accordingly, even when the adapter incorpo-

40 rates therein a large number of the information
transfer registers, there may arise such a situation
that all the registers can not be accessed by the pro-
cessor with the /O instructions or commands. For
example, there is known a microprocessor which

45 allows |/O ports to be addressed with eight bits,
respectively. Accordingly, in the data processing
system using this type microprocessor, the number
of available /O commands amounts to only 256 (=
28) at maximum. Consequently, even when a grea-

50 ter number of the registers are provided, it will be
impossible to access all the registers.

Third, when both the adapter and the processor
simultaneously make access to one and the same
control information register, there may occur trans-

55 mission of uncertain or unreliable information, even-
tually leading to erroneous operations of the data
processing system.

It is therefore an object of the present invention to
provide a data processing system which permits an

goincreased number of control information to be trans-
ferred between the processor and input/output adap-
ter with a decreased number of parts required for

30

implementing the adapter and without being sub-
jected to restrictions ascribable to the number of
65 existing input/output ports of the processor.

Another object of the present invention is to pro-
vide a data processing system in which each of the
adapter and the processor can make access to the
control information without paying consideration to

70 the operating siate of the other and in which colli-
sion of data, transmmission of uncertain information
and erroneous operation can be positively pre-
vented.

In view of the above and other objects which will

75 becorne more apparent as description proceeds,
there is provided according to an aspect of the inven-
tion a data processing system which comprises a
processor, a memory and an input/output adapter,
wherein a memory area of a given capacity is

80 reserved in the memory for storing control informa-
tion transferred between the processor and the
adapter. The input/output adapter is provided with
an address register for designating address on the
memory and a direct memory access controller for

85 controlling the access to the memory, wherein the
area on the memory designated by the address
register is accessed directly (direct memory acces-
sing) by the adapter under control of the direct
memory access controller while the processor

90 makes access to the memory area with memory
read/write command, to thereby accomplish transfer
or exchange of the control information between the
adapter and the processor.

When compared with the hitherto known system

95 in which the control information is stored in a group
of registers provided in the adapter, the data proces-
sing system according to the invention provides
advantage over the hitherto known system in that
the number of parts for implementing the adapter

100 can be remarkably decreased. Further, the proces-
sor can read or write the control information from or
in the reserved area of the memory with memory
read/write commands or instructions without resort-
ing to the use of the I/0 commands or instructions.

105 Thus, the processor is insusceptible to restriction
imposed by the number of the l/O instructions. By
virtue of such an arrangement that the adapter can
access the memory through the direct memory
accessing or DMA while the processor can make

110 access to the memory with the read/write command
or instruction, possibility of collision of data on the
bus as well as transfer of uncertain data or informa-
tion can be positively prevented.

The present invention will be apparent from the

115 following detailed description taken in conju nction
with the accompanying drawings, in which:

Fig. 1 schematically showsina block diagram a
general arrangement of a data processing system
according to an exemplary embodiment of the

120 invention;

Fig. 2 is a block diagram illustrating in more detail
the data processing system shown in Fig. 1; and

Fig. 3 illustrates an arrangement of a memory
used in the data processing system.

The drawings originally filed were informal and the print here reproduced is
taken from a later filed formal copy.
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The invention will be described in detail by refer-
ring to the accompanying drawings which show an
exermplary embodiment of the invention. Referring
to Fig. 1, a data processing system denoted gener-
ally by a reference numeral 1 comprises as main
components a processor 2 which may be constituted
by a known microcomputer or the like, a memory 3
which may be a random access memory or RAM,!
an adapter 6 for connection to a plurality of
input/output devices 10, 11 and 12 (hereinafter refer-
red to simply as I/0 devices), and a direct memory
access (DMA) controlling unit 5 which will be also
referred to as the system DMA controlling unit. The
processor 2, the memory 3 and the adapter 6 are
connected to one another through a system bus 4
composed of an address bus and a data bus. The
memory 3 is adapted to store therein various data to
be processed or having been processed by the pro-
cessor 2, Further, there is reserved in the memory 3 a
predetermined storage area of a given storage
capacity for storing therein control information
which is transferred between the processor 2 and the
adapter 6. The memory 3 can be accessed by the
adapter 6 on a direct memory accessing (DMA)
base, while the processor 2 is capable of accessing
the memory 3 by issuing memory read/write com-
mands, whereby the control information as well as
data is read out of or written in the memory 3 to or
from the processor 2 and/or the adapter 6. The sys-
tem DMA controlling unit 5 supervises or monitors
the occupied or unoccupied state (i.e. busy oridle
state) of the system bus 4. More particularly, when
the memory 3is accessed by both the processor 2
andthe adapter 6, the system DMA controlling unit 5
processes the access requests from the processor 2
and the adapter 6 on a time division base so that
these accesses do not collide with each other on the
bus 4. To this end, the DMA controlling unit5
receives a bus supervising signal 72 from the pro-
cessor 2. By way of example, this supervising signal
72 may be logic “1” when the bus 4 is used or
occupied by the processor 2, while the signal 72 may
be logic ““0"” when the bus 4 is idle. Under the cir-
cumstance, when a direct memory access request
signal 8is supplied from a direct memory access
(DMA) sequence controller 20 (described hereinafter
with reference to Fig. 2) of the adapter 6, the system
DMA controlling unit 5 will check the bus supervis-
ing signal 72. At that time, unless the bus 4 is
occupied by the processor 2, the DMA request signal
8 is accepted, resulting in that a direct memory
access or DMA authorizing signal - 9 of logic “1" is
sent back to the adapter 6 to allow it to use the bus 4.
At the same time that the DMA authorizing signal 9 is
issued, a bus use inhibiting signal 71 is transmmitted
to the processor 2 to inhibit the processor 2 from
using the bus 4, whereby issue of the memory
read/write command by the processor 2 is suppres-
sed.

On the other hand, when the check of the bus
supervising signal 72 indicates that the bus 4 is
occupied by the processor 2, a DMA inhibiting signal
which corresponds to the DMA authorizing signal 9
of logic ““0" is sent to the adapter 6, whereby the
adapter 6 is caused to wait until the bus 4 is released
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from the occupation by the processor 2. In this man-
ner, even when the memory read/write command is
issued to an address of the memory 3 by the proces-
sor 2 simultaneously with issue of the DMA

request to the same memory address by the adapter
6, there will arise no possibility that transmission of
uncertain data ascribable to collision between the
ccmmand and the request should take place. The
input/output devices 10, 11 and 12 are constituted,
for example, by printers, displays or the like, and are
controlled by the adapter 6 under command of the
processor 2 to perform relevant data in putting
and/or outputting function.

Referring to Fig. 2 which shows in more detail the
system shown in Fig. 1, it can be seen that the Sys-
tem bus 4 is constituted by the data bus 13 and the
address bus 14 to which the memory 3 and the adap-
ter 6 are connected.

In particular, an arrangement of the adapter 6 is
illustrated in detail in Fig. 2. As can be seen from this
figure, the adapter 6 comprises a direct memory
access or DMA controller 15 for its own sake
{hereinafter referred to as adapter DMA controller to
distinguish from the DMA controlling unit 5 for the
whole data processing system shown in Fig. 1), an
address register 16 and an adapter controller 21. The
adapter DMA controller 15inturnis composed of a
data buffer 19, a DMA sequence controlier 20 and an
address counter 18. The data buffer 19 serves to
store a leading address of a predetermined or par-
ticular area 17 of the memory 3 supplied from the
processor 2 by way of the data bus 13 and additionally
serves to store temporarily data read out of the
memory 3 and transmitted through the data bus 13
in precedence to the outputting of these data to the
I/0 device 10, 11 or 12. Further, data supplied from
the /O device 10, 11 or 12 and to be stored in the
memory 3 is temporarily stored in this data buffer
19. Data transfer from the memory 3 to the I/0 device
10, 11 or 12 as well as the data transfer from the /O
device to the memory 3 for storage therein is control-
led by the adapter controlier 21. Activation of the
adapter controller 21 is triggered by a DMA address
setting signal 22. The address register 16 is adapted
to store the leading address of a predetermined area
17 of the memory 3. In other words, the leading
address supplied from the processor 2 and stored in
the data buffer 19iis placed in the address register
16. The DMA sequence controller 20 serves to pro-
duce the direct memory access or DMA request
signal 8 when the memory 3 is to be accessed by the
adapter 6 and additionally serves to set the access
request for the memory 3in the waiting state, when
no DMA authorizing signal 9 is issued in response to
the DMA request signal 8. Further, the DMA sequ-
ence controller 20 controls the transfer of the leading
address from the register 16 to the address counter
18 upon accessing the predetermined area 17 of the
memory 3 as well as the loading of relevant address
to the address counter 18 for reading or writing of
data from orto the memory 3. Clocking orincre-
menting of the address counter 18 is controlled also
by the DMA sequence controller 20. Thus, the con-
tent of the address counter 18 indicates the relevant
address of the memory 3, which address is transmit-
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ted to the memory 3 through the address bus 14.
The memory 3 stores therein data processed by
the processor 2 for transmission to the /O device 10,

11 and/or 12 as well as data inputted from the I/O
device for processing by the processor 2. In this con-
nection, it should be noted that these data to be pro-
cessed or having been proszssed are not stored at
the predetermined area 17, which is reserved for the
storage of the control information characteristic of
the invention.

Fig. 3 illustrates an exemplary arrangement of the
predetermined or particulai area 17 of the memory
3. At aleading address {e.g. address nn) of this par-
ticular area 17, there is stored operation status
information 23 of the /O device 10. At an address
{n+1) of this area 17, there are stored operation
codes which include, for example, an idle code, a
transmmission code, a reception code and the like.
At an address (n+2), an end code is stored, which
may include a normal end code or an abnormal end
code. At addresses (n+3) to (n+A), there are stored
other control information for the I/O device 10. The
storage capacity represented by A depends on the
actual data processing system and may be on the
order of 32 bytes, for example. The other control
information may include a DMA initiating address
for transmission, a DMA byte count for transmission,
a DMA initiating address for reception, a DMA byte
count for reception, status information of the adap-
ter, a transmission/reception error status informa-
tion and others.

At addresses (n+A) + 1 et seg. of the area 17, there
are stored the similar control information 27, 28, 29
and 30 for the I/0 device 11 in the same format as
described above in conjunction with the control
information for the /O device 10. Similar control
information for the /O device 12 is also storedin a
similar manner.

Now, description will be made on the control
operation for exchange or transfer of the control
information according to the invention by referring
to Figs. 2 and 3. When the data processing system 1
is initialized in response to the closing of a main
switch (not shown), a DMA address setting signal 22
is set to logic 1" or “true” level by the processor 2,
whereby the leading address n of the particular area
17 reserved for the control information in the mem-
ory 3 is fed to the data bus 13. The adapter 6 initiates
operation in response to the DMA address setting
signal 22 of logic 1" or “true” to fetch the leading
address n of the memory area 17 into the data buffer
19 from the data bus 13. Subsequently, the leading
addressn is placed in the DMA address storage
register 16 by way of the adapter controller 21. The
leading address is utilized for controlling the associ-
ated data /O devices 10, 11 and 12 by making use of
the control information stored in the particular area
17 of the memory 3. |

By way of example, it is assumed that data is to be
outputted to the /O device 10. Then, an output
command code is written in the memory area 17 of
the memory 3 at the address 24 labelled “OPERA-
TION CODE FOR I/0 10" in response to the memory
write command issued by the processor 2, while
information required for the output operation is writ-
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ten at the address 26 labelied “CONTROL INFOR-
MATION FOR /0 10”, which information may
include a memory address at which output data to
be outputted from the memory 3 to the I/O device 10
by way of the adapter 6 through the direct memory
access (i.e. DMA) is stored, the number of data to be
outputted and others. Subsequently, an activation
code is written in the area 17 at the address 23 label-
led “OPERATION STATUS OF I/0 10". In succession
to the storage of the memory address in the DMA
address storage register 16, the content of the DMA
address counter is incremented starting from the
address n, whereby the memory arca 17 for the
information transfer is scanned repeatedly. When
the activation code written at the address 23 labelled
“OPERATION STATUS OF I/O 10!’ of the memory
area 17 by the processor 2 is read out, data transfer
to the /0 device 10 is initiated on the basis of the
information stored at the address 24 labelled
#OPERATION CODE OF I/0 10’ and at the address 26
labelled “CONTROL INFORMATION FOR 1/O 10”. The
manner in which such data transfer is carried out is
well known in the art and any further description will
be unnecessary. Simultaneously with the data trans-
fer mentioned above, a code indicative of the opera-
tion being executed is written in the memory area 17
at the address 23 labelled *“OPERATION STATUS OF
I/O 10" through the direct memory accessing or
DMA and the processor 2 is informed of that the
operation commmand has been transmitted to the
I/0 device 10.

In completing the data transfer operation to the I/O
device 10, the adapter 6 writes a code indicative of
the normal end or abnormal end at the address 256
labelled “END CODE OF I/O 10" of the memory area
17. In the case of the abnormal end or completion,
relevant error information is written in the memory
area 17 at the assigned one of the addresses 26 label-
led “CONTROL INFORMATION FOR I/0 10" through
the direct memory access or DMA, which is followed
by the writing of the operation end code at the add-
ress 23 labelled “OPERATION STATUS OF I/0 10",
whereby the processor 2 is informed of compieted
data transfer operation of the adapter 6 to the /O
device 10.

When it is not required to command operations of
the /O device 10, the processor 2 issues a write
command to cause the idle code to be written in the
information transfer area 17 of the memory 3 at the
address 23. During scanning of the memory area 17
through the direct memory access or DMA, the adap-
ter 6 reads out the idle code and confirms that the
processor 2 has received the operation end code
from the adapter 6 and that any further operation
command is not issued to the /0 10. Here, it should
be recalled that although the data transfer through
the direct memory access or DMA between the adap-
ter 6 and the memory 3 is effected without consider-
ing the presence of the memory read/write com-
mand issued by the processor and vice versa, there
arises no erroneous operations of the processor 2
and the adapter 6, because transmission of uncertain
or indefinte data or information is suppressed by the
DMA controlling unit 5, as described hereinbefore.

As will be appreciated from the foregoing descrip-
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tion, by virtue of such arrangement according to the
invention in which the register for information or
data transfer which has heretofore been provided ir
the adapter 6 are replaced by a particular msmory
area 17 reserved in the memory 3 for the data trans-
fer, a much increased quantity of information can be
transferred between the processor 2 and the adapter
6 without being subjected to restrictions ascribable
to the number of IC’s and I/O ports of the processor
2.

The invention is never restricted to the exemplary
embodiment disclosed herein, but modifications and
variations will readily occur to those skilled in the art
without departing from the spirit and scope of the
invention. For example, although it has been
assumed in the foregoing that the leading address of
the particular area 17 of the memory is transferred
from the processor 2 to the adapter 6, it is also poss-
ible to place the leading address in the address regis-
terin a fixed or programmable manner.

CLAIMS

1. Adata processing system including a proces-
sor for data processing, a memory for storing data to
be processed as well as data having been processed
by said processor, an input/output adapter for con-
necting a plurality of input/output devices, and a
common bus for interconnecting said processor,
said memory and said adapter to one another, com-
prising:

a) apredetermined area of a given storage capac-
ity reserved in said memory for storing control
information for controlling said input/output
devices, said control informations being transferred
between said processor and said adapter;

b} address setting means for setting a leading
address of said predetermined area; and

¢) control means for sequentially updating the
address given by said address setting means to
access said predetermined area through direct
memory accessing (DMA) for allowing the control
information to be transferred between said adapter
and said predetermined area on one hand and on the
other hand allowing control information to be trans-
ferred between said predetermined area of said
memory and said processor during a period in which
said DMA does not take place.

2. Adata processing system according to claim
1, further including an address setting line con-
nected to said processor for transferring said leading
address to said address settting means.

3. Adataprocessing system including a proces-
sor for data processing, a memory for storing data to

be processed as well as data having been processed
by said processor, an input/output adapter for con-
necting a plurality of input/output devices, and a
common bus for interconnecting said processor,
said memory and said adapter to one another, com-
prising:

a) said memory including a predetermined area of
a given capacity, said area being adapted to store
control information for controlling said input/output
devices and adapted to be accessed by said proces-
sor and said adapter;

b} address setting means for setting address of
said predetermined area of said memory;
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¢) adirect memory access controiling unit pro-
vided for said data processing system for monitoring
accessing of said processor to said memory through
said bus; and

d) a dirsct access sequence controller for
responding to a signal supplied from said direct
access controlling unit to thereby allow said memory
to be accessed through direct memory accessing by
said adapter by way of said bus.

4. The data processing system according to
claim 3 wherein said address setting means prescts
therein a leading address of said predetermined area
in a fixed programmable manner.

5. A data processing system constructed and
arranged to operate substantially as hereinbefore
described with reference to and as illustrated in the
accompanying drawings.
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