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[57] ABSTRACT

A technique for assigning addresses to modular units
connected to a computer system expansion bus. A
unique address is initially generated in a controller mod-
ule attached to the expansion bus and is transferred to
the first one of several serially coupled expansion mod-
ules. The first modules receives the unique address
which now identifies that module and generates a new
unique address from the received unique address. The
new unique address is transferred to the next expansion
module which uses the received address to identify
itself. The steps are repeated until each expansion mod-
ule has received a unique address to identify itself. In
each module, a Read Only Memory (ROM) is used to
receive the unique address from the previous module
and to generate a new address for the next module.

8 Claims, 5 Drawing Sheets
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1
MODULAR EXPANSION BUS CONFIGURATION

BACKGROUND OF THE INVENTION

This invention relates to computer systems in which
peripheral units are interconnected with a CPU via an
input/output bus and particularly relates to an ex-
panded computer system having a plurality of modular
units serially connected to a main bus and an expansion
bus.

Many computer systems are known which employ a
large number of modular units for attaching to a main
bus and to an expansion bus. Moreover, with the in-
creasing popularity of computers for business, office,
and home uses, the trend for design of popular com-
puter systems has been to simplify the basic fungtion
performed by each modular unit so as to permit the
modular units to be easily added to an existing computer
bus.

Refer now to FIG. 1. FIG. 1 shows a conventional,
expanded computer system having a main bus 80 and an
expansion bus 70. Connected to the main bus 80 is a
system controller 10 and a plurality of processors 12, 14,
etc., which terminate in a controller module 20. In this
configuration, the controller module 20 is itself con-
nected to an expansion bus and is followed by a plural-
ity of serially connected storage units 30, 40, 50 and 60.

One of the problems encountered in using the ex-
panded modular computer system as shown in FIG. 1
has been the problem of identifying the storage units
attached to the expansion bus. As an illustration, refer to
FIG. 2.

FIG. 2 shows a simplified diagram of a typical modu-
lar unit 202 as it appears when physically connected to
the expansion bus. Modular unit 202 would include
drive unit 5 attached to a mother board 8. Mother board
8 would be connected to adjacent modular units by
input header 7 which is coupled to drive 5 by a plurality
of trace lines 6. Within the drive 5, is a microprocessor
1 which is coupled to an ID header 2 by internal lines 4.
The ID header 2 is in turn provided with a plurality of
ID pins 3 which serve to provide the address for the
modular unit shown in FIG. 2.

One problem in the prior art for the unit shown in
FIG. 2 is that the ID headers do not come with the
identification pins preconnected. Thus, it has been nec-
essary for the end user to provide jumpers to connect
the pins in the ID headers as shown in FIG. 3 to provide
the unit with an address. By selectively connecting the
identification pins 3, the end user is able to simulate
digital bits which serve to identify the address for the
particular module. Thus, in the example shown. FIG. 3,
a 011 jumper configuration would indicate that the
particular module had an address of 5,

Several problems are encountered in this arrange-
ment. First, the ID headers are typically located deep
within a recess in the drive housing and it has been very
difficult for an end user to physically obtain access to
the ID pin to provide the desired jumper connection. In
order to make the proper jumper connections, it has
been necessary to either insert fingers deep inside these
recessed areas or to actually take the drive unit apart.
Also an unsophisticated end user might have absolutely
no knowledge of the need to jumper the identification
pins, and might experience difficulty in conveniently
locating the pins even if aware of the need to provide
some identification scheme at the point of end use.
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An additional inconvenience is that the end user must
remember the jumper configuration from module to
module in order to avoid accidentally giving two mod-
ules the same ID number. Finally, by using this particu-
lar identification technique, once an individual user
identifies a module with a particular address, the user
would be required to rejumper the ID pins in order to
provide the module with a néw address or to place the
module at another address along the bus that was al-
ready identified with another module.

Moreover, it is well known that there are practical
limits to the distances that modules can be attached
from a main system controller when connected to a
controller by a bus. Thus, a problem arises as to devis-
ing an automatic addressing method whereby the stor-
age units which are attached to the expansion bus can be
properly identified without relying on the main system
controller.

SUMMARY OF THE INVENTION

The invention comprises an automatic, self address-
ing technique for assigning addresses to modular units
connected to a computer system bus. In its broadest
aspect, the invention comprises the method of initially
generating a unique address in a controller module and
thereafter transferring the unique address to the next
expansion module. The expansion module receives the
unique address, is identified by the unique address, and
generates a new unique address using the received
unique address. Thereafter the expansion module trans-
fers the newly generated address to the next expansion
module which likewise uses the received address to
identify itself. The foregoing steps are repeated until
each expansion module has been identified by a unique
address.

In the preferred embodiment, the unique address is
provided by coupling grounding signals to the identifi-
cation pins. A Read Only Memory (ROM) is used to
receive the unique address and to generate a new ad-
dress to be transferred to the next module. A cable is
used to connect the received unique address to the ID
pins. By providing the addressing features in accor-
dance with the invention, the problem of providing an
address for a plurality of interchangeable expanded
module units has been greatly resolved. No particular
technical skill is required in order to connect a plurality
of modular units to a bus, and the units will be automati-
cally uniquely addressed irrespective of their place
along the expansion bus. Modular units may be inter-
changed and will still be uniquely addressed. The ar-
rangement may be configured whereby the main con-
troller coupled to the main bus is not essential to the
identification scheme.

For a fuller understanding of the nature and advan-
tages of the invention, reference should be had to the
ensuing Detailed Description taken in conjunction with
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a modular computer
system having an expanded bus in accordance with the
prior art.

FIG. 2 is a schematic diagram of a drive unit showing
an addressing scheme in accordance with the prior art.

FIG. 3 is an enlarged view of the ID header for a
modular unit in accordance with the prior art.

FIG. 4 is a block diagram of a modular unit in accor-
dance with the invention.
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FIG. 5 is a simplified block dlagram illustrating the
inputs and outputs to 2a ROM used in accordance with
the invention.

FIG. 6is a flow chart illustrating the addressing steps
in accordance with the invention.

FIG. 7 is a detailed diagram of one specific embodi-
ment of a ROM circuit connected to the ID pins in
accordance with he invention.; and

FIG. 8 is another detailed diagram for the ROM
circuit connected to the ID pins in accordance with the
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Refer now to FIG. 1. As previously explained. FIG.
1 is a block diagram of a modular computer system

15

having a main bus 80 called an X bus and an expansion -

bus 70, in this case, an SCSI bus. The main system con-
troller 10 is connected to the main bus 80, followed by
a plurality of serially connectcd processor modules 12.
14 and 20.

Processor module 20, in the example shown in FIG.
1, comprises an SCSI controller module and serves to
terminate the main bus. An expansion bus 70 is con-
nected to the SCSI controller module 20. A plurality of
serially connected expansion modules consisting of stor-
age modules 30, 40, 50, and 60 are coupled to the expan-
sion bus following the SCSI controller 20.

In actual practice, the processor modules coupled to
the main bus would be, for example, voice, communica-
tion or other such processors, whereas the storage mod-
ules connected to the expansion bus would typically
comprise disk, optical or tape type storage devices.

In many applications, the maximum distance that a
module can be located on the main bus from the system
controller is 24 inches. In many configurations, the
processor modules and the system controller are inter-
connected to each other using a 120 pin connector de-
vice.

As previously explained, problems inherent in the
system, as shown in FIG. 1, include there being a maxi-
mum distance permissible for extension from the system
controller and there being a need for some scheme to
identify the modules connected to the system controller
to eliminate command ambiguities.

Typically as shown in FIG. 1, an SCSI controller
module would terminate the main bus and would have
coupled to it an expansion.bus having a plurality of
storage modules coupled thereto. The SCSI controller
module serves to extend the operation of the main bus in
that the signals are not propagated from the main bus to
the storage devices on the expansion bus but signals are
transferred from the SCSI controller down the expan-
sion bus to the storage units.

Refer now to FIG. 2. As prevxously explained. FIG.
2 depicts a typical module. Shown in FIG. 2 are lines 70
from an SCSI controller which terminate in a 44 pin
connector 7A at the output side of a previous mother
board 8A. Connector 7A is coupled to the input side of
motherboard 8 via 44 pin connector 7. Mother board 8
has located thereon a main drive unit 5. The 44 pin
connector 7A is coupled to the input of drive unit 5 by
a plurality of trace lines 6. The output of drive unit 5 is
coupled to an output 44 pin connector 7B by output
trace lines 6B. Drive unit 5 includes mini microproces-
sor 1, an ID header 2, and ID pins 3 within ID header
2. ID header 2 is coupled to the microprocessor by an
internal communications line 4. The connectors, trace
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4
lines, and other input/output means form part of the
SCSI bus.

Refer now to FIG. 3. As previously explained, FIG.
3 depicts the ID header and the ID pins included
therein. ID pins 3 include one column of pins adjacent
another column of pins.

As shown in FIG. 3, one column 24 of ID pins is
configured such that each pin is- coupled through a
resistor to a positive voltage. Further, lines 4 tap from
the resistors to the microprocessor. Thus, in normal
operation, the lines 4 from ID pins in column 24 would
provide a positive voltage to microprocessor 4. On the
other hand, ID pins in column 23 are coupled to
ground. Thus, in order to simulate a zero for the ID pins
shown in FIG. 3, jumpers have been used to connect
selected pins in column 23 to selected pins in column 24,
to thereby short selected pins to ground. By selectively
jumpering pairs of pins, the .prior art technique has
permitted identification of modules by simulating 1’s
and 0’s in the microprocessor. Microprocessor 1 has
therefore been able to determine the address for the
modular unit by translating the digital representation of
the bits provided over communications line 4. In the
example shown in FIG. 3, by shorting the top most row
of pins to provide a 0 and leaving the bottom rows of
pins unshorted, a digital 011 signal is provided to micro-
processor. 1 which serves to identify the modular unit as
unit number 5.

As previously explained, several problems have
arisen from the foregoing scheme. First of all, there is a
physical problem of gaining access to the ID pins, since
in most instances the ID pins are deeply recessed in the
ID header. Next, an unskilled user of the modular unit
might have no knowledge whatsoever of the need to
properly identify the modular unit prior to inserting the
module on a computer bus having a plurality of modulcs
coupled to a bus.

Next, once the modular address has been set, before
the modular unit can be used in another serial location
within the expanded bus, it is necessary to remove the
jumpers already placed thereon and configure the
jumpers so as to provide a new ID corresponding to the
new serial location.

Accordingly, it can be said that one problem of the
above configuration is that it limits the fungibility of
modular units. This problem could be solved somewhat
by placing jumpers on the modular units when the units
are manufactured. However, a resulting problem is that
the units would be committed to the serial location as
placed thereon by the manufacturer and would again
not have the flexibility to be located at any point along
the expansion bus.

Refer now to FIG. 4. FIG. 4 shows a modular unit in
accordance with the invention. Shown in FIG. 4 is
modular expansion unit 200 which comprises a mother
board 8, a drive unit 5, an ID header (connector) 130
and trace lines 6. Connector 130 is a 44 pin connector
and couples the input side of mother board 8 to the
output side of the previous motherboard in an adjacent
modular unit on the expansion bus. Trace lines 6 couple
the input header 130 to the drive unit 5. Output lines 9
couple the drive unit 5 to an output header 180. Lines 70
represent input lines from an adjacent previous module
such as a SCSI controller. Line 90 represents output
lines to the next SCSI module such as a next storage
unit.

FIG. 4 also shows a plurality of trace lines 120 that
are coupled from the input header 130 to ROM 100.
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Cable 110 is coupled from connector pins (not shown)
on ROM 100 to ID pins 3 in drive header 2. Drive
header 2 is coupled to microprocessor 1 by an internal
communication line 4.

Refer now to FIG. 5. FIG. 5 is a simplified block
diagram of the ROM circuit 100 included in the modu-
lar expansion unit in accordance with the invention.
ROM circuit 100 receives an address signal. AD-
DRESS(N). which is coupled to the input of ROM 100
from input header 130 by trace lines 120. The AD-
DRESS(N) signal is coupled through cable 110 to the
ID header and the ID pins. ROM unit 100 takes the
address signal provided thereto via trace lines 120 and
generates a new data output which is the address for the
next expansion module unit. In the preferred embodi-
ment, the address generated is merely ADDRESS(N)
plus 1.

Refer now to FIG. 6 which shows a flow diagram of
the steps in accordance with the invention. As shown in
FIG. 6 the method starts when a ROM in the SCSI
controller gene an ADDRESS(1) equal to 1. The con-
troller ROM would next transfer the address to the
ROM unit in the next adjacent, serially connected ex-
pansion module via the connectors and trace lines.
Next, the ROM on the receiving module, ROM(N),
would receive ADDRESS(N) from the ROM in the
previous expansion module. ROM(N) would thereby
transfer the ADDRESS(N) to the drive(N) via the
cable coupled from pins on the ROM to the ID pins in
the ID header, and thereafter through the internal com-
munication line to the microprocessor in the drives(N).
Also, ROM(N) would use ADDRESS(N) to generate a
data output. ADDRESS(N <+ 1), which is provided as
the address for the next adjacent, serially connected,
expansion module unit. In the preferred embodiment,
the address for the next unit is simply the address pro-
vided for the instant ROM(N), plus 1. For example, if
the address provided to the ROM unit were 2, then the
address provided out would be 3.

ADDRESS(N+1) is thereafter coupled from the
output side of ROM(N) by a plurality of trace lines,
which form a part of the expansion bus, to the output
header. The output header for the Nth module couples
the new address, ADDRESS(N+1). to the input
header of the next adjacent mother board. The forego-
ing steps of receiving the address, coupling the address
to the module microprocessor, generating a new ad-
dress, and transferring the new address to the next mod-
ule would be repeated until each expansion module had
been provided with a unique identification.

Refer now to FIG. 7 which is a detailed block dia-
gram of one embodiment of the invention. The purpose
of the configuration shown in FIG. 7 is to provide to the
microprocessor in the drive unit an address identifying
the module as unit 5.

Refer to the ID header 2 shown in FIG. 7. The Id
header has therein. 6 ID pins: voltage connected pins 1,
2, 3 and grounded pins 4, 5 and 6. The configuration
according to the invention no longer requires that
Jjumpers between adjacent pins provide the digital ID to
the microprocessor, so that it is no longer required that
pins. 4. § and 6 be utilized. According to the invention,
instead of providing jumpers to simulate 1’s and 0’s,
grounding signals are provided to selected pins using
the input signals provided to the ROM on lines 1, 2 and
3

Input lines 4, § and 6, therefore, are in the nature of
spare lines and are not necessarily needed in the config-
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uration shown in FIG. 7. Thus, the problem of provid-
ing an address of “5” according to the embodiment in
FIG. 7 is a problem of simulating to the microprocessor
a 1, a 0 and a 1 without having to provide jumpers to
physically ground pins 1. 2 and 3. In accordance with
the invention, this problem is solved by providing
grounding signals along selected input lines to the
ROM. Input line 1 is provided with a 1 signal which in
this instance is a low signal which serves to leave line 1
at the high voltage level. Input line 2 to the ROM is
provided with a O signal which is a high (grounding)
signal which serves to drive pin 2 in ID header 2 to
ground. Line 3 is provided with a 1 signal, or a low
signal, which serves to leave pin 3 in ID header 2 at a
high level. Thus, by driving pin 2 in ID header to
ground, the necessary “101” binary digits are simulated
and the microprocessor in the unit recognizes that its
address is §.

ROM 100 also takes the “101” address and processes
these signals to generate an output signal that is to be
used as the address for the next ROM. Since in this
instance the input signal was 5, the output signal pro-
vided is 6 so that the next adjacent unit would be ad-
dressed at one higher than the instant ROM unit.

Since the digital representation for 6 is 011, in this
configuration, ROM 100 provides as output for line 1, a
0; for line 2, a 1; and for line 3, a 1. Thus, the signal
provided on line 1 will be a grounding signal to drive
pin 1 in the ID header in the next module to ground.

Refer now to FIG. 8. FIG. 8 depicts another ID
configuration in accordance with another embodiment
of the invention. In FIG. 8, the ID header is provided
with 16 ID pins, consisting of two columns, 27 and 28,
of 8 pins each. In the configuration shown in FIG. 8, the
grounded pins in column 28 are used as spares and need
not be used in accordance with the invention.

In the prior art, the ID pins in FIG. 8 are not used to
provide to the microprocessor a digital representation
of the module address. Rather, the address is deter-
mined based solely on which particular pin in column
27 is coupled to ground by jumpering to a correspond-
ing pin in column 28. For example, if pin 1 of column 27
in the ID header is jumpered to a ground pin in column
28, the address for the unit in FIG. 8 would thereby be
designated as “1”. Similarly, if the 4 pin were connected
to ground, that would indicate that the address for the
unit using the ID header in FIG. 8 would be a 4. Thus,
the problem solved according to the invention for the
embodiment shown in FIG. 8 is the problem of simulat-
ing a ground at the particular pin that is to identify the
address for the particular drive unit.

As shown in FIG. 8. ROM 100 has connected to its -

. input side a plurality of input lines 120, numbered O

55

60
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through 7 and has connected to its output side a plural-
ity of output lines 140, numbered O through 7. Lines 120
couple an address signal received from the previous
ROM to ROM 160. Output lines 140 couple a new
address signal generated by ROM 100 to the output
header. Assume, as shown in FIG. 8, that the address
for the modular unit in FIG. 8 is to be “2”. In the prior
art, it would have been necessary to jumper ID pin 2 in
the ID header to ground in order to simulate an address
of “27. :

According to the invention, an “‘on” signal would be
provided on line 2 which would be coupled to pin 2 of
column 27 on the ROM. This “on™ signal would be
coupled from pin 2 on the ROM to the number 2 pin of
column 27 in the ID header. The effect of the “on”
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signal is to drive the voltage at pin 2 of column 27 in the
ID header to ground, thus simulating the jumpering
arrangement. Because the voltage at ID pin 2 is driven
to ground, the microprocessor recognizes that the ad-
dress for the module is 2.

The ROM would take the received address which
comprises an “on” (grounding) signal on line 2, would
process that information, and would generate an ad-
dressing signal for the next adjacent ROM. Thus, in this
instance, since line 2 is received in the “on” condition
the ROM would generate an on signal on line 3, thereby
causing the next serial module to be addressed as ad-
dress 3.

This daisy chaining scheme will be continued until
each module had been provided a unique address.

The foregoing embodiments of the invention take
advantage of the fact that the prior art connector pins
had provided to the modular expansion units more
ground pins than were actually needed for operation of
the modular units. Thus the invention, as disclosed in
the embodiments shown in FIG. 7 and FIG. 8, is able to
provide the automatic self addressing scheme without
requiring any additional wiring than presently provided
in the prior art. It is noted that for the arrangement in
FIG. 7 and FIG. 8, the modules and system must be
capable of continuously driving the ID pins to ground.

The ROM used in accordance with the invention is a
mailbox type ROM wherein an address is supplied as an
input into the ROM and data :s automatically supplied
as an output from the ROM. In actual operation, an
address is provided on the input side of the ROM which
is translated to a mailbox inside the ROM. The ROM
automatically takes data inside the mailbox and pro-
vides that data as the output address for the next adja-
cent ROM. The mailboxes are preassigned through a
conventional fuse link process. According to the inven-
tion shown in the embodiments of FIG. 7 and 8, the
input addressing signal must be provided continuously
through the ROM’s.

In the preferred embodiment shown in FIG. 8, the
voltage used to drive the pins to ground is typically in
the range of 5 volts. The low and off voltage signals
would typically be O volts. By reassigning unused
ground pins and lines, the invention has avoided the
necessity of including additional wiring.

Thus it can be seen that the invention prowdes a
number of advantages over the prior art. .

"It is unnecessary to dedicate any one modular unit to
any serial place along the expansion bus but according
to the invention, a modular unit may be placed at any
location along the bus so long as all the units along the
bus are provided with the same automatic addressing
scheme.

Given the arrangement according to the invention,
each unit will automatically be addressed according to
an input signal and will generate an address to be pro-
vided to a next module that is one more than the address
received by that particular module.

Further, using the configuration according to the
invention, the physical problem of trying to jumper into
recesses has been avoided. The cable hook-up from the
ROM to the ID headers is provided as a standard part of
the configuration package.

In addition to the foregoing, the invention provxdcs a
scheme that permits automatic, unique addressing of
expansion modules without relying on the main system
controller. Thus, the invention facilitates expanding the
length of modular computer systems by providing a
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means for uniquely identifying modular units beyond
the maximum operating length of the main system con-
troller.

The invention has now been explained with reference
to specific embodiments. Other embodiments including
realizations in hardware and realizations in other pre-
programmed software would be apparent to those of
ordinary skill in the art. It is therefore not intended that
the invention be limited except as indicated by the ap-
pended claims.

I claim:

1. A modular computer system comprising:

a controller module;

a bus connected to said controller module;

a plurality of serially connected expansion modules
coupled to said bus following said controller mod-
ule, ‘

each said expansion module baving address input
means for receiving a bus address from a preceding
module, means for generating a next module ad-
dress from the address supplied to the address input
means, and address output means for supplying the
next module address to the bus for receipt by a next
succeeding module,

said controller module including means for generat-
ing the bus address of a first one of said plurality of
serially connected modules, and address output
means for coupling the first module address to the
bus for receipt by said first one of said plurality of
serially connected modules whereby the address of
the first one of said modules is generated by said
controller and the addresses of the remaining ones
of said expansion modules are each generated by a
preceding expansion module.

2. The invention of claim 1 wherein said means for
generating the next module address includes a memory
device.

3. The invention of claim 2 wherein said memory
device comprises a read only memory unit having an
address input terminal coupled to said expansion mod-
ule address input means and an output terminal coupled
to said expansion module address output means.

- 4. A module computer system comprising:

a system controller;

a main bus coupled to said system controller;

a plurality of serially connected processor modules
coupled to said main bus;

an expansion controller module coupled to one of
said processor modules;

an expansion bus coupled to said expansion controller
module; and

a plurality of serially connected expansion modules
coupled to said _expansion bus,

each said expansion module having address input
means for receiving a bus address from a preceding
module, means for generating a next module ad-
dress from the address supplied to the address input
means, and address output means for supplying the
next module address to the bus for receipt by a next
succeeding expansion module,

said expansion controller module including means for
generating the bus address of a first one of said
plurality of serially connected expansion modules,
and address output means for supplying the first
expansion module address to the expansion bus for
receipt by said first one of said plurality of serially
connected expansion modules, whereby the ad-
dress of the first one of said expansion modules is
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generated by said expansion controller module and
the address of each remaining one of said expansion
modules is generated by a preceeding expansion
module.

5. The invention of claim 4 wherein said means for
generating the next module address includes a memory
device.

6. The invention of claim 5 wherein said memory
device comprises a read only memory unit having an
address input terminal coupled to said expansion mod-
ule address input means and an address output terminal
coupled to said expansion module address input means.

7. A method of assigning a bus address to each expan-
sion module in a computer system having a controller
coupled by an expansion bus to a plurality of seriaily
coupled expansion modules, said method comprising
the steps of: _

(a) generating in the controller an address for a first

expansion module in the system;
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(b) supplying the address for the first expansion mod-
ule from the controller to the first expansion mod-
ule;

(c) generating at the first expansion module an ad-
dress for a next module from the address supplied
to the first module;

(d) supplying the address generated in step (c) to the
next module;

(e) generating at the next module an address for a
subsequent module from the address supplied to
said next module;

(f) supplying the address generated in step (e) to the
subsequent module; and

(g) repeating said steps of (e) generating and (f) sup-
plying at successive modules until all modules have
been supplied with an address.

8. The invention of claim 7 wherein each expansion
module includes a subsequent module address genera-
tor; and wherein said step (d) of generating is performed
by causing the subsequent module address generator in
said next module to generate said subsequent module

address from the address supplied in step (c).
* * * * *
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1
MODULAR EXPANSION BUS CONFIGURATION

BACKGROUND OF THE INVEN'ffON

This invention relates to computer systems in which
peripheral units are interconnected with a CPU via an
input/output bus and particularly relates to an ex-
panded computer system having a plurality of modular
units serially connected to a main bus and an expansion
bus.

Many computer systems are known which employ a
large number of modular units for attaching to a main
bus and to an expansion bus. Moreover, with the in-
creasing popularity of computers for business, office,
and home uses, the trend for design of popular com-
puter systems has been to simplify the basic function
performed by each modular unit so as to permit the
modular units to be easily added to an existing computer
bus.

Refer now to FIG. 1. FIG. 1 shows a conventional,
expanded computer system having a2 main bus 80 and an
expansion bus 70. Connected to the main bus 80 is a
system controller 10 and a plurality of processors 12, 14,
etc., which terminate in a controller module 20. In this
configuration, the controlier module 20 is itself con-
nected to an expansion bus and is followed by a plural-
ity of serially connected storage units 30, 40, 50 and 60.

One of the problems encountered in using the ex-
panded modular computer system as shown in FIG. 1
has been the problem of identifying the storage units
attached to the expansion bus. As an illustration, refer to
FIG. 2.

FIG. 2 shows a simplified diagram of a typical modu-
lar unit 202 as it appears when physically connected to
the expansion bus. Modular unit 202 would include
drive unit § attached to 2a mother board 8. Mother board
8 would be connected to adjacent modular units by
input header 7 which is coupled to drive 5 by a plurality
of trace lines 6. Within the drive 5, is a microprocessor
1 which is coupled to an ID header 2 by internal lines 4.
The ID header 2 is in turn provided with a plurality of
ID pins 3 which serve to provide the address for the
modular unit shown in FIG. 2.

One problem in the prior art for the unit shown in
FIG. 2 is that the ID headers do not come with the
identification pins preconnected. Thus, it has been nec-
essary for the end user to provide jumpers to connect
the pins in the ID headers as shown in FIG. 3 to provide
the unit with an address. By selectively connecting the
identification pins 3, the end user is able to simulate
digital bits which serve to identify the address for the
particular module. Thus, in the example shown. FIG. 3,
a 011 jumper configuration would indicate that the
particular module had an address of “5”,

Several problems are encountered in this arrange-
ment. First, the ID headers are typically located deep
within a recess in the drive housing and it has been very
difficult for an end user to physically obtain access to
the ID pin to provide the desired jumper connection. In
order to make the proper jumper connections, it has
been necessary to either insert fingers deep inside these
recessed areas or to actually take the drive unit apart.
Also an unsophisticated end user might have absolutely
no knowledge of the need to jumper the identification
pins, and might experience difficulty in conveniently
locating the pins even if aware of the need to provide
some identification scheme at the point of end use.
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2 .
An additional inconvenience is that the end user must
remember the jumper configuration from module to
module in order to avoid accidentally giving two mod-

"ules the same ID number. Finally, by using this particu-

lar identification technique, once an individual user
identifies a module with a particular address, the user
would be required to rejumper the ID pins in order to
provide the module with a new address or to place the
module at another address along the bus that was al-
ready identified with another module.

Moreover, it is well known that there are practical
limits to the distances that modules can be attached
from a main system controller when connected to a
controller by a bus. Thus, a problem arises as to devis-
ing an automatic addressing method whereby the stor-
age units which are attached to the expansion bus can be
properly identified without relying on the main system
controller.

SUMMARY OF THE INVENTION

The invention comprises an automatic, self address-
ing technique for assigning addresses to modular units
connected to a computer system bus. In its broadest
aspect, the invention comprises the method of initially
generating a unique address in a controller module and
thereafter transferring the unique address to the next
expansion module. The expansion module receives the
unique address, is identified by the unique address, and
generates a new unique address using the received
unique address. Thereafter the expansion module trans-
fers the newly generated address to the next expansion
module which likewise uses the received address to
identify itself. The foregoing steps are repeated until
each expansion module has been identified by a unique
address.

In the preferred embodiment, the unique address is
provided by coupling grounding signgls to the identifi-
cation pins. A Read Only Memory (ROM) is used to
receive the unique address and to generate a new ad-
dress to be transferred to the next module. A cable is
used to connect the received unique address to the ID
pins. By providing the addressing features in accor-
dance with the invention, the problem of providing an
address for a plurality of interchangeable expanded
module units has been greatly resolved. No particular
technical skill is required in order to connect a plurality
of modular units to a bus, and the units will be automati-
cally uniquely addressed irrespective of their place
along the expansion bus. Modular units may be inter-
changed and will still be uniquely addressed. The ar-
rangement may be configured whereby the main con-
troller coupled to the main bus is not essential to the
identification scheme.

For a fuller understanding of the nature and advan-
tages of the invention, reference should be had to the
ensuing Detailed Description taken in conjunction with
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a modular computer
system having an expanded bus in accordance with the
prior art.

FIG. 2 is a schematic diagram of a drive unit showing
an addressing scheme in accordance with the prior art.

FIG. 3 is an enlarged view of the ID header for a
modular unit in accordance with the prior art.

FIG. 4 is a block diagram of a modular unit in accor-
dance with the invention.
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FIG. 5 is a simplified block diagram illustrating the
inputs and outputs to a ROM used in accordance with
the invention.

FIG. 6 is a flow chart illustrating the addressmg steps
in accordance with the invention.

FIG. 7 is a detailed diagram of one specific embodi-
ment of a ROM circuit connected to the 1D pins in
accordance with he invention.; and

FIG. 8 is another detailed dlagram for the ROM
circuit connected to the ID pms in accordance with the
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Refer now to FIG. 1. As previously explained. FIG.
1 is & block diagram of a modular computer system
having a main bus 80 called an X bus and an expansion
bus 70, in this case, an SCSI bus. The main system con-
troller 10 is connected to the main bus 80, followed by
a plurality of serially connected processor modules 12.
14 and 20.

Processor module 20, in the example shown in FIG.
1, comprises an SCSI controller module and serves to
terminate the main bus. An expansion bus 70 is con-
nected to the SCSI controller module 20. A plurality of
serially connected expansion modules consisting of stor-
age modules 30, 40, 50, and 60 are coupled to the expan-
sion bus following the SCSI controller 20.

In actual practice, the processor-modules coupled to
the main bus would be, for example, voice, communica-
tion or other such processors, whereas the storage mod-
ules connécted to the expansion bus would typically
comprise disk, optical or tape type storage devices.

In many applications, the maximum distance that a
module can be located on the main bus from the system
controller is 24 inches. In many configurations, the
processor modules and the system controller are inter-
connected to each other using a 120 pin connector de-
vice.

As previously explained, problems inherent in the
system, as shown in FIG. 1, include there being a maxi-
mum distance permissible for extension from the system
controller and there being a need for some scheme to
identify the modules connected to the system controller
to eliminate command ambiguities.

Typically as shown in FIG. 1, an SCSI controller
module would terminate the main bus and would have
coupled to it an expansion.bus having a plurality of
storage modules coupled thereto. The SCSI controller
module serves to extend the operation of the main bus in
that the signals are not propagated from the main bus to
the storage devices on the expansion bus but signals are
transferred from the SCSI controller down the expan-
sion bus to the storage umits.

Refer now to FIG. 2. As previously explained. FIG.
2 depicts a typical module. Shown in FIG. 2 are lines 70
from an SCSI controller which terminate in a 44 pin
connector TA at the output side of a previous mother
board 8A. Connector 7A is coupled to the input side of
motherboard 8 via 44 pin connector 7. Mother board 8
has located thereon a main drive unit 5. The 44 pin

- connector 7A is coupled to the input of drive unit 5 by

a plurality of trace lines 6. The output of drive unit 5 is
coupled to an output 44 pin connector 7B by output
trace lines 6B. Drive unit 5 includes mini microproces-
sor 1, an ID header 2, and-ID pins 3 within ID header
2. ID header 2 is coupled to the microprocessor by an
internal communications line 4. The connectors, trace
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lines, and other input/output means form part of the
SCSI bus.

Refer now to FIG. 3. As previously explained, FIG. .

3 depicts the ID header and the ID pins included
therein: ID pins 3 include one column of pins adjacent
another column of pins.

As shown in FIG. 3, one column 24 of ID pins is
configured such that each pin is coupled through a
resistor to a positive voltage. Further, lines 4 tap from
the resistors to the microprocessor. Thus, in normal
operation, the lines 4 from ID pins in column 24 would
provide a positive voltage to microprocessor 4. On the
other hand, ID pins in column 23 are coupled to
ground. Thus, in order to simulate a zero for the ID pins
shown in FIG. 3, jumpers have been used to connect
selected pins in column 23 to selected pins in column 24,
to thereby short selected pins to ground. By selectively
Jjumpering pairs of pins, the prior art technique has
permitted identification of modules by simulating 1's
and O’s in the microprocessor. Microprocessor 1 has
therefore been able to determine the address for the
modular unit by translating the digital representation of
the bits provided over communications line 4. In the
example shown in FIG. 3, by shorting the top most row
of pins to provide a 0 and leaving the bottom rows of
pins unshorted, a digital 011 signal is provided to micro-
processor 1 which serves to identify the modular unit as
unit number 5.

As previously explained, several problems have
arisen from the foregoing scheme. First of all, there is a
physical problem of gaining access to the ID pins, since
in most instances the ID pins are deeply recessed in the
ID header. Next, an unskilled user of the modular unit
might have no knowledge whatsoever of the need to
properly identify the modular unit prior to inserting the
module on a computer bus having a plurality of modules
coupled to a bus.

Next, once the modular address has been set, before
the modular unit can be used in another serial location
within the expanded bus, it is necessary to remove the
jumpers already placed thereon and configure the
Jjumpers so as to provide a new ID corresponding to the
new serial location.

Accordingly, it can be said that one problem of the
above configuration is that it limits the fungibility of
modular units. This problem could be solved somewhat
by placing jumpers on the modular units when the units
are manufactured. However, a resulting problem is that
the units would be committed to the serial location as
placed thereon by the manufacturer and would again
not have the flexibility to be located at any point along
the expansion bus.

Refer now to FIG. 4. FIG. 4 shows a modular unit in
accordance with the invention. Shown in FIG. 4 is
modular expansion unit 200 which comprises a mother
board 8, a drive unit 5, an ID header (connector) 130
and trace lines 6. Connector 130 is a 44 pin connector
and couples the input side of mother board 8 to the
output side of the previous motherboard in an adjacent
modular unit on the-expansion bus. Trace lines 6 couple
the input header 130 to the drive unit 5. Output lines 9
couple the drive unit 5 to an output header 180. Lines 70
represent input lines from an adjacent previous module
such as a SCSI controller. Line 90 represents output
lines to the next SCSI module such as a next storage
unit.

FIG. 4 also shows a plurality of trace lines 120 that

are coupled from the input header 130 to ROM 100.
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Cable 110 is coupled from connector pins (not shown)
on ROM 100 to ID pins 3 in drive header 2. Drive
header 2 is coupled to microprocessor 1 by an internal
communication line 4.

Refer now to FIG. 5. FIG. § is a simplified block
diagram of the ROM circuit 100 included in the modu-
lar expansion unit in accordance with the invention.
ROM circuit 100 receives an address signal. AD-
DRESS(N). which is coupled to the input of ROM 100
from input header 130 by trace lines 120. The AD-
DRESS(N) signal is coupled through cable 110 to the
ID header and the ID pins. ROM unit 100 takes the
address signal provided thereto via trace lines 120 and
generates a new data output which is the address for the
next expansion module unit. In the preferred embodi-
ment, the address generated is merely ADDRESS(N)
plus 1.

Refer now to FIG. 6 which shows a flow diagram of
the steps in accordance with the invention. As shown in
FIG. 6 the method starts when a ROM in the SCSI
controller gene an ADDRESS(1) equal to 1. The con-
troller ROM would next transfer the address to the
ROM unit in the next adjacent, serially connected ex-
pansion module via the connectors and trace lines.
Next, the ROM on the receiving module, ROM(N),
would receive ADDRESS(N) from the ROM in the
previous expansion module. ROM(N) would thereby
transfer the ADDRESS(N) to the drive(N) via the
cable coupled from pins on the ROM to the ID pins in
the ID header, and thereafter through the internal com-
munication line to the microprocessor in the drives(N).
Also, ROM(N) would use ADDRESS(N) to generate a
data output. ADDRESS(N+ 1), which is provided as
the address for the next adjacent, serially connected,
expansion module unit. In the preferred embodiment,
the address for the next unit is simply the address pro-
vided for the instant ROM(N), plus 1. For example, if
the address provided to the ROM unit were 2, then the
address provided out would be 3.

ADDRESS(N+1) is thereafter coupled from the
output side of ROM(N) by a plurality of trace lines,
which form a part of the expansion bus, to the output
header. The output header for the Nth module couples
the new address, ADDRESS(N+1). to the input
header of the next adjacent mother board. The forego-
ing steps of receiving the address, coupling the address
to- the module microprocessor, generating a2 new ad-
dress, and transferring the new address to the next mod-
ule would be repeated until each expansion module had
been provided with a unique identification.

Refer now to FIG. 7 which is a detailed block dia-
gram of one embodiment of the invention. The purpose
of the configuration shown in FIG. 7 is to provide to the
microprocessor in the drive unit an address identifying
the module as unit 5.

Refer to the ID header 2 shown in FIG. 7. The Id
header has therein. 6 ID pins: voltage connected pins 1,
2, 3 and grounded pins 4, 5 and 6. The configuration
according to the invention no longer requires that
jumpers between adjacent pins provide the digital ID to
the microprocessor, so that it is no longer required that
pins. 4. 5 and 6 be utilized. According to the invention,
instead of providing jumpers to simulate 1’s and O,
grounding signals are provided to selected pins using
the input signals provided to the ROM on lines 1, 2 and
3.

Input lines 4, § and 6, therefore, are in the nature of
spare lines and are not necessarily needed in the config-
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uration shown in FIG. 7. Thus, the problem of provid-
ing an address of “5” according to the embodiment in
FIG. 7 is a problem of simulating to the microprocessor
a l,a 0and a 1 without having to provide jumpers to
physically ground pins 1. 2 and 3. In accordance with
the invention, this problem is solved by providing
grounding signals along selected input lines to the
ROM. Input line 1 is provided with a 1 signal which in
this instance is a low signal which serves to leave line 1
at the high voltage level. Input line 2 to the ROM is
provided with a 0 signal which is a high (grounding)
signal which serves to drive pin 2 in ID header 2 to
ground. Line 3 is provided with a 1 signal, or a low
signal, which serves to leave pin 3 in ID header 2 at a
high level. Thus, by driving pin 2 in ID header to
ground, the necessary “101” binary digits are simulated
and the microprocessor in the unit recognizes that its
address is 5.

ROM 100 also takes the “101” address and processes
these signals to generate an output signal that is to be
used as the address for the next ROM. Since in this
instance the input signal was 5, the output signal pro-
vided is 6 so that the next adjacent unit would be ad-
dressed at one higher than the instant ROM unit.

Since the digital representation for 6 is 011, in this
configuration, ROM 100 provides as output for line 1, a
0; for line 2, a 1; and for line 3, a 1. Thus, the signal
provided on line 1 will be a grounding signal to drive
pin 1 in the ID header in the next module to ground.

Refer now to FIG. 8. FIG. 8 depicts another ID
configuration in accordance with another embodiment
of the invention. In FIG. 8, the ID header is provided
with 16 ID pins, consisting of two columns, 27 and 28,
of 8 pins each. In the configuration shown in FIG. 8, the
grounded pins in column 28 are used as spares and need
not be used in accordance with the invention.

In the prior art, the ID pins in FIG. 8 are not used to
provide to the microprocessor a digital representation
of the module address. Rather, the address is deter-
mined based solely on which particular pin in column
27 is coupled to ground by jumpering to a correspond-
ing pin in column 28. For example, if pin 1 of column 27
in the ID header is jumpered to a ground pin in column
28, the address for the unit in FIG. 8 would thereby be
designated as “1”. Similarly, if the 4 pin were connected
to ground, that would indicate that the address for the
unit using the ID header in FIG. 8 would be a 4. Thus,
the problem solved according to the invention for the
embodiment shown in FIG. 8 is the problem of simulat-
ing a ground at the particular pin that is to identify the
address for the particular drive unit.

As shown in FIG. 8. ROM 100 has connected to its
input side a plurality of input lines 120, numbered O
through 7 and has connected to its output side a plural-
ity of output lines 140, numbered O through 7. Lines 120
couple an address signal received from the previous
ROM to ROM 100. Output lines 140 couple a new
address signal generated by ROM 100 to the output
header. Assume, as shown in FIG. 8, that the address
for the modular unit in FIG. 8 is to be “2”. In the prior
art, it would have been necessary to jumper ID pin 2 in
the ID header to ground in order to simulate an address
of “2”, ’

According to the invention, an “on” signal would be
provided on line 2 which would be coupled to pin 2 of
column 27 on the ROM. This “on” signal would be
coupled from pin 2 on the ROM to the number 2 pin of
column 27 in the ID header. The effect of the *“‘on”
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signal is to drive the voltage at pin 2 of column 27 in the
ID header to ground, thus simulating the jumpering
arrangement. Because the voltage at ID pin 2 is driven
to ground, the microprocessor recognizes that the ad-

.dress for the module is 2.

The ROM would take the received address which
comprises an “‘on” (grounding) signal on line 2, would
process that information, and would generate an ad-
dressing signal for the next adjacent ROM. Thus, in this
instance, since line 2 is received in the “on” condition
the ROM would generate an on signal on line 3, thereby
causing the next serial module to be addressed as ad-
dress 3. 7

This daisy chaining scheme will be continued until
cach module had been provided a unique address.

The foregoing embodiments of the invention take
advantage of the fact that the prior art connector pins
had provided to the modular expansion units more
ground pins than were actually needed for operation of
the modular units. Thus the invention, as disclosed in
the embodiments shown in FIG. 7 and FIG. 8, is able to
provide the automatic self addressing scheme without
requiring any additional wiring than presently provided
in the prior art. It is noted that for the arrangement in
FIG. 7 and FIG. 8, the modules and system must be
capable of continuously driving the ID pins to ground.

The ROM used in accordance with the invention is a
mailbox type ROM wherein an address is supplied as an
input into the ROM and data :s automatically supplied
as an output from the ROM. In actual operation, an
address is provided on the input side of the ROM which
is translated to a mailbox inside the ROM. The ROM
automatically takes data inside the mailbox and pro-
vides that data as the output address for the next adja-
cent ROM. The mailboxes are preassigned through a
conventional fuse link process. According to the inven-
tion shown in the embodiments of FIG. 7 and 8, the
input addressing signal must be provided continuously
through the ROM's.

In the preferred embodiment shown in FIG. 8, the
voltage used to drive the pins to ground is typically in
the range of 5 volts. The low and off voltage signals
would typically be 0 volts. By reassigning unused
ground pins and lines, the invention has avoided the
necessity of including additional wiring.

Thus it can be seen that the invention provides a
number of advantages over the prior art.

It is unnecessary to dedicate any one modular unit to
any serial place along the expansion bus but according
to the invention, 8 modular unit may be placed at any
location along the bus so long as all the units along the
bus are provided with the same automatic addressing
scheme.

Given the arrangement according to the invention,
each unit will automatically be addressed according to
an input signal and will generate an address to be pro-
vided to a next module that is one more than the address
received by that particular module.

Further, using the configuration according to the
invention, the physical problem of trying to jumper into
recesses has been avoided. The cable hook-up from the
ROM to the ID headers is provided as a standard part of
the configuration package.

In addition to the foregoing, the invention provides a
scheme that permits automatic, unique addressing of
expansion modules without relying on the main system
controller. Thus, the invention facilitates expanding the
length of modular computer systems by providing a

8

means for uniquely identifying modular units beyond

" the maximum operating length of the main system con-
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troller.

The invention has now been explained with reference
to specific embodiments. Other embodiments including
realizations in hardware and realizations in other pre-
programmed software would be apparent to those of
ordinary skill in the art. It is therefore not intended that
the invention be limited except as indicated by the ap-
pended claims.

I claim:

1. A modular computer system comprising:

a controller module;

a bus connected to said controller module;

a plurality of serially connected expansion modules
coupled to said bus following said controller mod-
ule,

cach said expansion module having address input
means for receiving a bus address from a preceding
module, means for generating a next module ad-
dress from the address supplied to the address input
means, and address output means for supplying the
next-module address to the bus for receipt by a next
succeeding module,

said controller module including means for generat-
ing the bus address of a first one of said plurality of
serially connected modules, and address output
means for coupling the first module address to the
bus for receipt by said first one of said plurality of
serially connected modules whereby the address of
the first one of said modules is generated by said
controller and the addresses of the remaining ones
of said expansion modules are each generated by a
preceding expansion module.

2. The invention of claim 1 wherein said means for
generating the next module address includes a memory
device.

3. The invention of claim 2 wherein said memory
device comprises a read. only memory unit having an
address input terminal coupled to said expansion mod-
ule address input means and an output terminal coupled
to said expansion module address output means.

4. A module computer system comprising:

a system controller;

a main bus coupled to said system controller;

a plurality of serially connected processor modules

coupled to said main bus;

an expansion controller module coupled to one of
said processor modules;

an expansion bus coupled to said expansion controller
module; and

a plurality of serially connected expansion modules
coupled to said expansion bus,

each said expansion module having address input
means for receiving a bus address from a preceding
module, means for generating a next module ad-

dress from the address supplied to the address input

means, and address output means for supplying the
next module address to the bus for receipt by a next
succeeding expansion module,

said expansion controller module including means for
generating the bus address of a first one of said
plurality of serially connected expansion modules,
and address output means for supplying the first
-expansion module address to the expansion bus for
receipt by said first one of said plurality of serially
connected expansion modules, whereby the ad-
dress of the first one of said expansion modules is
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11A is attained, because it may be difficult to attain the
wide range of control by setting only the CYCRGS3.

FIG. 11B shows an example of speed control of a
servo motor 41. The speed is accelerated between
points agand ay, kept constant between points a; and aj,
reversely rotated between points a; and a3, kept con-
stant between a3 and a4 and rapidly forwardly rotated
between a4 and a'o. The register REFRG for determin-
ing the ON period is set to effect the speed control, and
the combined control of the register CYCRG and
CLKRG is effected to improve the response character-
istic. S,

FIG. 12 shows a simple flow of the present system
which uses a macro instruction. In FIG. 12, macro
instruction is fetched and executed by referencing the
feedback value (pulse from A/D conversion and en-
coder 42). Several macro instruction may be prepared.

-For example, a macro I is used for ag and a; in FIG.

11A, a macro II is used for aj-a; and several macro
instructions but high tan 6 and low tan 6 may be pre-

‘pared for the pulse motors 40. High acceleration or

deceleration, or smooth change of the speed may be
attained by using the parameters of the registers.

FIG. 13 shows a modification of the above embodi-
ment in which the PWM control circuit is mounted in a
separate IC chip from the CPU 101. It is effective when
a number of channels are required.

Effect of the Embodiment

In the present embodiment, the macro instruction by
microprogram which controls the ON time, period and
clock frequency division ratio as parameters is provided
so that the variable PWM is effected precisely over the
wide range. Thus, the present embodiment is applicable
to various electromechanical applications.

Comparison with Prior Art

FIG. 14 shows a layer of a prior art one-chip control-
ler relatively recently announced. With the elements
shown therein, control to the ordinal electromechanical
is effected but the following problems are included. (D
When more process tasks are given and more rapid
access is required, a single controller cannot handle it.
The prior art controller is highly dependent on the host
computer and there are too many restrictions to allow
independent operation of the 1/O controls (A/D con-
version, PLL, PWM, etc.).

On the other hand, since the controller 100 of the

‘present embodiment has its own control and systematic

control, the dependency to the host computer is mini-
mal.

(@ Counters are frequently used to generate PWM
and one-shot pulses. When they are simultaneously
operated, the use of the timer/counter control of FIG.
14 is restricted. As the A/D conversion is used, the
CPU is frequently interrupted and the execution of
other tasks is impeded. In the prior art, a plurality of
one-chip controllers have been used. However, where
the plurality of controllers are used, a software of proto-
col of information exchange among the controllers is
complex and the burden to the software is high. As the
nature of the electromechanical control, the counter/-
timers are used in many applications.

For example, a solenoid is intermittently operated for
a certain period in a certain sequence cycle, a motor is
rotated for a certain period and a clutch is actuated so
that various actuators are parallelly operated. In such a
case, the timer is operated in multi-channel to meet the
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10
requirement. The timing control is essential to the se-
quential operation. To this end, pulses are applied exter-
nally (of the controller) and counted by the counter to
proceed the counting. The timing pulse for the se-

quence is not one but two or more depending on the

application. Since the electromechanical control ac-
companies with movement, a plurality of motors are
controlled simultaneously in many cases. In such cases,
the encoder pulses from the motors are supplied to the
controller as position information and the controller
counts them to control the position. Accordingly, the
timer/counters are parallelly used in many cases.
In the construction shown in FIG. 14, since the times
are used to generate PWM and PLL reference pulses
for the servo motor, the number of channels available to
the timer/counters is necessarily small.
- In the controller of the present embodiment, the load
to the timer/counters is relatively low because of the
independency of the PWM control.
As described above, the electronic control apparatus
of the present invention controls the input/output de-
vices to be controlled, precisely, systematically and
with expandability.
The present invention is not limited to the illustrated
embodiments but various modifications may be made.
We claim:
1. A controller for an image apparatus comprising at
least one electrical load, said controller comprising:
memory means for storing plural parameters, the
parameters including a first parameter for a period
and a second parameter for a duty factor;

generating means for repeatedly generating a pulse
control signal for controlling the load in accor-
dance with the parameters, said generating means
comprising means for determining a period of the
pulse control signal in accordance with the first
parameter, and means for determining a duty factor
of the pulse control signal in accordance with the
second parameter; and

reading and setting means for reading the parameters

from said memory means and setting the parame-
ters into said generating means,

wherein said generating means repeatedly generates

the pulse control signal having a predetermined
pulse width corresponding to the second parameter
at a period corresponding to the first parameter.

2. A controller according to claim 1, wherein the
parameters include a third parameter for a frequency
division ratio of the pulse control signal.

3. A controller according to claim 2, further compris-
ing a reference clock for generating a clock signal,
wherein said generating means determines the period
and the pulse width by counting the clock signal.

4. A controller according to claim 3 wherein the
parameters include a third parameter for a frequency
division ratio, and wherein said generating means com-
prises means is provided for frequency-dividing the
clock signal in accordance with the third parameter.

5. A controller according to claim 1 further compris-
ing input means for inputting analog data from an object
to be controlled in processing an image, and conversion
means for converting the gnalog data to digital data,
wherein said reading and setting means sets a parameter
corresponding to the digital data converted by said
conversion means into said generating means.

6. A controller according to claim § wherein said
conversion means comprises a register for storing the
digital data, and said reading and setting means reads
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