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COMPUTER SYSTEM WITH PERIPHERAL _

The present invention pertains to the field of computer systems.

More particularly, this rnventron relates toa computer system with a

| central processmg unit ("CPU") and a penpheral device, wherem the

_penpheral control furiction of the peripheral device is integrated into the

CPU such that the computer system operates without peripheral
controller to control the peripheral devnce and yet is compatnble with the
peripheral controuer-based software
BACKGROUND OF THE INVENTION

| Historically, a prior art personal computer system typically |

includes a CPU 'Ia memory coupled to the CPU, and a peripheral

'mterface connected to the CPU. Peripheral devices of the computer

system are connected to the penpheral interface. The CPU controls the
peripheral devices to perform peripheral operations via the penpheral
interface.. When a peripheral device is required to perform a peripheral |
operation, the peripheral interface gene.rates an.inte'rr'upt request to the
CPU. The CPU then mterrupts its current executnon and controls the

peripheral device to perform the peripheral operatron Software

~ programs are developed in accordance with this type of architecture.

Problems are, however, associated with this type of prior art
computer system. One problem is that as the 'number of pe-ripheral
devices ‘-controlled by the CPU increases, the CPU's processing time to
control the peri_pheral operations also increases. _This typically

decreases the processing time available for the CPU to execute
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application programs. This adversely affectsthe overall processing
speed of the computer system. It is especially so when additional
functions such as data compression and decornpre"ssion data error
detectnon and correctlon and data encodmg and decodmg are added to

the peripheral devices. Typically, each of the data compressron and

decompressuon, data error detectlon_ and correctron, and data encodmg :

and decoding functions takes a considerable amount of processing time
to complete. . N |

A prior art solution to this problem isto provrde a dedlcated
microcontrolier for each of the penpheral devnces The dedrcated
microcontroller assumes all the control functlons of the penpheral
de'vice from the CPU and controls the 'peripheral device te perform a
penpheral operation when requested The CPU typically generates the
request for the penpheral operatrcn to the mrcrocontroller and receives
the resultmg data with respect to the penpheral operatron from the
mrcrccontroller The CPU however, does not: dlrectly control the
peripheral operatron of the peripheral device.

Dlsadvantages are ‘however, stsll associated with this pnor art
solution. One drsadvantage is that because each of the penpheral
devices includes a dedrcated mlcrocontroller to control the operatlon of -

the device, the manufactun_ng cost of the computer system tends to rise

significantly. This typically is the case when the computer system has a

large number of peripheral devices.

A‘nother disadvantage is that some of the micrccontrollers for the

peripheral devices are typically_ not functioning at most times. This
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typically causes the resources of the microcontrollers in the system to be
wasted. In addition, the advahces in microprocessor technologies have
- also led to the creation of high speed and high performance
* microprocessors. When such a microprocessor is used as the CPU in a
5 . system, the high speed and high performance CPU typically completes
~ its execution before a required peripheral operation is completed. This
typically causes the CPU to wait for the resulting data from the

microcontrolier, causing the CPU resources 10 be wasted.
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One of the objects of the present invention is to integrate
functions of peripheral controllers for peripheral devices into-a host CPU
of a computer system. |

Another object of the present invention is to provide a computer
system that is manufactured cost effectively.

Another objéct of the present invention is to provide a computer
system that does not include a peripheral controller for controlling
operations of a peripheral device. |

Another object of the present invention is to provide a computer
system that does not include a periphefal controller for controlling
operations of a periphera_l device and yet is still compatible with
peripheral controller-oriented system software.

Another object of the present invention is to provide a computer
system with the ability to redirect requests for a peripheral controlier of a
peripheral device to a host CPU such that the computer system can |
function without the peripheral controller for the peripheral device and
yet is still compatible with peripheral controller oriented systém
software. | | |

A computer system is described. The computer systém includes a
bus, a CPU coupled to the bus, and a memory coupled to the bus. A
peripheral device is coupled to the bus fdr pérforming a predefined
peripheral operation. A logic is coupled to the bus and the peripheral
device for causing the CPU to be interrupted to control the peripheral

device for the peripheral operation when the logic receives a request for
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the peripheral operation. The logic does not control the peripheral
device to perform the peripheral operation.

The CPU of the above described computer system executes an
application software that generates the request for the peripheral
5 operation if the application software requires the peripheral operation.
This request is intended for a peripheral controller of the peripheral
device. The computer system does not include the peripheral controller
for controlling the peripheral device for the peripheral operation.
instead, the logic caﬁses the CPU to be interrupted to control the
10 peripheral operation of the peripheral device. This allows the existing
peripheral controller-based application software to be still operative
even though the CPU is controlling the peripheral operation of the
- peripheral device. The peripheral device of the above described
computer system can also generate the request for the peripheral'
15 operation.
A method for controlling a peripheral device for a peripheral
operation in a computer system is also described. The method includes
a step of receiving a request for the peripheral operation in a logic. The
logic is coupled to the bus and the 'peripheral device. The logic 'does not
20 control the peripheral device to perform the peripheral operétion. The
CPU is then interrupted by the logic 'to. control the peripheral device for
the peripheral operation when the Iog'ié réceives the request for the
peripheral operation. This allows the existing peripheral
controller-based application soﬁwére to be still operative even though

25 the CPU is controlling the peripheral operation of the peripheral device.
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- The request is intended for a peripheral controller of the peripheral
device. |
Other objects, features, and advantages of the present invention
will be apparent from the accompanying drawings and from the detailed

5 description that follows.
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BRIEF DESCRIPTION OF THE DRAWINGS
The present invention. is illustrated by way of example and not
limitation to the figures of the accompanying drawian,- in which like
references indicate similar elements and in which: _
- 8 Figure 1 is a block diagram of a prior art computer system;
Figure 2 is a block diagram of a ooniputer system in accordance
with an embodiment of the present invention, wherein the computer
system inciudes an access redirection logic for a peripheral device;
Figure 3 illustrates the connection of the access redirection logic
10 of Figure 2 with respect to the peripheral device and the host CPU;
Figure 4 is a flow chart diagram of the process executed by the
access redirection logic of Figures 2-3;
Figure 5 is a state diagram of the access redirection logic of

Figures 2-3.
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DETAILED DESCRIPTION

‘Figure 2 shows a computer system 20 that implements one
embodiment of the present invention. Computer system 20 includes a
system bus 28 that is connected to a CPU 21, a system RAM 22, a
system ROM 23, a peripheral device 25, and an access redirect'ion logic
24. CPU 21 is used to control operation of computer system 20.

For one embodiment, computer system 20 is a personal

computer system. For alternative embodiments, computer system 20

can be any other type of computer system." For example, computer
system 20 can be a workstation, a mainframe or a mini-computer.

- For:one embodiment, CPU 21 of computer system 20 includes a
microprocessor, a co-processor, a cache, and a cache controlier for
handling access to the cache by the microprocessor. For a further
embodiment, all the above-mentioned components in CPU 21 are
intégrated into a microprocessor chip manufactured by Intel Corpbration
of Santa Clara, California. Alternatively, CPU 21 may not include all of
the above-mentioned components. Furthermore, CPU 21 may include
more components than those mentioned above. |

S_ystém bus 28 is used in computer system 20 as the backplane
bus for transfer data among various components of computer system 20.
System RAM 22 and system ROM 23 can be accessed by CPU 21 via
system bus 28. System RAM 22 and systém ROM 23 store data and
prdgrams that are needed for the operation of computer system 20.

Peripheral device 25 performs a predefined peripheral operation.

Peripheral device 25 can be any kind of peripheral device. For
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example, peripheral device 25 can be a keyboard, a display, a hard disk

“drive, a nonvolatile memory card, or a modem.

Computer system 20 may include other memories in addition to
system RAM and ROM 22 and 23. These other memories may include
an EPROM ("électrically programmable read-only memory") and a flash

EPROM ("flash eraéable_ and programmable read-only memory").

Moreover, 'computer system 20 may include more than one peripheral

device.

Access redirection logic 24 is also connected to system bus 28.
In addition, access redirection logic 24 is connected to peripheral
device 25 via bus 27. Access redirection logic 24 includes control
regist'ers, status registers, and data registers (all are not shown). These
registers are used to store control information, status information, and
data. Peripheral device 25 is also connected to system bus 28 via bus
26. Computer system 20 does not include a dedicated microcontrollér
to control the operation of peripheral device 25. Moreover, access
redirection Iogié 24 does not control peripheral device 25 for the
peripheral operation. Access redirection logic 24 is used in computer

system 20 to redirect the request for the peripheral operation of

“peripheral device 25 to CPU 21 such that CPU 21 can be interrupted to

control the operation of periphéral device 25. This allows the peripheral

controller-based application software to be still opérative on CPU 21

~ even though peripheral device 25 is controlled by CPU 21, instead of a

depicted peripheral controller. The function of access redirection logic

24 will be described in more detail below.
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Computer system 20 may also include.a number of peripheral

devices. When computer system 20 includes a number of peripheral

- devices in addition to peripheral device 25,_cor_nput_er system 20 may or

may not include a dedicated microcontroller for each of the number of
peripheral devices. For example, computer system 20 may include

dedicated microcontr_dllers_ for some of the peripheral devices and does

~ not provide dedicated microcontrollers for the remaining peripheral

devices. In this case, each of the peripher_al devices that does not have
a microcontroller for controlling its operation i_s connected to an access
redirection logic similar to logic 24. _As a further example, computer
system 20 does not provide a dedicated microcontroller for every one of
the peripheral devices. In this case, each of the peripheral devices
includes an access redirection logic similar to access redirection logic
24,

Because computer system 20 does not use a dedicated
microcontrolier to control the penpheral operatlon of penpheral device
25, the control of penpheral device 25 to perform its peripheral
operation is ach_l_eyed by a set of instruction codes stored in system RAM

and ROM 22 and 23. The set of instruction codes may also be stored in

other storage devices of computer system 20.. The set of instruction

codes can also be referred to as peripheral routine or device driver.
The periphéral routine or device driver c_aﬁ be executed by CPU 21 of
compu'tef system 20.. The peripheral routine can be any kind of known
p_eri'pheral routine for peripheral device 25. Other control or data
processing functions for peripheral device 25 may be added by .
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changing the instruction codes of the peripheral routine for peripheral
device 25. This can also be done using known means. '

The peripheral routine for peripheral device 25 is called and
executed every time when peripheral device 25 is required to perform

the peripheral operation. Because computer system 20 does not use a

‘microcontroller for controlling peripheral device 25, the peripheral

routine for controlling the operation of peripheral device 25 is executed

by CPU 21. CPU 21 executes the peripheral routine via an interrupt

routine and/or via polling. Therefore, CPU 21 can be sither interrupted
or polled to execute the peripheral routine when peripheral device 25 is
required to perform the peripheral operation and when computer system
20 does not include a dedicated microcontroller for peripheral device
25.

Alternatively, computer system 20 includes a number of
peripheral devices, including peripheral device 25, and a peripherai

controller to control the operation of all the peripheral devices. The

'peripheral controller is not a dedicated controller for any of 'the

“peripheral devices. Each peripheral device has an access redirection

logic similér to logic 24. The access redirection logic for each of the '
peripheral devices redirects the request for controlling the respective
peripheral device to the peripheral controller. The peripheral controiler
then controls the operation of the respedive peripherél device upon
receipt of the request. This also allows for backward compatibility with |

the existing peripheral controller-based application software.
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Computer system 20 also includes an operating system (not
shown in Figure 2). The operating system for computer system 20
processes commands, controls program eXeci.lti_on, and oversees the
hardware and software resourcés of computer system 20. The -
operating system of coinputef system 20 is a peripheral
controlier-oriented operating system. This means that the operating
system regards that each of the. peripheral d_evi_ces in computer system
20 has its dedicated microcontrolier for controlling the peripheral

operation of the r_espectiv_e peripheral device. This causes the

operating system not to interrupt CPU 21 when the peripheral operation

of peripheral device 25 is required. Instead, the operating system

| causes CPU 21 to generate a request for the peripheral operation to

peripheral device 25. The request is intended to the dedicated
microcontroller of periphéral device 25.  This peripheral.
controller-oriented operating system for computer system 20 requires
application programs. running on computer_system 20 also to be
peripheral controlle_r-base applidation programs.

- Because computer system 20 does not include the dedicated
microcontroller for controlling peripheral device 25. The request is
received in access redirection logic 24 via bus 28. Access redirection
logic 24 then redirects the request to CPU 21 such that CPU 21 can be
interrupted to execute the péripherél routiﬁe of peripheral device 25.
Once CPU 21 completes its execution of the peripheral routine, CPU 21
updates logic 24 with the results. Logic 24 then sends the resdlt to the
application program running on CPU 21. Logic 24 does this by



WO 95/34905 PCT/US95/05965

10 -

156

20

25

-13-

asserting a tésk complete interrupt request to CPU 21. By doing so, the
peripheral controller-based application program does not perceive any
difference and is still operative even though computer system 20 does
not have a dedicated peripheral controlier to control the operation of
peripheral device 25.

Access redirection logic 24 performs its bus access cycle to
receive the request. The request that access redirection logic 24
receives from CPU 21 is referred to as application request
APPLN_REQ. The application request APPLN_REQ is generated when
an appiication program running on CPU 21 requires the peripheral
operation from peripheral device 25. Access redirection logic 24 may
also receive a request for controlling peripheral device 25 to perform the
peripheral operation from peripheral device 25 via bus 27. This request
is referred to as peripherél request PERI_REQ. Peripheral device 25
generates the peripheral request PERI_REQ when peripheral device 25
requires control of its peripheral operation.

When access redirection logic 24 receives the application
request APPLN_REQ from CPU 21 or the peﬁpheral request PERI_REQ
from peripheral device 25, access redirection logic 24 redirects the
request to CPU 21'by generating a CPU interrupt request IRQ to CPU
21. When CPU 21 receives the CPU interrupt request HOST_IRQ, CPU
21 interrupts its normal execution of progfams in the conventional
manner provided by the operating system. During the interrupt cycle,
CPU 21 executes its regular interrupt routine that includes the function
of checking the type and source of the interrubt. Because CPU 21 is
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interrupted by the CPU interrupt request from access redirectioh logic
24 at this time, the interrupt routine then calls for the peripheral routine.
CPU_ 21 then executes the peripheral routine to control the per_ipherél
operation of peripheral device 25. When CPU 21 finishes execution of
the peripheral routine, CPU 21 sends the results to access redirection
logic 24 by updating various control, status and data registers of logic
24. CPU 21 then resumes its normal execution until it is once again

interrupted. The calling for the peripheral routine by the interrupt routine

can be done in the conventional manner.

Once access. redirection logic 24 is updated with the results by

- CPU 21, access redirection logic 24 then notifies the application

software running on CPU 21 of the results. Access redirection logic 24
does this by first asserting a task complete interrupt request -
TASK;COMPL_INT to CPU 21. In this way, the application software
does not need to know that CPU 21 controls the peripheral,qperation of
peripheral device 25 and stil] thinks _thét the operation of peripheral
device 25 is controlled by a dedicated peripherél controlier. This allows
the application software running on CPU-21'to remain peripheral
controller-based application software.

When CPU 21 is interrupted to execute the peripheral routine for
controlling the peripheral operation of peripheral device 25, CPU 21
accesseé peﬁpheral device 25 directly vié buses 26 and 28. When this
happens,- access redirection logic 24 no longer acts between CPU 21
and peripheral device 25 and a direct access path is established

between CPU 21 and peripheral device 25. Access redirection logic 24

q
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only receives the results from CPU 21 once the peripheral operation of

peripheral device 25 is complete. Figure 3 illustrates various signal

paths among CPU 21, access redirection logic 24, and peripheral

. device 25, which will be described in more detail below.

Referring to Figure 3, CPU 21 generates the APPLN_REQ signal

to access redirection logic 24 via line 31. Peripheral device 25

- generates the PERI_REQ signal to access redirection logic 24 via line

32. Access redirection logic 24 generates the HOST_IRQ signal to CPU
21 via line 33. Access redirection logic 24 generates the _
TASK_COMPL_INT signal to CPU 21 via line 35.. CPU 21 asserts the
APPLN_REQ signal when the application software running on CPU 21
generates the application request for peripheral device 25 to perform
the peripheral-opera_tion. Peripheral device 25 asserts the PERI_REQ
signal to access redirection logic 24 when peripheral device 25
generates the peﬁpheral request for cont}olling peripheral device 25 to
perform the peripheral operation. |

- Access redirection logic 24 asserts the HOST_IRQ signal when
either the APPLN_REQ sighal or the PERI_REQ signal is asserted. The
HOST_IRQ signal, when asserted, causes CPU 21 to be interrupted.
Therefore, the HOST_IRQ signal répresents the CPU interrupt requést_
generated by access redirection logic 24 to CPU 21. CPU 21 - when
interrupted to execute the peripheral routi.ne. accesses peripheral
device 25 via direct access path 34 that includes bus 26 and system bus
28. CPU 21 deasserts the HOST_IRQ signal du'ring execution of the

interrupt routine.
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When CPU 21 completes its execution of the peripheral }outin'e, '

CPU 21 sends the results to access redirection logic 24 via direct
access path 34. As described above, CPU 21 does this by updating
various control 'registers,. status registers, ahdfdata. registers of logic 24.
Access redirection logic 24 then sends the resuits to the application
software running on CPU 21 that requires the results. Access
redirection logic 24 does this by first asserting the TASK_COMPL_INT
signal to CPU '21. This causes CPU 21 to be interrupted to receive the
results. | | |

- For one embodiment, access redirection logic 24 is implemented

by an application specific integrated circuit. ("ASIC"). For this -

- embodiment, all the functions of access. redirection logic 24 are.

~ programmed into the ASIC by known programming means.. -

Alternatively, access redirection logic 24 -can be implemented by storing
a set of program instructioris into 2 ROM, an EPROM, or a flash EPROM.
In addition, access redirection logic 24 can be implemented by a
combination of logic circuits, for example, pfogrammable logic devices
("PLDs"). The process that access redirection logic 24 executes for
redirecting access requests to CPU 21 will be described in more detail
below, in conjunction with Figure 4. Figure 5 illustrates the state
diagram of access redireétion logic 24, which will also be described in
more detail below. | | | |

Referring to Figure 4, the process of access redirection logic 24

* starts at step 40. At step 41, a judgment is made to determine if the

APPLN_REQ signal is asserted. If the answer is yes, then step 43 is
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performed. If the answer is no, then step 42 is performed. At step 42,

* another judgment is made to determine if the PERI_REQ signal is

10

15

20

asserted. If the answer is yes, then step 43 is performed. If the answer
is no, then the process goes to step 44.
At step 43, the HOST_IRQ signal is asserted to CPU 21. The

- asserted HOST_IRQ signal causes CPU 21 to be interrupted to pefform
the peripheral task. After asserting the HOST_IRQ signal, the process

then goes to step 44. The deassertion of the HOST_IRQ signal is done
by CPU 21 in the conventional manner.

At step 44, CPU 21 updates the control, status, and data registers
of access redirection logic 24 with results of the task once CPU 21
completes its task. At step 45, the TASK_COMPL_INT signal is
asserted to CPU 21 to send the results to the application software. The
process then ends at step 46.

- The TASK_COMPL_INT signal and the HOST_IRQ signal can be
one interrupt request signal from logic 24 to CPU 21. [n this case, the
peripheral routine in CPU 21 will include logic that distinguishes the two
functions. - '

As described above, access redirection logic 24 can be
implemented by logic circuits. When this is the case, the process of
Figure 4 can be implemented in hardware fashion by a combination of |
known logic gate circuits. |

Access redirection logic 24 can be implemented by software

emulatlon in host CPU 21.
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Referring to Figure 5, the state diagram of access redirection
logic 24 is shown.. Figure 5 shows an "INITIAL" state, a "SW_INT" state,
and a "PERI_INT" state. In the "INITIAL" state, logic 24 waits for CPU 21
to assert the APPLN_REQ signal or peripheral device 25 to assert the

PERI_REQ signal. When logic 24 detects that the APPLN_REQ signal is
generated, logic 24 moves to the "SW_INT" state where logic 24 asserts

the HOST_IRQ signal to interrupt CPU 21. Logic 24 then returns to the
"INITIAL" state.

When logic 24 detects that the PERI_REQ signal is asserted in
the "INITIAL" state, logic 24 moves to the "PERI_INT" state where logic
24 asserts the HOST_IRQ signal to interrupt CPU 21. - Logic 24 then
returns to the "INITIAL" state.

In the foregoing specification, the invention has been described
with reference to specific embodiments thereof. It will, however, be
evideht that various modifications and changes may be made thereto
without departing from the broader spirit and scope of the invention as
set forth in the appended claims. The specification and .drawings are,
accordingly, to be regarded in an illustrative rather than a restrictive

sense.

PCT/US9IS/05965
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CLAIMS

What is claimed is:
1. A computer system,.comprising:
(A) abus;
5 (B) a central processing unit (CPU) coupled.to the bus;

(C) a memory coupled to the bus;
(D) a peripheral device coupled to the bus for performing a
predefined peripheral operation of the computer system;
(E) alogic coupled to the bus and the peripheral device for
10 causing the CPU to be interrupted to control the peripheral device for the
peripheral operation when the logic receives a request for the peripheral
operation, wherein the logic does not control the peripheral device to
perform the peripheral operation, wherein the request does not cause
the CPU to be interrupted to control the peripheral device for the
15 peripheral operation. |
2. The computer system of claim 1, wherein the request is a
‘software request generated by a program running on the CPU.
3. The computer system.of claim 1, wherein the request ié a
hardware request. | |
20 4. The computer system of claim 3, wherein the hardware
- request is generated by the peripheral device.
5.  The computer system of cl'ai.m 1, wherein the peripheral
operation of the peripheral device is only controlled by the CPU and

wherein the CPU executes programs.
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6.  The computer system of claim 1, wherein the logic is an
application specific integrated circﬁit.
7. Acbmpu‘ter system, comprising:
(A) abus;
5 (B) a cQMral.pmcessing unit (CPU) coupled to the bus for
executing a software program, wherein the software program generates
a request for a predefined peripheral operation if the software program
requires the pefibh'eral operation;
_ (C) amemory coupled to the bus for storing data and the
10  program executed on the CPU; -
: (D) a peripheral device coupled to the bus for performing the
predefined peripheral operation; |
(E) alogic coupled to the bus and the peripheral device for
| causing the CPU E;t_o-be- interrupted to control the peripheral device for the
15 peripheral operatib_n when the logic receives the request for the
peripheral operatfon, wherein the logic does not control the peripheral
device to perform the peripheral operation, wheréin the peripheral
operation of the peripheral device is only controlled by the CPU.
8. The computer system of claim 7, wherein the logic is an
. 20  application specific integrated circuit.
9. The computer 'system of claim 7, wherein the logic also
.interrupts the CPU to control the peripherél device fof the peripheral
operation when the logic receives a hardware request. _
10. The 'computer system of claim 9, wherein the hardware

25  request is generated by the peripheral device.
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11. A computer system, comprising: |
(A). abus;
(B) a central processing unit (CPU) coupl_ed fo the bus;

-21-

(C) amemory coupled to the bus;

(D) a peripheral device coupled to the bus for performing the
predefined peripheral operation, wherein the péripheral- device
generates a request for controlling the peripheral device for the

peripheral operation if the peripheral device is requested to perform the

~ peripheral operation, wherein the request does not cause the CPU to be

interrupted to control the peripheral device for the peripheral operation,
wherein the computer system does not include a controller to control the
peripheral device for the peripheral operation;

(E) - alogic coupled to the bus and the peripheral device for
causing the CPU to be interrupted to control the peripheral device for the
peripheral operation when the logic receives the request, wherein the
logic does not control the peripheral device to perform the peripheral
operation. | |

12. The computér system of claim 11, wherein the request is a
hardware request.

13. 'The computer system of claim 11, wherein the logic is an
application specific integrated circuit.

14. The computer system of claim 11, wherein the logic also
interrupts the CPU to control thé peripheral device for the peripheral
operation when the logic receives a request for the peripheral operation

from a software program running on the CPU.
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~ 15.  In a computer system having-ai central processing unit
(CPU) coupled to a bus, a memory coupled to the bus, and a peripheral
device coupled to the bus, a method for controlling the peripherél device
for a peripheral operation, comprising the steps of:

(a) receiving a request for the pe_ri.pheral operation in a logic,
wherein the logic is coupled to the bus and the peripheral device,
wherein the logic does not control the peripheral device to perform the
peripheral operation;

(b)  causing the CPU to be interrupted by the logic to control the
peripheral device for the peripheral operation when the logic receives
the request for the péripheral operation, whe_rein-. the request is intended
for a controlier and does not cause the CPU to be interrupted to control
the .peripheral device for the peripheral operation.

16. The method of claim 15, further comprising the step of
generating the request by a program running on the CPU when the
program requires the peripheral operation.

17. The method of claim 15, further comprising the step of

generating the request by a hardware request.



