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COVPUTER SYSBEMW TH PER PHERAL CONTROL FUNCTI ONS | NTEGRATEBCTHRSI#6S cpu
FI ELD OF THE | NVENTI ON The present invention pertains to the field of
conputer systens. 5 Mre particularly, this invention relates to a
conputer systemw th a central processing unit ("CPU') and a peri pheral

devi ce, wherein the peripheral control function of the peripheral device is
integrated into the CPU such that the conputer system operates w thout

peri pheral controller to control the peripheral device and yet is
conpatible with the 10 peri pheral controller-based software. BACKGROUND OF
THE | NVENTI ON Hi stori cal | yc p "I‘ErR S‘YTS N VOIS P@PﬂPF{EﬁAEySt emtypically

includes a CPU, a ne : '“-ﬂu

QHORT bl o1 o
connected to the CPU. [ 1eV] [ em are
connected to thﬂmmEEMe. The CPU control s the peri pher al

devi ces to perform perrpheral operations via the peripheral interface. Wen
a peripheral device Therprasentafvémtiarepénainsao ke fipltbobtornpeaterisysfoms.he
peripheral interface generates an interrupt request to the CPU’ The CPU

t hen i nterr upt s Madre parhcndatly,ethmnvennoraraiatasrtormbemphﬂer&ystemrwrtmar al

device to performthe peripheral. operation. Software
central processmg unit ("C U") and a peripheral device, wherein the

_penph_eral co_ntrol function of the penpheral devrce is integrated into the
CPU such that the comouter system operates without peripheral
controller to control the penpheral devnce and yet ls compatrble wrth the
10 penpheral controller-based software
'EAQKQBQUN.D_QE[HEJ.NMENIIQN
Historical_ly. a pﬁor art personal computer syster'n typically"
includ_e_s a CPU, 'é .memory coupled to the CPU, and a periphera!
'ihtorface oonnect'eo-._to the C_Pl_.l.' Peripheral devices of the computer
15. | system are oonnected to the peripherall_ interface. The CPU 'cont{rols the
perioheral devices to perform peripheral operations via the peripherél
interface. When a peripheral device is required to perform é peripheral |
operation, the peripheral intertace generates a_n.int_er_rupt request to the
CPU. The CPU then interrupts its current executi'on and controls the
20 | peripheral device to porform_ the peripheral, o'peration.' Software
- programs are developed in accordance with this type of 'a.r.chitécture.
| Problems.are, h_oweve_r, associated wifh this type of prior art
computer system. One problem rs that ars the number of pe.riphe'ral
devices controlled by the CPU increases, the CPU's procéssing time to
25 oontrol the penpheral operatlons also i increases. This typlcally

decreases the processing time available for the CPU to execute



prograns ar e developed in accordance with this type of architecture.

Pr obl ensW2%&34Mdwever, associated with this type of prior PGFUSEHES er
system One problentls that as the number of peripheral devices controlled
by the CPU increases, the CPU s processing tine to 25 control the

peri pheral operations also increases. This typically decreases the
processing tine available for the CPU to execute WO 95/ 34905

PCT/ US95/ 05965 -2- application prograns. This adversely affects the overal
processing speed of the conputer systemplt is especially so when

addi tional functions such as data conpression and deconpression, data error
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m crocontrol | Gétedficry BRE c%rtedtrbﬁ 8AA'dath ehudding T décédﬂﬁg 6l atitieidblo
5 the perlpheral devices. Typically, each of the data compressron and
| decompressron data efror detectlon and correctlon and data encoding
_ and decodmg functlons takes a conslderable amount of processmg time
to complete. ‘
A prior art solution to this problem isto orovide a dedicated
10  microcontrolier for each of the' peripheraI: devic_es.' The dedicated
microcontrolier assumes all the contro'l functions of the periphe'ral
device from the CPU and controls the oeri'oheral'device to perform a
peripheral operation when 're_qu_ested. The C|5U typically generates the
request tor the peripheral"operation fo the microcontrotler and receives
15 the resulting data wrth respect to the penpheral operatlon from the
microcontrolier. The CPU however, does not drrectly control the
peripheral operatlon of the penpheral device.
Disadvantages are. however still associated with this prior art
solutron One drsadvantage is that because each of the penpheral
20 devrces mcludes a dedicated mrcrocontroller to control the operation of -
the device, the manufactunng cost of the computer system tends to rise
slgnmcantly Th|s typrcally is the case when the computer system has a
| .large number of penpheral dewces |
Another drsadvantage is that some of the mlcrooontrollers for the

25 peripheral devices are typlcally not functronlng at most times. This



devi ce froRyd hfsqee’) and controls the peripheral device to 'pelgigrm a
SPifedes

peri pheral operation when requested. The CPU typically gener

request -for the peripheral operation to the microcontroller and receives 15
the resulting data with respect to the peripheral operation fromthe

m crocontrol ler. The CPU, however, does not directly control the peripheral
operation of the peripheral device. D sadvantages are, however, stil
associated with this prior art solution. One disadvantage is that because
each of the peripheral 20 devices includeg.a dedicated microcontroller to
control the operation of the device, the manufacturing cost of the conputer

systemtends to t#aiéﬁlf{:%u[&géé %%EXUrc}QLo? the %i&gc*éo%trjcﬁewﬁ tﬁﬁiﬁ?{ﬁﬁé}ﬁ o bae

conmput er system e nunber o eri pher devi ces.
di sadvant age i s S ion!) bavasceY ' al
devices are typi céat???/ ggﬁﬂﬁﬂﬁﬁg at n{)ﬂiﬂﬁ?{)ﬁ&d&%?@ecﬂﬁo{@%%ﬁ gggOS

PCTI US95/ 05965 -gilso lacbiccthiel oreation of higtespésd dhd dfigio berfdemaheg ocont rol | ers
in the systemto be wasted. In addition, the advances in m croprocessor

lto g;; P gflrrg% 1: gs hamicedprocessbrs.o thn sucht mlcro;brddesbqlsmq.fséd@éﬁitﬁd GPUIina

5 . system, the high speed and high performance CPU typically completes
its execution before a required peripheral operation is completed. This
typiéally causes the CPU to wait for the resulting data from the

microcontroller, causing the CPU resources to be wasted.



m cropro When such a mcroprocessor is used as th ' 5
system m%&s speed and hi gh performance CPU typicall y?’g%F% e9§5 Its
execution before a required peripheral operation is conpleted. This
typically causes the CPUto wait for the resulting data fromthe

" mcrocontroller, causing the CPU resources to be wasted. WO 95/ 34905

- PCT/ US95/ 05965 -4- SUMMARY AND OBJECTS OF THE | NVENTI ON One of the objects
of the present invention is to integrate functions of peripheral
controllers for peripheral devices into-g-host CPU of a conputer system 5
Anot her obj ect of the pr esent |nvent|on S to provide a conputer system
that is manufa - o ¢ Lo 1§ T8ONeCt of the present
~invention is goes not include a

. AR ; . _
peripheral controll eBPfhé‘@ﬁ]bbfé'df'tﬁﬁméﬁﬂtlh%mdﬁls%mgpéﬁfm device. 10°
Anot her object of the present inventioh is to provide a conputer system

that does not fuﬁ!ﬁldt%eof?émhd@ﬂeémitmrs forl peiphieval deviceinto achestaCRY)i ons of .

‘a peripheral device and yet is still conpatlble W th
of a computer system. o
5 Another object of the present invention is to.provide a computer

system that is manufactured cost effectively. -

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

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

Another object of the present invention is to prm)ide a computer

15 system with the ability to redireét requests for a peripheral controller of a
peripheral device to a host CPU such that the computer system can |
function without the peripheral controller for the peripheral d_evice and
yet is still compatibie with peripheral controller oriented system
software. |

20 A computer system is described. Th_e computer system includes a
bus, a CPU coupled to the bus, and a mémory 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

25 device for the peripheral operation when the logic receives a request for



peri pher al er-oriented system software. Another object of the

pr esent in\%igﬁ/%%&% s to provide a conputer 15 systemwith tHfF/USIPOM6Y o
redirect requests for a peripheral controller of a peripheral device to a
host CPU such that the conputer system can function wthout the peripheral
controller for the peripheral "device and yet is still conpatible with

peri pheral controller oriented systemsoftware. 20 : A conputer system
i s described. The conputer systemincludes a bus, a CPU coupled to the bus,
and a nenory coupled to the bus. A periphesgal device is coupled to the bus
for performng a predefined peripheral operation. Alogic is coupled to the

b dth i ' iy : nter ted t
cont ol the per i BeapneEY ofSrattin. °TH8 elc ddgssior tusEE bBBRRRIRL, ¢ e
{oai . 1954 \ _
P(C):% fJSSr)g/Cg:S\égz ﬂg‘l t he pee'?l phtehrea oper%flggﬁraﬂ?ﬁé | ogi ¢ does not control the -
peri pheral devi ce t o TRy CPUBH G atfiverdiicRbeBRAMBUIGF sydiBh Ekatutbs dhe above

descri bed conputer system executes an application sof re at generates
the request for application sdftware 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 cadses 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 aiso generate the request for the peripherai[
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 operation. The
CPU is then interrupted by the logic to éontrol the peripheral device for
the peripheral operation when the Iogié réceives the request for the
peripheral_ operation. This allows the existing peripheral
controller-based application softwére to be still operative even though

25 the CPU is controlling the peripheral operation of the peripheral device.



5 operatd i he application software requires the peripheral operation.
Thi s req&%@%’#&os}'ntended for a peripheral controller of t ?’Pﬁ?@? al

devi ce. The conputer system does not include the peripheral controller for
controlling the peripheral device for the peripheral operation. |nstead,
the |l ogic causes the CPU to be interrupted to control the 10 peri pheral
operation of the peripheral device. This allows the existing peripheral
controll er-based application software to be still operative even though the
CPU is controlling the peripheral operatigon of the peripheral device. The
peri pheral device of the above described conputer system can al so generate

per i pharal - deoneueRuBeLIsR R iec tof = i ErafChmyfolSE ol e bBFeGRRL, < o<

descri bed. Th od includes a step of receiving a request for the
peripheral opération in a logic. The logic is coupled to the bus and the

per i pheral devi ce. Giiigr bBRES, fedtargllandlaovitided of fife pr¥sbRRRhuGRYI ce 1O .

performthe peripheral operation. The CPUis then interrupted by the |ogic
to control theibdeidpparent fiemithe docompanying drawings amectiern the ddtailed he

| ogi c receives the request for the peripheral operation. This allows the
exi sting pBri deschptiorotitat ddllows.based application software to be still
operative even though 25 the CPU is controlling the peripheral operation
of the peripheral device. ' : .

|
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The reques?v?gy:l"‘rg]?sended for a peripheral controller of the S{03365
device. Ot her objects, features, and advantages of the present invention

wi |l be apparent fromthe accorrpanyi ng drawi ngs and fromthe detailed 5
description that foll ows. WO 95/ 34905

PCT/ US95/ 05965 -7- BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention
is illustrated by way of exanple and not limtation to the figures of the
acconpanyi ng draw ngs, in which like refergnces indicate simlar elenents
and in which: 5 F| gure 1 is a block diagramof a prior art conputer
system Figure NEFDE § el h@r systemin accordance vmth
an enbodi nent o t he conputer system

includes an access r Wﬂe&ﬁ%bbﬁﬁnb@ﬁh@n fsoi'lluétrﬂ%' By '#af of Yx4nidle and not

limitation to the figures of the accompanying drawings, in which like

references indicate similar elements and in which: _
5 Figure 1 is a block diagram of a prior art computer system;
Figure 2 is a block diagram of a computer system in accordance
with an embodiment of the present invention, wherein the computer
system includes 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 5is a state diagram of the access redirection logic of
F:gures 2-3.



Figure 3 illustrates the connection of the access redirection |logic 10 of
Fi gure 2WR B4 %spect to the peripheral device and the hoFCTESFOMP}/,re 4
is a flow chart diagram of the process executed by the access redirection

|l ogic of Figures 2-3; Figure 5 is a state diagramof the access redirection
| ogi c of Figures 2-3. WD 95/ 34905 .

PCT/ US95/ 05965 - 8- DETAI LED DESCRI PTION Figure 2 shows a computer system 20
that inpl enents one enbodi ment of the present invention. Conputer system 20
includes a systembus 28 that is connectgd to a CPU 21, a system RAM 22, a
5 system ROM 23, a peripheral device 25, and an access redirection |logic
24. CPU 21 is mgikﬁgation_of comput er system 20. For one
enbodi ment, ¢ a personal computer system For

| i mbodi . | ;
computer system  Fobu.2 SRGRYLoorfbie Bystont 20 e fletatft ohkED, 01
a Mai nf [ ane Olgrghfiifent 8B BesePlnvaRioRMERsHhpEe sysfarm 26 iAbiugegkt! er

system 20 i ncl udes
system bus 28 that is connected to a CPU 21, a system RAM 22, a

5 system ROM 23, a peripheral device 25, and an access redirection logic
24. CPU 21 is used to control operation of computer system 20.

For one embodiment, combute_r systerh 20 is a personal
computer system.. -For _altemaﬁve embodiments, computer system 20
can be any other type of corhputer system..' For example, computer

10 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-proce‘ssor,' a.cache, and a cache controller for
handling access to the cactie by the microprocessor. For a further
embodiment, all the above-mentioned cOmpbnents in CPU 21 are

15 integrated into a microprocessor chip manufactured by Intel Corporation
of Santa Clara, California. Alternatively, CPU 21 may not include all of
the above-mentioned components. Furthermbre, _CPU 21 may include
more components than those mentioned above.

System bus 28 is used in computer system 20 as the backplane

20 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 system ROM 23 store data and
prdgrams that are needed for the operation of computer system 20.

Peripheral device 25 performs a predefined peripheral operation.

25 Peripheral device 25 can be any kind of peripheral device. For |



m Cr Opr 0Ce39@bas34deL O Processor, a cache, and a cache controller for

handl i ng access to the cache by the microprocessor. For a fURGHE}9S0S96S
enbodi nent, all the above-nentioned conponents in CPU 21 are 15 integrated
into a mcroprocessor chip manufactured by Intel Corporation of Santa
Clara, California. Alternatively, CPU 21 may not include all of the

above- nenti oned conponents. Furthernore, CPU 21 may i nclude nore conponents
t han those nmentioned above. System bus 28 is used in conputer system 20 as
the backplane 20 bus for transfer data anglg various conponents of
conput er system 20. System RAM 22 and system ROM 23 can be accessed by CPU

orograms. that | araratihiacHoEIEl ot 2B alt BRI kevmrard, & iriat o bard disk

Peri pheral devi 'Qﬁ'i\éga%ﬁ\/aidﬁe ﬁ\ﬁﬁﬂe%%'raggF Igghég ral -operation. 25

Peripheral device can be any '™ devi ce. For WO
2?2%325 peri pheral dce‘\)/rin gteégygtaerw gg rgaxé?%gg?ath%PWiﬂméqu sk
drive, a nonvol aystem FAMahd"ROM 22'ardl 280 THes&deH Mbnfoesaiag thdifide
I ncl ude other nenories in addition to o
5 an EPROM ("electrically programmable read-only memory") and a flash
EPROM (*flash erasable and programmable read-only memory").
Moreover, computer 'systém 20 may include more than one peripheral
device. |
Access redirection logic 24 is also connected to system bus 28.
10 In additidh. 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
15 26. Computer system 20 does not include a dedicated microcontroller
to control the operation of peripheral device 25. Moreover, access
redirection logib 24 does not control peripheral device 25 for the
‘peripheral ope'ration. Access redirection logic 24 is used in computer
system 20 to redirect the request for the peripheral operation of
20 peripheral device 25 to CPU 21 such that CPU 21 can be interrupted to
cbntrol the operation of peripheral device 25. This aliows the peripheral
controlleri-base'd application s’oftwaré to'b'e still operative on CPU 21
even though _beripheral device 25 is controlled by CPU 21, instead of a
depidtéd peripheral controller. The function of access redirection logic

25 24 will be described in more detail below.



system ROM 22 and 23. These other nenories may i ngtHgSospsedn EPROV
("eIectﬁﬁ?gﬁﬁgmprogrannable read-only nmenory") and a flash EPROM ("fl ash

erasabl e and programrabl e read-only nenory"). Moreover, conputer system 20
may include nore than one peripheral device. Access redirection logic 24 is
al so connected to systembus 28. 10 1In addition, access redirection |ogic
24 is connected to peripheral device 25 via bus 27. Access redirection

| ogic 24 includes control registers, status registers, and data registers
.(all are not shown). These registers ar€d4Qdsed to store control information,
status information, and data. Peripheral device 25 is also connected to

system bus 28 Via bicifior SfstefiP50 Widy aReshomddta ambener pefiphs a

dedi cated m crocon to control “the operation:-of peripheral device 25.

Mor eover, accgggice§dVREA computir systémdzteinclutiesca numbertf ipepipherdl devi ce 25°
for the peripheral operation. Access redirection logic 24 is used in

conput er syst ggvig8s i addiionaotpdripheralqevice 25y cormpuiessystemm 20 mayraxt i on of .
20 peripheral device 25 to CPU 21 such that CPU 21 can be interrupted to
control the opmyamoétdnclatie ededitates minsocontralier fameachpf thesnumbepeof | pher al
control |l er-based application software to be still operative on CPU 21 even

t hough per5 phpetpheral devices. iForaxampie) eempytersystem 20vagdnclude 2 depi ct ed
peri pheral controller. The functi (%n of - acceﬁs redire t& on | ogigdZS 24 will
be described dadiegted GEQ@FP“%@'?QS’W or some of the peripheral devices and does

not provide dedic_at_ed microcontrollers for the remaining peripheral
devices. In this case, each of the peripheral devices that does nof have ‘
a microcontrolier for oontrqlli_n'g its ope:;ati_on is cqnngcte_,,d_ to an access

10 redirection logic similar to logic 24. As a further example, computer
system 20 does not provide a ded_idated ‘microcontroller for every one of
the peripheral devices. In this case, each of the peripheral devices
includes an access redirection logic similar to access r_édirection logic
24.

15 . Because computer system 20 does not use a dedicated
microcontrolier to control the peripheral operation of pgr_i_pheral_ device |
25, the control of per_iphéral_ device 25 to perform its peri_pheral '
operation is achieved 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

20 other storage devices of computer system 20. The set of instruction
codes can also be referred to as peripheral routine or device driver. -
The peripheral routine or device .'driver_c_:_aﬁ be executed by CPU 21 of
computef system 20. The peripheral routine can be any kind of known
peripheral routine for peripheral device 25. Othe_rlcontrol or data

25 processing functions for peripher_al device 25 may be added by



WO 95/ 3490 PCT/ US - 10-
Comput er s%?%srﬁ“% may al so include a nunber of peripheral 324%9@52"335%%
conmput er system 20 i ncludes a.nunber of peripheral devices in addition to
peri pheral device 25, conputer system 20 may or may not include a dedicated
m crocontroller for each of the nunber of 5 peripheral devices. For

exanpl e, conputer system 20 may include dedicated mcrocontrollers for sone
of the peripheral devices and does not provide dedicated mcrocontrollers
for the remaining peripheral devices. In tf§s case, each of the peripheral
devi ces that does not have a mcrocontroller for controlling its operation
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m crocontrol |l er deRices8r Wtﬁ@é?ﬁgléd‘se%hbmﬁ?ﬁ@knéﬁhi mBans! N this case, each
u

of the peripheral devices inc es an access Tedirection logic simlar to

access redirection |0B‘ié3[>3ﬂ?hé@| routine fopgetipheralcigviée 2558 Tafigd hgloes not
use a dedicated mcrocontroller to control the peripheral operation of

Bg; : Bﬂg g: devi aaxecuted bverydirme wherf peﬁpﬁmbdeVicdes iscreguired tpqsdrtmm its
the peripheral operation. Because computer system 20 does not use a
- microcontroller for controiling peripheral device 25, the peripheral
routine for controlling the operation of peripheral device 25 is executed
by CPU 21. CPU 21 execute'é the peripheral routine via an interrupt
routine and/or via polling. Therefore, CPU 21 can be either interrupted
10 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
15 peripheral devices, including peripheral' device 25, and a peripheral
controller to control the operation of all the peripheral devices. The
'peripheral cbntroller 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
20 peripheral devices redirects the request for controlling the respective
peripheral device to the peripheral controlier. The peripheral controller
" then controls the operation of the respe&ive peripherél device upon
receipt of the request. This also allows for backward compatibility with |

the existing peripheral controller-based application software.



operatio%%srl]%gd}i eve.d by a set of instruction codes store%&jrré{sg st em RAM

and ROM 3. The set of instruction codes may al so n 20
ot her storage devices of conputer system 20. The set of instruction codes
can also be referred to as peripheral routine or device driver. The

peri pheral routine or device driver can be executed by CPU 21 of conputer
system 20. The peripheral routine can be any kind of known peri pheral
routine for peripheral device 25. O her control or data 25 processing
functions for peripheral device 25 may bm.added by WO 95/ 34905

PCT/ US95/ 05965 -11- changing the instruction codes of the peripheral

routine for periph ' LS | own neans.
~The peri pheral r’ouﬁ%p&g\r‘%ggtreﬁﬁﬁg%& evi cé;é é@opgr%gﬁe#g@g(ngxecut ed -
every tinme wh ri} L dep i 3@%' f t he
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routine for controlling the operation of peripheral device 25 I s executed
by CPU 21. CPHardwarecand software mesourdes of compaten 8ysiem 20. iTHeer rupt routine

and/or via polling. Therefore, CPU 21 can be either interrupted
5 operating system of computer system 20 is a peripheral
controller-oriented operating system. This means that the operating
system regards that-each of the. peripheral devices in computer system
20 has its dedicated microcontroller for controlling the peripheral ‘
operation of the respective peripheral device. This causes the |

10 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 th_e' peripheral oberation to
peripheral device 25. The request is intended to the dedicated
microcontroller of peripheral device 25.- This peripheral.

15. controller-oriented operating system for computer system 20 requires
application prdgrams running on corhp_uter- system 20 also to be-
peripheral controller-base application programs.

- Because computer system 20 does not include the dedicated
microcontroller for controlling peripheral d_évice_ 25. The request is

20 . 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
updatés‘logic 24 with the results. Logic 24 then sends the resuit to the

25 application program running dn CPU 21. Logic 24 does this by



or po'gﬁ?9§9w ecute the peripheral routine when peripheral device 25
|s require 0 pe ormthe peripheral operation and when corﬁﬁﬁ’@”@?&‘ﬁem 20
does not include a dedicated mcrocontroller for peripheral device 25.

Al ternatively, conputer system 20 includes a nunber of 15 peripheral

devi ces, including peripheral device 25, and a peripheral controller to
control the operation of all the peripheral devices. The peri pheral
controller is not a dedicated controller for any of the peripheral devices.
Each peripheral device has an access redltﬁgjlon logic simlar to | ogic 24.
The access redirection logic for each of the 20 perlpheral devi ces

(R s anera " 4B a0l et BAFBEC PR, bl G
SHELL1 5 ) PR A or BT 19 S B Bl 5
(I;(C):f'll'; ngg?BSggge%lﬂémégﬁpmrg sglgs emm’e e so |&§tﬁg‘z@ lé{tneros gtree{![.' |2r?gdsyst em
(not shown in Firghave)a dédicafRPpénipiarabeenteolidrad contidy iRl op¥fiRn 10
| 5 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
10 an application 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 peripheral request PERI_REQ. Peripheral device 25
15 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
20 request to CPU 21 by generating a CPU interrupt request IRQ to CPU
21. When CPU 21 receives the CPL_J interrupt request HOST_IRQ, CPU
21 interrupts its normal execution of progi'ams in the conventional
manner provided by the operating system. During the interrupt cycle,
‘CPU 21 executes its regular interrupt routine lthat includes the function

25 of checking the type énd source of the interrupt. Because CPU 21 is



processes commands, controls program execution, and oversgﬁ,ﬁ} Q@ggé&(redware
and sof t WM, r ces of conputer system 20. The 5 oper acing” m of

conput er system 20 is a peripheral controller-oriented operating system
This means that the operating systemregards that each of the peripheral
devices in conputer system 20 has its dedicated mcrocontroller for
controlling the peripheral operation of the respective peripheral device.
This causes the 10 operating systemnot to interrupt CPU 21 when the
peripheral operation of peripheral devigg.25 is required. Instead, the
operating system causes CPU 21 to generate a request for the peripheral

 cr t”t or 1 BtetrhmfEl ) GFRy ol Bom SrcseaAfgehch logho fect et o
appl 1 cat on pPac e WiReia s e e B D A e
control |l er-ba ﬁ@q_lethgﬁpé)&@ufgwpmpmngqm| e pefphératioes not

i ncl ude the dedicat m crocontroller for controlling peripheral device 25.

The request i i rﬁ&t%’d@hdrale@n@ézsr afhenCPUR1 finished execation of 28.
Access redijre?f)lagaryqogi c 24 then redirects the request to CPU 21 such that

S 2L amieneppuee s GGt et maais o mdtcton o1
CPU 21 updat esogic @4chydpdatiriy variousseontral, status and data eegistens of fogicr esul t "to
the 24. CPU 21 then resurhes its normal execution until it is once again

interrupted. The. calli'ng for the peripheral routine by the interrupt routine ‘

can be done in the conventional manner. o
10 o Once access. redire_ctidn logic 24 is updated with the results by

CPU 21, access redireqtion 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 c:o.mplet_e interrupt request -

TASK_COMPL_INT to CPU 21. In this way, the application software
15 does not need to know that CPU 21 controls the peripheral o_peration of

peripheral device 25 and still thinks that the operation of peripheral

device 25 is controlled by a dedicated periphefal controller. This allows

the application software running on CPU 21 to remain peripheral

- controller-based application software. | -

20 -~ When CPU 21 is interrupted to execute the peripheral routine for

controlling the peripheral operation of peripheral device 25, CPU 21

accesses peripheral device 25 directly vié buses 26 and 28. When this

- happens, access redirection logic 24 no longer acts between CPU 21

and petipheral device 25 and a direct access path is established

25 between CPU 21 and peripheral device 25. Access redirection |ogic 24



25 appli i ogramrunning on CPU 21. Logic 24 does this b WO
95/ 34905 b5l OC PCT/ U0/ BEBEES/sa6s

asserting a task conplete interrupt request to CPU 21. By doing so, the
peri pheral controller-based application program does not perceive any
difference and is still operative even though conputer system 20 does not
have a dedi cated peripheral controller to control the operation of 5

peri pheral device 25. Access redirection logic 24 perfornms its bus access
cycle to receive the request. The request_qighat access redirection |ogic 24
receives fromCPU 21 is referred to as application request APPLNREQ The

D e o 488 BT ARG ED 41 5hed hon BB SR 62,
oo s ey, ATDNARL0BRED SSHCTRAR? FRRAD SBSEMA o o69R1 11 L1
CEk pect " prL S iy Do @R soche IRIRARA e/ Bt e
when peri pher al devige @5, Whictewill bedeseribed!in Mhoret detR 'beld\e al oper ati on.
5 - 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

10 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-operation. Peripheral 'de.vice 25 asserts the PERI_REQ

- signal to access redirection logic 24 when peripheral 'deviée 25
15 generates thepefipheral request for confrolling 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_=IF§Q signal, when asserted, causes CPU 21 to be interrupted.

26 Therefore, the HOST_IRQ signal répresents the CPU interrupt request
generated by access redirection logic 24 to CPU 21. CPU 21, when
interrupted to execute the peripheral routine, accesses peﬂpherél

- device 25 via direct access path 34 that includes bus 26 and system bus
28. CPU 21 deasserts the HOST_IRQ signal during execution of the
25 interrupt routine.



When access redirection logic 24 receives the application request APPLNREQ
from CPVO33405 t he peri pheral request PERI REQ from peri pPfeV¥P?5§a¥8Sce 25,
access redirection logic 24 redirects the 20 request to CPU 21 hy
generating a CPU interrupt request 1RQto CPU 21. When CPU 21 receives the
CPU interrupt request HOST IRQ CPU 21 interrupts its normal execution of
progranms in the conventional manner provided by the operating system
During the interrupt cycle, CPU 21 executes its regular Interrupt routine
that includes the function 25 of. checlgﬁng the type and source of the

interrupt. Because CPU 21 is WO 95/ 32905

redi recti on I ogi ovpendePU#Lchmplstes fS exaculioh B the perRBSRl et S ;¢ ne
Po Dne o oGP A el SR HEA BB AN o cor
L e on 1ok K. IEERr a6, L2 BSOS R0 oc e,
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routine 5  Access redirection logic 24:then sends the results to the application
software running on CPU 21 that requires t_he:-results. Access - -
redirection logic 24 does this by first assérting the TASK_COMPL_INT
signal to. CPU 21. This causes CPU 21.to be interrupted to receive-the ‘
results. |
10 . For one embodiment, access redirection logic 24 is implemented
by an applicatioh specific integrated circuit ("ASIC"). Forthis -
- embodiment, all the functions of access redirection logic 24 are T
programmed into the ASIC by known-programming means. -
Alternatively, access redirection logic 24 can be-implemented by storing -
15 aset of program instructioris into a ROM, an EPROM, or a flash EPROM.
In addition, access redirection logic 24_¢an be implemented by a
combination of logic circuits, for example, programmable logic devices
("PLDs"). The process that access redirection iogic 24 executes for
redirecting access requests to CPU 21 will be described in more detail
20 - 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 beiow. _ |
'Referring to Figure 4, the process of access redirection logic 24
starts at step 40. Atstep 41,2 judgmént is made to determine ifthe

25 APPLN_REQ signalis asserted. If the answer is yes, then step 43 is



can be dong, g{,{;& conventional manner. 10 Once access _redirection

| ogi c 24 |s updated with the results by CPU 21, access redi r%‘&T’V%‘W’“ﬁféi c 24
then notifies the application software running on CPU 21 of the results.
Access redirection logic 24 does this by first asserting a task conplete
interrupt request TASKCOWPLINT to CPU 21. In this way, the application
software 1 5 does not need to know that CPU 21 controls the peripheral
operation of peripheral device 25 and still thinks that the operation of
peripheral device 25 is controlled by a deg¢ipcated peripheral controller.
This allows the application software running on CPU 21 to remain peripheral

troller-b t S|n rrupted
Lo execut e tﬁZe il o i 8%l o, ffen step, 42 RO Eial ey ot Ton
f peripheral fridit fslmaeie ectly via
gusgs |22 and 28 ?ﬁéﬁps hap%;ens q??ggﬁﬁpggmﬁ?gﬁ‘gg %‘85&’ '%o Io%ger
acts between CPlasgbriagd mmaiwahs%slmen%@eaas i8 paroARbd2HCMeSaiidt | S

est abli shed 25 between CPU 21 and peripheral device 25. Access redirection
| ogic 24 WO 95nd4 tiEn the process goes to step 44.
PCT/ US95/ 05965 - 15-
5 At step 43, the HOST_IRQ signal is asserted to CPU 21. The
- asserted HOST_IRQ signal causes CPU 21 to be interrupted to perform
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.

10 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 applicatio.n software. The
process then ends at step 46. _

15 The TASK_COMPL_INT signal and the HOST_IRQ signal can be
one interrupt request signal from logic 24 to CPU 21. In 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

20 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
emulation in host CPU 21.



only receives the results from CPU 21 once the peripheral ration of

peri pherWP9843%8c 25 is conplete. Figure 3 illustrates vatTBUS¥al  pat hs
anong CPU 21, access redirection |logic 24, and peripheral device 25, which
w || be described in nore detail below 5 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 HOSTI RQ
signal to CPU 21 via line 33. Access re@?nection | ogic 24 generates the 10
TASKCOWPLI NT signal to CPU 21 via line . .CPU 21 asserts the APPLNREQ

Pl cat i on 1t cquesRelesng 30 Fidue: -rfﬁs%?%@:@%@ﬁ‘ pLeecn BB e
ion. Peri | Cg I IO

Codi recti on | BREESIE ffikh.EiguinaraoaS ah  MITIAL Btale; XS INTTRERE, Lher

request for ngéramﬁEﬁg_lelﬁ’ﬁ%tn .rlﬁ!thﬂolﬂlm@f’s&fé,w%ﬁéﬂ%@l‘o?@l’tfmra' :

operation. Ac Sre ogic 24 asserts the RO signal when

either the APF&&E’sEéhgi APPLN_FEQ sgatl O PetipBBrll devices2Bid agser ke HOST_| RQ

signal, when asserted, causes CPU o be interrupted. 20 Therefore, the
HOST_I RQ 5 gnpERICREEH sighal. t Whefbgicra4detects thetjthes APRLN: (REQdignalis cess

redirection logic 24 to CPU 21. CPU 21, when interrupted to execute the
peri pheral . r ogbhemteddogieasmovesjodha"SW_INT" state where logic 24 asserts
the HOST_IRQ signél to interrupt CPU 21. Logic 24 then returns to the
"INITIAL" state. .
When logic 24 detects that the PERI_REQ signal is asserted in
10 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
15. 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 'd_rawings are,
accordingly, to be regarded in an illustrative rather than a restrictive

- Sense.



device 25 ‘&’3 /%E)?Ct access path 34 that includes bus 26 and system bus 28.
CPU 21 dea P t he HOSTI RO signal during execution of t hef SPIASGS, upt
routi ne. WD 95/ 34905

PCT/ US95/ 05965 -16- When CPU 21 conpletes its execution of the peripheral
routine, CPU 21 sends the results to access redirection logic 24 via direct
access path-34. As described above, CPU 21 does thisby—tpdating various
control registers, status registers, and data regi_stergﬂ |l ogic 24. 5

Access redirection logic 24 then sends the ﬁ[esults to MMHﬂumm)

software running on CPU 21 that requires the results

| ogi ¢ 24 does tRj first asserting the TASK COWPL II\FI'S|gnaI "t o° CPU 21.

This causes CP be interrupted to receive the results. 10 For
- one enbodi nment, ??lﬁ['ﬁg# {:ctlon logic 24 is inplenmented by an

application speci Bed circuit ("ASIC'). For this enbodi nent, all

L honn pr ogr ot oo naar A CHRFAEE ket SohfrliyP” o SEd o e 5 C
be i npl emented by stgx)l Nda bus;
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 cbmputer 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 systemjof claim 1, wherein the request ié a
hardware request. |
20 4. The computer system of b.laim 3, wherein the hardware
request is generated by the peripheral device.
5. - The computer system of clai.m 1, wherein the peripheral
operation of the peripheral device is only controlled by the CPU and

- wherein the CPU executes programs.



15 a set of programinstructions into a ROM an EPROM or a flash EPROM
| n addi t VA9 ss redirection logic 24 can be inpl ement RETHSISO596S
conbination of logic circuits, for exanple, programrable |ogic devices

("PLDs"). The process tha cess redirection |logic 24 executes for
redirecting acc guests to CPU 21 will be described in nore detail 20
bel ow, in onJunctl |gure4 Figure 5 illustrates the state diagram

.of access r m‘“‘ 4, which will also be described in nore detail
bel ow. Ref er mguFe 2, the proces, 0of access redirection logic 24
starts at step4 At step 41 a judgnerft¥is- madeto determne if the 25
APPLN REQ signal is asserted. |If the answer is then step 43 is WO
95/ 34905 6. The computer system of claim whqgntbgglggggg@y 17-

performed. If thﬁ: aswer H#a téR 42 is perforned. At step 42,
anot her j udgméRPIFd 5@99' &ieHity he PERIREQ signal is asserted. |f

the answer is yes, 4 hen f .. If the answer is no, then the
process goes to stéep 44. Eégn‘pl'?e']s@ifaq@t‘gﬁgsmbhe HOST I RQ signal is
asserted to CPU 21(A’he gﬁag.rted HOSTI RQ si gnal causes CPU 21 to be
interrupted to perfo

5 (B) ' a cgntralprocessmg 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 periph'eral.operation; : - ‘
(C) a mémory 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) a logic coupled to the bus and the peripheral device for
causing the CPU éjto-be interrupted to control the peripheral device for the
15 peripheral operation when the logic receives the request for the
peripheral operation, wherein the logic does not control the peripheral
device to perform the peripheral operation, wherein 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 for the perip'heral
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.



the periphegral task. After asserting the HOSTIRQ signal, the process then
goes to sti‘ﬁ)% 490 deassertion of the HOSTIRQ signal is dFSE/USISBEES 21 in
t he conventjonal nmanner. 10 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 conpletes its task. At step 45, the TASKCOMPL—HNT
signal. is asserted to CPU 21 to send the results to the appllcatloH

software. The process then ends at step 46. 15 “ ml“
signal and the HOST I RQ signal can be one_gqterrupt H w

logic 24 to CPU 21. In this case, the perlp eral rout'inéln U21 WI||
I ncl ude | ogic that dbatl ngui shes 5{wo functi,ons. As descri bed above,

access redirecti on I Q@H”% G"Pn‘b?'EHEﬂ{‘ed by logic circuits. Wen

this is the case, ﬁ gr o%regl%"of Figure 4 can be inplemented in hardware
fashi on by a conbl na f\ own logic gate circuits. Access redirection

o3y *°" O T P S il TR ) o g,
(C) amemory coupled to the bus;

5 (D) a peripheral device coupled to the bus for performing the
predefined peripheral operation, wherein the péripheral device
generates a request for controliing 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
10 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) . a logic coupled to the bus and the peripheral device for
causing the CPU to be interrupted to control the peripheral device for the
15 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.
20 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

25 from a software program running on the CPU.



-18- Referri r}%Pto Figure 5, the state diagram of access redirection |ogic
24 is sh&VR?S ¥ ure 5 shows an "INITIAL" state, a "SW | NT'PCI(GRIS0SIEHd a

" PERI 'Wh;_;;gtre-,l_n_tle_ﬂ—blwmu state, logic 24 waits for CPU 21 to
assert t NREQ si gnal or peripheral device 25 to assert the 5 PERI REQ
signal. W ' mﬂﬂ ts that the APPLN REQ signal is generated, |ogic
24 noves tﬂl‘,‘!ﬁﬂ“ﬂ‘ﬁ“ Il il at e where | ogic 24 asserts the HOST_I RQ signal -
to interrup UwR1M Légit 24 then returns to the "INITIAL" state. Wen

| ogic 24 detects that the PERI REQ si gnalzg_s asserted in 10 the "I'NITI AL"
state, logic 24 noves to the "PERI | NT" ate where logic 24 asserts the

HOST | RQ signal to . interrupt CPU 21. Logjic .24 then returns to the "IN TIAL"
state. In tﬁe f or.eddt ng'%ﬁg‘lqm'? f?lﬁ,e"?h@"'m\?e’ﬁ?ri‘ RIQCe$RIRg WMscr i bed

oL et e enich Ry SREHeH & SHIRSA TR 5T to e BLbL and WERRRE, 5
depart 00, L1 B SRR B 608, FMRGIRG Gngilfnd B BbhRaBE GBIkl "
be regarded i gy@n p'bhbHé,tarl 6bbf§iiorn?baﬁfprfsnﬁ"th% gtgag rd'f:ct I ve sense.
5 (a) recéiving a request for the peripheral operation in a logic,
wherein the logic is coupled to the bus and the peripheral device,
wherein the Iog’id does not control the peripheral device to perform the
peripheral operation; o - - ‘
o (b) causing the CPU to be interrupted by the logic to control the
10 peripheral device for the peripheral opération when the logic receives
the request for the peripheral operation, wherein the request is intended
for a controller 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
-15  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

genei’ating the request by a hardware request.
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What is clained is: 1. A conputer system conprising: (A PCTH($35/0

(B) a central processing unit (CPU) coupled to the bus; (C a nenory
coupled to the bus; (D) a peripheral device coupled to the bus for
perform ng a predefined peripheral operation of the conputer system (E) a
| ogi ¢ 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 reqyest for the peripheral operation,
wherein the | ogic does not control the ggl pheral device to performthe
peri pheral operation, wherein the request does not cause the CPU to be
interrupted to control the peripheral degce for the 15 peripheral
operation. 2. The conputer system of cEBaim 1, wherein the request i's a
software request generated by a program [lnning on the CPU. 3. The
conput er syste f claiml, wherein the quest is a hardware request. 20
4, The corrputer system of claim 3, vvheael n the hardware
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request img&glgé?%%ed by the peripheral ~devi ce. 5. The conpé,@ggisz%gésegnmo;

claim1l, he peri pheral operation of the periphera

controlled by the CPU and wherein the CPU executes prograns. WO 95/ 34905
PCT/ US95/ 05965 -20- 6. The conputer systemof claim1, wherein the |ogic
is an application specific integrated circuit. 7. A conputer system
conprising: (A) a bus; 5 (B) a central processing 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 programrequires the peripheral operation; (C) a nenory coupled
to the bus for storing data and the 10 ogram executed on the CPU, (D) a
peri pheral device coupled to the bus fogﬁ%erforning t he predefined

peri pheral operation; (E) a logic coupled to the bus and the peri pheral
device for
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causing the CPU to be interrupted to control the peripheral device for the
15 peri phd¥2P53498% ati on when the | ogic receives the requestPGTSIENE6S
peri pheral operation, wherein the |ogic does not control the peripheral
device to performthe peripheral operation, wherein the peripheral
operation of the peripheral device is only controlled by the CPU. 8. The
conputer systemof claim?7, wherein the logic is an 20 application
specific integrated circuit. 9. The conputer systemof claim?7, wherein.
the logic also interrupts the CPU to control the peripheral device for the
peri pheral operation when the |logic receives a hardware request. 10. The
conputer systemof claim9, wherein theyardware 25 request is generated
by the peripheral device. WO 95/ 34905

PCT/ US95/ 05965 -2 1- 11. A conputer system conprising: (A) a bus; (B)
central processing unit (CPU) coupled to the bus; (C a nenory coupled to

the bus; 5 (D) | a peripheral devicg¢ coupled to the bus for
performng the 8
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pr edefi ned 8eri heral operation, wherein the peripheral device generates a
request fOVO&YMIBI 1ing the peripheral device for the peri pHeluP?5@8¥Sat i on
if the peripheral device is requested to performthe peripheral operation,
wherein the request does not cause the CPUto be 10 interrupted to control
t he peripheral device for the peripheral operation, wherein the conputer
system does not include a controller to control the peripheral device for

t he peripheral operation; (E) a lo ) coupled to the bus and the

peri pheral device for causing the to be interrupted to control the

peri pheral device for the 15 peripheral operation when the |ogic receives
the request, wherein the | ogic doeganot control the peripheral device to
perform the peripheral operation ig. The conputer system of claim 11,

wherei n the request is a—hadwlhg request. 20 13. The conputer
system of claim 11, “h'rﬁgf logic is an application specific integrated
circuit. 14. The conplté€ tethof claiml1l 1, wherein the logic also

interrupts the CPU to cb e peripheral device for the peripheral
operation when the |logic regeives a request for the peripheral operation 25
froma software programrunfi ng on th§1CPU.

IS THE
APPLN_REQ
SIGNAL
ASSERTED?

NO

42

IS THE
PERI_REQ
SIGNAL
ASSERTED?

YES

ASSERT THE HOST_IRQ
SIGNAL ~

r

WAIT FOR HOST CPU TO 44
EXECUTE THE TASK AND [~
UPDATE THE
STATUS/DATA/CONTROL
REGISTERS IN THE LOGIC

!

ASSERT TASK_COMPL_INT g
SIGNAL TO HOST CPU

Figure 4

45

46



WD 95/ 34905 PCT/ US95/ 05965 - 22-

15. In a WOPSEWS system having a central processing unit PCPUSIYE$ ed to
a bus, a nmenory coupled to the bus, and a peripheral device coupled to the
bus, a nethod for controlling the peripheral device for a peripheral
operation, conprising the steps of: 5 (a) receiving a request for
the peripheral operation in a logic, wherein the logic is coupled to the
bus and the peripheral device, wherein the |ogic does not control the

peri pheral device to performthe peripheral operation; (b) causing the CPU
to be interrupted by the logic to control the 10 peripheral device for the -
peri pheral - operati on when the |ogic receives the request for the peripheral
operation, wherein the request is intgded for a controller and does not
cause the CPU to be interrupted to control the peripheral device for the
peri.pheral operation. 16. The nethod of claim 15, further conprising the
step of 15 generating the request by a programrunning on the CPU when the
program requires the peripheral operation. 17. The nmethod of claim 15,
further conprising the step of generating the request by a hardware
request.

Figure 5
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(54) Titlee COMPUTER SYSTEM WITH PERIPHERAL CONTROL FUNCTIONS INTEGRATED INTO HOST Cy

&7 Abstract

The oomputer system includes a bus (28), a CPU (21) coupled to the bus (28), and a memory (22) coupled to the bns (28). A
peripheral device (25) is coupled to the bus (28) for performing a predefined peripheral operation. A logic (24) is coupled to the bus (28)
and the peripheral device (25) for causing the CPU (21) to be interrupted to control the peripheral device (25) when the logic (24) receives
a request for the peripheral (25) operation. The logic (24) does not control the péripheral (25) operation. The request may be generated
by a software program running on the CPU (21) or by the peripheral device (25). Although the CPU (21) is controlling the peripheral
operation, the existing peripheral controller-based apphcauonsoﬁwaremnsullbeused. A method for controlling the peripheral device
(25) for the peripheral operation is also described.




