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- REAL- TI ME OPERATI ON I N A PERSONAL COWPUTER SYSTEM FI ELD OF T I

The present invention relates to conputer systens; nore particularly, the
.pres ' tion relates to executing real-tinme applications at a conputer
systg‘&boﬁég ND Currently, personal conputers are b SP¥13%ar i ous
applications in order to plify tasks to be perforned by a user.

Nevert hel ess, conventional personal conputers are unable to perform

real -time applications. Areal-tinme application is one in which the
correctness of conputations perforned by a conputer not only depends upon
| ogi calMEBIOTRAND AFBARATUS FORARUVID NG RuaL-TIME GUERATIOIN A PerddNm@. at 10 whi ch
the result is produced. If t 7] straints are not net, the sy
fails. For exanple, in a patriot mssile application, a patriot nust |ocate
an incomng mssile on a radar detection systemand fire a defense mssile
before_the 1incoming mssile can destroy its target. It is difficult to
execut’SELRAPE HE ENFOBhs on conventional conputer 15 systems operating
Wi th general - purpose operating systens such as Wndows 98(r) or W ndows
NT(r) becalbepgsextriaventionpelaesdp eompirtey spstamsmase peetisuldely e have the
capability to respond to events within a given tinme restriction. In

addi t ippésent ia0edriadtes 1l exbhfiniFFreAftichy RbSifdatioARU E‘Jm,?at%} S Rexfl0 NOt
generate events wi the resolution of ti required fol execution. 20 In an
operating systemlike Wndows 98(r). there are no rules as to how

BACKGROUND

5 Currently, personal computers are used for various applications in order to
simplify tasks to be performed by a user. Nevertheless, conventional personal
computers are unable to perform real-time apj;liéationé. A real-time application is
one in which the correciness of computations performed by a computer not only
depends upon logical correciness of the computation, but also nupon the time at

10  which the result is produced. If the timing constraints are not met, the system
fails. For example, in a patriot ﬁnissile application, a patﬁot must locate an
incoming missile on a radar detection Qfstem and fire a defense missile before the
incoming missile can destroy its target. |

. Jtis difficult to execute real-time operations on conventional computer

) 15  systems operating with general-purpese operating systems such as Windows 98®

| or Windows NT® because general-purpose operating system kernels do not have
the capability to respond to events within a giveﬁ time restriction. In addition, the
hardware platforms of typical computer systems do not generate events within
the resolution of time required for execﬁh’on.

20 In an operating system like Windows 98® there are no rules as to how '
application drivers are to treat events. For example, in some instances drivers
may shut off a received event for up to five seconds before the event is processed..

It is apparent that such a delay would be unacceptable for a real-time operation.
1



application drivers are to treat events. For exanple, in some idst diele 2004,
«drivers nmay shut off a received event for up to five seconds before the
event is processed. It is apparent that such a delay woul d be unaccept abl e
for a real-time operation. 1 WD 02/01382 PCT/ USO1/ 183 /_%e? E%f‘?” it, woul d
be deMQ %2 o provide real-time function to a persorfi VWY FPdsent

i nvention will be understood nore fully fromthe detailed escription given
bel ow and from the acconpanyi ng draw ngs of various BRI EF DESCRI PTI ON OF

THE NGS st odi nts e i.nvention. The draw ngs,
howeve 'P6Erl g%b‘ﬁ%@%ﬁ@ﬁ?d’rf’ ﬁ%ﬁf”l‘g% APESPRE specific

enbodi g%p%&ﬁ %'rgt ol € for expl anatlon an 10 understanding only. 15 Figure
lis a agram of one enbodi nent of a conputer system an Figure 2

isab 173 a non-symetric rocessor.
DETAI Léﬁéﬁ%@%ﬁﬁ%ﬁﬁ& o Wg&% at us foryprovi di ngpreal -tine
opePatlon in a personal conputer systemis described. In the followng .
detai | ed déderprgserdanvsntiomevifihesuderstead mrre SHlyfirratirdetaiaki fic details
are set forth in order to provide a thorough understanding of the present
I nvent desadptidio giearbelow and ftonb thecgopanpatyitg domeings kf vdrgohsi n t he art that
the present invention nmay be practiced w thout these

embodiments of the invention. The drawings, however, should not be taken to

limit the invention to the specific embodiments, but are for explanation and
10 understanding only.
Figure 1 is a block diagram of one embodiment of a computer system; and
Figure 2 is a block diagram of one embodiment of a non-symmetric
processor. |
DETAILED DESCRIPTION
N A method and apparatus for providing real-time operation in a personal
computer system is described. In the following detailed"de-scription of the present
invention numerous specific details are set forth-in order to-proviée a thorough
unde-r_standing of the present invention. However, it will be apparent to one
20 skilled in the art that the present invention may be practiced without these
specific details. In.'other instances, well-known structures and devices are shown o
in block diagram form, rather than in detail, in oxder to avoid obscuring the .
present invention.
I_"iguré 1 is a block diagram of one embodiment of a computer system 100.

25  Computer system 100 includes a central processing unit (processor) 105 coupled

to processor bus 110. In one embodiment, processor 105 is an Intel architecture
2



specific details. In other instances, well-known structures andZdeviices)(gke
«shown in block diagramform rather than in detail, in order to avoid ’
obscuring the present invention. Figure 1 is a block diagram of one

_enbodj f a conputer system 100. Conputer system_100 includes a
centrg&ﬁgb:% ssing runt (Processor) 105 coupled to pR&IESYIBBYs 110, In

one enbodi nent, processor 105 is an Intel architecture 22 DEC 2004 WO

02/ 01382 PCT/ USQ1/ 18384 processor in the Pentiun(c) fam |y of processors

i ncl udPARYERE TP themidum® family of pypessers inabirding theRenttnm®)U fandlyPent i un(r) ||
processors available fromliIntel Corporation of Santa Cara, California.

Al t er natd webjle Pebiwem@ant Basidua®fiyrobessons aesilabfe peask@dl 105 may i ncl ude a
first level (L.) cache nmenory (not shown in 5 Figure 1 In one enbodi nent,

pr Ocesﬁ&&)oieﬁﬁ)ﬂﬁﬁ&h@%ﬂmﬂﬁoﬁﬂaﬁ%&@%é%gceﬁ%%%x%za second | evel

(L2) cache menory, via dedicated cache bus 202 cache

Menor i C 0 Inte ed.into I nql e devi cge. che, nmenmory 1.07 is
opt i on‘gﬁ%da%pdm%%ﬁgpg%ne Ui é’?efa%mg ‘f’ﬁ&@rlifa s‘P%IHP"l}bé‘.Otg??P“EHH} tion, 10

conput ﬁ,r system 100 i ncludes a non-symretric processor (NSP) 109 coupled to
cache ﬁjr 107 and processor bus 110. According to one enbodi nent, NSP is
integrated with processor 105 and is inplenented to execute real-tinme
protocol s ImtneanbadienersyptoeassdOT05 iChlsp cafiled Bcacke tdetworgqopl ed to
processor bus 110. In one enbodinent, chip 15 set 120 is the 440BX chip

set awditieRlagetsrlevel @l2) CAHRM@hLGNia HRURYRH calldBils D ALe 3§t S can al so be
used. Chip set 120 may include a nenory controller for controlling a main
MEMDT Yind 13 cadttt/ thBflorie§ BAR SR b8 2RefBedadhit% Anﬁ‘éﬁ'e e¥ice Cache memory
107 is optional and is not required for computer system 100. In addition,
10 computer system 100 includes a non-symmetric processor (NSP) 109 coupled to
cache memory 107 and processor bus 110. According to one embodiment, NSP is
integrated with processor 105 and is implemented to execute real-time protocols
at computer system 100.
Chip set 120 is also coupled to processor bus 110. In one embodiment, chip |
15 set120is the 440BX chip set available from Intel Corporation; however, other chip
seis can also be used. Chip set 120 may include a menory controller for
controlling a main memory 113. Furthes, chipset 220 may also include an
Accelerated Graphics Port (AGP) Specification Revision 2.0 interface 320
developed by Intel Corporation of Santa Clara, California. AGP interface 320 is
20 coupled to a video device 125 and handles video data requests to access main
memory 113.

Main memory 113 is coupled to processor bus 110 through chip set 120.

Main memory 113 and cache memory 107 store sequences of instructions that are

3



Accel erated G aphics Port (AGP) Specification Revision 20 interf 2 Zﬂ[]
‘devel oped by Intel Corporation of Santa Clara, California. AGP i
320 is 20 coupled to a video device 125 and handl es vi deo data requests to

accesSydRhpsgrenory 113. Main nenory 113 is coupled t ezlﬁ%r bus 110
t hrough chip set 120. Main nenory 213 and cache rrerm(r)'il&tfg ﬁ_sequences

of instructions that are 3 WO 02/01382 executed by processor 105 and

NSP109. Th uences Qf _in | Qs executed . by processor 105 and NSP109
may be FETF ?‘i@gé’r??eﬁ?ﬁrﬁg? M{)/é %Se&‘é@ﬁés ofippRsHopg preasitechny ot her
storage device. Additional devices nmay al so be coupled to processor bus
110, sdrPracessan 105 9nd NEF199 maydrepetisved éom Mattemeriovy 113, t2Ge s al so
coupled to chip set 120. In one enbodinent, video device includes a video

nDNi t Otmesninrh 188, ar @yt dihetestoage fekee. (TR deb R4S $hag Tt cotlpil @y (LCD)

necessary support circuitry. Processor bus 110 is coupl ed to*system bus 130

by chi g sgkeskdPt ?@% gﬁm! Sces SV ripheral
- Conponen? Interc%énjr:l‘ledgtgg i ering %‘&Sﬁ)%pem’flé%ocg é’\??é? on 2.1 bus
devel oped b PCl t Goup of Portland, O egon; however,
ot hgr s‘{éﬁ‘gg‘? ﬁﬁeﬁ@rz% ?‘f "Hgﬁﬂ deyice inglufesavidesi o devi ce 127,
may be coupl ed to system bus 130. Accordl ng to one enbodi nent, a radio

t r ans CBYOREPT S1Ed 5@ cathgsleady tubed(BTpon hiysid cydal digdio(liTDeeki ver 129 rmay be

used to inplement a conmuni cation interface 5 between conputer system 100
and a meeassbhy sigpporecitaadiry.shown) . Bus bridge 140 couples system bus 130 to
secondary bus 150. In one :
Processor bus 110 is coupled to system bus 130 by chip set 120. In one
embodiment, system bus 130 is a Peripheral Component Interconnect (PCI) bus
10 adhering to a Specification Revision 2.1 bus developed by the PCI Special Interest
Group of Pértland, Oregon; however, other bus standards may also be used.
Multiple devices, such as audio device 127, may be coupled to system bus 130.
According to-one embodiment, a radio transceiver 129 is coupled to system bus
130. Radio transceiver 129 may be used to implement a communication interface
15 between computer system 100 and a remote device (not shown).
Bus bridge 140 couples system bus 130 to secondary bus 150. In one
embodiment, secondary. bus 150 is an Industry Standard Architecture (ISA)
Specification Revision 1.0a bus developed by International Business Machines of
Armonk, New York. However, other bus standards may also be used, for
- 20 example Extended Industry Standard Architecture (EISA) Specification Revision
3.12 developed by Compaq Computer, et al. Multiple devices, such as hard disk

153 and disk drive 154 may be coupled to secondary bus 150. Other devices, such

as cursor control devices (not shown in Figure 1), may be coupled to secondary

4



bodi ment, secondary bus 150 is an Industry Standard Archi tecturegAZ DEC 2004
Speci fication Revision 1.0a bus devel oped by International Businés

Machi nes of Arnonk, New York However, other bus standards may al so be used,
for 20 exanpl e Extended Industry Standard Architecture %EI S@) Speci fication
Revi sMh0243825 devel oped by Conpagq Conputer, et ad. (108184 ces, such
as hard disk 153 and disk drive 154 may be coupled to secondary bus 150.

O her devices, such as cursor control devices (not shown in Figure 1), may
be cou;?Péél'sQ-o secondary 4 2 2 DEC 2004 WO 02/01382 bus 150. PCT/US01/ 18384
Figure 2 is a bl ock diagram of one enbodi nent of NSP 109. NSP 109 i ncl udes
an event tiFgure?B a Hociediagianietdranimsbod2dent ¢f NERi % NYn20pr ocessor 240 and
a radio correlator 250. Event tinmer 220 is used as a nechanismto crate

timer jiblek WRePerditidiionb, mpﬁm&&&xzﬁgg@%ﬁm&%@}j@&modi ment, tiner

220 transmts a signal to event mechani sm 2 termned intervals.
The si |_Jndicates_.tha nt chanism 230 is to .generate a tiner
interr%}?@d&@ﬁoﬁmtggwg% Bgﬁﬁég#“mflf ?SQWF%}PWEF%Oare gener at ed
every 5 mlliseconds. However, one of ordinary skill in the art 10
app? ecterte Haer rprupiatevenimaechansmid). pecording toengenerate interru DSP
240 is coupled to event nmechani sm 230. According to one

embodiment, timer 220 transmits a signal to event mechanism 230 at

predetermined intervals, The signal indicates that event mechanism 230 is to

generate a timer interrupt. According to one embodiment, timer interrupts are

generated every 5 milliseconds. However, ox;e of ordinary skill in the art will
10  appreciate that other time intervals may.bé-used to generate interrupts.

DSP 240 is coupled to event miechanism 230. According to one
embodiment, NSP 109 implements a reai-time operating system that executes real-
time applications. Real-time app]icétions are applications that have time
constraints on aspects of their behavior. I the constraints are not met, the

15  application either fails or needs to adapt gracefully to the operating conditions.

DSP 240 is integrated on the same semiconductor die as processor 105 and

shares the memory resources of processor 105. Processor 105 operates with a -
general purpose operating system that executes non-real time application.
According to one embodiment; processor 105 operates using the Windows 98®

20 operating system developed by Microsoft Corporation of Redmond, Washington.
However, one of ordinary skill in the art will appreciate that computer system 100
may be implemented nsing other general-purpose operating systems.

According to a farther embodiment, the general-purpose operating system

5



NSP 109 inplenents a real -tinme operating systemthat executes rﬁﬁb ec 2004
-applications. Real-tinme applications are applications that have 4 i ng
constraints on aspects of their behavior. If the constraints are not net,
the 15 application either fails or needs to adapt gracefully to the

oper aWY&¥¥di tions. DSP 240 is integrated on the sIE/4¥MIBBAduct or di e
as processor 105 an shares the nenory resources of processor 105.
Processor 105 operates with a general purpose operating systemthat
execut esgardnDER K0 44 areirgyuyy/ owtatit §HO) swrsystdinn §ot exanplecthiegdnemakt , processor
105 operates using the Wndows 980 20 operating system devel oped by

M CrOS(}ftﬁp&@ efatinp @Pstein dF9HBERYor 108 ThnntiavRMSKith eere@f-tigledi nary skill in

the art appreC| ate that conmputer system 100 nmay be inplenmented using

ot her a .t her enbodi nment,
the gen ?% : ﬁ?%%rﬁ%ﬁgfp*&??éﬁ@%“%g %%&?@Eaéﬁ%%ﬁé@%fﬁ%% PCT[ USOl/ 18384
regards DSP 240 as a I nput / out t l@zubsystem For exanple, the

gener aPtERIPHRE I aspes dhe E§F§F8 sﬁP’() S reeuit dBpRemTaht es with the
real operating systemas if the real-tinme operating systemwere a driver

i nt r f purposacpearping syFttn paevides nohpageablememorpforprendionnf thd5. As a
result, the general 5 purpose operating system provi des non-pageabl e nenory

for exaeutirepefating@ysteaiby NGIPEIO9per at i ng system by NSP 209. Further, the
general - purpose operating systemis inplenented such that no application

he. pr edot orreREa Pt FpSEF bEaNR o SR SLEt R b OnoT Than

t he predeteérm néd t

application driver operated by computer system 100 may disable interrupts
longer than the predetermined time interval calculates at timer 220.

10  Consequently, the interrupt latency of computer system 100 is guaranteed,
allowing computer system 100 to consistently respond to events and information
in real-time.

Radio correlator 250 receives real-time data from a source external to

computer system 100. Radio correlator 250 converts the received data from a

15  serial format to a parallel format. According to one embodiment, radio correlator
is a wireless Bluetooth radio that may communicate with external devices via a
Bluetooth interface developed by the Bluetooth Special Interest Group. However,
in other embodiments, radio correlator 250 may be used to implement other
communication devices (e.g., a baseband processor).

20 Whereas many alterations and modifications of the present invention will
no doubt become apparent to a person of ordinary skill in the art after having
read the foregoing description, it is to be understood that any particular

embodiment shown and described by way of illustration is in no way intended to

6



10 Consequently, the interrupt |atency of conputer system 100 is gf?ﬁﬁﬁaﬁ@l
-al | om ng conputer system 100 to consistently respond to events a%
information in real-tine. Radio correlator 250 receives real-tine data
froma source external to conputer system 100. Radi o correl ator 250
‘conveMQO¥Hd8% ecei ved data froma 15 serial format to PETHRSOABBE for mat .
According to one enbodinent, radio correlator is a wreless Bl uetooth
radio that nay communicate with external devices via a Bluetooth interface
devel ophedropsideted lidhitimgo dhlreSpreciedérences ¢o detrilioupioutlewdodimentsn ot her

enbodi nents, radio correlator 250 may be used to inplenent other

COMUNi@@hbtiftedd¥d ECEniethg scope dfAReHantk WHik 8§ 8Rselvéd rdi@ioRds Many
alterations and nodifications of the present invention will no doubt becone

appare FuRE i .skill in the art after ha read the
forego?%%£3%scrl%%%%%%j?tﬁggﬂto (%Lunderstood that any particul enbodi nent
shown and descri bed by way of illustration is in no way intended to 6 WD
02/ 01382 PCT/ US01/ 18384 be considered Iimting. Therefore, references to
details of various enbodinents are not intended to limt the scope of the
clainms which in thenselves recite only 2 NEC 2004 those features regarded
as the invention. What is clained is, 1. A conputer systemconprising: a
central processing unit (CPU) to operate according to a general purpose
operating system and '



a non-symetric processor (NSP), coupled to the CPU, to operate acror @itgg2l
to areal-tinme operating system wherein the NSP and CPU are integrated on
the sane integrated circuit die and the general -purpose operating system
comuni cates with the real-tinme operating systemas if the real-tine
operating systemis a driver interface requesting to access CPU resources.
2. The conmputer systemof claim1 further conprising a cache nenory coupl ed
to the CPU and NSP, wherein both the CPU and the NSP share the cache
menory. 3. The conmputer systemof claiml further conprising:- a processor
bus coupled to the NSP and the CPU, 8a chi pset coupled to the processor bus;
and a NRiRisTBIMGYs: coupl ed to the chipset, wherein both the CPU and NSP
share the main nenory. 4. The conputer systemof claim1l wherein the CPU
provi des access to non-pageable nenory to the NSP for the execution of the
r eal - t i1k copetaabystegn syrgtigmy: 5. The conputer system of claim4 wherein the

gener al, o@HFapﬂﬁgesgngf&rﬁtt(bﬂ% t& M&Fﬁé@&%ﬂ%% £6EnEr2l pumogehoﬁeré%ng{ §Rlemt b operating
nput .

system as an | nput/ out put subs%qstem e congcg)ter systemof claim1
wher ei # PREYRREITRIPRSFIS EXSP). cqurifddp thgICPY) 9 9BF 215 PECEVYA? 2 (B8 an event
mechanioperaiing spdter wheretnfties NiBPandalRY araintegraanton therseme grgpitesictirtudt diche  event
Mechani;gfhe GenellBurbSNERBE GingSYSdR Banthuricaft MiPth¥har fidbdeREnd\sEtefhs t her

conprises a radio correlator coupled to the DSP. 8, The conputer system of
cl ai m ¥ RGEF-EMR °PFRIP SN 8 8T gﬂgegﬁcq "gaugstfje II%TC8§5§%§IUJ Bi%6th radio. 9. A
non-symetric processor (NSP) conprising: a digital signal processor (DSP)

| Pl e MBI eNGmButbragliarh b BairR R&IAL OB pAYRAR HeIn SRt Bed BMe EPUEN

appl : C%Its PVEr]rmse;reirmz both the CPU and the NSP share the cache memory.

3. The computer system of claim 1 further comprising:-

a processor bus coupled to the NSP and the CPU;

a chipset coupled to the processor bus; and

a main memory coupled to the chipset, wherein both the CPU and NSP share the main memory.

4. The computer system of claim 1 wherein the CPU provides access to non-pageable memory to

the NSP for the execution of the real-time cperating system.

5. The computer system of claim 4 wherein the general purpose operating system communicates
with the real-time operating system as an input/output subsystem.

8. The computer system of claim 1 wherein the NSP comprises:
a digital signal processer (DSP);
an event mechanism coupled to the DSP; and

an event timer coupled to the event mechanism.

7. The computer system of claim 6 wherein the NSP further comprises a radio correlator coupled
to the DSP.

8. The computer system of claim 7 wherein the radio correlator is a wireless Bluetooth radio.
8. A non-symmetric processor (NSP) comprising:

a digital signal processor {DSF) implementing a real-time operating system to execute real-time

applications;



DEC 20 2 DEC 200 9 an event nechanism coupled to the DSP, to gengratf:C 200
real -time events based upon real-tinme data received at the NSP; and an
event tiner, coupled to the event nechanism to trigger real-tinme events;
wherein the NSP is integrated on the sane integrated circuit die as a
central processing unit (CPU) that operates according to a general -purpose
operating systemthat comunicates with the real-tine operating system as
if the real-tine operating systemis a driver interface requesting to
access CPU resources. 10. The conputer systemof claim9 wherein the NSP
further conprises a radio correlato coupled to the DSP. 11. The conputer
syst em Ry Ak tRadithn WBGSI&I B tHe BRBP RYeRrO Fdafindd Qbnth Basdd WbdnabfLee Bl uet oot h
radio. 12. A conputer system conprising: a central processing unit (CPU) to
oper at é’a‘é‘é‘acct‘il”ﬁ‘?ﬂa‘et"ggpaaéiner al - pur pose operating system and a digital

si gnal apeemétrsarcopdSRY thecuen mechanismt tadrig@PUkaltive eyseisat e according to a

real - t iyiBreinARENSH ik RHebgRYSiAlThe WHRNRigRtddErcliSR ANkehing plobidsiag Bnitt Nt egrated on
the sane integrated circuit die and the ﬂeneral - purpose. operati ng system
communi GV GpTHIES EPRE I 4G HE SHEP S TPRE S Nt B RS orieREs Py 0

oper at ithegeayiwe eperating aysthm asdithe reelgmfeaperatirggysien isrlrives idertaes wa@Blingr esour ces.
13. The, £R8RWreNresyiabem of claim 12 wherein the CPU provi des access to

non- pageabl e nenory to the DSP for the execution of the real-tine
operating system 14. The conputer system of claim 13 wherein the general
pur pos d0.0ihe cermputry sgsjest of Hlaincdwharein atNSE fythehconpdses éaadiq ¢orvelalgper at i ng syst em
as an icapatomt pep. subsystem 15. The conputer system of claim 12 wherein
the CPU and the DSP share access to a nmenory system

11. The computer system of claim 10 wherein the radio correlator is a wireless Bluetooth radio.

12. A computer system comprising:

a central processing unit {CPU) to operate according to a general-purpose operating system; and
a digital signal processor (DSP), coupled to the CPU, to operate according fo a real-time
operating system, wherein the DSP and the CPU are integrated on the same integrated circuit die
and the general-purpose operating system communicates with the real-time operating system as

if the real-time operating system is a driver interface requesting to access CPU resources.

13. The computer system of claim 12 wherein the CPU provides access to non-pageable memory

to the DSP for the execution of the real-time operating system.

14. The computer system of claim 13 wherein the general purpose operating system

communicates with the real-time operating system as an input/output subsystem.

15. The computer system of claim 12 wherein the CPU and the DSP share access to a memory

system.



