WO 02/ 01382 PCT/ US01/ 18384 METHOD AND APPARATUS FOR PROVI DI NG REAL- Tl ME
OPERATI ON I N A PERSONAL COVPUTER SYSTEM FI ELD OF THE | NVENTI ON The present
i nventi owoedexses to conputer systens; nore particul arly, PCVESO8asient
invention relates to executing real-tine applications at a conputer system
BACKGROUND 5 Currently, personal conputers are used for various
applications in order to sinplify tasks to be perforned by a user.

Nevert hel ess, conventional personal conputers are unable to perform
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| ogi cal correctness of the conput@MPBFER $HTEM| so upon the time at 10 which
the result is produced. If the timng constraints are not nmet, the system
fails. For exanple, in a patriot mssile application, a patriot nust |ocate
an i ncom FELD OF THE ONVENHOY detection systemand fire a defense mssile
before the incomng mssile can destroy its target. It is difficult to
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execute real - i Q&E@M&Hﬁoﬂ?el&f%g'%ﬂ%hsﬁic\% sSR! Oﬁgﬁggffcﬁéf%ﬂ’era ing

wi t h general - purpose operating systens ndows
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addition, the hardware platforms of typical conputer systenms do not
generate eﬂﬁ&&éGf(\bw\llﬁ the resolution of tinme required for execution.

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 applications. A real-time application is
one in which the correctness of computations performed by a computer not only
depends upon logical correctness of the computation, but also upon the time at

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

It is difficult to execute real-time operations on conventional computer

15  systems operating with general-purpose 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 given time restriction. In addition, the
hardware platforms of typical computer systems do not generate events within
the resolution of time required for execution.

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.
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20 I'n an operating systemlike Wndows 98(r) there are no rules as to how
application drivers are to treat events. For exanple, in sone instances
drivers way2etsr off a received event for up to five sech@U¥SWeNsds4e t he
event is processed. It is apparent that such a delay woul d be unacceptabl e
for a real-tinme operation. 1 WD 02/01382 PCT/US01/18384 Therefore, it -
woul d be desirable to provide real-tinme function to a personal conputer
syst em BRI'EFDESERY ¢TGN depiralie topmwideGsal-Bmefengicedenatparsoneht i on wil | be
understood nore fully fromthe detailed description given below and from
t he acconf@MAWY WEERngs of various enbodinents of the invention. The
drawi ngs, however, should not be taken to |imt the invention to the
speci fi c HbdE RERERIPBIQONLH R THE DBAWEYGHI on and 10 under st andi ng only.
Figure s is a block diagram of one enbodi nent of a conputer system and

Figure 2 is a Hheghesbinagiventionh wilhbe andasdiord thoeffully hom: Serivediletic
processor. DETAILED DESCRI PTION 15 A nethod and apparatus for providing
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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
° A method and apparatus for providing real-time operation in a personal
computer system is described. In the following detailed deécription of the present
invention numerous specific details are set forth in order to provide a thorough
understanding 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
in block diagram form, rather than in detail, in order to avoid obscuring the
present invention.
Figuré 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
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i nvention numerous specific details are set forth in order to provide a

t horough wunderstandi ng of the present invention. However, it wll be
appar ent woopmmss20 skilled in the art that the present inreEnUSOISARY be
practiced without these specific details. In other instances, well-Known
structures and devices are shown in block diagramform rather than in

detail, inpﬁ%dﬁbrﬁﬂh@Y@hﬂuﬁh$ﬁhﬁbﬂﬁ;ﬁb@ﬁﬂﬂéﬁ&ﬁﬂﬁn%ﬂ%ﬁmﬁﬁﬂ@MDﬁH%%ﬂ? lis a
bl ock di agram of one enbodi nent of a conputer system 100. 25 Conputer

system 100aﬂd%bﬁ1g§§e1ﬂitﬁﬁ®t e{rﬁlo% GRS ﬁilﬁ‘gcegggrg aé%&eeﬁ“g&rl}lte%o? coupled to

processor bus 11 I'n one e I ment, “processor 'S an Tntel
architecture 2 WO 01382 PCT/ USO1/ 84 . processor in the Pentiun(r)
famly of ?ré’é?é%ft"é‘rogzﬂ/aﬂ%ﬁ ﬁﬁ"ﬁ%?ﬁ#&nﬁe#ﬁfmq‘gw CHHEL RIPSASSOLR Ay | e

Pentium(r) and Pentiunér) Il processors available fromlntel Corporation of
Sant a O ar@sedCEredessonilfs nmnisrlyde pisstyeved{Ihg cagheqvemeny @otrslyovbein used.
Processor 105 may include a first level (L1) cache nenory (not shown in 5
Fi gur e a) .Fiparedne enbodi ment, processor 105 is al so coupled to cache nenory
107, which is a second |evel (L2) cache nenory, via dedicated cache bus

102. The L1 andohdefdoRembR! f(jC%OP%i@‘LIEBCQﬁ%lite&ttgggtﬁte%gEl‘%lo 02 single

devi ce. Cache nenory 107 is optional and 1s require conput er

oYt 100 P b A S B S L B e
According gn% I?cheadel%%%or;?er‘]stchn I;lﬁlg biesintegrated into a single device. 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 set 120 is the 440BX chip set available from Intel Corporation; however, other chip
sets can also be used. Chip set 120 may include a memory controller for
controlling a main memory 113. Further, 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
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integrated with processor 105 and is inplenmented to execute real-tine
protocols at conputer system 100. Chip set 120 is al so coupled to
processow®ux0BsD. I n one enbodiment, chip 15 set 120 i SPCHESH4BBM chi p
set available fromlIntel Corporation; however, other chip sets can also be
used. Chip set 120 may include a nenory controller for controlling a main

nmenory 113%xebued fb@rpro_é‘é%'bcﬂ‘sl@ti_aﬂ_a@\TS]ﬁW.a'jtﬁ@séq;ﬂl@hé@%f arufese Sealed G aphics
Port (AGP) Specification Revision 2.0 interface 320 devel oped by Intel
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113. Main nenor 3 is cqupled to, processor b 110 throu chi et 120.
Mai n nenor%}ﬂi@@y HHa or arnat 'ﬁfera;g%’@?mgt 1%%‘&335%1@%9 Bfy F‘]ﬁgg? GXERIEMs t hat

are 3 WO 02/01382 PCT/US01/18384 executed by processor 105 and NSP109.
The sequertoggoesssomriutsliBt dushes exdiiple eapih memoryakyines. 1 Gleaddviisk2DB may be
retrieved fromnmain nenory 113, cache nenory 107, or any other storage

devi ce.5 Adtlsd ¢ouipded theakiip eet 108y IrtdreCerhifodigiept, @illed dbviteGAEE86Y a Y180 110, such
as multiple main nmenory devices. Video device 125 is 5 also coupled to chip

set 120. | > I I ¢ Tyafe v it or such as
a cat hode @8@1@?&&@% EJE)E{H(S)I‘EJl eﬁgﬁ&ﬁ??gé?&?@??ﬁ%ﬁ(?g &gr@% li]lrﬂlecessary

support circuitry. Processor bus 110 is coupled to systembus 130 by chip
set 120. [FFCBiary support circuitry.

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 Portland, 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 Axchitecture (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
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enbodi nent, system bus 130 is a Peripheral Conponent Interconnect (PCl) bus
10 adhering to a Specification Revision 2.1 bus devel oped by the PCl

Speci al wWoeress2 G oup of Portland, O egon; however, othePChuSoigI8as¥dar ds
may al so be used. Miltiple devices, such as audi o device 127, may be
coupled to system bus 130. According to one enbodi nent, a radio

transcei vesusli®9. i s coupled to system bus 130. Radi o transceiver 129 may be
used to inplement a comuni cation interface 15 between conmputer system 100

and a remt e dayige o9 SR BSR4 40 AU RS N A bus 130 to

secondary bus 159. In one I ment, secondary bus | ndustry

Standard Architecture (I SA)...Specification {sion 1.0a pus devel oped by
| nternat i dﬁ’g‘f"d%i@li' ﬁ\éeég%%ﬁ?% gt lﬂFWmR%dNamlﬁa}S €558t her bus

standards may al so be used, for 20 exanpl e Extended |ndustry Standard

Ar chi t ect A48 apd|agayliogesealatpr 2/l Sivemetinel 34 is Ysebasgewettpésm by Conpagq
Computer, et al. Miltiple devices, such as hard disk 153 and disk drive
154 mays begemetmpé Ether ntsmapisda eyeriusechaism(40e A cdendime, oreuch  as cur sor
control devices (not shown in Figure 1), may be coupled to secondary 4 WO

02/ 01382 Ré{ihdRhbhnl 3384 200 Wiandmils a EoQHl £ eehfmBcnRk 25t 49r am of one
embodi ment of NSP 109. NSP 109 i nclPudes an event ti nmer 220, an event

Evont 1 mipeagstnliedab@dl B EER TG wRbnll et hn sl R Cpts ar
event nmechani sm 240. According to one
generate a timer interrupt. According to one embodiment, timer interrupts are
generated every 5 milliseconds. However, one of ordinary skill in the art will
10  appreciate that other time intervals may be used to generate interrupts.

DSP 240 is coupled to event mechanism 230. According to one
embodiment, NSP 109 implements a real-time operating system that executes real-
time applications. Real-time applications are applications that have time
constraints on aspects of their behavior. If 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.
Howevet, one of ordinary skill in the art will appreciate that computer system 100

may be implemented using other general-purpose operating systems.

According to a further embodiment, the general-purpose operating system
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enbodi ment, tinmer 220 transmts a signal to event nmechani sm 230 at
predeterm ned intervals. The signal indicates that event nmechanism 230 is
to genemva®e2/@1381 ner interrupt. According to one enbodi meRCT/UBI1IESBS4
interrupts are generated every 5 mlliseconds. However, one of ordinary
skill in the art will 10 appreciate that other tinme intervals may be used

t o gener at Roh @ISR0 s anBSPuR Sl RuB&Y stan EF@ ixafiipld) ahé séneZdl.
Accordi ng tg one enbodi nmen ,JC;,NStPFj 158/@?’an ?mant s areal-ti maﬁoperati ng

systemthat e . s Lipe [ L QRS = 5il [tk cations are
applicati %rp;é%?}g%%%gﬁsﬁee& Ogglnogfggg? E@s& on gglp%g%%g\;% te%gilﬁrllji é(i,\lhavi or. If

t he constraints are not ge]té tre 15 a§$lication eithgr. fai*s or needs to
adapt gr acHURIDE DSLREs B5Re Ho ARt Hgsstem 1eks ad3vdntsifasyr at ed on t he
sanme sem conductor die as processor 105 and shares the nenory resources of
processor ditSnpingiversses thosseopeenefaronsser WO demaesult, she gevsaloper at i ng
systemthat executes non-real tine application. According to one

ermbodi n&nt puipose egaaﬁng. Optaneratidss Heh-pagdabt: Méndondr 88¢dutioAdf dper at i ng

syst em devel oped by M crosoft Corporation of Rednond, Washi ngton. However,

one of or dfeﬁﬁﬁﬁxe%geh{ﬁﬂ yhi38 By Niopidob, appreci ate that conputer system 100

may be i npl enented using’ ot her general - purpose operating systens. According

to a further enbodi t, th ener al - pur.pose . oper.ati.nq syste 5 WO
0%/ 0138 T/ ST R0 bR G e SRR S B et et sy 6
subsystem Faor exanple, the general - purpose operati ngl system of processor
105 communitRilicationfdiiMer operated bycppputer 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
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operating systemas if the real-tine operating systemwere a driver
interface attenpting to access the resources of processor 105. As a
result, tweoyerseral 5 purpose operating system provi des npPOFpagemsbide nenory
for execution of the real-tinme operating systemby NSP 109. Further, the
general - purpose operating systemis inplenented such that no application

driver opebat@gideyed Rt L Ty sfopd) rdfefenb@yto et lo vty dibddimeh@nger than
the predetermned tinme interval calculates at tiner 220. 10 Consequently,

the inter ualnok ke @i MRLBh. BY e it 00 Hich SURLABLIGEDeciablugni N0
comput er system 100 to consistently respond to events and information in
real -time. Rad%p correl at or %go.reaﬁives real -time data froma source
external t §195¢ HBHF%V%QV%ﬁéﬁ1 BEVRHA 0 correl ator 250 converts the
received data froma 15 serial format to a parallel format. According to
one enbodi nent, radio correlator is a wireless Bluetooth radio that may
communi cate with external devices via a Bluetooth interface devel oped by

t he Bl uetooth Special Interest G oup. However, in other enbodinents, radio
correlator 250 may be used to inplement other conmmunication devices (e.g.,
a baseband processor). 20 Whereas nmany alterations and nodifications of the
present invention will no doubt becone apparent to a person of ordinary
skill in the art after having read the foregoing description, it is to be
understood that any particular enbodi nent shown and descri bed by way of
illustration is in no way intended to 6



WO 02/ 01382 PCT/ USO1/ 18384 be considered limting. Therefore, references
to details of various enbodinents are not intended to limt the scope of
the cl ai msoWlIdIBB2 i N t hensel ves recite only those featureBCT@§ardssd as t he
invention. 7 WD 02/01382 PCT/US01/18384 CLAIMS What is clained is: 1. A
conput er system conprising: a central processing unit (CPU); and a

non- synmet cLarmmsocessor (NSP) coupled to the CPU, wherein the NSP is
integrated on the sane sem conductor die as the CPU. 5 2. The conputer
system of @hal Pkifdgtder conprising a cache menory coupled to the CPU and
the NSP, wherein both the CPU and the NSP share the cache nenory. 3. The
conputer systemof claim1l further conprising: A processor bus coupled to

the NSP angd the oupl ed to the processor bus; and a main
menory cougl ed ’At‘g&#ﬁgte%%}’ &‘[%p‘aﬁ S'&'n the CPU and the NSP share the main

menory. 4. The co system o aim1l wherein the CPU inplenents a
gener al purposaé:eg‘gé ﬁ%%%&{ﬁpmaﬁ]e NSP i npl ements a real -time
operating system

a non-symmetric processor (NSP) coupled to the CPU, wherein the NSP is

integrated on the same semiconductor die as the CPU.

5 2 The computer system of claim 1 further comprising a cache memory
coupled to the CPU and the NSP, wherein 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;
10 A chipset coupled to the processor bus; and
a main memory coupled to the chipset, wherein the CPU and the NSP

share the main memory.

4, The computer system of claim 1 wherein the CPU implements a general

purpose operating system and the NSP implements a real-time operating system.

15 b The computer system of claim 4 wherein general purpose operating system

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



15 5. The conputer system of claim4 wherein general purpose operating
system comuni cates with the real-tinme operating system as an input/out put
subsyst etwO 0808 02/ 01382 PCT/ US01/ 18384 6. The conput er PEY/EB@MS884 cl ai m 1
wherein the NSP conprises: a digital signal processor (DSP); an event
mechani sm coupl ed to the DSP; and an event tinmer coupled to the event
mechanism 5 7. The conputer systemof claim6 wherein the NSP further
conpri ses @ r adihe coogutet system cfodgiireliwhereih theDSFP c@npifiked: conput er syst em of
claim7 wherein the radio correlator is a wreless Bluetooth radio. 9. A
non-symetric grdagﬂ@%@gnaqpaﬁ)es@@m@);i ng: 10 a digital signal processor
(DSP); an event nechani sm coupled to the DSP;, and an event tiner coupled to
t he event nechani I | g7 rated on the same
sem conduct or |ee'%g%sltl\£@§ﬁea§%gr}%k rl%%&t‘%x?%éﬂ&%lﬁ (CPU). 10. The conputer
systemof claim9 wherein th P.further conprises a radio 15 correlator
coupl ed to the aﬂﬁ?nﬁﬁmew@%ﬁ%ﬂ%&%ﬁ?gg% aim 10 wherein the radio
correlator is a wireless Bluetooth radio. 12. A conputer system
conpri si ng; . . ' i
5 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.
9. A non-symmetric processor (NSP) comprising:

10 a digital signal processor (DSP);

an event mechanism coupled to the DSP; and
an event timer coupled to the event mechanism, wherein the NSP is

integrated on the same semiconductor die as a central processing unit (CPU).

10.  The computer system of claim 9 wherein the NSP further comprises a radio

15 correlator coupled to the DSP.

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); and
20 a digital signal processor (DSP), wherein the DSP is integrated on the same
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a central processing unit (CPU); and 20 a digital signal processor (DSP),
wherein the DSP is integrated on the sane 9 WD 02/01382 PCT/ US01/ 18384
sem condw® 02/0882 as the CPU. 13. The conputer system of BCHEURNLIB3gher ei n
the CPU i npl ements a general purpose operating system and the DSP
inplenents a real -tine operating system 14. The conputer systemof claim
13 wher ei gengenalddtonlie pode Cérati ng 5 system conmuni cates with the

real -time operating systemas an input/output subsystem 15. The conputer
system of claim 12 wherein the CPU and the DSP share access to a nmenory

system 13 The computer system of claim 12 wherein the CPU implements a general

purpose operating system and the DSP implements a real-time operating system.

14.  The computer system of claim 13 wherein general purpose operating
5 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.
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