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- About This Book

 _

The Mindshare Architecture Series

The MiIu:ISl1are Architecture book series includes: ISA System glraliiiecture,
EISA System Archifecfnrr, 80486 System Architecture, PCI System Amhflachae,

- - " ‘Pentium Sys£em'ArchiIec£ure; PCMCIA Sysiern Arnkitectum, Pm'm-PC sjvstem Ar- " " ’
ohilmture, PIug—:md-Play System Arrhilecture, and AMD 15 System Architacfldre.

Rather than duplicating common information in each book, flue series uses ihe

blfildjng-block approach. ISA System Architecture is the come back upon which
the others build The figure below illustrates the of Ehe books to
each other.
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PCI 'S:st'e'i1i'Archi"t'éc't11re ' _' ' " '
 

Organltlon of Title Book

The third edition of PCI System Architecture has been updated to reflect revi-
sion 2.1 of the PCI bus specification. In addition, it has been completely reor-
ganized and expanded to include more detailed of virtually every
topic found in the first two editions. The book is divided into eight parts:

I  EmmflDefines the performance problems

inherent in PC architecture before the introduction of the local bus. Hav-

ing defined the problem, the possible solutions are explored.

- Partofthfl b°°kPr°‘fide8<1de-

tailed explanation of the mainsti-eam aspects of PC] bus operation. '

a Part [fig Device Qonfiggglig In a Sfilg W'ilh n Sigglg El 51;. Pro-

vides an introduclion to the PCI configursuon address space, a detailed

description of the methods for generating configuration bus transactions.

the cor-fig-uration-read and write transactions timing, the configuration

registers defined by the specification, and the impleutentotion of expan-

sion ROMs associated withPC1-devices.

0 This part provides a detailed discussion

of the PCI-to-P'CI specification, a discussion of peer and hierarchi-

cal PC! buses, and the accessing of configuration reglsters in devices resid-

ing on subordinate PCI l:Iuses.- -

a Pg: 2: {Egg Pci BIQS. 'I‘his part provides a detailed discussion of the PCI

 
‘Who this Book is For

This book is intended for use by hardware and software daign and support
persorutel. Due to the clear, concise explanatory methods used to describe
each subject, personnel outside of the design field may also find the text use-
ful.
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About This Book 
 

Proroqulslte Knowledge

lHsl'I1glflyracommendedthatfinereade:haveagoodhwwledg¢ofPCmd
prooesaorh:sard:ttectmep:iortoraadhtgfl\isbook.ThehflndShaupub]ln-

- --~ - —-—-EmHmflfled15A5ys£om-Archflmtwtmd-Sflisfisymuufirdfihduupmvideafl-“ *"**
ofihebackgromtdneoasauyfior acompletamtdoratandingoffile subjoctmab
tor ooevered intlwisbook. Altenurtely, the zeadarnnajrsubstlhxte Fmtium Syumu
anor Power!‘-‘C System Arcbihacfure for 80186 System Ardritechure.
 

Obloot Size Designations

Thzlollnwirngdesignalinnsareused throughwtd1isbookwheurefutiz|gto
thesiaeofdataobjects:

A bytz is an 3-bit object.

A mmlisalfi-bit. ortwohyte,objacI:.

A doublaword is If. 32»bit or four byte, object.
A quadwonl is a-64-bit, or aightbyte, object.
A paragraph is a 128-lyit, on-15 byte, object.
A plgais a 4K-aligned 4K3 area ofaddress space.
 

i Documentation convontlons

i This section defines the typographical oonventionuaed throughout this book.
! Hox Notation

 

Allhexnumhex-sarefollo-wadbyan "'h.“' Examples:
I

| 9A»lEh

I DIDIII 

Binary Notation

All binary numbens are followed by I "'h."‘ Examples:
0001 0101!:
01}:
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PCI SIsiae1‘1.1‘A.ro.h‘ite'otu-1-eh L “ ‘  

Decimal Notation

Numherswi&1m1tanysu£fixa1edecImaLWhmuqIn:ed£ordafity,dedmnl
numberaare£oIlowedbya”d.'1hefollowh-lgenmplasaachrepresenta
den-hnalmnnber:

16

255

256d

128-d

-Signal Name Representation

Eachsigmltttatamumesfiuelogiclowsntewhmaneliedisfollowadbya
poundszlgn [#).Aaanexamp1e,the'IEDY#aignali3assertedlowwheufl1e
targatineadytocompleteadaia transfer.

Siptflaflntuenotfoflowedbynpoundaignaleauaefledwhalilreyassume
thelogichighshtaAsmexamp1e,flJ5ELinnssertedhightoindicate&mta
PCIdevice'5coniigumtitmspaceisbeingaddre3aed.

Identlfloation of Bit Fields (logical groups otblts or
signals)

All bit fields are designated in littLe-endian bit ordering as follows:

Den.

Wl'l,E.!‘e"'X" istl1emost~si.gnificantbit and "Y"i.l the  bfldfie

field. As an example, the PCI address/data bus oulaistn of AD[31_:0], when
AD31 in the mt-significant and AD!) the least-sigrliflmntbil of the field.
 

We Want Your Feedback

Mindshamvaluuyouronmnuerttsarudsuggesliorns. You cancomactuavia.

mai.l,phone,£axorintemztanai1.

Page 32 of 235

Petitioners HTC & LG — Exhibit 1019, p. 32



Petitioners HTC & LG - Exhibit 1019, p. 33

’ ' About This Book
 

Phone: (214) 231-2116

Fax: (214178-3-4715 ' " ' '"

Tomqu:sth'|fumuIimonpubllcarpflvatgaemh1a:s,emaflyourmqueat to:
mhidaharflirltarsm-v.cuu1 or call nI.u'bu11efin band at (214) 795-9604..
 

Bulletin Board

Becauses\r¢areconstanflya:1tl:teroadteacl1ing,wecanbedi£flcult to gethold
of. Tohelpineviatapzoblemsassodatedwithournfigratoryhabitawehave
ini1:iated.ahul1eiinboa:d'aosupply1he£ol1uwtrIg::rvices:

Dawnlcadafcouraenbsh-ads.

Download oftables Oftnntenls ufachbook Enthe sedan.

Fadlityhinquire aboutpuhlic architecture aemimn.

Massage area. tnlog tecl'uIi-calquesliorus.
Mesage Inna tulog mggeslinusiowbnukimprwunernh.

Facility to View book errata and c1a:ificnl:io11a.

lhebullefinboardmaybe reached 24-hours a day, seven days a Week.

BBS phone munber: (214) IP05-9604

flailing Address

Mindslme, Inc. _
22:02 Butbarcup Drive
Riuahardsnn, Tacas 95082.
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Part I

; Introduction to the

Local Bus Concept
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' Chagter 1: The Problem

Chapter 1

In This chapter

This chapter defines the perfomanee.oonstrah1ts experienced when devices
flutpe:fo1mhlockdataum5£arsarep1aceuion&\eexpmsionbus(eg.,flIe
[5A,BI5AandMh:oC11axme1buses}.Ita1souses&Iepetformanceraquire-
l:l'I.el'|t5 of teIeco1'I.EetenI:ingto highlight thebandwidtit requirement; of systems
requiring fast black transfers between multiple subsystems in order to achieve
superior syatam performance.

The Next chapter

The nextdtapterintrofluoes the cunneptoftheloca1b1.I.s.'I_‘heVESAV'L bus
and the PCI bus 'imp1e-tnentatlona of the local bus are introduced as sol1it'1ons
to the throughput problem.
 

Block-Orlented Devices

In today's operating envirocnnumts, it is itrxperalive that large block data trans-

fers be acctm'tpI.iahed. expeditiously. This it: espedafly true in relation to the
fullomng types of subs-yslmur:

Graphics video adapter.

1=uJ1—motio:n video adapter.

SCSI host bus adapter.

mm netwofl: adapter.

‘Graphics Interface Performance Requirements

The Windows. 051'! andUni:K X—Window5 u.-Ier.1t1terfacea require attrenmely
fast updates ofthe 51-aphis inmageinordermmove, re3iz.'eandupdatem111ti—
ple windows without Imposingdiscemibledelayu on flneendmser. Sincae the
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screen image is stored in video RAM, this means that the processor must be

able to update andfor move large blocks of data within video memory very
fast. The same is true for the updating of ful1—mofion video in video ram.

SCSI Perlormance Requirements

The SCSI interface is used to move large blocks of data between target U0

devices and system memory. Mass storage devices such as hard disk drives.
CD-ROM drive; and tape backup subsystems typically reside on the SCSI bus.
'Ihe1:in1.e required to read orwritefiles onhard drives or tape, or to read files
from CD-ROM can impose delays on .the end-user. Anythixtg that can be done

to speed up theseblodr datatransfershasssignificartt effect on overallsystem
performance.

‘Network Adapter Performance Requirements

Whenanetwork adapterisusedto trsmfer entire tiles of information to or
fromaserver (a printer file server‘), the rate at which the information canbe
transferred between system memory and the network adapter detracts from
or contributes to overall. system performance.

X-Bus Device Performance constraints

-'I'he devices just described are just some examples of subsystrrms that benefit
 yfrom a fast tremsfer rate. U11forturrate1y', the majority of subsys-
tems reside on the PC's expansion bus. Depending on the madtines design,
this maybe the EA, EISA or Micro Channel expansion bus. As described later

in t11ischapt:er,.al1three oftheseexpansionbus archituecttrresmfferfrom an
inadequate data transfer rate.

In many cases, subsystems such as the graphics video adapter have been inte-

grated onto the system. board. This would seem to imply that Erie}? do not re-
side on the expansion bus, but this is not the case. Most of the integrated sub-
systems reside onabufiered version of Eheexpsnsionbus known as thex-bus

(extension to flue expansion bus; also referred to as Illa utility bus). ‘Ibis being

the case, thme subsystems are bound by the mediocre transfer rates achiev-

able when communicating with device residing on the expansion bus. Figure
1-1 illustrates the relationship ofthe X-bus to the expansion bus and the sys-

tem hoard microprocessor.

 

10
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Whenpufarmingmunmy:eads,flLemi:rnprooeasmmn.ummumicaaewi&:
iesixtternalaevelmq.-orL1):3d1entitafiaflnativespaediffitarequestedkh
fomtaflonisfuundi:1tl'IacacJ1e.Ifth2cacheiain:pIen1ermadasaw£ite-back
flChe,memaIywritestnama1fly-cacfinadlocaflumnuyalsobeumtpieted at
I-u.11.apeed.WhenanL1ca::hemiss o:.c1:ra.onan1en:_o_ry;w,ee.d orflneuchemust --

- wtfleh1£onnaflanintomm|ory.'thapmaésso:mnstuoei1sloca1_bmtounm-
‘ mufi¢atew1fl1u1ano1y.1hamen1o1ynmess:uquestisEntsubnfinedtothe

Whensmemory1Endarw1iieadd:eaaeamemo1'yotherthnnsy5lemDRAM
memozyo: whentheptu-aessorispezfurmirnganl/Oneador1vrite,1heex-
paxlsianbuabddgemustpaastltebtascycle t11roug1'n:ntheexpar1sionbus.The
complefionoflhebuscycleisbmmdbythemmdmumeaqmuionbusspeed
mdIheaooesatinueoffi:ea:pmsiu:1bu5deviaabeh1gacceaaed.Ifa1a:ge

11
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PC] System Architecture 
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Chagter '1: The Problem

Expansion Bus Transfer Flaio Limitations

ISA Expansion Bus

uverfl1eIS.&.husaresyn:1uonizadtaanBMHz'(n1ore "“
typk:fl1.B.33Nfliz}bmdocksigml£BCLK).Ittakenmhdmtnnofuvncyfles
a£ihebIIsc1ock{ift1'ieisrge1devicei5ane1'owai1_state devic¢)toperfo1:ma
dab: tm1sfer.'Ihisequates Isa 4.165mfllioni':mn£u-speraecm1d.Siri:e the

dntapati1mtheiEAbusism\1y15-binwidenmandznumoffivobyiasmaybn
iransfierred during each. uamactlon. 'I'!:Iia-equates in a theoretical maximum
irans£arrai:of8.33MBytnsperseoond.

 

 

Fonnocreiniormafionon iheISA expansion bus, rein: in Ihe Ad.disnn—W'eniey
 'entitled.‘ ISA Sysmn .A,rch:lac:tur:.' '

EISA Expansion Bus

HhefiI¢1BAbm,aflt:anafeIIpu'f0nned.overfi1eElSAbmuesynchrm1ized
tomBMHz(more lyplcally, B.33MI‘[Z}h11B¢10¢kEi51'|fl1(BC1.K);II:flk£8I
miriiimxlnofunecycie o£flubI.Isclock(‘u‘&1eI:u'get deviceaupparis EISA
bu1st:nndeIra11sfeIs)i1uperfonuadatairana£er.11|isequaiesto Bfiamiiliun
irmsfersperaacund. Since the dataparthmtlufilsahusisaz-biiswide, a
mudmunnaffontbylauuybeuuisfentdduxingeadutrarasaciiunihia
equntestuaflteotefi:u1maJdmuntxansfierrateof33Mbytespe:.ae::ond.

Fucmotein£onnaIiunoniheEBAexpnIIaiuubuE.reEerio the Add.im:m-Waley
pubiicltinn entitled I-IISA Systun Archifcdurc. '

Micro channel Architecture Expansion Bus

AHhscune1rtfime.themaximumacliEvabla&arIsferraUeoniheMia'o

C1Inmel(uimplen1eniadh1&iePSf2prudu:tIim)is40Nfnyhespuseeund
(u:lngthe32-hliShemdngDaiaPmcedu:e}.1hiaisbsaedms10MHzbus
speedwilhunedata-irilzisferiakirlgplace cluringeach cycle Offl'l.EIUl\fl‘Il
dock(1DmflJimt:ans£eupsrsenond'fomhytesperumshr).Fastertma£er
rates of 80 and lfiflklbyieeper second arepossihle whenthe 64-bitandem
hawecléfi-bitSt11aamingDaiaPzonedumesarein'Ip1eJ:1e:nted.
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 P.CI.System Arc tectiare

Teleconferencing Pe_rlormanee Requlrements

__ _ _ ,,._.. -_.-... '_-_ ‘ ____ __ _ _
 

Figure 1-2 ‘illustrates three PCs linked via a telenommunicaflorls network. Each
ofthe threeunilshaus the cepabilitytoslmulhlnemulymerye multiple graphic:
andvldeosomneamfinthesuemh1meaLfime.Figlfle1{:!iflmhatesfl|emn-
tmtaefeachseneen. '

1heb:gepo:lionohhesaeen(devotedtoa5:'apld:siI11a5e)isufiHzedw
disphyfiuedoamtuitmderdiecueeionhmdermmmesefifllyanuhlem
actual face-to-face mnferendng situation, thzesyshem muatbe capable of up-

daungthisinugefaalermusiitoumdateflippmgfltroughmepagesoia
document at lherateoftenpegu (nrframea)pereeamd.Wil:hanimage
reaoh1fimof12B0x1024p@mdculorresolufimof16miH1mcolnrs{fl1ree
by-besperpi:cel),theamauntofvideomen1nrynequizedlzuatoreoneimageis
3.9B216Mhyteo.ToalteIIl1egn1phiI:adisplayattherate uftenfrnmesperletr
undwotfld:equireavideoma1wryupdntenteof393216Mbyteapersecund.

The 1rid.eopJeviewporflnrLoftl1eacreenisueedtudisplay areal-time video
inIageofavldeoaameelocalmfi1em&t1hieimagehasaresolulicmof33Ox
240pixe1sandecnlm:esoIufimof256oo1ors(onebytepupbcel}.hnzde:to
provide fullamotlon video, the hznage must be updated at the rate of +l1.i.|-by
fxuneaper second. Theauimmtuivideomeflloryteqlllredtn smreuneimage
woulrlbe ?6.8iCbybes. Toallaerlhagraphicsdieplayattlemieoflifirtylralnes
pereeemdwauldrequixeavideomenuoryupdaeerebeofzshtbyteapersecb
and.

Eanhofthetwovideolemoteaeteenarensiausedtndisphynfun-mclim

videol.u1agefiru:rIoneoftheo1l1erhvo participants. The i1:nageaead1hnvna
reeoluIionof6£Dx4BOpixelsand.acoloc:resoludonof255colnu(anehyleper
pinD.flI-orderhopmvidefufl-uwdonv1deo,ead1tm.ngBml1flbeupdaledat

fiueuueoffiainyh-ameeperaecundfilmamomunfvidaumemoryrequlledto
store one Image would he 3l]7.2Kbytea. To alter each of the video remote
windowsat&1eraien£tlfirlyfi:amespernecemdnmuld;eqtfireavideom£m-
oryupdatenteofilflbylespereemnd.

Each ofthe lhreevideo tm.ageswou.ldbe_tzmamithed.in eumpressedvidee im-
age format Itfluerate ofzflflfillyteeperseeundpervideo stream.

In sumnla-.7, each hustaystem must supply suffident bus bandwidth to eup-
portthemmbinedtrenefa-retearequiredlo update lheimagupreeenhedln
thegcaphics,preview,:emoIemeandtanotetwuwi::dows.naweflus&:e
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tlixeezuukbybe per secondcompreaaedvidea streaum.']IhebI1sstruch4ren'1nat
I:l'ua1 support the simultaneous transfer. rates listed in table 1-1. BA
(&33Mbytaspersauond)nndttuumentve!simaiE15A(33Mbyheaperaec-
u1d)wfllnotmpponfl1e:ombhedbandwidflueqIflrententufED516Mbytes

- per second. ‘me Micto !.'1|amu_1_(4,Qh{bytg per_sgaont_1J does not currently
suppni-tiha required rain, but Ihe 64-bit Slamming Data Procedurias (nbEaup-
ported on the PSf2.proc1uct line) are ‘able to achieve lnmfer rates of 80 to
16OMbyt!ape:'seuond..Aadeacdhedlateri:1fl1isdoa1met1t,fl1ePCIbt1s cm‘-

" renflysupportaatr:nafetrntea£152Mbybespersemnd.Ifrhe6+bdtPCIex-
temiunisimplematled, airarnsferrate ofZ64Mbyte5per second canbe
achieved.'1'ab1e 1r2lia1stl1etra11s£errntes£nrthevideuaIldothers1nl:aysta:|s.
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Cha ter 1: The Problem

 
P:'gure1-3.'ITs¢Tdaam9%ra1cu5a':znLnyv§d

15"

Page 43 of 235 . . . .
Pet1t1oners HTC & LG — EXh1b1t 1019, p. 43



Petitioners HTC & LG - Exhibit 1019, p. 44

'.'.‘T:_‘.." . ‘-1- ‘ "'"' —"'Tl1e]3rav|6usChaptei' _ ' ' 1"

_ ' Chagter 2: Solutions, VESA and PCI

Chapter 2

Thepmvioiasdnpterdismasedfinepufonnumcecmsu-airils p!a.ced.upnnsuZb-
systerrw installer! on the expansion bus or lrttegrated onto the system board‘:
X-bus»

This Chapter

Tlfiachnpterixuuodunsstlteconceptuittie lcbctalbizsandpruviiiesanaverview
ofthetwamajarlacnlbusatanduds:

I theVEAVLhus

0 thePC1bus

The Next chapter

Thenextcharpterprovidsan inunduutimtau tiaerclu-amfienneclunlsm.
 

Graphics Accelerators: Before Local Bus

Aninterim attempt to irnprave tl1epe1furmunne of video graphicandaptera
intplanmneduexpmuianbusdeviceshwolvedflieenharurmmtofflle
adapter‘; 1ntelligen:e.Ea:lieradapIaenspronaaaedve:y1ow-level non1ma.m1sis-

sueI:lbythem1crop1ncenaor.Tt1e processormdthereforetheprogrammerhad
toheinHmnte1yhvolvedinevuy.aapectofmemmamganmt.Lateradapt-

eraamelrequentlybased onpronessn:slilnethelm;eliB60)<1?.!XPorfl-:eTexu
Instruments 'I'MS3-1010/34020 and can handle 111g'h-level nmyunamls to off-
loadscreerrinfiuuive upexatisms from the aniuuprocmor. Assn example, a
BlTBLTcammnndtanheissuedtufl1eadnpter,cm:s1ngittoqIdck!y'movea
windawgrapldckommzeuenoivideomemorymuwflierwithoutanyfiar
fimrirrterventim1un&wndaupro¢esew'apuL1hevidenme1mryismfl'be
acpandmadaptercardmdcarllhaeforebeaanueddkecflybyliuidaptefs
Incal_processorathighspeed..
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Local ’Bus concept

To nraxintize throughput when performing updates to video graphics morn.
Dry, many PC vendors have moved the video graphim adapter from the slow
expansion bus to the procwh local bus. Figure 2-1 illustrates the prooes- '
so:r‘s local bus. The video adapter is redesigned to connect directly to the

prooessorslocalbus andtheadapterdesignis optimized to mirlirnize or
eliminate lite number of Wait states inserted into each bus cycle when the

processor = ...-..«_-.- video memory and the adapters I/O registers.'In addition,
the video graphics adapter typically also incorporates a local processor and
can handle high-level conmmds (as discussed earlier).

 

Direct-connect Approach

There are three basic methods for connecting a device to the microprocessors
local bus. Thefirst scenario is picturedin figure 2-1 and is very s|:raighl:Eor-
ward: the device is connected directly to the processors bus structure. This

could be any processor type {such as thesflfi). As an example, when Ere 486
performs zero wait-state bus cycles at its maadmum rated speed of 331911-Iz
(the actual bus speed is processor implerrientatlori-dependerlt), read burst
transfers cenheperfcrtmed at the rate of 132Mbytes persecond (i.Hhepa'oces—-
am: is cornmimimting with video memory that supports burst mode and is
cacheable). When performing memory writes to update the video frame buffer
in memory. the programmer may specify no more than four hytm to be writ-
ten to memory per bus cycle. If the video memory supports zero waioatate
writes. this would permit a data. transfer rate of 66Mbybes!seco:nd. The direct-
oonnect approach imposes a number of important design constraints:

a Sincethedesieeisoonnected directly to thBP1’_OCE55I:n"5 localbus.i.t must
be redesigned lnorder robe usedwithnext generation processors [iithe
bus structure or protocol are altered). .

I Due to the extraloadingplaced urttlxelocalbuamnmore Ihsnonelocal
bus device may be added.

0 Because the localbusisrunningata high frequency, the design ofthe lo-
cal bus device's bus interface is difficult.

- Altho1.1gl1 the systemmay work when it's shipped. it may exhibit aberrant
behavior when an Intel Overdrive Processor is installed in the upgrade

socket (thereby placing another load on the local bus).
o It does not peunit the processor to perform transfers with one device

wliilevthelocalhus-devioeis involveclin atransfer with another device.
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I Buffered Approach

Titesecoxtdappmoacllthatcarlbeufilizedinommecfingnlocalbus devieebo
theprocenofsloulbusis fitebuifenadapproach. Figiuez-Zflluntrahes this
souIa1:io.'1'hebufEe1-/dxiverredxives all ofthelocnlbilsalgnalahthmehjr pel-
mit-Iing fanouttomore thanmelocalbua device. Since fiiabuffendiocalhxa

iselectrically-isahted Exam Ihc_:n.i_cIoproaesaor'alaca1bt1s,iton1ypreaents one
loadto themiuuplumaofsloalbm '1‘ypclca1ly,nmmdmumofIhraebcaI
busdevlcescmbeplatzadnnitlebuffemdlocalbumitfia ia-lh.ecm1yrealnd-
vmtageoflhisapprmchoverfitedtrectucmmectappmach

A major disadvantage of the buffered approach is fiat Ihe processor’: local
busuIdfl1ehufi:redIocnlb1:suemu1flal1ycmebua.Anytranaacfionhfifi—

afedbyfl1epmoaaaorappearaan&uehca1mdbuEere&loca1b1nesLikewise,
anybmumsacfimirfifiatedbynhmmasbnrflmresidesunfimbtlflemdbcal

bus appears:-m both ihebuffarudlocalbus andthe proe:ssar’Bloca1bus.In
otherworde,eifi1:rfi1eptoaessorora1ocaIbmmastarmayusefl:ebus,but
notbo1:hsi:nuHaneuua1y.IfaIocalbu5n1aaterisuainglhe'busl:1:! the proceav
aorraqmreaflebustopeaformahualcflmytlmpmoeosoriaahlledunfilflm
bu5mastersu11'¢n.detsorwnen1\lpofthebun. Dtereverseafluafiort isalso true.
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Workstation Approach

Figuxe 2-_3 illustrates an approach used In many wotkstaiim axthitachlres to ‘
ad1ievehighpetfnrma.z\a2.Tl'J1e%or'aL2cnd1e cnntmlleria combined

wi1bnbzidgefiutpmfidufl1eInlafacebetweanfi1epmoceaso:,mIhmunmry
undthehigh-apeedI;’Dbua (i:1thiscaserIhePCIbus).'Im:device3ti1at:-aside
onlheliobuamaymmistmlyoftaxgatdevlcrsnr amixhmenftargelzancl
intelligmtpmiphelal ndnptm-5 wilhbus master capability. Via. the specially-
deaigr1edhxidge.eifl1eHhep:ooesuor(tl1:au'ghi1sI.2::ache)orabusmastatan
the]/O bus (orthe expummbusl canaccessnnaln memory. Optlmnlly. the
prnceasorcaneoenlitiue loIElI:hinf0rmation&nmiisL1 or L2 cache while the
cachemnhullarprovidasahusmasfiermtheflobissmflaacuasetomaisn
memory. Buamashersamtheflohuscanalso mmnunicatadirecrly withtar»

-‘ getdevicasmlhel/Obuswhfiefi1epracesBarisanceaaingi1sL1or12cache
orwmhfimmcamemnuoflmhamashngnmmmanniyhrmepmoasw.

Anoflurverydinfinctndvantayeofthiaappmachis ihatkremias fl1.eI!0b1.I.s
device tnterfacaindepandent of the proaaaaorbus. Pi.-ousanrupgmdea can be

easily implemented without impacling the design of the 1.30 bus and its asso-
dated davices. Only h wwHmqdmamd.miyI (tomaichthe
new host processor interface).

 

' Page 49 of 235
Petitioners HTC & LG — Exhibit 1019, p. 49



Petitioners HTC & LG - Exhibit 1019, p. 50

“CPU Lr:c.J." £."n.:=_‘

Chagfer 2: Solutions, VESA and PCI
.-1
j

 I—/'.L......  
 

 

  

 
 

H who .
Imam *'a-r

\1'.'T»;-Tnrruy‘ , _ J _ _
.. Hm: I_,»; I "_ ‘ ' " ' ' ' 'I

-——\

 Expansion Bus

Bus [[0 . . .

Figure 2-3. The Workstation Approach

 
 

» I s - . o - -‘

 

Page 50 01235 _ _ _ _
Pet1t1oners HTC & LG — EXh1b1t 1019, p. 50



Petitioners HTC & LG - Exhibit 1019, p. 51

PCI System Ardhitecture 

Avuhfionmfiikflxeniewouldfirdduprocueofsumcheimpkmmmdaa
alnokaidncnche1oc;tadon&1eproneaso1'a1nmlb'us.Inthis configuration,
mainlnunnrymaybelocntedehharona ¢iediunedmen1orybus(aeahuwnin

,_ __ _ . . _ figmel-3)nr.flnLayresidemfltepmcessafshcg1_hIs.ioggvy;|11_&!;1¢51.
— -- Eaaidéll ache. If'fl:Em§iEi:Eén|b{yhloéahdmflmpmcesaafsloulhus, it
.. shouldbeimotedflnaxitcanmlybnaacrusedbyfiuepeiiurmatxcenfameirmry

readorwriteh'ansacfimantInpmoceaso:’aBaca1hus.'Ibis istrueevenifabus
mnsterIncatedon1i1eUOb1uisacceuh1gmah'Imanm-pihiscotflddiminigh
the pmneaaurs perfonnance by dianinishixigthe lpcalbus Wnilabflity. ‘the me
wnewouldalsnbeuuehmmastusofixuflmnfimhostproceasmuzmmagy
cassmahlmemorywhilethepmoessorilulilizingitslocalbus. ‘
 

VESA VL Bus Soiution

Unflavaflyumagdfllneafismdmshndatdflludefirnedfiehfimmh
necdmaimna1:saituhtegnte1oulhI:a'devinmhmtEuPCetIviruunant
111eVideoElectwnica3hndatdaAaaoIiaEuu(VE5A},mauodaflomofmm-

pudeamvulvzdiifliedgignmdmmuhchlfingofvideagnphimndaptexs,
conmdsaionedfinedwelopmmtoiaioulhuasundariiimptdiudnary
np¢d.6caH.onwaacusn1plel:edand:eferatolhe.localbanIa'Ih¢VLbus(V'B5A
Inca]bu:).T1ISehfiflal've:§ionnftheVE5AspedfimfiumVer8inn1aD. defines
havomethndsofintenfsdhglao tl1emicropmce5anr'~BloGaIbu3:thedi.re:t-

mnnuctmdtfiebuffiared approaches described ea:i1er.'I11edirect-cuzmcct a‘p-
proad1lua£¢madtuasflieVL15rpe"A”b1m.wtd1efi1ebuEeredvnrsimisre-
fenedtoIs&ieVL1'ype'B'bus.k1bot11caaai.&1ebmismodeledmtI1e4s6

buLSuma&Ianctedafiaufend1lmp1emerltafimarelistedh'|tahh2-Lhbflei
desaiptionufeadtuftlielishedchlxucteriaticaiollnwsflleiable.

H
'":.l!ILuJ
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Table 2-1. W. Bus -

J‘ ‘ ‘

"‘”’°"' "“” °”'“‘“""°“ “““ union later “ ‘mhn
Inliis --- -v-kg:
 

Loglccost

Noad£IiEana1aya&unboardbgIcisr|eoeanrytahnplemmtaVL1'ype*A”
localbus d.e\rit:e._,2[»'fieo:le1a'lu:ai.sc::nrI1-1aI:1aec:l diractlyhtltnmlcrqprncessofslocal
bus.h1a1}rpe‘B”deaign,fiIemstnffiteh:fierh|gin5I:m1asIbelahu1intu
amount.
 

Performance '

UsingIhetype"A”anI1‘B”upproad1ea,apeIkd1tillnnsfermteDf
132Mby[eapersecnndnuyhenchieved(atapmceeaurbnaapeadaf33hfl-1:).
Itd1ou1dbennied.!l\atfl1e1ongastbuntre:dpufonnedbyfl1a4flGpqnmor
u1:cu1I!cillrk1gacache}inaflJlDperation.5i3¢leeI3{fi}'lw{four doublewnrdafiue
uam£enedtoflIeprocessordurhgtheud1elh\ofifl.The&atdouh1eword

tnkastwo processor clocks, wlfllethe subaaquantfllree daublewords_n-maybe
huuiezrgdbnckhnfimnflmuproazsantatflnenteoimuperprouasaordnck
cyclaftfilileauueaafiumoffluahxgetdeviuasuppnrts-Etiaapeed).

Theiflfipmcéasorisownlytapableofpufntmhtgbtnstwdteslmderttu follow-
tngcircumatancaa:

- Whe11it.attemptstowfltItwotofuurbjria5{innmbI1scyu1e) to an 3-bit
device (B55#is aampm asserIad).AnB-‘hitdevicn chatsuppousbimc
modeupemtiuncmad1ie\'eauansfertateof33Mbytes/second [cmebrle
uannfiarred dudngud1pmuesaard.o:kc5-tleybutltahouldbenotedthat

 

Page 52 of 235 _ _ _ _
Pet1t1oners HTC & LG — EXh1b1t 1019, p. 52



Petitioners HTC & LG - Exhibit 1019, p. 53
Page 53 of 235

 v

PCI Szslaem Architecture

thisrate crmonlybe sustained forlhe trmsferofup to three succmive

bytes.

u Whenitatlemplstowrite twotofourbytestin onebuscycle) to :16-bit
rleviog [Bflfi is sampled active). A 16-«bit device that supports burst
mode operation can nchieve a transfinrate of 6616/Ibytesfaocond. but it
ahouidbemtedfliettlihntecmmlybeeusteixtedfortlie trenaferofone

16-bit object.

when perEo'rrning32-bit nonvburstwrihe transfiemthedflfi microprocesaorcnn
achieveairtaacimumh-anafer1'ateof66Mb}rtes/second [two processordocl:

cyclm per 32-bit transfer]:

ltehou1dbenotedfl1attheVLbusspecificafiondefinesbosspeedsuptoa
maximum frequency of _66.‘M1-i'z. All performance estimates quoted in this
publication are based on a maximum bus speed of33MHz beause this ‘n the
achievablenormatthecurrenitime.
 

I-0|'|9'9Vi1Y

Boihlhetype‘A”and"B"approad1esareslwrttermeo1ufionsbeuusethey
aredsignedaroundfl1emd4B6prooessorbussh1mh1re.1heintec£aeehgic
mustberedsignedfornextgenerafianpmceseorsudfiimomadvaneedbns
structures. Bridge logic would be neoeas-ary to translate between Ihe new

prooeseorbmand_lheVLbu3.

Teleconferencing" support

The type “A” approach does not offer a steleconfiexencirng solution because it
provides support for only one localhus device. A’: a bare m.ir-.imum, telecom-
ferencing requires high-speed support for at least two peripheral suhaysbems:
the graphics and full-motion video adapters. The type "B" solution provides
minimal teleoonferendngsupportbysupporting up to-threelocalbus periph-
erals.

Electrical Integrity

The VESA V1. 1.0 but specificetism provides no electrical design guidelines to
ensure the intvegrity of local bus design. System board designers must design‘
thePCl system board layout from scratch. While this isn't a problem atlow
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bus speeds, bum running at today's accelerated rates present a formidable
defiioidiallerlse

Add-In connectors

“hvioduluity refers to the ability ‘to add new local bus peripherals by installing ..
anoptioI'n3rdi11hoalocalbusoortriector.T}vpe "A“fin-lutior|sarecl'rtect-

connect and do notprovide: connector. Type ‘'3'’ solutions can support tip to
tlueemnneetms.TheVLrpedfi<nfiondefinesaMiaoC1mmel-rtyleoormeo-
tar as the expansion vehicle.

 

 

Auto-Configuration

'IheVB5AVL 1.0 specification statu thatVL local bus tleviceetrugst support
automatic system-configuration. However. the specification does not define
the standard automatic configuration support that must be provided in each
VI. bus-compliant local bus device. The specification also states that VL bus-
compliant local bus devica must be transparent to device drivers. In other
words,theymust1espondtothesamecon1mandsetmdsnpplyfliessme
status as their non-locallnla cousins.

The factlhat tl1e\’Lhusspedfioat1ondoesnotdefinethelocationorfonnatof
the local bus devices‘ configuration registers opens the door for a “tower of
Babel“ scensriorcgardingiiiesoftware interfacetotheeedevices.

Revision 2.0 VL Specitloatlon

The rev 2.0 specification adds support for VESA ’V'Lbus masters.
 

PCI Bus Solution

Intel defined the PCI bus to ensure that the marketplace would notbecome
crowded with variouspertnotatiorus oi local]:-us architectures implemented in
e Bhort-Sighted fashion. The first release of the specification, version 1.0, be-
came available on GI22/92. Revision: 2.0 became available in April of 1996.
‘lite current revision of the specification, 2.1. became available in.Q1 of 1995.
lntelmadetl-:edeeisionnottobackttueV'E5AVLstar:dardbecausettte

emerging standard did not take a sufficiently long-term approach towards the
problems presented at that time and those to be faced in the coxrdrig five
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3!]

yaa:s.Inadd1tiun.fl1eVLhuaha3verflimieedsuppofl£arhuta1uamthn
thereby throughput.

PCl’atanfl:fvrPeflphamICauq1amutfimrcanna:I.'[hePClb1Jscanbe
pnpuhted with adapter: requiring fast accesses to each qther and/or sysfiair
memoryaxidthntcenheacnianaodby thehostpmaeasor ntspeedanppnoaching

--«that ofthepnac-asset‘: fu.l1nativ:ebus.ape:d.Itis very intportazitwnotg fin; _
all read and write tranafiers over the ZPCI bus are bunt tram£e:15..'1'he length 0:
lhebm-atis negotlaredbet-ween the initialtnrandltlgel dev_i¢euandmay_be o.-
arljflzltgth. I'M: is filshulpmnlmstfoihzbtwstupuflfllyiukamtinifio W.

bus design. Table 2—2 identifies some of PCT: major designgoals. The chapum
Ihat£ollnwpx°ovideadeInilHIdesc:iptiurioft}uePC1 busaridrelaladsulziecls.

‘I11ePClape::ilicntionaflaowssy:t=mdesignanteredarmmd two oithethra
approaches discussed earlier: fine buffeted and workstalim Ipproadies. Du:
to its parfionnance and flexibility advantages, the workstation approach
p1efiened.Figure2-4. illustrates Ihebasicmlattnnship oflitePCI,expansim1
procassarartdmeaxiorybuses.
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