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OPTI M ZATI ONWIHRASIEH TOPOLOGY DEPENDENT COMPENSATI ON Fl ELD OF PEMEUSONYESNF| ON
The present invention relates to conputer systens. Mdre particularly, the
present invention relates to optim zing conputer system perfornmance through
conponent configuration based on topol ogy. BACKGROUND O TI-if | NVENTI ON

Prior art conputer systens g tyPlLGRlcyoffRigNedoResedopiyor st - cast
scenari os. For exanple, if a‘p‘rvcem—cvngg}np%‘ed“?m—m ngl e, dual,
and nul ti processor systens, TOBOPOGCEDEBRENBENIECOMRENSHTEONCONMponents are
designed for the configuration having the slowest operating environent

which is typically determ ned by system bus frequency and topol ogy. The

sl owest operati F?Wbﬁf et gktﬁ\(QNcorresponds to a multi-processor (e.g.,
nore than two prnfer‘sso'rgﬂ)—tm%igumﬁ on because of physical constraints,
such as bus | ength, bDsc proga; inet@iontrblaks @rcempasosisahrd Mdrt PaioulpHy,nie

mul tiple processors and support circuits to a single bus. However, smaller
systems (e.g., ﬁrﬁﬁpbmvg?}afﬂdﬁéqub? pRBYEHE C%Wﬁﬁ&%g‘:@y’gf 8‘?%3)”‘:%0%& en be
capabl e of oper alohi}dnaht BhofehiGYsikemnPdsolégyequenci es than multi-processor
configurations. Because the nmulti-processor systens define the worst-case
operating scenario, the smalle slysttlams do not operate optinmally unless
conponent s are rlddeEHHAYNLOBJENYEMTION spal | er system which increases
the cost of the smal |I@For%ﬁ%%t@?ﬁ?&%@xré@ﬁl&lwd&bﬁ%&@ﬁ?ﬁc@&&u@%’i-@aé@umrOUS
than mul ti processor systens) st ‘conputef systens are designed with

sub- opti mal opersatiangs.c har acteld, sta rpecesBuis copismplmddpesipde.tduglprd nyplti-
susceptible to performnge degradation in.larger conputer syste ause
uses are. physi X Gragpo TR E58utas haL R e B RTB e LT B8

syst em buses r esuhfigiratibroh@inope slatvicn @pératpuentbasceciEus B toficdllyansni ssi on
| i ne consi derations ass%ci ated w {fh t he | gngtog a’n& | oad of the bus.
Therefore, the AGIFEBIMCELYSEHFBMER{TEIEBBANEIORUCY - paf SioNGHAPEBYEE | imits the
operating frequengoheritRees¥stapbiidso anditofoedts@¢e 8., ASrhRotvd ﬂﬂ@&gorts{)
system performance_by defining the worst cast scenario for systemtopol ogy.
IT11~ ~I1~ Il ~lcenfigyrptionhqcpuse|of physicapeppstraints Juchprbopigngthybuy leng) otoothat

PCT/ US99/ 21535 ' o . : gnsat ed
based on the speci Slsat):a%t)g/gsfg gﬁqto gﬁgolo %é@{@gbpv?gigggﬁg? ﬁ(ﬁeﬁgg%g’rﬁgﬁ%és}ggég@ate in
order to inprove per florweagemoflertshigesy&tge mngBUNMARMI-QFocTdEr ¢dXVEENFI ON A

met hod and apparat us for conpensating conponents based on.system topol ogy

i s described. | ﬁ)%ﬂgs)ear‘}fﬁ@?rﬂ@%a?a lh8p%%9§°t‘q8¥naﬁ e*ﬁ‘&&éﬂ ciy R %?C?Gﬁ%?'%s li?%'?rponent s
wi t h sel f - conpenaafi §bodeedor €65 guadtidnEOBGRES alid M0ltiLgtbdet D) sPtin &dink thd he sel f
conpensated buffer(s). The conpensation unit recejves one or ,rm{e xt er nal
vol t ages cor r es PRI PRETHES SFERBpES P KESISHAISSOMF PREFFIE P rRRILY pdess

conponent and geRRp&k&Ss A tdadliaRddABdb&atk th thB8mald fsy cONPEN SRR ifiheEost hat
cause the sel f-conpensated buf%er to operate with the desire;! operating
char act eri st i cs of the smaller system. Because smaller systems arc more numerous than multi-

processor systems, most computer systems are designed with sub-optimal operating
characteristics.

Bus systems are particularly susceptible to performance degradation in larger
computer systems because buses are physically longer in systems having more
components. Longer system buses result in lower operating frequencies because of
transmission line considerations associated with the length and load of the bus.
Therefore, the number of components coupled to a particular bus limits the operating
frequency of the system bus and often acts as a bottleneck to system performance by

defining the worst cast scenario for system topology.

-1-

IRy
ARG oz



BRI EF DESCRI PTI ON OF TI ME DRAW NGS The present invention is illustratéddAfify003
way of exanprepozmer not by way of limtation, in the figures pETmles21535
acconpanyi ng drawings in which like reference nunerals refer to simlar
elements. Figure | is one enbodi nent of a single processor conputer system
Figure 2 is one enbogj t S hr ough topol.ogy )
dependent confi gurat %%Qﬁf%{fggrfggy?tgﬁocﬁg{pgﬁg@g&%zﬁggg %m%rgfniegggsoege sor
conput er syst emhebpgiifiesydtenstopsiegeimbeldtimdiatconipoaerss opepito tesdor toSHptam
havi ng processors_.conpensat ed t hrough topol ogy dependent confi guration.
DETAI LED DECSCRP‘F"%"@%F% O?Fglﬂ%datc%d apparatus for conpensating system
conponents based on systemtopol ogy is described. In the follow ng
description, for Burpos’es of expl anation, numerous specific details are set
forth in order Yd@E 4 EENANGR der st andi ng of the present

invention. It will b r 1e, ski N U t hat the
present invention ma§ e“@ﬁﬁ@?[’%ﬁ%ﬁwfﬁgﬂﬁa{s ése§d§ gb?rﬂfggs&gibgisgét%m_z - 4
APR 2003 wo oon®padgPordessid@hr B3siclembotinent,itinssyatreoeisc uded dnekaronere st r uct ur es

and devices are_show in bl ock diagramfo Kkn_order to.avoid obscuring the
resent | neent | SPoRrrE Y 2 e BHLEE O R Bt it o feRgh ang
apparatus for p@etaf-eBhg@sAtePBIeER MTheddeheassioh luyi eRtiviads 8ad bomotchr ough

t opol ogy dependent conpensation. 1n one enbodi nent, one or nore conponents
of a computer sy&¥Ethvaragcs sepasaendies @ dssiedqparaisechueripensafadhouf f er (s) .
The sel f conpengalef.Ruhd ERladl Jugih SREAIALI R th@érﬁ%&n@ﬂ!b@Bh & ht dfssSet via
external signals such as voltage |evel's. System conponents have

conpensat i on uriht seli-¢rmppanentesd wsloe s encrrad wath gimrad asirechebec nii dparagteriliges.
operating characteristics of the self conpensated buffer(s). In this nmanner
a system desi gner may set operating characteristics for various system
conponent s basegRIGT DRSCRMTOONIYF OfEthRANIBIEGS i ¢ system rat her than
designing all conponents for a worst-case scenario. Figure | is one

enbodi nent of a conpl *F@fcss'g}gfe‘esmlow%wé&cdiygfaérﬁffw%nﬁwi@é%ym 9f01 or
ot her device f QmiGABAURICEAIURG JIMRIEBhp MY ingd w0 FeSRRN 1ikP 2 fERHA ed with
bus 101 for processing information. In one enbodi ment, bus 101 is an
external | y ter mumgtadgrefaido simdaeslemyntext ernal term nation of bus 10l is not
required to practice the present invention. In one enbodi ment, processor
102 is an Intel Ar Cmi%mtxqg EnddrffodRhQf 883 S RUADARE Borhp @@ {3l
Corporation of Santa ara, California. Conputer system 100 further

conpri ses random access nenory (RAM or other dynam c storage device 104
(referred to as mai HigHEABriyIne crhpginaent pba pipsessoncqanensrest fhaepghrermogit i on
and instructioggm%gmggog%gggkﬁq by processor 102. Main nmenory 104 al so may
be used for storing tenpotary variables or other internediate information
during execution of instructions by processor J 02. Conputer system 100

al so conprises readFigury 3neensrombiorOMnt ahaimeiti-progessorstoatiutersygemge devi ce

| 06 coupled to bus 101 for storing static information and instructions for
processor 102. Data Lhea: FSaiCo : oring
information and instr 2%?%ﬁgﬁ%%gggné%g?gégQ8@%%%%r%% sﬁ%ﬁgéghﬁégﬁﬁtic di sk
or optical di scorapghsated thesypbnopalegydicperaicoterniigumtopl ed to conputer system
| 00. Conputer system 100 can also be coupled via bus 1 O 1 to display
device 121, suﬁ%TgﬁLﬁD. ~§ﬂﬁ$Tﬂ§N tube (CRT) or liquid crystal display
(LCD), for dis to a conmputer user. Al phanumeric input
devi ce 122, i ncl udi Agnah@haidwpparams &rdonipbesatikgyysieni Somponents based on

system topology is described. In the following description, for purposes of
explanation, numerous specific details are set forth in order to provide a thorough
understanding of the present invention. [t will be apparent, however, to one skilled

in the art that the present invention may be practiced without these specific details.
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- 4 APR 2003 wo 00i 2s20~ PCTNS99I 21535 typically coupled to bus 101 fof APR 200
comuni cat i ngwionpREJFat i on and command sel ections to processor 1@2qs06)9her
type of user input device is cursor control 123, such as a nouse, a
trackball) or cursor direction keys for comunication direction information
and command sel ections to processor I OZ and for controlling cursor )
moverment on di spllapther tastancdsnwelirknes sldi ateras andpteyises greshaeR irapldclodiegram nor e
of the component s, ¢ouplad 8B Epddfing THeas. BLAGEMOry 104, arc

sour ce- synchronous conponents. course,” any one or nore conponents of
conput er system 100 n@ticlig, hepresent symeativopeusles T huegodaadpppestusfst em 100

may be either a partially.source synchronous or. fully source, synchr qnous
oy T onment - Fr girHom ANt SRR MGRIS BN SP T taglievehigpolozy dgpenden

configured throghofn@pohesy HeReos8sdinkanbhauy Rbieddmp¥hidi€ott NeresiadRl gef
Figure 3 described in ternms of processors coupled to a bus, the description
herein is not |ide®dprled ipp beeyastscanpensasdbulfesy. dhasghf-eompensatembuffer(s)
devi ce, 1/0 devi - L ORE [ ri bed
nerei n. Processor S0PTAL BRI TBAR oI AR b EEthIARe K5BE
buffer, in one efysdnentpondonipensamporsauorn tni@3iktirgcoouplced! signidafder 220
to provide contral of buffer conpensation. sation unit.2 i s,.coupl ed
to configurati on B fgt”r('ztjlﬁ PPN céﬁ?ﬁ Cesr%rgﬁen%?gcr?ﬂ K ”f“ﬁ%&”ﬂ‘ﬁ“gg 1821 Fred
operating char achehhé&td ystenQiesiphdrfrgdy 220perdiiie dixieterigtcs Sbivnaloss sBYenbe

vari ed based on system configuration and topol ogy. I n one enbodi nent,
configuration unfempersnishasddadhe weelpesof thesheq BSystest @ihepifpnegsigengnalbn
conpensat i on uni £, 230hAR00A ¥BRWMEeESRRRCE Vol tage. such as a power supply
output. The resistors provide a voltage that is used to configure processor
200. Thus, by varyi ngFigwec I ésorstcarhodimendef eeempycrtsystemesiostong spftem 100
conpensation unif n%?’r(iJSCS Byt e%%?g&\ggcefor%glr%m%lmtcgtri :[irrlm?on%gﬁgr?‘tal Qﬁ]rocessor 102
characteristics 6f processor 200, Because conponeHPs Ina syspe can be

i ndi vi dual | y conpaupsat weith bdst 10 1ifodprocdsial irfompeioaali are ambddénerdthitusdpeisdn ng
characteristics of nultiple cqumponents wthin a system.can be. tailored for
mpr oved per f or nHEBANESmERERERS hoyERteSuara BOBRI Hkr 1§ his nebsakrecp

the bus can havepgtifideah@prlesedPfiveitidhd 16 1daE ambadimeht, foctdIat 102i96RHRAN S
coupl ed near the end of the bus to allow processors to operate with -4 -
4 APR 2003 w0 ooﬁmzeqummmgg‘—sﬂsgelvéﬁsag@etl@ﬁh SerpemtipagervhClae | oad and
response of the éMﬁ%ﬁﬂlbus as applied to the individual processor.

Al ternatively, configuration unit 240 can be adjustable resistors coupl ed
bet ween a known vol t agempirtcr syoapel{ddiither camptise23dndomacaerstrmamorg (RAN)roent |
configuration unit 2?40 may be a.reqi r.that stores a configuration,code
that can be used’td d4(r)]ﬁrfni%Sl[f’rr(%gepdr':c‘)'bes@g?re %% ‘?:?fn f“ﬁunr’%‘?%z cﬁ%ﬁl’{fdﬁlﬁ%ﬁ}lsﬁg?any
devi ce that all ofss s@rikgmfsrmazibniend mstrectjpnowi e et wed oNprensadd 2, Mdia 230
such that buffer 220 ngy ?e conpensated based on phe.kgomn VEIuesﬁé%%plied
by configurati on™ERPE DAGIS0 MY e Y SIS (M RUAR GUPRES FrPHiilRte te
suppl i es two Vol hagRalisy&lringleRe &RABN VD SRELQTDNY BY brotéfor U7 Ohpa&8yHe¥als
provi ded by conpensation unit ?30 are anal og signals that represent the
range of oper ati#gp emaraes epd enly sremornROM)aagET pBoeitaticsirrpgsiryitg 106 a sl ew
ate and an | MPedaRRg d Bl R behoRRlalinhRb e L RNALANR 1 PRBEALLNG
characteristics may al so be supported, for exanple, operating frequency. In
general ) a fast eDatsktevage deece b7 isspapledtomsd Ohifghseringpefioethativgn dnd égptractions.

whi ch can be used in stens havin mal |l er busses. with.f I _components.
" Tile trade-offs assocﬁ%‘l’ SArRF PRI g?/\fﬁ”ﬁ%‘@%’"ﬁ% 'lcﬁbsgd’éﬁﬁlécai\fqgc Rown in the
art and are not @espensRd drive tdifte ddRPRIdM0 cdriipRESsySEEROII0 METdimputed AP 400 ON

unit 230 converts each voltage supﬁh;ed‘e%gponfiquration unit 340 to a
digital val ue tcaprlsoibaeormesliyia pus Kk oelispiryglevics 18 heuehtiriratide ray tube

traditional anal ] i t ' : &Rﬁm sation
unit 230 is des#g%ggg{gmgg%@%?Fgg%ﬁ%glgg%dgﬁhgg g@fggﬁggﬁﬁgg’%uc ?ﬂat t he
range of best - caser. tAlpivusteric apat dondd P acludmgstgnranineriopet ahérkgys, is
characteristic configurations are supported. Buffer 220 operates with the
operating characteristics (e.g., slewrate and i npedance) determ ned by the
signal s provided by conpensation unit 230. Btffer 220 then provides signals
to bus 210 with the slew rate designated by configuration unit 240 and
operates with the inpedance designated by configuration unit 240. Figure 3
is one enbodi ment of a nultiprocessor conputer system Conputer system 190
generally includes multiple processors (e.g., processor 150 through
processor 152) coupled to processor bus 160. Chip set 170 provides an
interface between processor bus 160 and ot her conmponents of conputer system
190) such as a system bus (not shown in Figure 3). -5 - 4 APR 2003 CVO
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100 of Figure 1 in both bus architecture and nunber of processors. | i 4oMRR 2003
.enbodi nent, pioomessor bus | GO is an externally term nated busdiagdesrnisss
comuni cates information in a source synchronous nanner. Processers 150 and
152 may be any type of processor. In one enbodi nent, processors 150 and |
52 arc Intel Architecture processors. Chip set 170 provides an interface
bet ween processdrPBIY ugledinbus HY forRATHRAGEGHPEABHICS 288 commapiit er syst em
190 in any mannggkishino bioctiier i - ARdt8iFpebriuser 9% BARQAL BBRL: Lhudl 123,

si x-processor system having processors conpensated through topol ogy
dependent confi gustats omousEhe tradbplneranuisondugntivs kexs (Fi qpueurdcatipg dirgation
conpensation information fromresister oupl.ed t.o.power s .y val t ages;
however) as di sclzlbfrgénel‘l(!j“oa a(Sl\c/iecf8 n%aé]%ﬁ?]égueoﬁlts?? r@%ens??rol(rqziag r%tcmlldlpdﬁr#“%lge%”?oé such
confi gurations. nidvcarat entieslhyedt., bus G0 is an externally termi nated bus
havi ng pul | -up resistors as, term nati on deyi ces; however, bus 600 may be
termnated in any mafhaRe KRBAHMFR. PIPECSSPR 1.02/31“5@%3&wao\&)hctfﬂgwew%y be a
non-term nated BYspled B QR 08NREHLIBAIN mEHSYE0R, 4r8 s RLLEERSMus RESpGRR ed
to one or nore processors and a chip set (not shown in’Figure 4) Phat

provi des an i nt &ffcaeescianyonher moohpurnests of cannpuitsetersy 8y ey 80Surée one

610) and but  of SPRTRe L5 MRt Gyn o0l Aith AL 3Beac Y gned 1o

provi de a rangesypichapeusbt fufjy shacasirehiombucsivoonesitng at feast the set of
desired operating ch?.r.act‘ ristics for which the Erpceszc_)rshée.(gf 610, 6 !
|, 61 2, 613, G 14FigHcé it OBy cRpinawiof AR FHObPAY AP &< Pt BIHERi nent )
the operating chgolsilyalebSidefSconfighmielen. Wkl afc@xBAplelol MiguRd fsQescpibedvy at e
and i npedance. By providing resistance val ues based on the physical

| ocation of the!dr®spéetoicessosconrias by sbusnthetdnEripBpbhegy oot dsrsdi®er system
600 with extern i f er yi o D , 666,
G0, 671, 675, @%Egg*ss??tgg%s‘%eg?rg%‘é’?@’@%ésé %&?’???“%hgﬁo‘jﬁgﬁgt?ﬁ?&* s$¥Rén

char act eri st i cscohp@aohmpy beestsoized ns dessyisddwreior opti mal performance. O

course, other system,conponents be.simlarly optimzed. -6 .- 4 APR
5003 D 00/ 95207 PCTy RESPbIRkAcITRL, “ﬁl& el g pe-EaPeaying Py in
physi cal | y connesgd @fbddimbits CoMPeraasn ifie230en tupldif o bhffertn29 tapdvide @6RBSOr S
610, 612, 613 and 6€1E§ are cor_mecéed near the ,Snds of Qus 600, rocesiors G
| 1 and 614 cancbRItE5APMBERTRLER -YPRTERULIHM -] 1§ forBled &uto uf&ﬁ@%&ftli it
characteri sti csigWakdige &NEMEISTEHAN RGicRIRKRESAN cheAlifs SR GUIiEdO! BureRenat e

w th a second set of operating characteristics. The first set of operating
charact eri sti csTheexempleyignsls mipabe véreddesedrid sgemepnitgyet niang topology.
characteristics becayse. .t I f - I 5y R j I rent
than the load for t hfél O?’én%’%ﬁﬁﬁlgcq’ﬁ'rcgég&rgﬁ?ﬁ% Tﬁ,oq%%gdhggg?rg%és’oﬁ ﬁ%ll%%gsi cal
pl acement of procgiedresvénlcothpetsbtidn uft 23) arfik3no6h4cfardcbiblaps sacyasnet ri c
with respect to bus 60(], t he aper at.i n% char,act qri st}i cS cacg be Lndividually
tail ored based BV IEPRERHPHLr | ELEHSBPRIRLLGF VOl A5e HREIS H3Fdig SPREure

speci fication, pl3eesBEECRONThus\bEahafg 1he Feddtaie gRYMI:H bR theweiiftofs@fer ence to
specific enbodinments thereof. It wl however, be evident that various
modi fi cations aiREREAEHIOEINHRY OfesysicardasiEariaes AiFt hoereramgshamsigrisics il t he
broader spirit lﬂgg:ﬁ&f%@- of the invention. The specification and draw ngs
arc) accordingly, to be regarded in an illustrative rather than a
restrictive sense. _Because-compaPgnt? 008syieat cande ghdavideadlyicompensad witht egr at ed

circuit conprising:.,a self c ensated buffer, a conpensati.on unit coupled
to the self con"Bgﬁ’édéiaE%DWfag‘ro, upﬁg t@%‘ﬁ%c zﬁ?ﬁtcpgﬁc’ﬁrﬁﬁws %‘3%%‘4“5@#88‘?%‘3“ %cei ve
at | east two exbgghinalsyste@itah $e elorciSpoMbrogdiperfdasdnt € dF sreabimple ygrocessors
characteristics, the conpensatign unit generating output signhals to the
sel f conpensat SQUBIGHMERT thpeaNtT h Lhe JusSasBave "rfﬁ‘ér?%‘tﬂg‘&ﬂ HRfREFISYS eer at e
with the desiregoQREIBELMedRAF BEIRE bPIChs MBI tlR BREEAII W
characteristics are based, at least in part, on a physical relationship

wi th anot her device; wherein the self conpensated buffer and the
conpensation unit are part of a processor in a nufti-processor system 2.
The integrated circuit of claim1, wherein the self conpensated buffer is
an nput!output (1/0O buffer. 3. The integraf%d circuit of claim1l further
conprising a second self conpensated buffer coupled to the conpensation
unit, wherein the second self conpensated buffer operates with the desired
operating characteristics. 4. The integrated circuit of claim1, wherein
the operating characteristics include a slew rate and an i npedance. 5. A
nmuf ti - processor conputer system conprising: a bus; and a plurality of
processors coupled to the bus, each having a conpensation unit coupled to
receive at | east two external signals, wherein the conpensation unit

oy . o - T ) - o M



_g_ - 4 APR 2003 6. The computer systemof claimb5, wherein each of'[tA%R 1003
respective pMozesa7’s is coupled to at | east two resistors havik@®jUs99/21535

resi stance val ues that provide the slew rate and the inpedance opti m zed

for a physical location on the bus for each of the respective processor. 7.

The conputer system of. im.,5, the co NSe unit ach
respective procéi‘%%?tegﬁf’?ﬁgﬁssegtoé’ ﬁ’é‘&/a?%ieépoélﬁ%o tﬁ%é}ds u? %Srappﬁ]%ﬁpél%epecti ve
processor based igdividugIGRe&ssorol t age, and terrperature The conputer system
of claimb5, wherein the buffers are input/output ?* buffers. 9. The
conput er system of cIﬁdﬁeﬁ‘i%‘ve%@”@lgw“ﬁ‘ﬁ’e”’éib%‘}oa?al“ﬁ)ﬁ “éh’é “QE’[‘E?‘?‘%&S cewlechcl ude a

slew rate and anREIAACED vhRage AndRbABEhshn RfT 1500 rmm»;@h&mnmmton based
on topol ogy conprising: receiving one or nore signals correspondlng to a

desired slew ratcenfagmatiom umlp@@an@ebcfrorrcaemﬂwp%@es§@mﬁnuﬁatepnm9m thapgaodessor
comput er system, whgr, ﬁnf‘n&ré‘ﬁrosc' &N 5@ et;]o%?iﬂuﬁapﬁ ﬁ%‘%‘& n@&&ué_’caxﬁﬁgmo@é a
FI a ]h VI ce, an

| east in part, s¥ca I onshi p~w
conpensati ng on&newn mmetd)w;ﬁxex'siLMm@pmtasaeommmln%maxcﬂeMtrbeﬂ’crs]m\m:ryaice and

i npedance in response t th onge or nor I 11. The. nmeth of claim
10, wherein the® g’ﬁ@“ﬁf‘tcgﬂ? soi”dﬁ‘a““odﬁw ﬁéﬁ?ﬂ%ﬁéb% Go‘ﬁrﬁé‘rﬂé‘é‘l‘i”ééﬂ& ew rate
and inpedance are reWbN@ansdanﬂ&ghc@mah@aeﬂ ummds%hﬁéch@ vohade 1kl gat e the
plurality of operating. characterlstlcs . The nethod of claim 10, wherein

the and or nor e ctupgrspisonat 1}9puﬁl%oattwle\(e|15/@ywéeﬁ b\eﬁwmsalo&rt@des@en 13.
A system conpr | %1’1;?(9% sx?nzmjﬁnm 2 c'sérﬁtthcprjﬁﬁ)@ géran@_&’&m}gac@(. * §tTlQujo; ?% coupl ed
a pl e r,

to the bus and conpen Bation uni to the tirst bu
wherein the fir&tvelsenpespsad icomsluwirticiagd mowmcédwcdorr!mfeméo abl teast two

oltages froma rrst .set of external re t hat 0 dea ol t.a
Vhe firet compantdiiotm St dte SRRl wir Sl i i Braphgting®

characteri sti csfk@uentelf dehstal RUL@TsIdNaGECkoBrRs RO NHE (054 higRdr opbraRfy Si cal
characteristics _corresponding to the first processor; and a second
processor havi n§egHeaes oHHCEATT Rerused I 8aME B2 tiPeSBRIkT QH%fchWi;‘BéﬁYf‘d

conpensati on components. The trade-offs associated with slew rates and impedance are known in
the art and are not discussed further herein.

In one embodiment, compensation unit 230 converts cach voltage supplied
by configuration unit 240 to a digital value to provide input to buffer 220. In one
cmbodiment, traditional analog-to-digital conversion techniques are used.
Compensation unit 230 is designed to accept a wide enough range of values such
that the range of best-casc to worst-case configuration scenario operating
characteristic configurations are supported.

Buffer 220 operates with the operating characteristics (e.g., slew rate and
impedance) determined by the signals provided by compensation unit 230. Buffer
220 then provides signals to bus 210 with the slew rate designated by configuration
unit 240 and operates with the impedance designated by configuration unit 240.

Figure 3 is one embodiment of a multiprocessor computer system.
Computer system 190 generally includes multiple processors (e.g., processor 150
through processor 152) coupled to processor bus 160. Chip set 170 provides an
interface between processor bus 160 and other components of computer system 190,

such as a system bus (not shown in Figure 3).
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a range of operating characteristics covering at least the set of desircd operating

characteristics for which the processors (e.g., 610, 611,612,613, 614 and 615) are

designed to operate. In one embodiment, the operating characteristics include, but

are not limited to, slew rate and impedance.

By providing resistance values based on the physical location of the

respective processors and the topology of computer system 600 with external

resistors (e.g., 650, 651, 655, 656, 660, 661, 665, 666, 670, 671, 675, 676), system

designers may tailor the operating characteristics of each processor in a system for

optimal performance. Of course, other system components may be similarly

optimized.
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10HI0HI910%H () of%g‘grg 0 (ool s b Qe remaining processors are configured to operate
with a second set of operating characteristics. The first sct of operating
characteristics is different than the second set of operating characteristics because
the load for processors 611 and 614 is different than the load for the remaining
processors.

If, for example, the physical placement of processors 610, 611, 612,613, 614
and 615 is asymmetric with respect to bus 600, the operating characteristics can be
individually tailored based on the load for each processor.

In the forcgoing specification, the present invention has been described with
reference to specific embodiments thereof. It will, however, be evident that various
modifications and changes may be made thereto without departing from the broader
spirit and scope of the invention. The specification and drawings are, accordingly,

to be regarded in an illustrative rather than a restrictive sense.
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1. An integrated circuit comprising:

a self-compensated buffer,

a compensation unit coupled to the self-compensated buffer, the compensation unit
configured to receive at least two external signals corresponding to desired operating
characteristics, the compensation unit generating output signals to the self-compensated buffer
that cause the self-compensated buffer to operate with the desired operating characteristics,
wherein the operating characteristics are based, at least in part, on a physical relationship with
another device;

wherein the self-compensated buffer and the compensation unit are part of a processor in

a multi-processor system.

2. The integrated circuit of claim 1, wherein the self-compensated buffer is an input/output
(I/0) buffer.
3. The integrated circuit of claim 1 further comprising a second self-compensated buffer

coupled to the compensation unit, wherein the second self-compensated buffer operates with the

desired operating characteristics.

4. The integrated circuit of claim 1, wherein the operating characteristics include a slew rate

and an impedance.

5. A multi-processor computer system comprising:

a bus; and

a plurality of processors coupled to the bus, each having a compensation unit coupled to
receive at least two external signals, wherein the compensation unit generates output signals
corresponding to operating characteristics for the respective processors, the respective processors
further having at least one output buffer coupled to receive the output signals from the
compensation unit and operating with the operating characteristics, wherein the operating

characteristics are based, at least in part, on a physical relationship with another device.
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7. The computer system of claim 5, wherein the compensation unit in each respective
processor compensates slew rate and impedance for the respective processor based on process,

voltage, and temperature.
8. The computer system of claim 5, wherein the buffers are input/output (I/0) buffers.

9. The computer system of claim 5, wherein the operating characteristics include a slew rate

and an impedance.

10. A method for performance optimization based on topology comprising:

receiving one or more signals corresponding to a desired slew rate and an impedance for
each processor in a multi-processor computer system, wherein the slew rate and the impedance
are based, at least in part, on a physical relationship with another device; and

compensating one or more buffers to operate with the desired slew rate and impedance in

response to the one or more signals.

11. The method of claim 10, wherein the one or more signal corresponding to the desired
slew rate and impedance are received through at least two resistors that indicate the plurality of

operating characteristics.

12 The method of claim 10, wherein the and or more buffers are input/output (I/0O) buffers in

a processor.

13. A system comprising:

a bus;

a first processor having a first buffer coupled to the bus and a first compensation unit
coupled to the first buffer, wherein the first compensation unit is coupled to receive at least two

voltages from a first set of external resistors that provide a voltage to the first compensation unit

-9-



1096110968 () - 109%G& ()- L109%G& ()-t109%G& ()- ! 109%G& ()-f -4 APR 2003
10968 () - FFGEGKHXHIENN 109G+

109%G& ()-*! 10%G& () -' 10%G& () - &$! 10%G& () - S9! " 109%G& () -

109G& () - XHXHHSI 11111 aVK@ 10 10G 10G 10G 7109%G& () -1 4M 109%G& () - 2! 109%6G& ().-

| 1f 109%G& ()-!C. G 10% & ()-@! JDIJL_LAEVK@ 10 10 109%G& ()-1100/@&' ()-S

109638 () -, 109%& ()--10% X LL K L 10968 () -
109G8" 8 ‘1&%64%&'&’%?"‘““%(5%&&% S“% 165}8%% é‘?f%gﬁé‘é}?‘) I\%d Egj% K@ 10 0
1018109 (Qharahthrlﬁ‘&’ﬁ%n(e}poﬁ&ﬂéﬂf’/ﬁ&h(sb prodedddd@add () - & 1096 () -

YA0%GE () - P

101810%8& ( ?Q M ﬁ%ﬁ%% P9 BUUPEER TP 0 SRR C 2 B3 B9 £e1ond SUBRERS ™

Nor mcai.l " " Hemdticogpldddb ahie seddaa diufig, Widkan the seand sunpddation uﬂrbﬁﬁbﬂ@@ﬁe‘ﬂ&]geelve aé e A
" He 5 " "He in 63]c" " " c" " adl n c"
"Deraul t PaFRUPE S EOR A0S E R AR 1 GRS A3 ) P 5 S0e,

>BDFXHI LNPdo@anam’ﬁ@:BﬂaEE@ﬂ h /NG It 9 Bs tiNevacdnad rafidibasld CaUseRhd Hew' h

| " #$UR!
5222_, @Eg&é ngoﬁ%* é%g@ﬁ%slucs corr/e@po 211ng to thf/: Qe]égr%A'pSr(?czgs%r

14. The system of claim 13, wherein the first buffer comprises an input/output (I/0) buffer.

15. The system circuit of claim 13, wherein the operating characteristics include a slew rate

and an impedance.

16. An integrated circuit comprising;:

a self-compensated buffer;

a compensation unit coupled to the self-compensated buffer, the compensation unit
configured to receive at least two external signals corresponding to desired operating
characteristics, the compensation unit generating output signals to the self-compensated buffer
that cause the self-compensated buffer to operate with the desired operating characteristics,
wherein the operating characteristics are based, at least in part, on a physical relationship with
another device;

wherein the self-compensated buffer and the compensation unit are part of a processor in

a single processor system.

17. The integrated circuit of claim 16, wherein the self-compensated buffer is an input/output
(I/0) buffer.
18. The integrated circuit of claim 16 further comprising a second self-compensated buffer

coupled to the compensation unit, wherein the second self-compensated buffer operates with the

desired operating characteristics.

19. The integrated circuit of claim 16, wherein the operating characteristics include a slew
rate and an impedance.
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