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METHOD AND APPARATUS FOR SIJP,OR'f ING TWO 
SJJBTRACTIYE DECODE AGENTS ON THE• SAME BUS IN A 

COMPUTER SYSTEM 

Field of the lnyentjon 

The invention relntes to the field of computer systen1s ttnd, in 
particular. to the field of dete1mining mrgels of bus trnnsuctions. 

Backgrmmd qf the lpyenfiop 

Generally. bus transaclions in computer systems involve a "master" 
and a "target". The master is the bus ~tgent tluu initiates the tmnsuction. and 
the target is the bus agent that responds lO or is selecled by the n·nn:mcrion. If 
the bus protocol requires a detenninnlion of which agent is the mrget of u 
panicular transaction, thut detem1ination cun be centmlized or distributed. 
When target determination is distributed. the mrget itself iS responsible for 
claiming the transaction. 

The protocol of the Peripheral Component lnterconnet·t (PC)) bu~ 
includes distribured target detenninnrion (Pel Lcx:t1I Bus Specili<:ution. 
Revision 2.1. published July 1995). lius musters initiate rrammctions by 
assening the FRAME# s1gm!l and driving the uddres.'i ofthe transactions onto 
AD lines. Nonnally. ench trammction bus one mrget. so tji~e and only one 
agent on the bus has a responsibility to r~spond to the tm.O.suction as the target. 
That agent claims the responsibility to respond to the rru1~~uction by asserting 
the DEVSEL# signul. The responsibility to resporid to ti~¢ transuction includes 
a responsibility to assen the TROY# sigmd to indicate thtit'the target is relldy ro 
complete the tnmsaction and either u responsibility to prc.ly~dt: or nc~pl dntu. 
depending on whether 1he tmmmc:tion is u reud or 11 write:.•· 
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To detennine which agent should cluim a transaction, potential target 

agents decode the address to detennine if they are the actual target. Potential 
target agents that perform such a decode opemtion ure commonly referred to as 
"positive•' decode agenti;. Assuming that no two mrgets reside at lhe same 
address, no more than one positive decode ttgent will claim the transaction. 
By limiting the amount of time uvailable for address decoding. the PCI bus 
protocol allows a potential target agent to claim trammctions without 
perfonning t\ decode by claiming uny tmmmction thm is not cluimed by a 
positive decode agent ufter a finite period of time. Such un ugenl i.s commonly 
referred to as :1 ,;subtraclive" dei:ode ug.ent. To pr~vent 1m-ge.t conflicts. the 
prior art allows only une agent on the bus to implement u subtnu:tive decode. 

This lin1itation preventing the use of multiple subtractive decode agents 
on a bus presents a problem in a system with mulliple PCI :buses. For 
example, Figure I shows u sysrem whh PCI bus ICH und PCJ bus I02 
connected by PCl bridge 103. Bridge 103 rmnsfers signals between buses 
with a delny of two clock perk1ds. Agent I 04 resides on bus 10 I. •md is a 
poshive decode agent relJUiring. rwo clc.'x:k periods for decoding. A gems 105, 
106, and J07 reside on bus 102. Agent I05 is the slowest positive decode 
agent on bus 102, 1-e4uiring thret: clock peril)ds ford~cuding. Therefore, 
when agem 105 is mrgeted, it will claim the tmmmction on the third clock after 
the transaction is inidmed. Agent 106 is th«:: subtmctive decode ugefll of bus 
102. claiming ull unclnimed trummcdons cm the fouith clock ~ttl~r initiation of 
the transnction. 

Referring to the timing. dingrnm of Figure 2 ulong with Fi11u1-e l, 
assume thm tu time 20 I ugem 107 inhimc:s u rrnnsnclion thin µaa-gets ugem 104. 
Due to the delay across bridge 103. th~ uddress of the mmsttction is driven on 
bus JOI two clock periods ufter the uddress is driven' on llus. 102. Therefore, 
agent 104 begins decode at time 203, two clock periods ilfler the cmnsaction is 
initiated. Agent 104 comple1es decode at time 205. four clqck pericxls after the 
transaction is initiated, and lt'\serts the DEVSEL# signal on bus 101 to claim 
the transucrion. The DEVSEL# signal is trnnsfe1Ted m:re>ss. bridge 103, 
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resulting in the assertion of the DEV SEL# signul on bus l 02 tit rime 207. 

However, agent 106 will have already mistakenly cluinl«l lhe tmns:action at 

time 205, four clock periods ufter the mmsucrion wus ini~iated. 

One possible solution to this problem might be to, increase the finite 

time period allowed for positive decode. However, thar:solution would violate 

the bus protocol, which allows only three clock periods for positive decode. as 

well as decrease perfonnance by incret1sing the Jmency of n1msactions to the 

subtractive decode agem. Another possible solution mighl involve a-educing 

the delay acro.ss bridge 103 nnd 1~s1ricting the decode th'~ of all agents on bus 

101. However, that solution would r~1uire perfomumce impl'Ovements to 

bridge 103 and cerutin agents on bu~ 10 I, und dec1·ease flexibility of bus IO l 

by excluding slow decode agents. Another possible soltltion might be to 

require bridge 103 to act a.'\ a positive decode ngem on b.os 102 on behalf of all 

agents on bus 101. However. that solution would ndd c~mplc:itity 10 bridge 

103. as well us decreuse 11eitibility of bus IOI by limiting the available uddress 

space and device configuration model 10 thm which can be ncl'Olll()<latecl by 

bridge 103. 

The present invention ovc:rcomes the problems of the prior arl 

described above by providing support for two subtrnctive decode agents on the 

same bus in " computer sysrem. 
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Summary of lbc lnyenUop 

The present invention provides n method und appili'~tus for detennining 
the target of bus trdnsuctions in u computer system. In one,,embodiment, the 

computer system includes a bus and two agents coupled to;:the bus. The first 
agent claims to be a target of u trunstlction on the bus withoin decoding the 

:;<. 

addtess associated with the trans~\ction. Although the first agent claims the 

transaction. the second ugent responds 10 the tmnlil.lCtion m.fthe ttrge\. 
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Brjef Dtserjption of the Drpwjm~s 

Figure J is u block diagmm of a prior art system with two PCI buses 

and one subcractive decode agent. 

Figure 2 is a timing dingrnm iUus1mling •i problem with the prior an 
system of Figure 1. 

Figure 3 is n block diagram of cme emboclimenr of the computer system 
of the present invention. 

Figu~ 4 is a flow dfagrnm illus1mtin!! thl! use l"lf lh~ NOGO signul in 
detem1ining the mrgc:1 of •1 bus u;ms•tl"tiun •tccurding. ll> on~ cmhoc.limc::nt cir the 
present invemion. 

Figure 5 is a flow diagmm illustmting the use of the MT signal in 

detem1ining the mrget of a bus trnmmction uccording to one emboclime111 of the 

present invention. 

Figure 6 is a fllw. diagmm illwmming the bdmvior or one of the 

subtnactive decode:: :tgc::nts uc.·cordin~ IO one embodiment of the pn:st!lll 

invention. 

Figure 7 is a blc1ck ding.mm of thl! computer system of Figure 3 

wherein the NOGO sign~1l and tht: MT sign:tl share one sigm1l linc:. 

Figure K is u timing diagram illmnrn1i11!? an implemention or 1h~ prc:sent 

invention in which tht: NOGO unt.I MT signals .in: timi:-n1ul tiplex~d over one 

signal lin~. 

Figure 9 is a block diagram of one embodiment ofthl.! 1m:sem 
invention in a portable ccnnputer wirh a doc:king sttuion. 
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Detailed Dcseription 

A method and uppunuus for c:lerennining 1be target ot' bus tmmmctions 

in a compute1· system is described. In the following descriplion. numerous 

specific details ru-e set fo11h, such as specific bus protocols ~nd signal names, 
in order to provide n thorough unde1-smnding of the presem:invention. 

However, it wilJ be apparent to one skilled in the urt thut the ·present invention 

can be prncticed whhou1 these specifit." deu1ils. In 01her immmces. some details 
have been omitted in ore.for to nvoill c1bscuring the present inyemion. 

Figure 3 is u blllck diugram of om: embodiment of th~ computer system 
of the present invei11ion. The compml:'r system uf Figure 3 lms 1h1-ee buses, 

301, 303, und 305, ancl four ugems. 302, 304, 307, und 30~~ However, the 
computer system cnn h~we any numb\!r of buses gremer \h~m .zero tmd uny 

number of t\gems greater thi.m one within thl! s1.·ope ot' the pi-escm invention. 

An ·agent is uny device coupled lll tt bus. for example n mem(>•')' controller. :m 

input/output controller.urn bus bridge. Bus 30 I can be ;.my type of bus tlHll 

follows u protocol in which the rarge1s daim u1ms;.1ctions. Tht:: Peripheral 

Component lnlerconn~ct (PCI) bus is une cxmnple of sm:h ;1 bus CPCI Local 

Bus Specificmion, R~vbion 2. J, publish~c.I July 1995). 

Ag~nt 302 is :i subtmc:iiv~ d~cock t1g:en1 r~siding. c.'ln bus JOI. In this 

embodimem. subu·uctive c.lecodc ug~nt 302 is a bridge to ;.uu.tth~r bus. One 

advuntuge of implementing a bus bricl1!-e as ;.1 subtructiv~ clcc~1:: ;.1gem is thm 

when a tmnimction is iniLiiued un one hus, l11e brklge dO\::s n.~'ltJmve LO perfonu 

a positive decode on behalf of :all of rhe ug~ms that reside on,_d1~ other bus. 

Such ti positive decode would ;llmost cer1uinly be slow nnd Cl)scly given the 
likelyhood thm the bus will frnvt: n lnrg~. fnigm~med. und pu~sibly dynumic 

address space. Agent 3(12 is slmwn :is n bridge tu bus 303. : However. agem 

302 could be any other l)'P\! of ~uhtrm:1iv~ dt!Cl"llk- ngem withit) the scope of the 

present invemil)n. 
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Agent 304 is a second ngen[ residing on bus 301. To illustrttte one 

advantage of the present invention. agent 304 is shown in Figure 3 as n bridge 
to bus 305. For the reuson expluined :lbove, it would be udvtmtugeous to 

implement :igent 304 us a subtruc1ive decode agent. Howev1:r, to implement 

bridge 304 tlS a true sub1mctive decode ageni would restilt in u mrge1 connict 

between ttgenls 302 and 304 uny time thUL u trnnsm:tion wus no1 claimed by a 

positive decode agent 011 bus 30 I. 

By definition bo1h agent 304 nnd bridgt: 302 <..·un·not behave us 
subtractive decode agenls. However, 1he present invention allows both agent 
304 and agent 302 to bdu1vc= us subtr.tctive decode agents thnmgh the: use of 

sigmll 306. Signul 306. 1~forre<l to herein m; the NOGO si1rnul. ht:1wee11 
agents 302 und 304 indkmes whc=thi::r 1h~ rcsporndbilhy to respond to &1 

transaction is 10 be transfem:d from ap.c::nt 302 to ugc::lll 30.t. 

Figure 4 i1Jus1mtcs the use of NOGO signul 306. Assume 1hu1 buses 
301 and 303 are PCI buses. In step 401, mm;ter ugent 307 initiutes a 

transaction on bus 30 I !lmt could be targeued ro m1 :lgent on bus 301. bus 303, 
or bus 305. If the tnmsacrion is mrgencd to :m ugent on bus 301, that ngent 
perfom1s u positive deco<l~ und ch1ims th~ tmnsul"lil)n in st\!)> 405. Howc::ver, 

if the trttmmcikm is 1101 claimed by pusi1ivl" dcl'tK.lc:: un bus JO l. •agent 302 

clnims 1he mmsucticm by suh1rm.·1ivt' ul"n>dc:: in s1~p 407. •md forwards the 

trammclion to bus 303. Then. ii' \ht: trnns&1c1iun is mrgt:ued lo •m :t~em on bus 
303, th:1t agent perfo1111s a J>OSitive deccxfo und cl:tims !he: trammccion on bus 

303 in step 411. causing ttgcnt 302 to retuin the responsibility to respond to the 
transncrion on bus 301. In that case it is uppropriiue thm tt!,!.ellt 304 did not 
claim the m.tnsaction by subtractive decode. Howevel'. ff nu ttp.c:nt on bus 303 

claims the mmsuc:tion. th~n by tht' prm:css of dimimuiun. ~h~ target of tht' 

trans.iction must reside on bus :ms. ln dmt ~·usi:: ugc:nt 304. not ap.elll 302, 

should be responsibJ~ fo1· 9'::sponding to tht' uunsac1ion un hus 30 l. 

Therefore, in Slep 413, ;igent 302 uses NOGO signal 306 to mmsfor the: 

responsibility ro respond 10 ~1gent 304. Agem 304 rmc:ks the mrns:.lction from 
step 40 I to step 4 t 3 in prepm11tion lO respond, inck1ding lmching of the 
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address and bus command signals if necess:u-y. Then, in ,step 4 I 3. agent 304 

samples NOGO signul 306 to detennine whelher or not ugent 304 should 
respond to the transaction. 

In one embodiment of the present inv~nticm whe~,in bus 30 l is a PCI 
bus, transfer of the responsibility to respond means thm agem 304. not agent 
302, asser1s the TROY# signul to inclic:me 1hat the lurgel is ~acly to complete 
the rrammction and pl'Ovicles or accepts dtua depending on ,whether 1he 

transaction is u re:td 01· a write. In another embodiment of t~e present 
invention. also wherein hus 301 is :i J>CJ bus. Lrtmsl"t:r of th~ 1"t!spunsibilhy to 

respond also includes u-.msl~r from ug~lll 302 to ugt:lll 304 llf th\! 

responsibilily tc> ~\.'\.orert th\! DEVSEL.# sigmtl. In eithel' ~mbudim~m. th~ 
transfer of the responsibility to kspcmd is lf'Jnspnrent to nmsti:r t1gi::n1 307. 
Master agent 307 sm11pks the DEVSEL# und TROY# signuls 10 de1e1mine rhe 
status of the mrgel, but mttSlt!r t1ge111 J07 neilhe1· knows lll)r cares if the 
DEVSEL# nnd TROY# signals art! nsserted by che same ug~nt or by different 
ngents. In un ~mbodimi:nl of lht! p1"1:s~111 inv~micm whe1~in bus 30 I is not :1 

PCJ bus. the responsibility to n:spund and 1he 111111sfor of thm r~sponsibilily 
would be defined uccol'dmg tu the bus p1'\.1toc1.1l. 

In unother embudim~lll l>f thi: l'UlllJ>llh!l' sys1~m llf the p1·~sem 

invention. in step 401 of Fig.ur\! 4 lht: 1nmsm:lil>n un bus 301 is inithuoo by 

agent 304 insi...:ud of u~"·nt 307. Jn this ~mbodimcm it is pussibk for ugenL 
304 lo initime as the mas1er m1d respond m; 1he 1:u·get of the smnt! trnnsaction 
on bus 30 l. Therefo~. ugem 304 c.·:m be the master oft• rr:1mmc1ion without 

requiring agent 304 to detennine whe~ the mr!!-cl &"c:sicles. Agc:nt 304 initiates 
the rransuction on bus 30 l, ~md if 1h~ t~1rge1 is on bus 305 Ille 1·esponsibility 10 

respond will be tnmsfem~d to ag~nt 304 by agent 302. 

Thus, the prt:st:nt in\'en1io11 providc:s for 1wo agents: to bt: l·uupled to 

one bus without r~ltuirin)!. either ugc:nt to impl.:mem u pl.ll'i~~ivc: decode. The 
present invention also pri:>\'ille:; for two a~c-llls to bdmve as submtl'tive decode 
agents on bm; 30 I, t1lbd1 at differC'lll timc:s. This aspel·t of thC' prei;enl 
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invention involves the use of signal 309. refon·etl co herein as the MT (master 

type) signal, between agents 302 and 304. 

Figure 5 ilJustrutcs the use of MT signal 309. In step 501 of Figure s. 
master agent 308 initiates a tl1msaction on bus 303 that could be targeued 10 an 

agent on bus 301. bus 303. or bus 305. If the trnnsuction is mrgetted to an 

agent on bus 303, thm agent perfonns ll positivt: tJ~od~ and cluims lhe 

trammcrion in s1ep 505. Howewr, if the u·ansuction is no1 cluiiried by positive 

decode on bus 303, ugc:mt 302 clu.ims the b'Unsuctio11 by subuuc1ivc: decode in 

step 507. ttnd forwards the lrunsuction to bus 301. In this case::. agc:nt 302 

remains the subtmctivc: decode ugen1 on bus 303. Howc::ve1·. behuving as-the 

subtractive decode ugem on bus 303 <lu~s 1mt l'\:\.Jllil~ ll!:tC::lll 302 \\.)behave us 

the sublra,·tive decode: U!!ent on bus 301. Fui1hennorc. the~ is no need for 

agem 302 10 belmve us rhe subtructiw di:L·ode ~l!!Cl1l on bus :\Ol. bl,.'"(.·uuse there 

is no need for ag.ent 302 to forward lh~ tmns:actiun bm:k t<.> bus bus ::103. 

Therefore::, UJ.!.Cnt ~04 can beh•tvt: ~\S th.: subtmL'tiw decode .ugi:m on bus 30 I. 

Agent 302 usei> MT signul 309 to indic~ue 10 llgent 304 thm tile tnm~mction 

originated on bus 303 :md thm u~eiu 304, instem.I ()f ugent .'<>2. should behave 

as the subrr.ictive decode ngent on bus 301 by w·.ihing u finite period of time 

before claiming the trunsJctilln \•.'ithoul d~cclding.. Then. if the mmsnction is 

tnrgeued 10 un agent on bus 30 I, 1hat ng~lll pl!'rforms a positive decudt: and 

claims the muumctiun on bus 30 l in step 511. Hc.1wev\!1'. if nu ugt:nt on bus 

301 clllilllS the lrtlllSUC\iUll, th~n hy thl! IJl\>l'\::SS of dimimlliun. the l;trg.el Of the 

transaction must r~siue on bus 305. Th..:1'\:forc:. in :ne1> 513. •t~~m 30~ daims 

the transaction without d~coding. 

The behuvior of ugenl 304 is illusmued by the flow dhtgrmn of Figure 

6. For this illusrnnion. ;assume thi.lt MT Sil11l:\J 309 is ~I uigiml sipn;1l 1hm ~1gem 

302 drives 10 • 1 • wlu:n tl1~ must~r is un hus .'03, unu lo ·er wh~n thi: maslt:r is 

on bus 301. Also Uliliumc th:u NOGO sig1ml 306 is u digimlsi!!nul 1hm up.em 

302 driws to · 1 • wh~n U!!t:lll 302 is n:taining th~ r~spuusibilily to J'l::\pond 10 

the tmmmclicm, und lO ·<r when tt!!c:m 302 is tmnsferrin~ th~ 1-esponsibility to 

respond to the tnmsuctio11 tl) agent 304. Figur~ Cl sho~'S 1h:1t NOGO sign•1l 
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306 might be ignored de1>ending on the vtdue of MT signul 309. If MT si!,rnal 

309 is 1 l •. then ttgent 304 ulwuys belmvl!s usu sublraclive decode agent (block 

602}. However. if MT signal 309 is •o•. them ugenl 304 is prevemed from 

claiming the trummcrion by subtmctive decode. and tht: subs~1ut:m bdmvior of 

agent 304 depends on NOGO signal J06. Jf NOGO signul 306 is · 1 •• ahi::n 

agent 304 does 11011-espond to the trnnsuction {block 604). If NOGO sigm1I 

306 is ·o·. rhen ugem 304 responds the u·1.msaction (block. 605 ). If de.~ired, 

other signtll typc::s or encodings can be used. 

Although h is possible to use sep:1rme signal lines fot· NOGO signal 

306 and MT signal 309 within the St'Ope of the present inv~ntion, it is 

prefemble to us~ e>nt: signal line for both signals in ordt:r to n::dul·~ th~ 

pincounts of ttnd 1he rmning b~tw~en ugl"nts .'\02 •llld 304. Figur~ 7 is a block 

dfagmm of [he <.'ompuu:r system or Figure 3 wh~rein NOGO signi.ll 306 und 

MT sign:1l 309 shure signnl lin~ 701. Figur~ X is :1 timjngdiagrnm illusmuing 

an implemc:ntion or the pn::sem invention in which NOGO signal 306 nntl MT 

signal 309 are timc-nn1ltiplexed O\'er :i;ig.nul lin\! 70 l. 

To understand Figurt: K it is impormm 10 undersmnd thtn, within the 

scope of the 1>r~sem invcntiun. ug~nl J02 cun be implem~nt\'.'cl in a numl~r of 

wnys. For C"xmnpl!.!, ug~lll 302 <.':111 be im1>km\!lllC"d 10 p1.1:;s vimmlly ;ill signals 

from one bus to thi: otlu:r with minimum tldny. Ahermuivdy. u~e11L 302 L'an 

be implemc:ntec.l tu sdect <.'~rmin 1mnsm.·1ions on on~ bus nnd re<.'~.Ue only 

those trnns:1ctions un the other bus. Th~n:fore. the steps, si~nals. and timings 

associated with forwurding a tmnsaction fmm one bus 10 ;mo1he1· would vary 

according to the: implemc1muion ol' ng~nt 302. Above, lo best in1roduce the 

use of NOGO sign:d 306 und MT signal 309, il was ussu1n~d th:u agem 302 

forwm'Cled :1 trnmmction m the sum~ time llml :1gc:nt J02 cluim~d lht! tmnsaction 

by subrrnctive decode. 1-lowevt:r. agent 302 could forwul'd n trnnsuclion or 

pass sigmils assodnted with 1he mms:tl'tiun befo1~ or ufter.:ugem 302 cluims rhe 

transaction by subrmctivc de<..>ode. or c:ven if agent 302 d()l:s nut clHim the 

rrammction by subtrm.·tiw dec:uclc. Fur 1h~ purposes of Fi~ur~ 8. nssumc that 

agent 302 puss~s ce11t1in sj_gnals. suc:h as tht! FRAME# signal and the addl'ess. 
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before it cluims 1he rnmsucrion by subtrn<.·tive decode. Also. assume rhat there 
is a delay of rwo clock periods from one: side or the bridg~ 10 the olhc:r side of 
the bridge. 

Referring now 10 Figure 8 in conjunction with Figul"e 7, u tmnsnc:tion 

is initiated at time 801 b)' the ussenion of th~ FRAME# ~ignul on bus 30 I. 
Also at time 80 I, the address on bus 301 chnnges to co1~~spond to the target 
address of the new tmmmcriun. The FRAME# signal ;md the n~w uddresi; al"e 

passed •u:ross ugcm 302. r..:suhin!! in agem 302 uss..:rting th\! f.RAME# signal 
and driving the 11\!W address on bus 302 nt time 80.1. 

At time 802, one clock period llfter the lnmsm.1ion is inithu~d. agem 

302 diives the upprop1·ia1~ v.1lue of the MT sigmll on signal line 70l . Thus. 
the.clock period beginning m. dme 802 is cuUed the MT windllW. At the end of 
the MT window, ugt:m 304 sumplt:~nhe sUl\( of th~ sigm1l lint" 701 to 

detem1ine 1he vidut: of 1h.: MT sig1ml. 

Sigm1I lin.: 70 J i~ lalc:r ri.:usc<l tu mmsft"r tht: NOUU .si!-Hl<ll. Transft:r 

of the NOGO sign~d c:m \lecur only :1flc1· it has bec::n dete11nin\!li whc:ther the 
target resides on either bus 301 01· bus 303. Assume that tht: slowest positive 

decode ugent on eithc::r bus 1~4uirt:s thret: duck pc::riods for d1::t:uuing. 

Consequently, poshiw ch:coding l'K.'Curs <luring 1imd p!!riod 821 c.m bus 30 I 
and during rime pc::riuc.1 822 on hui; 30.1. 'llli: lust oppum111i1y for u positi\'t: 
decode ugem 10 daim th~ mmsm.·tiun is during th..: clc.)\!k p..:duu starting. ill time 

806. Therdol'\!, ill 1im..: i-t07. agt:nt 302 tlt:1t:1111int:s whethi:r tht: mry.e1 is on 
either bus 30 I or bus 303. Th~n. 1heri.: is ;i lldt1y oft wu c.~lu'-'k pi.:l"iod:.; bt:fore 
agelll 302 drives the npproprime vulue of tht: NOGO signul un llignul line 701. 
Thus, the clod; period ~ginning m time 809 is culled the NOGO window. At 
the end of the NOGO window. u~em ::\04 smnples lhe suu~ of signnl line 701 

·to detennine the vulu~ of the NOOO sig.nul. 

As d~scrih~d ulxwe. 1h~ MT signal und tht' NOGO.,sig1ml are tim~­
multiplex~d cw~1· ~i_;!.1ml tin~ 70 I. Th..: MT window begin~ unt< dork period 
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after 1he lr.ms:acrion is inicim~u. With u PCI to PCI bridg~ deluy of two clock 

periods, the NOGO window begins eight clock periods after the U'ansaction is 

initiated. In gener.tl, the NOGO window begins N clock periods after the 

transaction is initiated. where N is four cJock periods plus twice the PCI to 

PCJ bridge deluy. Of course. the dumdon and placement of either window 

could be vul'ied to nccommodme design considermions or u different bus 

prorocoJ. 

Thus. th~ presem lnvc:miun provid~s for the suppm1 of two subtractive 

decode tigcnts on the same bus. Oni: a1>plicmiun of the invention is on a PCI 

bus in the dot.·king station of u ponubk computer, ns illusmued in Figure 9. 

The portable c:omputer901 lms t1 primary PC! bus 903 po1,ulut~d with tt 

number of ugents 904. mid th~ :address rung~ of i1gc:ms 904 encompuss~s the 

address spuce of ISA leg;1cy devices. The purmble computer 90 I t.·an be 

docked to u docking station 902 wiih a St'l"onclary PCI bus 905 pupulutecl by tl 

number of ~agents 906 thm pl'ovidc ;1dditional ri::soun:~s. Thi:' 1wo PCI buses 

903 und 905 ar~ t.•onnectl!'d 1hrough PCI 10 PCI bridge 907. h is <lt'sirable to 

hnve un Industry Smndard Archilectme (ISA) bus 908 in dl11.:king s1mion 902 

to provide support for a num~r of ISA legacy devices 909. Consequently. 

there would be 1wc1 bus bridges on the s~condur)' PCI bus 905. bridge 907 ro 

the primary PCI bus 903 uncl bridg.~ 91 O to lSA bus 908. The u<ldrt:"ss spaces 

behind these two bridges would bi: ovt:l'lalllling.. fmgm~mi::d. tmd possihly 

dynamic. Thet"efor~. it is ttdvnnt:tl'-..:ous lu im1>lt:mt:m bClth hriug...:s :.t:-. 

subtmctiv~ clecc>de t'gt:ms using tht: 1>1'\:M!lll invention. 
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Clpjms 

Whm is claimed is: 

1 . A comput~r system comprising: 

a first bus: 

a first :1g~llt l'Ullpl~d lo lh(' first bus l)\Hl c.•laims ll..) ~ :I t:u·gt:t Of a 

transm:tion on th~ firs1 bus without dcl·odin,g m1 oidd~ss ussl>dutc-d with the 

transaction: 

u secc..,nd ngent cuuplt:u to th.: first bus. th~ second ug~nt 1\!'sponcling 10 

the trtmsaction us the tarp.el. 

2. Thi.! \."UllllJUlt:r sysh::m ul' dui m I wh~rdn th~ first il!!t:lll si!!ll:lls 

the sec:ond ~1gcm1 10 prcv1.:nt lhC' scc.·rnu.I ug.~111 rm1i1 dttiming lo be th~ t:ll"8-t:1 of 

the tr:mimction. 

3. ·n1c com11mer system of claim I wherein rhe lirst a~~nt signals 

the second ~lgent to •~spcmd lo th~ transnctkm. 

4. 'll1e computer system of cl.aim I further comprising: 

:t first signul from the first ugent 10 prevent the second ag~nt from 

claiming to be: the mrg~L of the tmns:t<.'lion: and 

. . ... 

I lllllll llllll lllll lllll:ll:llll ; ' 
* C .L M S * 
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u sec:on<l sigmll from the first ugent to sigm1I the second ug~nt to 

respond to the mmsuctiou. 

5. The computer system of cluim 4 wherein the first signal and the 

second sign:1l are lime-multiplexed. 

6. Th~ cumpLncr systt!m ur duim I wh~rdn the sc~·ond ugem 

initiates th~ tr.msac:tion. 

7 ~ 111e cum1rnter system or clnim 1 funher comprising. a third 

agent du1l initinl~s the: u·m\sacLion. 

I 

8. ·111~ c.:umputc:r sysa~m of d1tim I whe1·d11 th..: fir~t u~ent 

comprises u brid!le tu ;1 s~cond bus. 

~. The C:l..>lllJJUlc.>r system ur d;ii111 x whcrdn lh~ !i('l."lllld •l!,!.t!lll 

comprist."s u bridg~ 10 a tninJ bus. 

10. ·1111:: computer system of claim I wherein the lirst bus 

comprises a PCJ bus. 

1 I. Th~ computer syst~m uf daim t 0 when:in th~ 1irs1 :a~t"lll 

comprist:s" bl'idge m u ~~cond PCI bus. 

-· ----------·--
;r_: 

:;: · t\11\11\.\\\1\llll\H\lll \\\Ill 
· * c ~ M S * 
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12. The computer syslem of claim 10 wherein the second :1genc 

comprises n bridge to tm ISA bus. 

13. The computer system of claim 11 wherein th~ lirst PCI bus is 

in a docking st:uion and lhe second PCI bus is in u pormbll! com1>U1er. 

14. Tht: (,.'llllljllll\!f S)'Sll'lll or c:laim 13 whi:rdn tht" St"l.'Ullcl ngelll 

comprist."s a bridgt: tu ;m lSA bus in tht" dot:kinAt smtion. 

1 5. A 1.·ompm~r sys1em com1lrising: 

tt fil'sr bus: 

m li:us1 unt" ttgt!nt of a lil'sl typt" or ag~n• tlmt c:l:1ims 10 bc ;i mrget of 

tmn:mcti<.lns un the= first hus afll'r llc."l't.JC.ling ;tddrt"sst:s :1ssrn.·i:11t•d with the: 

transactions: 

a first uyem of u seconcJ 1yp1: of ugi:m thnt claims 10 bl' ;1 1ur~l!l <>f nil 

trunsnctions on the first bus 1hm ur~ u111.·luimecl nfter 1.1 finilt" period of timt"~ and 

u second ugem 1hm responds ns the mrget 10 u1111snctions cluimt:d by the 

first agent if the first agent cr.111sfers :1 re~ponsibility 10 rl!spond to th~ Sl!Cond 

agent 

l 6. The ccnn1>uter system of cl~tim 15 wh~rdn the first nge111 
comprises a bridge 10 a ~cond bus. 

-----------:---------

,, Ull\11\ \\\1\llll\U\1\1 \t\\I\ 
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17. The COlllJlUler sys1em of cl ail n 16 fm1her com1>rising m leus1 

one agent of lhe firsl lyp~ coupled m lh~ second bus, wherein: 

rhe first ugent forwurds tr:ms:1ctions on the first bus to the second bus; 
and 

the fil'st agent trunst~1·s lht: responsibility to respond 10th~ second 

agent when no ngt'nt duims lhe trnnsm:tiun un th\!' st"cond bu~. 

l It The 1:01111 •ul.:r syst~m of dnim 16 furthrr c:umprh;in~ u signal 

indicuting whether u trummction on the first :bus is forwurded from th~ second 

bus. 

19. The: c:um11ule1· S)'st.:m of 1.:l;1im IX wh.:rdn thC' second agc:m 

behaves :is un u~.:nt t.lf th.: s.:l·un<l 1y1>t: when th~ u·nnstil'lion b forwurded. 

20. Tht: c:omplllt:r syst~m of duhn 18 wht:rt:in th.: signul indicming 

whether a mmsm.·tion is forwnn.l.:d is 1iml.!-muhiph:xt:d with u sigm1l indic:ming 

whether 1he r~sponsibility 10 r~spund is mmsfem~d. 

21. A methud of dctcrmininu '' uu·e.et of a 111msac1ion inicimecl on u 
~ .. 

first bus of a computer system, lht" me1hud l"Omprising: 

tl first ugent on the first bus d:timing to be th~ mrg\:t of the mmsal·rion: 
and 

----··--·---------

.11111111111111 ·11111·.11111111111 
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the first ugent mut~ferring a responsibilily to respond to u SL.->cond agenr 

on the first bus. 

22. The method of claim 21, further comprising .a step of the firsr 
agent waiting lt finite period of time for un U!:-'elll on the first bus m clnim the 
tr.insnction by decoding un ~tddl'ess ~\ssocimed with the mmsm:don prior 10 rhe 

first ngeni cluiming the t1·:111sac.~tion. 

2 3. Th~ method of c:l:1im 21. fur1b1:r c.'omprising the following steps 
prior to the first ttgent 1r.111sler1"in~ lhl! 1~spo11sibili1y to respond m 1he second 

·agent: 

the first :1~ent furwm'ding the mms:1c1ion tu :1 second hus: mul 

thl:! first ug~nt wailing u fini1e p~riuJ of liml:!' for :111 ~1gc111 lo duim th~ 

tr.msuction on the second bLL~ by c.l1:<.•0tlin,g thl! mJdress asst.id:111::d with lhc 

tnm:mction. 

2-1. Thi:! methl>ll uf ch1im :! I funh~r 1:rnnprisin~ :1 st~p of th\: lirst 

agent sig.mllling the secu11<.l up.em m pri.:wm thl! Sl!l.'ond ap.l!n\ from d•liming. \he 
tmnsttction prior to th1.:: lirst ug~m chlimin~ lhr.! Lrnns•tCLion. 

25. The me1lmd uf di1im 24 wht:rdn " signal to mmsfer Lhe 

respt.msibilily t<> rt:s1>011d is tim~-muhiplcx..:d -wilh ~' sig.1ml to prt:vl!nl the 

second ag:~m frum claiming. 1he trans:u:tion. 

·1:1111111·111111·111111111111·1111 
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