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SUBTRACTI VE DECCDE AGENTS ON

Field

The invention relates to the fPETESIVIHpuUt er

systens and, in particular, to the field of determning targets of bus
Background of the Invention General ly, bus

transacti ons.

transactions in conputer systens involve a "master"

and a "target". The

master is the bus agent that initiates the transaction. and the target
IS the bus agent that responds to or is seleqted by the transaction. If
_ ;
Field of the [nvention

The invention relutes to the field of computer systems and, in
particular, to the field of determining trgets of bus transactions.

Background of the Invention

Generally, bus ransactions in computer systems involve a “master”
and a “target”. The master is the bus agent that initiates the ;tmnsacxion. and
the target is the bus agent that responds (0 or is sclecled'by the transaction. If
the bus protocol requires a detennination of which agent is the target of o
particular transaction, that determination can be centralized or distributed.
When target determination is distributed, the target itself is responsible for

- claiming the transaction,

The protocol of the Peripheral Component Interconnect (PCI) bus
includes distributed target determination (PCl Local Bus Specification.
Revision 2.1, published July {995). Bus masters initiate transactions by
asserting the FRAME# stgnnl and driving the address of the transactions onto
AD lines. Normally, each transaction has one target, so one and only one
agent on the bus has a responsibility 10 respond to the tm_jjszjction 18 the target.
That agent claims the responsibility to respond to the tran:.iiixé:tion by asserting
the DEVSEL# signal. The responsibility to respond to t:l_i:e_:_ét:mnsuclion includes
a responsibility to assert the TRDY# signul to indicute th:__uf‘:tlfle target is ready to
complete the trunsaction and either a responsibility to provide or accept dati.
depending on whether the transaction is a read or a write:



the bus protocol requires a determ nation of which agent is the target of a
particul ar transaction, that determ nation can be centralized or

di stri but ed. When target determination is distributed, the target

itself is rw‘gw@'zgefor claimng the transacti on. The
prot ocol of e i pheral Conponent |nterconnect (PCl) busPCT/USSY/I$SSides
distributed target determ nation (PCl Local Bus Specilication. Revi si on

2.1. published July 1995). Bus masters initiate transactions by
asserting the FRAVE# signal and driving the address of the transactions
onto AD lines. Normally. each transaction has one target, so one and
only one agent on the bus has a responsibility to respond to the

transaction as the +Q886tmi h-.szLe ¥ Y ' BE@%E‘%S' ibility to
respond to the_tr a:&sact ??)“r'ln%v I‘éhs %‘thﬁglg?h“ﬁ‘kﬁ{&em g"@ﬁg#&f‘. The
r ésponsi bi | i t yR4eRtSaecqdls the addresyip detenningif they areithecingbwrger. Paentials ponsi bi | ity
to assert the ffgRYdgesisgnaberfam sact £ddcadd diRtatibhfre thambalygetmbdroagady to
conpl ete the t«@gﬁ@gt&ég @5@ I A OSE [ Lhility.to porovide or accept
dat a. depenﬁl'! ng on %et 'ét? %ﬁgﬁ’f‘%&h@%@?‘?@h‘pﬁje{s& ré‘é{?ee‘gc‘}%obf'm& wite.’
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protocol allows a potential target agent to claim transuctions without

performing «t decode by claiming any trunsaction that is not claimed by a

positive decode agent after a finite period of time. Such an agent is commonly

referred 10 as a “subtractive” decode agent. To prevent target conflicts, the

prior art allows only one agent on the bus to implement & subtructive decode.

This limitation preventing the use of muhiple subtractive decode agents
on a bus presents a problem in a system with multiple PCl ‘buses. For
example, Figure 1 shows a system with PCI bus 101 and PCI bus 102
connected by PCI bridge 103. Bridge 103 trunsfers signals between buses
with a delay of two clock periods. Agent 104 resides on bus 101, and is a
positive decode agent requiring two clock periods for deco_ding. Agents 105,
106, and 107 reside on bus 102. Agent 105 is the slowest positive decode
agent on bus 102, requiring three clock periods for decoding. Therefore,
when agent 105 is 1argeted, it will claim the wansaction on the third clock after
the ransaction is initimed. Agent 106 is the subtractive decode agent of bus
102, claiming all unclaimed transactions on the fourth clock afier initiation of
the transaction.

Referring to the timing diagram of Figure 2 along with Figure 1,
assume that at time 201 agent 107 initiates a rransaction that wrgets agent 14,
Due to the delay across bridge 103. the address of the transiction is driven on
bus 101 two clock periods afier the address is driven on hus 102. Therefore,
agent 104 begins decode at time 203, two clock periods aﬁéhﬁ(he transaction is
initiated. Agent 104 completes decode at time 205. four clqck periads after the
transaction is initiated, and asserts the DEVSEL# signal °'i‘ ?ﬁbéus 101 to claim
the transaction. The DEVSEL# signal is ransferred 'ar:ro,ss: t_'iridge )3,



- 2- To determ ne which agent should claima transaction,

potential target agents decode the address to determne if they are the
actual target. Potenti al target agents that perform such a decode
operation ar y referred to as "positive" decode 1065
Assum ng that N0 two targets reside at the same address, no rmre’than
one positive decode agent will claim the transaction. By limting the
anount of tine available for address decoding, the PC bus pr ot ocol

allows a potential target agent to claimtransactions w thout

perform ng a decode by claimng any transaction that is not clainmed by a
pasi tive decode agent after a finite period e+ tinme. Such an agent is

co ”}YF_H ly . r efrégulting ik theaseion l&ﬂhh'e DBV SBLH¥ sighalonctds 30Emtime RO7pr eve nmt ][ ar get
conflicts. the Yol ] . t.he.. 0| pl enent
a “‘subtructive dé'}:%wa%?'l’%e“?ﬁ% V%hhg‘yg‘f#s'&%?gnm %{’%ﬂ‘"ﬁ?g‘féﬂ? ?'%g&% Ie use of

nul ti pl e subt r adime205goupelackneapdsifier the gansactipnavisinideed-s a problemin a
systemwith nultiple PCl buses. For exanpl e, Figure 1 shows a system
with PCl bus 101 and Ouelpoisitide solition to thisprobterh miphio e idGherkuse dgdinit®3. Bri dge
103 transfers si . i t peri ods.
Agent 104 resi de@%&ﬁggﬁgﬁﬁ*ﬁgﬁ%’wg ¢ ﬁ%%g?ﬁ a\%"‘ﬁ%%‘g%‘%%@%t& requiring
two clock peri odhe busrpreteedavhich sllqysonly thiss clock peripdgfor gasitiverdecodesitie on bus
102. Agent 105 iweell 3aleqemepaformasietty\iscrering the latency of erinisa@iondroshe 02,

requiring three sﬁb?fckig?@éck@f@eﬁtpkngﬁﬁp |s6ire \&Uﬁnert's’ flf"“maolvi lglg‘tlgé?ﬁhf agent 105

is targeted, it w almtie transactlon on t fhird c k ter t he
transaction is i'hf #¢la apss prdust V3 e pearipyng 1 P Yaeteonnt of bus
102, clai m ng al101ubiwevérediat vohsiomebuldre uin pedfemiioce iniprovemefis &d t er
initiation of  uideBg0d LANIAGH WEhs on bus 101, and decrédsd Mk of Bud 1A L1 M NG
di agram of Fi gurbgld% _@1’%)?1%%\?\,1& h"%tguorng uf, +ind ga_w uyr‘aj ,t’{']alt,ga time 201 agent
107 initiates a PrAudiogsiow derofe ey cfrotigy ppfsidlplution might be to

require bridge 103 to uct as a positive decode agent on bus 102 on behalf of all

agents on bus 101, However., that solution would add complexity 1o bridge

103, as well as decrease flexibility of bus 101 by limiting the availuble address

space and device configuration model 10 thut which can be nccomodited by

bridge 103.

The present invention overcomes the problems of the prior art
described above by providing support for iwo subtractive decode agents on the
same bus in a computer system.



Due to the delay across bridge 103. the address of the transaction is

driven on bus 101 two clock periods after the address is driven on bus
102. Therefore, agent 104 begins decode at time 203, two cl ock periods
after the transaction is initiated. Agent 104 conpletes decode at time
205. four clORMMHS ods after the transaction is initi ZCAWSIUNESSassert s
the DEVSEL# signal on bus 101 to claim the transaction. The DEVSEL#
signal is transferred across bridge 1083, WO 98/ 00785
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resulting in the assertion of the DEVSEL# signal on bus 102 at tinme 207.
However, agent 106 will have already m stakanly clainmed the transaction at

time 205, foursﬁwxﬁ lﬁﬁl!ﬁiﬂlﬁg the transaction was initiated.

One possi bl e solutron 'S pro Ien1nlght be to increase the finite
time period allowed osi tiv. - t hat uti.on woul d
viol ate the bu WB@B%‘BY""“%P’PH% P'B}V:'gg%?ﬂ%y‘b{’ﬂ?‘é'éfoé a%)‘ﬁﬁ?“ Y88 ods for
posi ti ve decodthe target of bus wyabictians id @ comager yysemo imenesembogimens theasi ng t he

| at enc?/ of f I 2pempte §teﬁ1%<ﬁdtﬁs a bus and Wb hgbhls|CBapIEPRARCOARY TAE firstNOL her
possi ble sol ut Iagerx]\t g?a%ls to Len.\ t'trl,e? ofa tr.\m.lcu& on the bus wnhout decoding the
address associated with the transaction. Although the first agent claims the

transaction, the second agent responds to the fransaction as'the target.




the del ay across bridge 103 and restricting the decode tinme of all agents
on bus 101. However, that solution would require perfornance

| mprovenents to bri dge 103 and certain agents on bus 101, and decrease
flexibility okobsieord®l by excl udi ng sl ow decode agent s.pcAnsdstredsss
possi bl e solution mght be to require bridge 103 to act as a positive
decode agent on bus 102 on behalf of all agents on bus 101. However.
that solution would add conplexity to bridge 103, as well as decrease
flexibility of bus 101 by limting the avail abl e address space and
device configuration nodel to that which can ge acconodated by bridge
103. The present invention over€onmes the problenms of the
prior art descri bed above by providing support for two subtractive
decode agents oriE ool he Deawinghnput er syst em VO

987 00785
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Summary  of the Jhggdkitedctive decode agent.

Figure 2 is a timing diagram illustrating a problem with the prior art
system of Figure 1.

Figure 3 is a block dingram of one embodiment of the computer system
of the present invention.

Figure 4 is a flow dingram itlusiating the use of the NOGO signal in
determining the wirget of a bus transaction according 1 one embadiment of the
present invention,

Figure 5 is a flow diagram illustrating the use of the MT signal in
determining the target of a bus transaction according to one embodiment of the
present invention.

Figure 6 is a flow diagram illusiring the behavior of one of the

subtractive decode agents according 1o one embodiment of the present
invention,

Figure 7 is a block diagram of the computer system of Figure 3
wherein the NOGO signul and the MT signal share one signal line.

Figure 8 is a timing diagram illustrating an implememion of the present
invention in which the NOGO and MT signals are umc-nmluplcxcd over one
signal line.

Figure 9 is a block diagram of one embodiment ol the present
invention in a portable computer with a docking station.



The present invention provides a nethod and apparatus for determ ning
the target of bus transactions in a conputer system In one enbodi nent, the
conmput er systemincludes a bus and two agents coupled to the bus. The first

agent cl ai RBobspgegs a target of a transaction on the bus w s di Ny

t he address associated wth the transaction. Al though the tirst agent
clains the transaction, the second agent responds to the transaction as
the target. WO 98/ 00785 '
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Brief Description of the Draw ngs Figure 1 is a bl ock diagram
of a prior art systemwth two PCl buses 6- and one subtractive decode
agent . ., Figure 2 is atimng diagramillustrating a problem

with the priodetailed Descpiptiom of Figure 1.

A method and appuratus for detenmining the trget of bus transactions
in a computer system is described. 1n the following descrip__i_ion. AUMErous
specific details are set forth, such as specific bus protocols and signal names,
in order 1o provide n thorough understanding of the present ;_i__r_ivemion.
However, it will be apparent to one skilled in the art that tlu_’;_'-_fpresem invention
can be practiced without these specific dewils. In other instances, some details
have been omitied in order to avoid obscuring the present in:yemion.

Figure 3 is a block diagram ol one embodiment of the computer system
of the present invention. The computer system of Figure 3 has three buses,
301, 303, and 305, and four agemts, 302, 304, 307, and 30%. However, the
computer system cin have any munber of buses greater than.zero ind any
number of agents greater than one within the scope of the ..pif.sem invention.
Anagent is any device coupled 10 o bus, for example a memory controlier. an
input/output controller, or a bus bridge. Bus 301 can be any wype of bus that
follows a protocol in which the targets claim transactions. The Peripheral
Component Interconnect (PCI) bus is one example of such i bus (PCl 'Local
Bus Specificution, Revision 2.1, published July 1995).

Agent 302 is a suburctive decode agent residing on bus 301, In this
embodiment, subtractive decode agem 302 is a bridge 10 another bus. One
advanige of implementinyg « bus bridge as a subuwactive dc_c{)_gle: agent is that
when a transuction is initinted on one bus, the bricige does-n_:'x_)'_t:h‘.\ve o perform
a positive decode on behalf of all of the ugents that reside on‘the other bus.
Such & positive decode would almost certainty be slow and {ébsd y given the
likelyhood that the bus will have a large, frigmented, and pn_"x;;sibly dynamic
address space. Agent 302 is shown as u bridge w bus 3()3._3-:;:1-lowever, agent
302 could be any other type of subtractive decode agent wi_tli’_i__n the scope of the
present inveation, .




Figure 3 is a block diagram of one enbodi nent of the conputer system of

the present invention. Figure 4 is a flow di agram
illusirating the use of the NOGO signal in determ ning the target of a
bus transact manesmoresr di ng to one enbodi nent of the pr eetikrviossent i on.

Figure 5is a flowdiagramillustrating the use of the MI signal in
determining the target of a bus transaction according to one enbodi nent of

t he present invention. Figure 6 is a flow diagram
illustrating the behavior of one of the subtracti ve decode agents
according to one enbodi nent of the present I nventi on.

Fi.gure 7 is a block diagram of the conput er ‘'System of Figure 3
wherei n the NOGO si gftgsnt3Af isapecaog n‘é@ﬂ‘&#tﬂl‘"@aﬁ“é%he"@i”@ﬁéﬂe Mene.
Figure 8 is a tiafdvanghgelofage prosent Inveition] dgBtk 304 iy spva ieFiguR’d f britigee  present

| nvention in whigt448 W&?eﬂgm'\é[[@in%‘%q%ﬁ{ ﬁox i B?.n&’i%&*,%%ed over one

signal [ine. enbodi nent of
t he present implapeH BRI 1%“"&‘ SyBRracHmE @be%wemeﬁqmem W igBeREMg st ati on.

bridge 304 as a true subiractive decode agent would result in a target conflict
between agents 302 and 304 any time that i transaction was not claimed by 4
positive decode agent on bus 301,

By definition both agent 304 and bridge 302 cannot behave as
subtractive decode agems. However, the present invention allows both agent
304 and agent 302 to behave as subtractive decode agcms'lhmug_h the use of
signal 306. Signal 306, referred 1o herein as the NOGO signal, between
agents 302 and 304 indicates whether the responsibility to respond to o
transaction is 1o be transferred Jrom agent 302 1o apent 304,

Figure 4 illusirawes the use of NOGO signal 306. Assume that buses
301 and 303 are PCI buses. In step 401, muster agent 307 initiaes o
transaction on bus 301 that could be argetted to an agent on bus 301, bus 303,
or bus 305. If the rransaction is trgened to an agent on bus 301, that agent
performs u positive decade and claims the transuction in swep 405, However,
if the transaction is not claimed by positive decode on bus 301, agem 302
claims the ransaction by subtraciive decude in step 407, and torwards the
transaction to bus 303. Then, if the transuction is argetted 1o an agent on bus
303, that agent performs a positive decode and claims the wansaction on bus
303 in step 41 1, causing agent 302 10 retain the responsibility 10 respond 1o the
transaction on bus 301, In that case it is appropriate that agent 304 did not
claim the transaction by subtractive decode, However, if no agent on bus 303
claims the rransaction. then by the provess of elnnumuun.__ghc target of the
transaction must resice on bus 303, In that case agent 304, not agent 302,
should be responsible fur responding 1o the runsaction on bus 301.
Therefore, in step 413, agent 302 uses NOGO signal 306-10 wansfer the
responsibility to respond to agent 304. Agent 304 racks the transaction from
step 401 to step 413 in preparation 1o respond, including laiching of the
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Det ai | ed Description A nmet hod and apparatus for determ ning
t.he target ®Wo#8ma788r ansacti ons in a conputer systemis pgd@rRéiiagd | N
the foll owm ng description, numerous specific details are set forth,
such. as specific bus protocols and signal nanes, In order to provide a
t hor ough under standi ng of the present invention. However, it will be
apparent to one skilled in the art that the present invention can be

practiced wi thout these specific details. | ﬁ ot her instances, sone details
have been onitted in order to avoid obscurifig the present invention.
Figure 3 is a Bidsest aed Bercommymd sigeals Hosenstant Ther, inistepAddpieeat30dy st em of
the present i nyamilesMNOGOEnaP3N6US BElerisd WRBthe? br it Bane 3 fhaaIdt hr ee buses,
301, 303, and l?’eggondelﬁﬂmfx%‘d@\cﬁ&em s, 302, 304, 307, and 308. However, the -
conput er system tan have any nunber of buses greater than zero and any
nunber of agents greater than one within the scope of the present
i nventi on. An~ alfetie epbodigynit pheguereaiipration whereip bys 1o afhnpl e a
nmenory contr ol bas, tramsfier of thei reypoisilsilifypol fespandmhdunt haragem30a, fousgent i dge.  Bus
301 can be any gy B&ed iLYROYMMgnal to indicate that the target is ready to complete

the transaction and provides or accepts data depending on whether the

transaction is a read or a write. In another embodiment of the present

invention, also wherein bus 301 is 4 PCI bus, transfer of the responsibility 10

respond also includes wuaster from agent 302 1o agent 304 of the

responsibility to assert the DEVSEL# signal. In either embudinment, the

transfer of the responsibility 1o respond is transparent w master agem 307.

Master agent 307 sumples the DEVSEL# and TRDY# signals 1o determine the

status of the target, but master agent 307 neither knows norcares if’ the

DEVSEL# und TRDY# signals are asseried by the same :lg__t_}m or by different

agents. In an embodiment of the present invention wherein bus 301 is not a

PCI bus, the responsibility to respond and the transfer of thin responsibility

would be defined according o the bus protacol.

In another embudiment of the computer system of the present
invention, in step 401 of Figure 4 the tmasaction on bus 301 is iniviwted by
agent 304 instead of agem 307, In this embodiment it is pussible for agent
304 10 initiate as the master and respond as the trget of the- same transaction
on bus 301. Therefore, agent 304 can be the master of a transuction without
requiring agent 304 1o determine where the target resides. Agcm 304 initiates
the ransaction on bus 301, and if the wrget is on bus 305 the responsibility 10
respond will be transferred 10 agent 304 by agent 3(02.

Thus, the present invention provides for two agents.to be coupled 10
one bus without reguiring either agent to implement a msju{';»’ic decode. The
present invention also provides for two agents W behave as subtractive decode
agents on bus 301, albeit wt different times, This aspect nfﬂt[i:c present



follows a protocol in which the targeis claimtransactions. The Peri pheral
Conmponent Interconnect (PCl) bus is one exanple of such a bus (PCl Local
Bus Specification, Revision 2.1. published July 1995). Agent
302 is a subwvoawamme decode agent residing on bus 301. | rPCTISS7/10655
enbodi ment, subtractive decode agent 302 is a bridge to another bus. One
advant age of inplenenting a bus bridge as a subtractive decode agent is

t hat when a transaction is initiated on one bus, the bridge does not
have to perform a positive decode on behalf of all of the agents that
resi de on the other bus. Such a positiwe decode woul d al nost certainly

e st ow and coshl g8 MR e of lehli b IORN Bkl S TtV e o

| ar ge, fragmantg ess space. Agent 302 is
shown as a bri dgee)tsunbluéewe%\d%mé %-#“ ﬁ’éent 302 coul d be any ot her

t-ype of subtractive decode agent within the scope of the pr esent
i nventi on. WGi8 5 OLstHaes the use of MT signal 309. In step 501 of Figure 5,

PCT/ US97/ 10655 master agent 308 initintes & transaction on bus 303 that could be targeued to an - 7-
agent on bus 301, bus 303, or bus 305. If the wransaction is targetted 1o an
agent on bus 303, that agent performs a positive decode und claims the
transaction in step 505. However, if the transaction is not claimed by positive
decode on bus 303, agent 302 claims the trunsaction by suburactive decode in
step 507, and forwards the trunsuction to bus 201, In this case, agent 302
remains the subtractive decode agent on bus 303, However, behaving as-the
subtractive decode agent on bus 303 does not reguire agent 302 10 behave as
the subiractive decode agent on bus 301, Furthermore, there is no need for
agent 302 (o behave as the subtractive decode agent on bus 301, because there
is no need for agent 302 10 forward the transaction back to bus bus 303,
Therelore, ugent 304 can behave as the subtractive decode agent on bus 301.
Agent 302 uses MT signal 309 to indicate 10 agent 304 thit the transuction
originated on bus 303 and thit agent 304, instend of agenmt 302, should behave
as the subtractive decode agent on bus 301 by waiting a finite period of time
before claiming the transaction without decoding. Then, if the rransaction is
targetied 10 an agent on bus 301, that agent performs i positive decode and
claims the wansaction on bus 301 in step 511 However, it no agent on bus
301 clims the transaction, then by the provess of elimination, the target of the
transaction must reside on bus 305, Therefore, in step 513, agem }H claims
the transaction without decoding,

The behavior of agent 304 is iltusirated by the flow dingram of Figure
6. For this illuswration, assume that MT signal 309 is a digiwl signal that agent
302 drives to *1° when the master is on bus 303, and w0 "0" when the master is
on bus 301. Also assume that NOGO signal 306 is a digital signal that agent
302 drives w0 *1” when agent 302 is retaining the responsibility to respond o
the transaction, and 10 *()" when agent 302 is wunsferring the responsibility to
respond to the transaction to agent 304, Figure 6 shows that NOGO signal



Agent 304 is a second agent residing on bus 301. To illustrate one
advant age of the present invention, agent 304 is shown in Figure 3 as a

bri dge to bus 305. For the reason expl ai ned above, it would be

advant ageouswio®sierss | pl enent agent 304 as a subtractive QRﬁﬁﬁﬁgﬁﬂQQt-
However, to inplenent bridge 304 as a true subtractive decode agent
woul d result, in a target conflict bet ween agents 302 and 304 any
time that a transaction was not clainmed by a positive decode agent
on bus 301. By definition both agent 304 and bridge 302
cannot behave as subtracti ve decode agents. However, the present

I nvention all ows both agent 304 and agéHt 302 to behave as subtractive

decode agents t3}l6auight behgnonsiglepénding on the gl of BTG sig@il Gkl If Bbsigmabf erred to
herein as the NQOR g ARG ageMBOMERMYs behavAIE R SibuaBiivetiReodd fert (Wlbckat €S

whet her the reswgsgbl,l|ty”saco].‘r.,es.ﬁ§>&%_tq B awent Jgi20SACL] pL IS to be
transferred frofageRte%H2 Vo U § 47> then agent 304 1s preyquted fony || ystrates
t he use of NOGGlsivgsgzhe BOGuctias by sebitibtivie docrslesind the suB@guanikh®dar afr e PCl

e ot e B J bndll 04, sign: LS aRf,i on on bus
301 that could %@%%ﬁé‘géf‘ga&?gw&ég 'é‘{rl\?b%nﬁgﬁmcgélfn“ 306 5OTS e

1 bus L 3, or bus
305. If the tratEaR &Ry wor respend;ia thegpnsigtion bleck Bﬂ“)bg'gﬁgé%’“&“ﬁlat agent
perforns a posi 306ie (Jabadegeanit)iot gionds ihdhe:utsacaios Addelob)S).nlf dested 405. However ,

if the transactj,tga.s';gsmng;,csq,l,@j,&r,gqmpymmq'isédve decode on bus 301, agent 302
clains the transaction by subtractive decode in step 407, and forwards the

transaction to bus 3 swahen, f the transactipon i.s efted to an agent
on bus 303 tha‘fgﬁg’ﬂé’r‘lg"}feﬁbf'é? gy oué‘j'cﬂ'*/"é:‘i g'é?@é@e&% }*g{@i ms the
transaction on Bfsind MT sigmd 3D% withighersope of dhwpseseet ingtien. 302 to retain the
responsi bility peferdrpon: éi s%*x\ﬁllin_e(gor HoltAnemaRk il &deod rﬁhﬁ&: ®el. Int haL case
it is appropriaje. t .agent Ldid not o oag C he tyansaction by
subtractive dec’é@te‘%umﬁou\}v‘e'&g{rﬁ,e rﬁ’l?‘nﬁg’e'&ﬁee'h‘fi’tg‘ﬁ 3%2[1‘% c%g] th‘L e fc'f‘é{i%?rtg'kt he

transaction. t h@REBP of Hie ppeessysim diFigwnhwhenin NQGE sildeo ot t he
transacti on nmusMT ggiat BV WRNal 1IBRF01. 1 FlgdB ats o hame dageni ilgddiingnot agent
302, an implemention of the present invention in which NOGO signal 306 and MT

signal 309 are time-multiplexed over signal e 7(4.

To understand Figurc B it is important to undersiand thay, within the
scope of the present invention, agent J02 can be implemented in a number of
wiys. For example, agent 302 can be implemented to pass virdly all signals
from one bus 1o the other with minimum delay. Allernatively, agent 302 can
be implemenied 1 select certain transaciions on ong bus and recrente only
those wansuctions on the other bus. Thercefore, the sieps, 'sig.nals. and tumings
associated with forwarding a transaction from one bus 10 another would vary
according 1o the implementnion of agent 302, Above, 10 best introduce the
use of NOGO signal 306 and MT signal 309, it was assumed that agent 302
forwarded a transaction at the same time thit agent 302 claimed the ransaction
by subtractive decode. However, agem 302 could forward a iransaction or
pass signals associated with the transaction before or atter:agent 302 claims the
transaction by subtractive decode. or even if agent 302 does not claim the
transaction by subtructive decode. For the purposes of Figure ¥, assume that
agent 302 passes cenain signals, such as the FRAME# sig@ml and the address.



shoul d be responsible for responding to the transaction on bus 301.
Therefore, in step 413, agent 302 uses NOXO signal 306 to transfer the
responsibility to respond to agent 304. Agent 304 tracks the transaction
from St SPOIWAO7EHO step 413 in preparation to respond, i rROTVIEOTIINGSS

| at ching of the WD 98/ 00785

PCT/ US97/ 10655 address and bus conmmand signals if necessary.
Then, in step 413 agent 304 sanpl es NOGO signal 306 to determ ne
whet her or not agent 304 should respond to the transacti on.

I n one enbodi rrent of the present invention \Mﬁerel n bus 301 is a PC

bus, transfer he responsibility. to.respo t hat t 304 not
npent 300, ° delon it LRRRERE kgt by Sy BERR Aol Bipy im0
ready to corrpl etigd delay efwotclogk periodi bwuamd side olhelbridggrio et Lﬂd@

depéndi ng on whehdisidgehe transaction is a read or a wite. in anot her
enbodi nent of the present I nvention, also wherein bus 301 is a PO bus.

transfer of the resp%gérﬁ#é «%»}' lotF(?L,ure 8 il &%ﬂ%&%ﬂ%iﬁﬂ’i&%l79§'ﬁa§mﬁcru‘39Sf er from

agent 302 to agent
1s initiated at time 801 by the assertion of the FRAME# signul on bus 301.

Also at time 801, the address on bus 301 changes 1o correspond 10 the target
address of the new transiction. The FRAME# signal and the new address are
passed across agent 302, resulting in agem 302 usserting the FRAME# signal
and driving the new address on bus 302 ;u time 803,

Attime 802, one clock periad atter the transaction is initiaed, agem
© 302 drives the appropriate value of the MT signal on signal line 701, Thus,
the clock period beginning at time 802 is called the MT window. At the end of
the MT window, agent 304 samples the state of the signal line 701 to
determine the value of the M1 signal.

Signal line 701 is later reused 10 transter the NOGO signal. Transter
of the NOGO signal can occur only afier it has been determined whether the
target resides on either bus 301 or bus 303. Assume that the slowest positive
decode agent on either bus requires three cluck periods for decoding.
Consequently, positive decoding occurs during time period 821 on bus 301
and during time periad 822 on bus 303. “The last opportunity for a positive
decode agent 1o claim the wrunsaction is during the clock period starting a time
806. Therefore, at time BO7. agent 302 determines whether the trget is on
either bus 301 or bux 303. Then. there is a deliy of two clock periods before
agent 302 drives the appropriate vilue of the NOGO signal on signal line 701,
Thus, the clock period beginning a time 809 is culled the NOGO window. At
the end of the NOGO window, agem 304 sumples the state of signal line 701
to determine the value of the NOGO signal.

As described above, the M signal and the NOGO: signal are time-
multiplexed over signal line 701, The MT window begins one clock period



responsibility to assert the DEVSEL# signal. In either enbodi nent the
transfer of the responsibility to respond is transparent to master agent
307. Mast er agent 307 sanpl es the DEVSEL# and TRDY# signals to

det erm ne tW©o98/00788t at us of the target, but naster agent 38gT/08971bes knows
nor cares if the DEVSEL# and TRDY# signals are asserted by the sanme
agent or by different agents. In an enbodi nent of the present

i nvention wherein bus 301 is not a PCl bus, the responsibility to
respond and the transfer of that responsibility woul d be defi ned
according to the bus protocol. In another enbodi nent of the

conput er systerp of the present ! I.n p 401 of Figure 4 the
transacti on orf g‘eé‘ﬂﬁ‘“?@“l‘hi"t'f“&ﬁ’ed"!ﬁ'&" P U ‘“'%Eﬂ‘ﬁ-"{!fbﬂ‘yl"hﬁ%‘dﬁ'kof agent 307.
I n this enbodipesiods, tite NOGGOossddwW Beghinreighy elotk periods xﬂfbﬁtltemamracmonase as the

st er and 1 eShRAT ksl He980CE ity BATR N LB RO Rer e O" DUS 301

Theref ore, agent
requi ri ng agen¥ansiskiop i imtinted.hees Njmetour ¢leck Hcﬁ?‘bdl‘“"r‘é'&ed@sPC'Agent 304 |
initiates PCleridge délsya oDf edirs® thO diuiiéh shd pBlﬂéhlttufl of éithei wingéw 1S on bus 305

the responsi b'éduIdVbetﬂuedx?uéo%ﬁﬁcﬂJ\EL d&;élxu?&d%ﬁ& grgﬁﬁ,,@npgggent - 304 by

agent 302. nven rovides for tw agents
to be coupled prglocol  gne pus W|thout requiring elther agent to inplenent a
positive decode. The present invention also provides for two agents to
behave as subtract i Thes. thepestat inventioa gervides tor theaupp@0df, iwalsttesattivat  di f f er ent

times. This agRead ayhs bItheRIASERL One applicution of the invention is on a PC
bus in the docking station of ot portable computer, as illustritted in Figure 9.
The portable computer 901 has a primary PCI bus 903 populated with a
number of agents Y04, and the address range of agents Y04 encompasses the
address space of 1SA legacy devices. The portible computer Y01 can be
docked to a docking station 902 with a secondary PCH bus Y05 populated by a
number of agents Y06 that provide additional resources. The two PCI buses
903 and Y035 are connected through PCl 1o PCI bricdge 907. 11 is desirable to
have an Industry Standard Architecture (1SA) bus 908 in docking station 902
to provide support for a number of I1SA legucy devices 909. Consequently,
there would be 1wo bus bridges on the secondary PCl bus 9035, bridge 907 to
the primary PCI bus 903 and bridge 910 10 ISA bus 908, "The address spaces
behind these two bridges would be overlupping, fragmented. und possibly
dynamic. Theretore, it is advantgeous w implement both bridges as
subtractive decode wgents using the present invention.
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i nvention involves the use of signal 309, referred to herein as the Mr
(master. twooesoosssgnal , bet ween agents 302 and 304. PCT/US97/10688 OUr e

5 illustrutes the use of MI signal 309. In step 501 of Figure 5,
master agent 308 initiates a transaction on bus 303 that could be targetted

to an agent on bus 301, bus 303, or bus 305. If the transaction is
targetted to an agent on bus 303, that agent perforns a positive
decode and clains the transaction in steg3505. However, if the
transaction is not clainmed by positive ‘code on bus 303, agent 302
clainms the transaction by subtractive decode in step 507, and forwards
the transaction to bus 301. In this case, agent 302 remai ns the

subtracti ve decode agent on bus 303. However. behaving as-the

subtractive decoﬂﬂlaﬁent on bus 303 does not require agent 302 to behave as
the subtractive decode agent on bus 301. Furthernore, there is no need for
agent 302 to beh¥hatiaslained isubt racti ve decode agent on bus 301. because

t here is no need for agent 302 to forward the transaction back to bus
bus 303. Ther ef of e, .as the subtractive decode
agent on bus 301. L Aggt%&% gggﬂw#ﬁ@%‘ﬁ 309 to indicate to agent
304 that the transactmﬂ bus originated on bus 303 and that agent 304,

i nstead of agent 302, Sholit d behave as the subtractive decode agent
on bus 301 by waiting a finite period of tine before claimng the
transaction without @'ahfq’ib“”ﬂﬁ'éﬁ“’q“f“‘f‘h‘é"t“b‘éﬁé'&bﬂ‘i’éﬁ'i-‘swf"d targetted to
an agent on bus 3m,xumham tizgEmtbup edihout risculinaniatidys deciade wimdhe cl ai s
the transaction ghnhie,301 in step 511. However if no agent on bus

301 clains the transaction. then by the process of elimination. the target

of the )
a second ngent coupled to the first bus, the second agent responding to

the trunsacrion as the Largel.

2. The computer system of cliim | wherein the lirst agent signals

the second agent 1 prevent the second agent from chiming 10 be the target of
the transuction.

3. The computer system of claim | wherein the {irst agem signals
the second agent 10 respond to the transaction.

4. "The computer system of claim 1 further comprising:

a first signal from the first agent to prevent the second agent from
claiiming to be the trget of the tansaction; and

' " C L N s:' o



transaction nust reside on bus 305. Therefore, in step 513. agent 304

cl ai ns the transaction w thout decodi ng. The behavi or of
agent 304 is illustrated by the flow diagram of Figure 6. For this
illustrati onwewanon® that MI signal 309 is a digital signal ptfyvokorngest

302 drives to' 1 ' when the master is on bus 303. and to '0" when the
master is on bus 301. Also assune that NOXO signal 306 is a digital
signal that agent 302 drives to 'I' when agent 302 is retaining the
responsibility to respond to the transaction, and to' 0" when agent
302 is transferring the responisibility to respond to the transaction
to.agent 304. Figure 6 shows that NOGO si naV‘ WO 98/ 00785

PCT/ US97/ 10655 a secondzdgublirgithe fiest p@\bmwbtpempwbmsw ®he val ue of M
signal 309. If JpoRH &Rk wransach®d is "1 ', then agent 304 always behaves as
a subtractive decode agent (bl ock 602). However, if MI signal 309 is
0", then agent 304 is prevented from claimng the transaction by
subtractive decode. and the subsequent behavi or of agent 304 depends on

NOGO I | f N( GO I i .. th
signal 306. ?he%gglputgxp SE)S?SIICI% o} claim 4 %vrl]}erein the first signal and the

second sugnal are time-multiplexed.

6. The computer system of claim | wherein the second agent
initiates the transaction,

7. The computer system of claim 1 further comprising « third
agent that initintes the wansaction.

[}
8. The computer system of claim | wherein the first agent

comprises u bridge to & second bus.

v. The computer system of claim 8 wherein the second agent
comprises a bridge to a ird bus.

10.  The computer system of claim | wherein the first bus
comprises i PCI bus.

1. The computer system of claim 10 wherein the first agent
comprises a bridge 10 a second PCl bus.

——
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agent 304 does not respond to the transaction (block 604). If NOGO signal
306 is '0'". then agent 304 responds the transaction (block 605). If

desi red, ot her signal types or encodi ngs can be used.

Al t-hough it VWOPMMIDH| e to use separate signal |ines for NOBCTRISHTIHESS

306 and M signal 309 within the scope of the present invention, it is

preferable .to use one signal line for both signals in order to reduce the
pi ncounts of and the routing between agents 302 and 304. Figure 7 is a

bl ock di agram of the conputer system of Figure 3 wherein NOGXO signal
306 and MI' signal 309 share signal line;401. Figure 8 is a timng
di-agramillustrating an i nplenention or the present invention in which
NOGO si gnal 306 and Mr signal 309 are tinme-multiplexed over signal
line 701. To _understand Figure 8 it is inportant to understand
tHat, within the 12500'5@3W’Wﬁés)ﬁpﬁk‘%ﬁ!“"ﬁﬁ()@ﬁ]?ﬁeﬁﬁ!‘e%&E}ﬁ‘t“ggbz can be

i npl ement ed i n aomptideen britige to an ISW¥es, For exanple, agent 302 can be

i npl.enented to pass virtually all signals fromone bus to the other
with mninmumdelay. Alternatively. agent 302 can be inmplenented to
sel ect certain transactions on one bus and recreate only t hose

transactions on the her.bus. Theref or Lhe . steps.  si.gn .and timngs
associ ated with f orvvg?'di nﬁ%"‘l”?‘%‘ﬁéé’é‘ﬁ"bﬁf‘:ﬁ‘f"@‘%laﬁ‘g&ﬂb@e hgl ﬁéﬁ%‘f’ﬁber woul d
vary accor & wdookingrstidion sl bersarped PChbus i in apgashle @aputeAbove, to best

i ntroduce the use of NOXO signal 306 and MI signal 309, it was assuned

that agent 302 forwarded a transaction at the same tinme that agent
302 clained the transaction by subtractive decode. However agent.

202 ol 5 o 4 s g o
subtractive décSﬁ'@Pri’ﬁF“%f}glﬁF ‘Pf‘gi@éﬁt‘s igélf‘g’ﬁggg MMl ai m t he

transaction by subtractive decode. For the purposes of Figure 8, assune
t hat agent 302 passes certain signals. such as the FRAVE# signal and

t he address.
15. A computer sysiem comprising:

a first bus:

at least one agent of a first type of agent that claims to be i target of
transactions on the first bus after decading addresses assoviated with the
transactions:

a first agent of a second type of agent that cliims 10 be it target of all
transactions on the first bus that are uncluimed after a finite period of time: and

a second agent that responds as the wrget 10 transactions claimed by the
first agent if the first agent wansfers a responsibility 10 respond to the second
agent. '

16.  The computersystem of claim 15 wherein the first agent
comprises a bridge 10 & second bus. "

. —
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before it clains the transaction by subtractive decode. Al so, assune that
t here i swased78sy of two clock periods from one side ofpdrismetridesige to
the other side of ° the bridge. Referring now to Figure 8 in
conjunction with Figure 7, a transaction isinitiated at tinme 801 by
the assertion of the FRAME# signal on bus 301. Al so at tine 801, the
address on-bus 301 changes to correspond to the target address of the
new transaction. The FRAME# signal and the new address are passed
across agent 302, resulting in agent 302 asserting the FRAVE# signal

and driving the new address on bus 302 at tine 803. At time
802, one clock period after the transaction is initiated, agent 302
dui ves the appropriafe vibaxpnyfuter estehlolstgndb forhescamadsiniianigast01. Thus.

the clock peri qle Reat AMhGrs@ 8'&duﬂﬁd‘?@@\ek&oﬁ@ﬁx\»‘?@hér@ﬁ: MI'" wi ndow. At the end
of the MI wi ndow, agent 4 sanples the state of the signal line 701 to

determ ne the val ue :!%fﬁrmﬁeMerw%}&? .1||1s:xctions on the first bus to the second bus;
and

the first agent trunsters the responsibility to respond to the second
agent when no agent claims the transaction on the second bus.

18, The computer system of claim 16 further comprising a signal
-indicating whether a transaction on the first bus is forwarded from the second
bus.

19, The computer system of chim 18 wherein the sceond ugent
behaves as an agent of the second type when the wansaction is Torwarded.

20.  The computer system of cliuim 18 wherein the signal indicating
whether a transuction is forwarded is time-multiplexed with a signal indicating
whether the responsibility 1o respond is wransferred.

21. A method of determining a target of a wansaction initiated on &
first bus of a computer system, the method comprising:

u first agent on the first bus claiming 10 be the uirget of the ransaction:
and '

f i L g e l



Signal line 701 is later reused to transfer the NOGO signal Transfer

of the NOGO signal can occur only after it has been determ ned whet her the
target resides on either bus 301 or bus 303. Assune that the sl owest
positive waBs8s agent on either bus requires three cl ockcyessinosssft or

decodi ng. Consequently, positive decoding occurs during tine period
821 on bus 301 and during tinme period 822 on bus 303. The | ast
opportunity for a positive decode agent to claimthe transaction is
during the clock period starting at tinme 806. Therefore at tine 807.
agent 302 determ nes whether the target is gn ei ther bus 301 or bus
303. Then. there is a delay of two clock periods befqre ent 302

drives the appropri dl‘% 'V‘hi'gﬁé‘ Hmsieriag m"é“i'lb'ﬂéﬂo tsipapd ghayecondgento

Thus, the cl ockomhbe fied bbegi nning at tinme 809 is called the NOGO w ndow. At
the end of the NOGO wi ndow, agent 304 sanples the state of signal |ine 701
to determ ne the value of the NOGO signal. As descri bed above,
the MI signal and the NOGO signal are time- mul ti pl exed over signal

:DIC'T'/eU;S% /_'1025-22 MT Wlil,d OW'R)e%'xe do?gl am QF lﬁmhepoompusmg 1 astep ot\%(e)f%/ 00785

agent waiting a finite period of time for an agent on the first bus 10 claim the
transaction by decoding an address associued with the transaction prior to the
first agent claiming the mansaction.

23.  The method of ¢laim 21, further comprising the following steps
prior to the first agent wransferring the responsibility 10 respond 1o the second
“agent:

the first agent forwarding.the wansaction o a second bus: and

the first agent wanting a finite period of time for an agem o clain the
transaction on the second bus by decoding the address associated with the
transaction.

24, ‘The method of claim 21 further comprising a step of the first
agent signalling the second ngent 1w prevent the second agent tTom chiiming the
ransaction prior to the first agent claiming the wansaction,

25, The method of claim 24 wherein o signal 10 tunsfer the
“responsibility w0 respond is time-multiplexed with & signal w prevent the
second agent from claiming the transaction.

e coCL A os w



-12- after the transaction is initiated. Wth a PCl to PCl bri dge del ay

of two cl ock periods, the NOGO wi ndow begi ns ei ght clock periods after
the transaction is initiated. In general, the NOGO w ndow begi ns N

cl ock periods‘aéé he tansaction is initiated, where Nis four clock
peri-ods plus t e PCl to PCl bridge delay. O coursectiusermessat i on
and pl acenent of either w ndow could be varied to acconmmopdut e design
considerations or a different bus prot ocol . Thus the
present invention provides for the suppor?, f two subtractive decode

agents on the same bus. One Lcation of°the invention is on a PC
bus in the docking station fﬁﬁlp table conputer, as illustrated in Figure
0

9. The portable conpute s a primary PCl bus 903 populated with a
nunber of agents 904. and tA€ Address range of agents 904 enconpasses

t he address space of |SA | pgacy devices. The portable conputer 901

can be docked to a dockinpg station 902 wth a secondary PClI bus 905

£ i de additional resources.
Cl to PCl bridge

907. It is desirable t have an I ndustry Standard Architecture (I SA)

bus 908 in docking staion 902 to provide support for a nunber of |SA

| egacy devi ces 9009. sequent | y. there would be two bus bridges on the

secondary PCl bus 9( dge 907 to the primary PCl bus 903 and bridge

popul atetd by a nunber of

The two PCl b

gents 906 that

a

910 to | SA bus 908. hddr ess spaces behi nd these two bridges woul d
be overl apping, frag . and possibly dynam c. Therefore, it is
advant ageous to inpl enent both bridges as subtracti ve decode agents
usi ng the present invention.
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Cl ai s What is clainmed is: 1. A conput er system
conpri si ng: _ a first bus; a first agent coupled to
the first bus YR2¥9%%ins to be a target of a transact i opc@RishPfieds I St
bus wi t hout  decodi ng an address associated with the transacti on:

a second agent coupled to the first bus, the second agent responding to
the transaction as the target.
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2. The conputer systemof claiml| wherein the first agent signals
the second agent to prevent the second agent fromclaimng to be the

target of t he transacti on. 3. The conputer system
of claiml wherein the first agent signals t he second agent to respond
to the transact? &Hoo7s 4. The conputer systeemusbumksai M |
further conprising: a first signal from the first agent to
prevent the second agent from claimng to be the target of the
transaction: and WD 98/ 00785
PCT/ US97/ 10655 3/9
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-14- a second signal fromthe first agent to signal the second
agent to respond to the transaction. 5. The conputer
system of claim4 wherein the first signal and the second signal are
time-nmul tipl exed. 6. The conputer system of claim!]l
wher.ei n t he s&¥@AH00FRfnt initiates the transaction. PCT/USOT/10655 | -
The conputer systemof claiml| further conprising a third agent that
initiates the transaction. 8 The conputer system of
claiml wherein the first agent conprises a bridge to a second bus.

9 The conputer system of claim8 wperein the second agent

conprises a briQ.g‘e to a third bus.

‘,m‘s-hr ihades franseehion

on bus 304
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10. The conputer systemof claiml| wherein the first bus conpri ses

a PCl bus. 11. The conputer systemof claim 10 wherein
the first agent conprises a bridge to a second PCl bus. WO
98/°00785

PCT/-US97/ 10650 98/0078s PCT/US97/10655 - 15-

12. The conmputer system of claim 10 Wneregpgthe second agent
corrprl ses %.hrl dge to an ISA Db

Master inihakes "“"‘“"-’J"‘"

en busy 30%
s S
H Md’ Nes esfive decede aqod"
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13. The conputer systemof claim 1l wherein the first PCl bus is in a
docki ng station and the second PCl bus is in a portable conputer.

14. The conputer system of claim 13 wherein the second agent
conprises a bridge to an | SA bus in the docking station.
15. . A conp¥Q98/08785t em conpri si ng: a first beermwsymnosss

at | east one agent of a first type of agent that clains to be a target of
transactions on the first bus after decoding addresses associated with

t he transacti ons: a first agent of a second type of
agent that claine to be a targe® of all geq transactions on the first
bus that are unclaingg‘a afinite f I me: Yand a
second agent that respil Lhe tapdet tsbhmadgactilons clained by the

first agent if the firw transferls g;‘e.gpog_gmrty to respond to the

second agent .
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16. The conputer system of claim 15 wherein the first agent conpri ses

a bridge to a second bus. WO 98/ 00785
PCT/ US97/ 10655 - 16-
17 The conputer systemof claim 16 further conprising at |east one

agent of the fwosswoorsspe coupled to the second bus, wherein: perwsoroess
the first agent forwards transactions on the first bus to the secong sbus;

and
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‘the first agent transfers the responsibility to respond to the second
agent when no agent clains, the transaction on the second bus.

1 8. The conputer systemof claim 16 further conprising a signal

i ndf cating wWhefhgsndsd  @ansaction on the first bus is forwarded fromthe
second bus. 109. The conputer syst emP§T/USPHI065518
wherei n the second agent behaves as an agent of the second type when
the transaction is forwarded. 20. The conputer system of
claim 18 wherein the signal indicatiqg whet her a transaction 1is
forwarded is tine-nmultiplexed with a fgnal i ndi cating whet her the
responsibility to respond is transferred. 21 . A net hod
of determning a target of a transaction initiated on a first bus of

a conputer system the nmethod conprising:
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a first agent on the first bus claimng to be the target of the

transacti on: and - WD 98/ 00785

PCT/ US97/ 10655 -17-
the first ageRyobdigpssfl €rring a responsibility to respond to a second agent
on the first bus. 22. The met hod of cl ai m 2PCTUSPYIOENS
conprising a step of the first agent waiting a finite period of tine
for an agent on the first bus to claimthe transaction by decodi ng an
address associated with the transactig& prior to the first agent
claimng the transaction. 2 3. The nethod of claim 21
further conprising the follow ng steps prior to the first agent

transferring the responsibility to respond to the second
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agent: the first agent forwarding ggoteaxﬁgl_oz to a
'~ second: bus and the first agent waitf riod of
. time for an agent to claimthe transaction f@ﬁg
decodi ng the address associated with the rJ WY
24. The met hocl)q]Tcl aim Zﬁoﬁumﬂmmma@mmﬁimp o
g

agent signalling the second agent to P he second agent from
cl ai mi ng (NBERNATIONAK ABPLICATION RURLISHED: UNDER THE PATRENK COORERATION TREATY (PCT)

transa tsh)%mhmMmQS.' . THe NMeLAS ﬁ e }Mlgr eln IW L~
to tra& responsibility |to '{é*s]pon I"f“'gé"'tadllrne- mul tr1 pl exegvewi %5'
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