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Eleld of the Invention

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 distribured.
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:
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To determine which agent should cluim a ransaction, potential target
agents decode the address to determine if they are the actual target. Potential
target agents that perform such a decode operation ure commonly referred to as
“positive” decode agents. Assuming that no two targets reside at the same
address, no more than one positive decode agent will claimf the transaction.
By limiting the amount of time available for address decading, the PCI bus
protocol allows a potential target agent to claim mansactions without
performing a decode by claiming any transaction that is no_t: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 « subtractive 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 af‘tc_r?ﬁ_(he transaction is
initiated. Agent 104 completes decode at time 205. four clock periods after the
transaction is initiated, and asserts the DEVSEL# signal °'i‘ ‘bus 101 to claim
the transaction. The DEVSEL# signal is ransferred 'ar:ro,ss: t_'iridge )3,
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resulting in the assertion of the DEVSEL# signal on bus 102 at time 207.
However, agent 106 will have already mistakenly claimed the ransaction at
time 205, four clock periods after the transaction was initiated.

One possible solution to this problem might b to increase the finite
time period allowed for positive decode. However, that’j‘;_ésolution would violate
the bus protocol, which ullows only three clock periods f'tf'or positive decode, as
well as decrease performance by increasing the latency of transactions to the
subtractive decode agent. Another possible solution might involve reducing
the delay across bridge 103 and reswicting the decode liniw of all agents on bus
101. However, that solution would reyuire performaunce improvements to
bridge 103 and certain agents on bus 101, and decrease flexibility of bus 101
by excluding slow decode agents. Another possible solution might be to
require bridge 103 1o act as a positive decode agent on bus 102 on behalf of all
agents on bus 101, However, that solution would add célnplexity 10 bridge
103, as well as decrease flexibility of bus 101 by limiling the availuble address
space and device configuration maodel 1o that which can be accomoditted 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.
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Summary of the Invention

The present invention provides 1 method and appi@t@jttls for determining
the target of bus transactions in & computer system. In one.embodiment, the
computer system includes a bus and two agents coupled 10 i;he bus. The first
agent claims to be a target of a transuction on the bus wit_!iqw decoding the
address associated with the transaction. Although the first :'z_\gem claims the
transaction, the second agent responds to the fransaction zis‘_the trget.
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Figure 1 is a block diagram of a prior art system with two PCI buses
and one subtractive decodle 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 iluswating the use of the NOGO signal in
determining the wirget of a bus transaction according 1 one embaodiment 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 implemention of the present
invention in which the NOGO and MT signals are time-niultiplexed 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.

PCTY/US97/10655
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Detailed D ipti

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, .
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Agent 304 is a second agent residing on bus 301. To illustrate one
advantage of the present invention, agent 304 is shown in Figure 3 as a bridge
to bus 305. For the reason explained above, it would be advantageous to
implement agent 304 as a subtraciive decode agent. However, to implement
bridge 304 as a true subiractive decode agem would result. in « 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 process ul'eliminuliun.: the 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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address and bus command signais if necessary. Then, in'step 413, agent 304
samples NOGO signal 306 to determine whether or not agent 304 should
respond to the transaction.

In one embodiment of the present invention wherein bus 301 is a PCl
bus, transfer of the responsibility 1o respond means that age_m 304, no agent
302, asserts the TRDY# signal to indicate that the 1arget is '__r___e_'acly to complete
the transaction and provides or accepts data depending ob__Whelher the
transaction is a read or a write. In another embodiment of fhe present
invention, also wherein bus 301 is 1 PCJ 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 embodiment, the
transfer of the responsibility 10 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 i’ the
DEVSEL# und TRDY# signals are asseried by the same agem 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
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invention involves the use of signal 309, referred to herein as the MT (master
type) signal, between agents 302 and 304,

Figure 5 illustrates the use of MT signal 309. In step 501 of Figure 5,
master agent 308 initiates & transaction on bus 303 that could be targetted to an
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
targetted 1o an agent on bus 301, that agent performs & 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, agemt MM 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 asswme that NOGO signal 306 is a digital signal thay agent
302 drives 0 "1° when agent 302 is retaining the responsibi l'ity to respond 1o
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
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306 might be ipnored depending on the value of MT signal 309. If MT signal
309 is ‘1°, then agent 304 always behaves as a subtractive decode agent (block
602). However, if MT signal 309 is *0°, then agent 304 is prevented from
claiming the transuction by subwuctive decode, and the subseqguent behavior of
agent 304 depends on NOGO signal 306. 1f NOGO signal 306 is *1', then
agent 304 does not respond to the transiction (block 604). If NOGO signal
306 is "0, then agent 304 responds the transaction (block 605). If desired,
other signal types or encodings can be used.

Although it is possible to use sepurate signal lines for NOGO signal
306 und MT signal 309 within the scope of the present invention, it is
preferable to use one signal line for both signals in order o reduce the
pincounts of and the routing between agents 302 and 304, Figure 7 is a block
diagram ol the computer system of Figure 3 wherein NOGO signal 306 and
MT signal 309 share signal line 701, Figure 8 is a timing diagram illustraing
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.
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before it claims the ransuction by subtrictive decode. Also, assune that there
is a delay of two clock periods [rom one side of the bridge to the other side of
the bridge.

Referring now to Figure 8 in conjunction with Figure 7, a tunsaction
is initiated atr 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 reyuires three clock 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



WO 98/00785 ' PCT/US97/10655

-12-
after the transaction is initiwted. With a PCl w PCI bridge delay ol two clock
periods, the NOGO window begins eight clock periods after the transaction is
initiated. In general, the NOGO window begins N clock periods after the
transaction is initiated, where N is four clock periods plus twice the PCl 1o
PCI bridge delay. Of course, the durition and placement of either window

could be varied 10 accommodute design considerations or a different bus
protocol.

Thus, the present invention provides for the support of two subtractive
decode agents on the same bus. One appliciion of the invention is on a PCl
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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Claims
What is claimed is:
1. A computer system comprising:

a first bus:

a first agent coupled wo the first bus that claims w be a target of a
transaction on the first bus withouwt decoding an address assoviated with the
transaction:

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
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a second signal from the first agent to signal the second agent 1o
respond to the transaction.

5. The computer system of claim 4 wherein the first signal and the
second signal 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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12.  The computer system of claim 10 wherein the second agent
comprises a bridge to an ISA bus.

13, ‘The computer system of claim 11 wherein the first PCI bus is
in a docking station and the second PCE bus is in a portable computer.

14, The compurer sysiem of ¢laim 13 wherein the second agent
comprises a bridge 1o an ISA bus in the docking station,

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. "

ISt

ULy
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17.  The computer system of cliimn 16 further comprising at least
one agent of the first type coupled 10 the second bus, wherein:

the first agent forwards transactions 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
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the first ugent ransferring a responsibility 1o respond 10 i second agent
on the first bus.

22.  The method of claim 21, further comprising a step of the first
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.
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