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Method and Apparatus for Transmitting Information 
on a Wired-OR Bus 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention generally relates to bus systems for transmitting information and, 

in particular, to a wired-OR b':1s system having multiple-driver signal lines. 

2. Description of Related Art 

Bus systems are commonly us~d for tra~mitting information between devices 

within a computer system or similar systems. Within a computer system, individual 

devices which transmit information over the bus may include, for example, one or more 

microprocessors, dynamic random access memory chips (DRAM), I/0 bridges and the 

like. For generality and clarity, any of the various devices connected to a bus will be 

referred to herein merely as bus agents, unless otherwise noted. 

It is desirable to transmit information from one bus agent to another as quickly as 

possible. The rate by which information signals may be transmitted on a bus is 

fundamentally limited by the electrical or physical characteristics of the bus as well as 

by other factors. For example, the rate of information transmission is fundamentally 

limited by the propagation time T required to transmit a signal from a driver on the bus 

to a receiver on the bus. If a signal can be observed within one propagation delay time 

T by every observer agent on the bus, the bus system is capable of "incident wave 

switching", which represents a desirable high transmission rate. However, other 

electrical limitations can prevent a bus system from employing incident wave 
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switching. One such limitation is that signal transitions on the bus from one voltage 

level to another require a minimum period of time to settle .. Typically, a sharp 

transition is followed by a set of voltage swings or oscillations. The voltage swings 

following a sharp transition are often sufficient to swing the voltage past the threshold 

voitage. Accordingly, agents connected to the bus must be capable of distinguishing 

between intended voltage transitions and voltage swings occurring before the voltage 

level adequately settles. If the voltage oscillations fall below the threshold it may 

prevent a receiver on the bus from being able to detect a signal within the time required 

by incident wave switching. 

The foregoing problem is typically solved merely by defining a clock signal 

which has a period longer than the settling time for the voltage transitions. All 

intended transitions are required to be asserted onto the bus at one of the low to high 

transitions of the clock signal so that agents observing signal transitions can observe 

those transitions the next low to high transition of the clock. By choosing a sufficiently 

long clock period, it can be guaranteed that a signal transition is adequately stabilized 

so that it is observed by the receivers. Typically, the clock period is set to 2T + k, where 

k is a constant related to output buffer delays, clock to output gate delays, input buffer 

delays and input set-up times. However, the foregoing solution is only effective in bus 

systems wherein only a single bus agent is allowed to assert signals onto a bus line at 

any given· time. Other bus systems allow two or more bus agents to assert signals onto 

a single line simultaneously. An example of such a bus system is a wired-OR bus 

system employing Gunning transceiver logic (GTL). In a wired-OR system, an active 

signal is defined as a low voltage level on a signal line. Each bus agent includes a 
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wired-OR bus driver which is capable of asserting an active signal onto the bus line by 

pulling down the voltage onto the bus line. In this manner, any single agent or any 

number of agents can assert an active signal onto the line by merely pulling the voltage 

down to a low voltage level. Each bus agent also includes a wired-OR bus receiver 

wl1ich detects the voltage level on the signal line. The signal detected by the wired-OR 

receiver effectively represents the OR-combination of signals asserted by all of the bus 

agents, hence the name wired-OR. 

Sharp signal transitions on a wired-OR bus result in voltage swings, as described 

above. However, in a \\•ired-OR bus, voltage swings may occur even under 

circumstances wherein no voltage transition is intended. This problem is generally 

referred to as the "wired-OR glitch" and it imposes a further constraint on the ultimate 

speed of data transition, which may not be present in a non-wired-OR bus system. The 

wired-OR glitch occurs if several bus agents assert a low to high signal transition 

simultaneously °".Vhile additional bus drivers continue to drive a low voltage level. Since 

at least some of the bus agents continue to drive the bus low, the state of the bus should 

remain low and no threshold voltage transitions should occur. Nevertheless, as a result 

of the f~ct that some of the agents are attempting to assert a low to high transition by 

releasing the signal line, a set of significant voltage swings occur which could be 

misinterpreted as an intended voltage level transition. In other words, even though the 

signal level is intended to remain low and even though. at least some of the agents 

continue to pull down the voltage to a low level, anomalous low to high and high to 

low voltage transitions can nevertheless occur, causing a wrong interpretation of some 

of the receivers. 
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One solution to the wired-OR glitch problem is to simply limit, by protocol, that 

no two bus agents can assert signals at the same time on the wired-OR sigrial line. A 

signal line wherein only a single bus driver can assert a signal at any particular time is 

ref~rred to as a single driver bus line. Although the foregoing eliminates any wired-OR 

glitch problem, a single driver signal line is incapable of benefiting from the advantages 

of wired-OR technology which inherently allow for multiple bus agents to drive signals 

at the same time. To allow multiple drivers and to avoid signal settling problems, the 

clock rate is typically set to be sufficiently slow to allow for the wired-OR glitch 

oscillations, and other oscillations, to decay before any additional signals are asserted. 

Typically, the clock period is set to be at least equal to 2 T + k. However, such results in 

a substantially slower clock rate than can be employed on single driver signal lines and 

does not meet the criterion for incident wave switching. 

It would be desirable to provide a method and apparatus for transmitting signals 

on a wired-OR bus line which allows for multiple bus drive~s to assert signals 

simultaneously while also employing a clock period smaller than 2 T + k and meeting 

the criterion for incident wave switching. It is to this end that aspects of the present 

invention are drawn. 
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SUMMARY OF THE INVENTION 

A method and apparatus for transmitting signals over a wired-OR bus line is 

provided. In accordance with one aspect of the invention, a signal transmission 

protocol is provided for use by bus agents connected to a wired-OR bus wherein the 

wired-OR bus includes at least some single driver lines and at least some multiple 

driver lines. In accordance with one aspect of the protocol, only high to low signal 

transitions are defined to be valid events on the multiple driver _wired-OR signal lines. 

The low to high signal transitions of the multiple driver signal are in turn tied to a valid 

event. This allows bus agents connected to the multiple driver signal line to predictably 

determine when such transitions are likely to occur and to ignore low to high signal 

transitions. By eliminating the low to high transitions from the protocol, the lengthy 

settling time associated with low to high transitions can be largely avoided, resulting in 

a high permissible clock rate. Preferably, the bus employs a clock signal having a clock 

rate based on the settling times of high to low signal transitions rather than on low to 

high transitions. The details of the settling times resulting from low to high and high to 

low transitions will be set forth below. However, it is worth noting that high to low 

transitions can result in settling times nearly twice as long as those of low to high 

transitions such that the clock period of the bus system of the invention can be set, for 

example, to T + k, rather than to 2 T + k, where k is determined in accordance with the 

above-listed factors. 

In accordance with yet another aspect of the invention, a protocol is provided 

wherein the assertion and observation of the events on a multiple driver signal line is 
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correlated with an commonly observable event such as an event occurring on a selected 

single-driver line. As an example, in a bus system interconnecting a plurality of 

microprocessors, each having an independent data cache, a hit signal provided along a 

multiple driver signal line is correlated with an address strobe signal provided along 

on~ of the single driver signal lines. The occurrence of the address strobe signal on the 

signal driver line is used to define a clock edge for asserting a hit signals onto the 

multiple driver hit line and to define a sampling window for use in observing the hit 

signal occurring on the multiple driver signal line. In this manner, a precise time is 

defined for asserting and observing signals on multiple driver signal lines such that 

anomalous transitions, perhaps occurring as a result of the wired-OR glitch, can be 

properly ignored. 

In accordance with yet another aspect of the invention, a protocol is provided for 

asserting and observing signals on a multiple drive signal line which can not be 

correlated to a co~only observable event. A bus asserting a low signal state on the 

multiple driver signal line must simultaneously determine whether another bus agent 

had previously asserted a low signal state. The bus agent is then required to release the 

signal line after a predetermined number of clock cycles which depends on the 

determination of whether another agent had already asserted a Io:w signal. In this 

manner, if two or more agents assert a low signal at the same time, the clock cycle for a 

subsequent low to high transition may be predetermined. Observers are required to 

observe the bus multiple driver line at all times when the line is in the high state. Upon 

the detection of a low state, the observers than ignore subsequent activity on the 

multiple driver line until after the predetermined clock cycle for asserting the low to 
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high transition. Bus ~bservers then continue to observe the high.state awaiting another 

transition to the low state. Since the clock cycle for the low to high transition is 

predetermined based on the initial occurrence of a high to low transition on the multiple 

driver signal line, observers can properly ignore signal transitions occurring 

immediately following the low to high transition. As an example, a bus system is 

provided wherein the bus error signals are asserted on multiple driver signal lines by 

one or more bus agents. The bus error signals are not necessarily correlated with any 

specific event occurring on a signal driver signal line. Time w~dows for observing and 

responding to the error signals are defined with respect to a clock cycle during which 

one of the bus agents first asserts an error signal. 

In its various embodiments, the invention provides methods and apparatus for 

transmitting information over wired.,.QR bus lines wherein, by following certain 

protocols, signals can be transmitted on multiple driver signal lines without conflict 

while also achieving an optimal clock rate. In particular, by recognizing and avoiding 

wired-OR glitches and other signal anomalies, the overall clock rate of the bus system 

can be set to an optimal level while signal are asserted and observed without conflicts or 

bottlenecks occurring. In a preferred embodiment, the invention is exploited within a 

computer system having multiple microprocessors each configured in accordance with 

Intel architecture. However, in other embodiments, the invention may be exploited 

within computer systems employing only a single microprocessor or in systems 

employing reduced instructions set (RISC) microprocessors. The invention may also be 

exploited within non-computer systems. Specific exemplary embodiments of the 

invention will be described below with reference to the figures. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram of a bus system employing a wired-OR signal bus. 

Figure 2 is a timing diagram illustrating an example set of signals on a single 

driver wired-OR ~ignal line. 

Figure 3 is a flow chart illustrating the application of a protocol for transmitting 

and receiving signals on a multiple driver wired-OR signal line wherein the assertion of 

signals on the multiple "driver signal line is correlated with signals occurring on a single 

driver signal line. 

Figure 4 is a timing diagram illustrating an example set of signals on a multiple­

driver wired-OR signal line subject to the protocol of Figure 3. 

Figure 5 is a flow chart illustrating the application of a protocol for transmitting 

and receiving signals on a multiple driver wired-OR signal line wherein the assertion of 

signals on the multiple driver signal line is not correlated vyith signals occurring on a 

single driver signal line. 

Figure 6 is a timing diagram illustrating a first example set of signals on a 

multiple-driver wired-OR signal line subject to the protocol of Figure 5. 
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Figure 7 is a timing diagram illustrating a second example set of signals on a 

multiple-driver wired-OR signal line subject to the protocol of Figure 5. 

Figure 8 is a timing diagram illustrating a third example set of signals on a 

multiple-driver wired-OR signal line subject to the protocol of Figure 5. 

Figure 9 is a.flow chart illustrating a methodology for determining a protocol for 

applying to wired-OR signal lines within a bus system. 

Figure 10 is a block diagram of a computer system employing the bus protocol 

illustrated in Figures 2 - 8. 
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DETAILED DESCRIPTION OF PREFERRED 

EMBODIMENTS OF THE INVENTION 

Referring to the figures, preferred embodiments of the invention will now be 

described. First, general considerations of multiple driver, wired-OR bus signals will be 

described with reference to Figure 1. Then, high level protocols for use with multiple 

driver wired-OR bus systems will be described with reference to Figures 2 - 8. A 

specific example of a multiple driver wired-OR bus system will pe described with 

reference to the remaining figures. 

Multiple-driver Wired-OR Bus Signal Analysis Results 

Figure 1 illustrates a generalized bus system 10 having a set of N bus agents, 

generally denoted 12 interconnected with a wired-OR bus 14. Each agent includes a bus 

interface unit (BIµ) 15 which provides an interface between internal logic of the bus 

agent and bus 14. Wired-OR bus 14 includes a set of individual signal lines, at least a 

portion of which are multiple driver signal lines. Signal transitions asserted by one of 

the bus agents onto bus 14 require a certain amount of settling time. More specifically, a 

sharp high to low or low to high voltage transition on bus 14 results in a set of voltage 

swings which require a certain amount of time to decay to an acceptable level. For 

example, the high voltage level may be defined as 1.2 volts, the low voltage level as 0.4 

volts, and the threshold level as 0.8 volts. If the signal line is sampled and the voltage is 

found to be above (0.8 + V margin) volts, the signal is considered to be inactive. If the 

voltage is found to be below (0.8 - V margin) volts, the signal is considered to be active. 
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In general, a sharp transition from high to low or from low to high will result in voltage 

swings which cross the threshold voltage of 0.8 volts, resulting in frequen_t transitions 

from active to inactive signal levels. The minimum time between sampling points on 

the signal line should be set such that the voltage settles either active or inactive before a 

second sampling point. 

It has been determined that the amount of settling time depends upon the type of 

transition, i.e. high to low or low to high, as well as whether all.bus agents are 

simultaneously asserting a transition or only a portion of the agents are simultaneously 

asserting a transition. As a result of analysis and simulation studies, four general 

.. categories of signal transitions were observed. In the following, the normalized flight 

time for an incident wave switched signal driver signal is assumed to be T. The 

following analysis applies to a multiple dfive wired-OR bus line having an arbitrary 

number of drivers making high to low or low to high transitions from a quiescent state 

on a common bus signal line. 

Case 1. The quiescent condition is N wired-OR drivers driving the common 

signal line high. If all N drivers make a high to low transition on the same clock edge, 

then the amount of propagation time required for transmission of such a signal, based 

on the settling time of the signal, is less than or equal to T .. Accordingly, the 

transmission is considered to be within the limits required by incident wave switching. 

Case 2. The quiescent condition is M wired-OR drivers driving low, with N - M 

drivers driving high. If N - M drivers make a high to low transition on the same clock 
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edge while M drivers stay low, then the amonnt of propagation time required for 

transmission of the signal, based on the settling time of the signal, is less than or equal 

to T. Accordingly, this type of transition is considered to be also within the limits 

required by incident wave switching. 

Case 3. The quiescent condition is N wired-OR drivers driving low. If all N 

drivers make a low to high transition on the same clock edge, then the amonnt of 

propagation time required for transmission of the sign~l transit_ion, based on the settling 

time of the signal, is greater than T but less than 2T. Accordingly, this type of 

transmission is considered outside the limits required by incident wave switching. 

Case 4. The quiescent condition is N wired-OR drivers driving low. If N - M 

drivers make a low to high transition on the same clock edge, while M drivers continue 

to drive low, then the amount of propagation time required for transmission of the 

signal transition, based on the settling time of the signal, is also greater than T but less 

than 2T. Again, this type of transmission is considered outside the limits required by 

incident wave switching . 

.. 

Case 4 represents the wired-OR glitch case, wherein the intended state of the 

. signal line remains active, but the release of the signal line by M of the drivers results in 

voltage level swings requiring a settling time greater than T. As can be appreciated 

from a consideration of the four cases, high to low transitions may be safely observed 

in a time period less than or equal to T. However, low to high transitions cannot be 

safely observed within a time period of T. 
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A set of protocols for use for transmitting signals on multiple driver wired-OR 

signal lines have been developed based on the observation of the four cases 

summarized above. High level bus protocol rules are set forth in the next section. 

High Level Wired-OR Bus Protocol Rules 

Referring to Figures 2 - 9, high level protocol rules for u~e on a wired-OR signal 

line will now be described. 

A first general protocol rule is that, for multiple driver signal lines, only high to 

low signal transitions are allowed to define meaningful events. In other words, useful 

information is only asserted via high to low transitions. Low to high transitions are 

employed to reset the voltage to the high-level state immediately in the next clock, but 

are not employe4 for conveying information. By requiring that all meaningful events 

are represented by high to low transitions, those events can be safely observed within 

the incident wave switching time. To further exploit the faster settling time for high to 

low transitions, the following protocol rules are also employed for multiple driver lines: 

all bus agents are required to observe high to low transitions of multiple driver wired­

OR signal lines in one clock cycle; and all bus agents are required to ignore activity on 

the multiple driver line during the clock cycle immediately following the clock cycle in 

which a high to low transition is observed. Note that this is the clock cycle in which the 

wired-OR signal is reset. 
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By applying these rules, the overall clock rate of the bus system can be set based 

on the transmission time for high to low transitions, rather than on the longer high to 

low transitions, and is preferably set to be equal to T + k. This is in contrast to 

conventional systems which would require a clock period of at least 2T + k to 

accommodate the transmission of information on low to high signal transitions. 

Single-driver Wired-OR Bus Line 

Before describing the protocol rules for multiple driver signal lines, it is first 

worth describing a single driver signal line. A single driver signal line example is set 

forth in Figure 2. In particular, Figure 2 illustrates the high or low logic states asserted 

by the single driver of the bus line, the resulting state of the signal line, and the state of 

the signal line as it is observed by an observer. Because the single drive line of Figure 2 

has only a single bus driver, the state of the bus Jine corresponds to the state asserted by 

the single driver. The state observed by the bus observer lag behind the state asserted 

by the driver by one clock cycle. This is a result of the time lag occurring from 

transmission to observation along the bus line. 

The bus driver asserts a low signal state (active) by pulling-down the voltage on 

the wired-OR signal line at selected clock cycles. The driver asserts a high signal state 

(inactive) by releasing the signal line at selected clock cycles. All observers observe the 

state of the signal line within one clock cycle. Because there is only a signal driver, 

wired-OR glitch problems do not occur and the signal can be safely observed by all 

observers at each clock cycle. Accordingly, there are no general protocol limitations on 
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what signal states can be asserted by the signal driver at each clock cycle. As such, each 

clock cycle can represent the transmission of a unit of meaningful information. Because 

meaningful information can be asserted at each clock cycle, the rate of information 

exchange is one unit of information per one clock cycle. This is important to note since 

it will be contrasted with the information flow rate for multiple driver signals described 

below. 

There are no general protocol limitations to the assertio~ of signals onto the 

single driver wired-OR bus system. The only general protocol limitation for bus 

observers is that the observes must observe signal transitions within one clock cycle. Of 

course, a specific bus system may impose particular protocol limitations in accordance 

with the type of information to be transmitted over the signal line. As a example, if the 

single driver line is a data line, substantially protocol limitations may be employed to 

define when, and how, the driver can transmit data. 

Multiple-driver Wired-OR Bus Line 

Thus, for the single driver wired-OR line, bus agentS may safely observe the state 

of the signal line at each clock cycle. For multiple driver signal lines, as a result of the 

signal settling problems described above, bus agents can not necessarily observe the 

state of the signal line at each clock cycle and be assured that the observed state is the 

correct state. For example, immediately following a low to high transition bus agents 

cannot safely observe the state of the bus as a result of signifieant voltage swings 

following the low to high transition. Furthermore, bus agents cannot safely observe the 



- 16 -

state of the bus after any low bus state is observed. The foregoing is a result of the 

wired-OR glitch which can occur even if the state of the bus is intended to remain low 

but at least some bus drivers stop pulling down the bus voltage. As a result of these 

factors, it is desirable to design a protocol for multiple driver signal lines which 

specifies when bus observers can safely observe the state of the bus and which defines 

when bus drivers can safely assert a signal transition onto the bus line. 

In accordance with the invention, two distinct multiple driver wired-OR high 

level bus protocols are defined with the first protocol applying to a multiple driver line 

wherein events on the multiple driver line can be tied to, or correlated with, commonly 

observable events occurring on, for example, a separate single driver line. The second 

protocol applies to a multiple driver line, wherein events on the multiple driver line 

cannot be tied to commonly observable events. 

The first ~ultiple-driver protocol requires that all high to low transitions on the 

multiple driver bus occur at a predetermined number of clock cycles from a commonly 

observable event on, for example, a single driver bus line. The protocol also requires 

that any driver asserting a high to low transition on the multiple driver line must assert 

a low to high transition on the following clock cycle. By requiring that bus drivers 

assert high to low transitions only after a predetermined number·of clock cycles after a 

commonly observed event, all observers of the multiple driver line therefore know 

when an intended high to low transition, if any, will occur. The bus observers can 

therefore reliably ignore the multiple driver bus line at all other times. 
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Figure 3 illustrates the first of the multiple driver high-level bus protocols for bus 

·drivers and for bus observers wherein the multiple driver line is correlated with events 

on a commonly observable single driver line. For the bus drivers, the driver must 

observe events on the correlated single driver line, 100, and detect a commonly 

observable event on the single driver line, 102. The bus driver responds to the 

commonly observable event, if at all, by asserting a high-to-low transition a 

predetermined number N of clock cycles following observation of the eYent, 104. Any 

driver asserting a low signal must assert a high signal on the following clock cycle, 106, 

(N + 1). If another active transition is required, the driving bus agent asserts another 

high to low transition on the following clock cycle, 110, then immediately asserts 

another low to high transition, 112. The logical flow then returns to step 108 where it is 

determined whether yet another active transition is required. In Figure 3, the clock 

cycle .occurring at step 110 is identified as N + 2m, where in mis a incremented value 

starting with 1. Hence, during a first iteration of steps 108, 110 and 112, mis set to one, 

and step 110 is p~rformed at clock cycle N + 2. During a second iteration, step 110 is 

performed at clock cycle N + 4. Likewise, Figure 3 indicates that step 112 is performed 

at clock cycle N + 2m + 1, such that step 112 is always performed one clock cycle 

following step 110. 

For the observers, the single driver signal line must also be observed, 114, and 

the commonly observable event must be detected, 116. Once detected, the observer 

observes the multiple driver line after exactly N + 1 clock cycles, knowing that a valid 

signal will be asserted on the multiple driver line, if at all, at that time, 118. The 

observer ignores the next clock cycle, 120 (N + 2m). The observer can ignore that clock 
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cycle because the observer knows, based on the protocol, that a low to high transition 

must occur, and therefore, there is no need to observe the transition. The observer then 

observes the multiple driver line on the clock cycle, 122 (N + 2m + 1). At 124, the 

observer determines if another high to low transition occurred as a result of the driver 

asserting another active signal. If the multiple driver line is found to be low (active), 

then the observer again ignores then next cycle, UO and observes the following cycle, 

122. If the multiple driver line is found to be in the high state, the observer ignores 

further signals on the multiple driver line until another event is required to be observed 

due to a new event occurring on the single driver line, 114. As with the driver portion 

of Figure 3, steps 120, 122 and 124 of the observer portion include an increment value 

m, which is incremented with each iteration of steps 120, 122 and 124. For example, 

during the initial occurrence of step 120, mis equal to one and the clock cycle ignored at 

step 120 is clock cycle N + 2. The clock cycle observed at step 122 is therefore clock 

cycle N + 3 and a determmation of whether an active or inactive signal is observed is 

also made at clock cycle N + 3. During a second iteration, mis set to two, such that the 

clock cycle ignored at step 120 is clock cycle N + 4. 

N, the delay time between an observation of an event on the single driver line 

and the assertion of a active signal on the multiple driver line, depends in practical 

systems o~ how quickly bus agents can actually respond to the commonly observable 

event. N may be, for example, 1, 2, 10 or 100 clock cycles. In an exemplary system, 

described below, wherein the single driver signal is an a~dress strobe signal and the 

multiple driver line is a hit line which provides hit information from a set of caches, the 
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hit signal may be required to be asserted, if at all, exactly four clock cycles from the 

detection of the address strobe signal. 

Figure 4 sets forth an example set of signal transitions. In the example of Figure 

4, bus agents on the multiple driver line are constrained to asserting a low signal value 

one clock following the observation of a low signal value on a single signal line. In the 

example, the low signal event occurs on the single driver line at TO. A multiple signal 

line driver (DRIVER #1) observes the low signal on the single signal line at Tl and 

asserts a low signal onto the multiple driver line at T2. A second multiple signal line 

driver (DRIVER #2) also observes the single driver line but does not assert a low signal 

at T2. Observers of the bus system also observe the low signal state on the single signal 

line at Tl and determine that a low signal will be asserted, if at all, on the multiple 

driver signal line at a time observable at clock cycle T3. Accordingly, the observers of 

the multiple line ignore any signals occurring on that line prior to clock cycle T3, then 

observe the mul~ple driver line at clock cycle T3. The multiple driver line is observed 

to be low at clock cycle T3 and the observer thereby knows that one or both of the two 

agents asserted a low signal at clock cycle T2. 

As noted above, the protocol also requires that any driver asserting a low signal 

onto the multiple driver line assert a high signal the following clock cycle. Accordingly, 

the observer of the multiple driver line ignores the multiple driver line at clock cycle T4 

knowing that it will be high. The observer then observes the multiple signal line again 

at clock cycle TS to determine if a second signal was asserted at clock cycle T4. In the 

example, a second active signal is not asserted at T4 and the signal line is therefore 
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found to be inactive at TS. The observer however observes that another low signal 

event occurred on the single driver line at T4. The observer then ignores the multiple 

driver line until T7. The drivers also observed the occurrence of the low signal on the 

single driver line at T4 and both assert low signals at T6. The observer thereby observes 

the low multiple driver event at T6. 

The observer then ignores further signals on the multiple driver line until 

another low signal event is detected, at T7, on the single driver.line. Again, the qbserver 

ignores the multiple driver line on following clock cycle TB but observes the multiple 

driver line again at clock cycle T9 and determines that a High signal was asserted by 

both drivers. 

In the example, the event on the single driver line which triggers the assertion of 

signals on the multiple driver line is simply a single active signal. In practical systems, 

the event maybe.any combination of signals on one or more single driver lines and may 

alternatively be an event occurring on one or more multiple driver lines. The event can, 

in principle, be any commonly and reliably observable event. 

As a result of the foregoing protocol constraints, meaningful ?ignals can only be 

asserted o~to the multiple driver signal line, at best, every other clock cycle. For 

example, if the commonly observable event on the single driver line occurs at every 

other dock cycle, then bus drivers on the multiple driver_ line can assert either a high or 

low signal in response to the commonly observable event, also at every other clock 

cycle. Accordingly, the observer of the multiple driver line observes the state of the line 
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every second clock cycle and ignores the state of the line every other clock cycle. Hence, 

the maximum rate of information flow on the multiple driver signal line is.one unit of 

information every two clock cycles, This is in contrast to the aforementioned single 

driver line wherein information may be transmitted at every clock cycle. Nevertheless, 

if all the high band-width signals are transmitted as single driver events at a clock 

period of T + k, rather than 2T + k, the real time information flow rate is considerably 

faster than a system which employs a slower clock rate but does not include the 

aforementioned multiple driver protocol. 

Thus Figures 3 and 4 illustrate a protocol for transmitting signals on a multiple 

driver signal line wherein those signals can be correlated to a commonly observable 

event on a single driver signal line. By tying the assertion of signals on a multiple. 

driver line to a commonly observable event on the single driver line, a. crisp observation 

window is established for ailowing bus agents to safely observe signals on the multiple 

9.river signal lin~. Figures 5 - 8 illustrate a protocol for use on a multiple driver signal 

line which cannot be correlated to events on a single driver line. The protocol of 

Figures 5 - 8 applies where signals can be asserted on the multiple driver signal line at 

any time and wherein the bus employs a latched bus protocol wherein there are at least 

two clock cycles between the assertion of a signal by one agent and a responsive 

assertion by a second agent. In other words, if one agent asserts a high to low transition 

at clock cycle Tl, a second agent cannot observe that transition until clock cycle T2 and 

cannot make a responsive signal assertion until clock cycle T3. The agent making the 

original assertion at clock cycle Tl does not observe the second agents response until T4 

and cannot respond to the second agent until TS. 
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Referring first to Figure 5, the second protocol requires that an driver asserting a 

high to low transition onto the multiple driver line first observe the signal line to 

determine if another driver is already pulling the line low, 200. If the line is observed 

lo\'.17, 201, then the driver must wait for the next safe driving clock, 202. Once the next 

safe driving dock is available, the driver again observes the signal line to determine 

whether another driver has already pulled the line low, 200. If, at step 200, the line is 

not observed low, then the driver asserts a signal by making a high to lo\\' transition on 

the next clock cycle, 204. At that clock cycle, the driver again observes the line to 

determine whether another agent had asserted its own high to low transition on the 

preceding clock cycle, 203. If another agent had asserted a high to low transition on the 

previous clock cycle, then the driver drives the signal line active for N clocks, 205. In 

other words, the driver continues to pull the signal line low for N clocks. If no other 

agent had asserted a high to low transition on a previous clock cycle, then the driver 

continues to driv~ an active signal for N + 1 clocks, 206. The driver then asserts a low to 

high transition at 208. If the driver needs to assert another high to low transition on the 

next clock then process flow returns to step 204 where the high to low transition is 

asserted again. If the driver need not assert a second high to low transition after step 

208, then the driver waits at least one clock cycle, 210, before returning to 200 to again 

observe the signal line. 

The sequence of steps illustrated for the driver in Figure 5 are based, in part, on 

the use of the latched bus protocol, wherein there is at least two clock cycles between 

the assertion of a signal by one driver and a responsive assertion by a second driver. 
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With the process flow of Figure 5, it is guaranteed that all low to high transitions 

will occur at a predetermined number of clock cycles from the first assertion of the low 

signal. In other words, bus agents observing the multiple driver line can determine 

w~en a low to high transition will occur and can ignore signals on a signal line 

immediately following the low to high transition. 

From the observers standpoint, the observer observes the multiple driver signal 

line at all times while the signal is high (inactive), 212. The observer is required to 

observe any high to low transition within one clock cycle, 214. Then the observer 

ignores signals on the multiple driver signal line for N + 1 clock cycles, 216, then again 

begins to observe the signal line, 218. As a result of these protocol limitations, an 

observer of the multiple bus line is capable of observing information events only once 

every three clock cycles. Of course, the observer can, and must, observe a continuous 

high clock state for as long as the driver line remains high, but the continuous high state 

does not convey information. As a result, meaningful information is observed only 

when a low state follows an observable high state or when a Im.,,. or high state follows N 

consecutive ignored states. 

Figures 6 - 8 illustrate examples for the three driver cases of the protocol of 

Figure 5 where N = 1. Figure 6 illustrates the case where the driver determines, at step 

203 of Figure 5, that no other drivers had asserted an active signal on the previous clock 

cycle. In Figure 6, a bus agent (driver 2) observes the signal line of TO and determines 

that the line is high (step 201 of Figure 5). Driver 2 then asserts a high to low transition 
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at clock cycle Tl. Simultaneously, driver 2 observes the signal line to determine whether 

any other drivers, for example driver 1, asserted a high to low transition at TO (step 203 

of Figure 5). Having determined that no other bus agents had driven the line low on 

the previous clock cycle, driver 2 continues to assert a low signal for two clock cycles 

th~n asserts a high signal at clock cycle T3. Driver 2 then asserts another low signal at 

T4. Again, Driver 1 determines that the signal line had been high the previous clock 

cycle and therefore continues to assert the low signal until TS. The process repeats 

starting at T7. 

As noted, the protocol requires that an observer observe the signal line at all 

times when the line is in the high state, but that it ignore two consecutiYe clock cycles 

following the assertion of a low signal state. Accordingly, the observer of Figure 6 

observes, at dock T2, the low signal state asserted by driver 2 at clock Tl. The observer 

then ignores the next two clock cycles, T3 and T4, before again observing the signal line 

at TS. In the exaµlple of Figure 6, the observer observes a low signal state at clock cycles 

TS and TB, and ignores the two subsequent clock cycles after TS and TB. 

Figure 7 illustrates the case for the driver wherein the driver determines, at step 

203 of Figure 5, that anoth~r driver had asserted a low signal on the previous clock 

cycle. In the example of Figure 7, driver 1 attempts to assert a high to low transition at 

T2, but simultaneously observes that driver 2 had previously asserted a low signal state 

at clock cycle Tl. Accordingly, driver 1 asserts a high signal state at clock cycle T3. As 

the result of the protocol rules already described with reference to Figure 5, driver 2 

also asserts a high state at time T3. Accordingly, the low to high transition asserted by 
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both driver 1 and driver 2 occurs at both the same time, i.e., at a leading clock edge of 

clock cycle T2. 

At T4 both drivers assert a low state and both determine that the line had not 

be~n asserted high on the previous clock cycle. Accordingly, the drivers continue to 

pull the line low until T6. The sequence of driver events at T4 - T6 therefore correspond 

to the first case described above. Later, driver 1 asserts a low signal at TB, whereas 

driver 2 asserts a low signal at T9. 

The observer, in the example of Figure 7, observes, at time T2, the initial low 

state asserted by driver 2 at clock cycle Tl. The observer then ignores observations at 

clock cycles T3 and T4 and again samples the signal line at clock cycle TS. Again the 

observer ignores the next to clock cycles, then observes a High signal state at TB and a 

low at T9. 

Figure 8 illustrates a case where the driver determines, at step 201 of Figure 5, 

that another driver was already pulling the multiple driver signal line .low as observed 

at step 200. In the example of Figure 8, driver 1 is interested in asserting a high to low 

signal transition at T3. Therefore, driver 1 observes the multiple driver signal at T2 to 

determine if another driver had already pulled the line low. In the example, since 

driver 2 had asserted a low signal at Tl, driver 1 cannot assert its low signal at T3. 

Accordingly, driver 1 must wait until the next safe driving clock. Under the protocol, 

driver 1 is required to ignore signals on the multiple driver line at clock cycles T3 and 

T4. Hence, the next safe observation clock for observing the multiple driver signal line 
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is at TS. At TS, driver 1 observes the signal line and determines that no drivers had 

asserted a low signal at T4. Based on that information, driver 1 then asserts a high to 

low transition at T6. At T6, driver 1 also observes the line to determine if any signals 

had been asserted at TS and, having made a determination that no such signal was 

asserted, driver 1 then holds the signal line low for two clock cycles, in accordance with 

step 206 of Figure 5: 

Thus, Figure 8 illustrates that a driving agent may be required to wait at least 

three clock cycles to assert a high to· low transition. 

Thus, Figures 6 - 8 illustrate examples of the application of the protocol rules for 

a multiple driver signal line wherein events cannot be tied to commonly observed 

events on a single driver signal line. Although Figures 6 - 8 illustrate only two drivers, 

and only a single observer, it should be understood that in practice numerous bus 

drivers and numerous observers are typically connected to a multiple driver bus. Each 

bus driver is also a bus observer. However, there may be some bus agents on the 

multiple driver line, which merely observe the line, but are not capable. of asserting 

signals onto the line. ·Hence, in practice, numerous bus driyers may be attempting to 

assert active low states on the multiple driver line at any given clock cycle with the 

actual state of the signal line being the OR combination of all of the asserted signals. 

Nevertheless, following the protocol rules described above, all entities observing the 

bus can reliably observe the bus at times when the voltage signals on the bus are 

guaranteed to be sufficiently stable. ' 
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As noted, N can be set to an arbitrary number. /J;. value of N = 1 represents an 
optimal number allowing for the transmission of information at every third clock cycle. 

For N greater than 1, the amount of time during which bus observers ignore the state of 

the bus line is greater than 2 and therefore information is transmitted less than one unit 

per three clock cycles. 

Thus, the foregoing illustrates generalized protocol rules for applying to multiple 

driver wired-OR signal lines. Of course, a practical information transm_ission system 

may be subject to numerous additional protocol limitations. Nevertheless, by applying 

the high level protocols described above, considerable improvement can be gained in 

overall transmission time as the result of the ability to decrease the overall clock period 

to about T + k rather than 2T + k. Whether the first general multiple driver protocol or 

the second general multiple driver protocol, described above, is applicable depends 

upon the particular details of a subject bus system. In some bus systems, it may be 

feasible to tie th~ assertion of active signals on every multiple driver line to commonly 

observable events such that the second general protocol is not required. In other bus 

systems, it may not be possible to tie any of the multiple driver lines to commonly 

observable events. In such case the second general protocol will be required for each 

multiple driver line. In general, some multiple driver lines will be subject to the first 

protocol while others will be subject to the second protocol. 

In view of the foregoing, a general methodology for designing a multiple driver 

wired-OR bus system is provided. The general methodology is set forth in Figure 9. 

First, one identifies which of the wired-OR lines are single driver lines and which are 
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multiple driver lines, 300. If it is not possible for two or more drivers to simultaneously 

assert low to high transitions onto a bus line, then the line may be regarded as a single 

driver line, 304, and the single driver protocol is employed. If it is possible that two or 

more drivers will assert low to high transitions at about the same time then the signal 

lin~ must be regarded as a multiple driver line. Next, at 304, it should be determined 

whether signals on the multiple driver line can be reliably correlated with commonly 

observable events such as signals on a separate single driver line. If such is the case, 

then the first general protocol is applied, 306. If signals on the multiple driver line 

cannot be reliably correlated with commonly observable events, then the second general 

protocol is applied, 308. Such a determination depends, of course, on the particular 

signals to be transmitted on the various lines. For example, the determination may 

depend on whether the multiple driver line transmits error signals, cache snoop hit 

signals, address strobe signals, or the like. 

Accordingly, an improvement may be gained in most multiple driver wired-OR 

bus systems by modifying the protocol of the bus in accordance with the above­

described rules and by setting the clock rate for the bus to T + k. Whether the protocol 

of any particular system can be easily modified depends upon the actual protocol of the 

system. Likewise, whether the clock rate can be doubled depends also upon other 

protocol and hardware constraints. Thus, the advantages gained by the foregoing 

modifications may not be applicable to all multiple driver bus systems, but instead 

represent a general methodology for improving bus performance where possible. 
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In certain circumstances, it may be sufficient to apply the protocol on a statistical, 

rather than determinative basis. As an example, if it is determined that it is highly 

unlikely, but nevertheless possible, that two or more drivers may assert low to high 

transitions on a single line at the same time, the line may be regarded as a single driver 

line. As such, certaL."1 circumstances may arise where two drivers will attempt to assert 

a low to high transition, perhaps resulting in a subsequently observed signal state being 

erroneous. So long as such an error can be reliably detected and corrected or ignored, 

the occasional violation of the protocol may not be harmful. In other words, it may be 

desirable to accept a certain error rate as a trade-off in gaining the advantages of the 

higher overall information transmission rate of a single driver transmission. In general, 

the overall effectiveness of the bus system may be optimized by selectively applying the 

foregoing general protocol rules. 

Exemplary System 

Figure 9 illustrates a block diagram of a computer system configured in 

accordance with principles of the invention. Computer system 410 includes a set of four 

microprocessors 412, 414, 416 and 418, each connected to a system or CPU bus 420. 

Additional devices are also connected to the.system bus including a DRAM controller 

422 which .is in tum connected to a DRAM 424. An 1/0 bridge 426 is also connected to 

system bus 420. 1/0 bridge 426 interconnects system bus 420 to an external bus 428 

which may be, for example, an EISA bus. Peripheral devices (not sho\A.rn), such as 

printers, modems, and the like, may be connected via external bus 428. 
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Each of microprocessors 412 - 418, DRAM controller 422, and 1/0 bridge 426 

represents a bus agent connected to system bus 420. Additional bus agents, not shown, 

may also be connected to system bus 420. In one embodiment, a total of eight agents 

may be simultaneously connected to system bus 420. The total number of agents 

connectable to system bus 420 depends, for example, upon the electrical characteristics 

of the system bus. In other embodiments, more or fewer bus agents may be 

connectable directly to system bus 420. Each of microprocessors 412 • 418 may be 

identical or, depending upon the implementation, the various I_Ilicroprocessors may 

differ. In one implementation, each microprocessor is a complex instruction set (CISC) 

microprocessor configured in accordance with Intel Architecture. In other 

embodiments, the microprocessors may be reduced instruction set (RJSC) 

microprocessors. In other implementations, only a single microprocessor may be 

connected to system bus 420. 

Each processor has a data cache 430 and an external bus logic unit (ELB) 440. 

DRAM. controller 422 and I/0 bridge 426 both include a bus interface µnit (BIU) 441. 

The EBL's of the microprocessors and the Bill's of the other bus agents provide an 

interface between the internal logic of the respective devices and bus 420. It is within 

the EBL's and the BIU's that the above-described bus protocol rules are exploited in 

connection with transmitting and receiving information. Preferably, the EBL's and 

Bill's include one or more state machines for tracking the high or low status of the 

various individual bus lines to facilitate the application· of the bus protocol rules. 
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Bus 420 has a set of single driver signal lines including data, address and control 

lines, such as an address strobe line. The bus also includes cache snoop results signal 

lines HIT and HTIM; error lines BINIT, BERR, AERR and a request stall signal line BNR. 

All lines of the bus a wired-OR lines and the above-described protocol is applied. It is 

possible for each of the microprocessors to detect a cache hit within its cache and to 

assert a HIT, HITM snoop result signal onto the multiple driver lines at the same clock 

cycle. Therefore, the l-IlT /IDTM lines are multiple-driver lines. It is also possible for 

error signals BERR/BINIT to be asserted at any time by any agents on the error lines. 

Therefore the error lines are also multiple driver lines. The hit signals are always 

asserted as the result of a data request and can be reliably correlated with the address 

strobe signal on the address strobe line. Since, the hit lines are correlatable to a 

commonly observable signal on the address strobe line, the first case multiple driver 

protocol is applied to the hit lines. The error BERR/BINIT lines can be asserted at any 

time and are not correlatable to any commonly observable events on any of the other 

lines. Therefore,.the second case multiple driver protocol is applied to the hit lines. In 

the exemplary system, the protocol applied to the hit lines specifies that N (single driver 

delay)= 3. The protocol applied to the error lines specifies that N (pulse width -1) = 2. 

What has been described is a method and apparatus for transmitting signal over 

a ~us system having wired-OR signal lines, wherein a data transmission protocol is 

employed which exploits the quicker transmission time available for high to low signal 

transitions than for low to high transition. By exploiting the protocol, the clock rate for 

the bus system may be set to T + k, thereby achieving a considerably faster clock rate 

than bus systems which set the clock rate based on the worst case signal transmission 



- 32 -

event, namely, low to high transitions. The bus protocol may be employed in a wide 

variety of bus systems, including computer systems. The general principles of the 

invention have been described with reference to exemplary protocols. It should be 

understood, however, that the general pr:fficiples of the invention can be exploited to 

yie:ld other protocols for use in other embodiments and for other applications. 
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CLAIMS 

1. A method for communicating information on a multiple-driver wired-OR 

signal line of a signal transmission bus having ·a plurality of bus agents connected 
·.-

thereto, said method comprising the steps of transmitting signals by: 

observing a commonly observable event on said bus; 

selective~y asserting a high-to-low signal voltage transition onto said 

multiple-driver signal line, said high-to-low transition being asserted, if at all, only a 

first predetermined amount of time following observ~tion of said commonly observable 

event; and 

~fa high-to-low transiti~m is asserted, then asserting a low-to-high signal 

voltage transition onto said multiple-driver signal line a second predetermined amount 

of time after assertion of said high-to-low transition. 

2. The method of claim 1, further comprising the steps of observing signals 

by: 

observing said commonly observable eve~t on said bus; an_d 
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observing said multiple-driver signal line said first predetermined number 

of clock cycles following observation of said commonly observable event. 

3. The method of claim 1, further comprising the steps of transmitting 

additional signals by: 

selectively asserting a second high-to-low signal voltage tr~ition onto said 

multiple-driver signal ljne at a third predetermined amount of time following assertion 

of said high-to-low .transition; and 

if a second high-to-low transitions is asserted, then asserting a second low-to­

high signal voltage transition onto said multiple-driver signal line at a fourth 

predetermined amount of time following assertion of said second high-to-low 

transition. 

4. The method of claim 2, wherein said .second, third and fourth 

predetermined amounts of ti.me are equal. 

5. The method ofdaim l, wherein said bus includes a clock line providing a 

clock signal, and wherein said first predetermined amount of time is two clock cycles. 

111111111111111111111111111111 
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6. The method of claim 1, wherein said bus includes a clock line providing a 

clock signal, and wherein said second predetermined amount of time is one clock cycle. 

7. The method of claim 2, wherein said bus includes a clock line providing a 

clock signal, and wherein said second, third and.fourth predetermined amounts of time 
/ 

are each one clock cycle. 

8. The method of claim 1, wherein said conunonly observable event is on a 

single driver signal line. 

9. The method of claim 8, wherein said bus interconnects a plurality of 

microprocessors each having a cache and wherein said single driver line is an address 

strobe line providing an address strobe· signal from one of said microprocessors, and 

wherein said multiple-driver signal line is a hit line for providing a hit signal in 

response to a cache snoop hit detected in any of said microprocessors. 

10. A protocol for use in communicating information on a multiple-driver 

signal line of a wired-OR bus, wherein said wired-OR bus also has single -driver lines 

and a clo~k line providing a clock signal, comprising: 
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requiring that all high-to-low signal voltage transitions on multiple driver signal 

lines be in response to a detection of a common bus state observable by all .agents 

connected to the bus; 

requiring that a response, if any, to the detection of said common state be made 

by an agent by providing a high-to-low signal voltage transition a predetermined 

number of dock cycles from said detection; 

requiring that the high-to-low transition provided by the agent be observed, if at 

all, by other agents on the next clock cycle; 

requiring that an agent making the high-to-low transition then make a low-to­

high transition one clock cycle later; and 

requiring that all bus agents ignore any transitions occurring on the dock cycle 

following the observation of the high-to-low transition. 

11. The protocol of claim 10, wherein if a second high-to-low transition is 

required by a bus agent in response to the common bus state, then 

requiring that the second high-t0-low transition be one clock cycle following the 

low-to-high transition; and 
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requiring that all bus agents observe the second high-to-low transition, if at all, 

within the next clock cycle. 

12. A method for communicating information on a multiple-driver wired-OR 

signal line of a signal transmission bus having a plurality of bus agents connected 

thereto, said method comprising the steps of transmitting signals by: 

selectively asserting a high-to-low signal voltage transition on said 

multiple-driver signal line; 

observing said multiple-driver signal line to determine if another bus 

agent had asserted a previous high-to-low transition within a first predetermined 

period of time prior to said selective assertion of said high-to-low transition; 

if another agent did not assert a previous high-to-low transition within 

said first predetermined period of time, then asserting a low-fo-high signal transition 

onto said multiple-driver line at a second predetermined amount of time following said 

selective assertion of said high-to-low transition; and 

if another agent asserted a previous high-to-low transition within said first 

predetermined period of time, then asserting a low-to-high signal transition onto said 

multiple-driver line at a third predetermined amount of time following said selective 
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assertion of said high-to-low transition, wherein said first predetermined period of time 

added to said third predetermined period of time is substantially equal to said second 

predetermined period of time. 

13. The method of claim 12, further comprising the steps of observing signals 

by: 

observing said multiple-driver signal line at all times while said signal line 

is in a high voltage state; 

detecting a high-to-low signal voltage transition of said signal line; and 

observing said multiple-driver signal line at said third predetermined time . 

following observation of said detection of said high-to-low transition. 

14. The method of claim 12, wherein said bus includes a clock line providing a 

clock signal, and wherein said first predetermined amount of time is two clock cycles. 

15. The method of claim 12, wherein said bus includes a clock line providing a 

clock signal, and wherein said first, second, and third predetermined amotints of time 

are two clock cycles. 
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16. The method of claim 12, wherein said bus includes a clock line providing a 

clock signal, and wherein said second, third and fourth predetermined amounts of time 

are one, two and three clock cycles, respectively. 

17. The method.of claim 12, wherein sa.id bus includes a clock line providing a 

clock signal, and wherein said second, third and fourth predetermined amounts of time 

are two, three and four clock cycles, respectively. 

18. The method of claim 12, wherein said bus interconnects a plurality of 

microprocessors, and wherein said multiple-driver signal line is an error line for 

providing an signal in response to a bus error detected by any of said microprocessors. 

19. A protocol for use in communicating information on a multiple-driver 

signal lines 'of a wired-OR bus, wherein said wired-OR bus also has a clock line 

providing a clock signal, comprising: 

requiring all bus agents to observe a high-to-low signal voltage transition, 

occurring at any time, on said multiple-driver signal line; 
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requiring all bus agents asserting a high-to-low signal voltage tr!ll1.Sition onto 

said multiple driver signal line to observe the multiple driver signal line to determine if 

another bus agent had already asserted a previous high-to-low transition a· first 

predetermined number of clock cycles prior thereto, and 

if another bus agent had not asserted a previous signal, requiring all bus 

agents asserting said high-to-low signal voltage transition to assert a low-to-high 

transition a second predetermined number of clock cycles later and, 

if another bus agent had ass~rted a pr~vious signal, requiring said bus 

agent asserting said high-to-low transition to assert a low-to-high transition a third 

predetermined number of clock cycles later, wherein said first predetermined period of 

time added to said third predetermined period of time is substantially equal to said 

.second pre~etennined period of time; and 

requiring all bus agents to ignore further transitions on said multiple driver 

signal line during said second predetermined period of time subsequent to observation 

of a high-to-low transition. 

20. An apparatus for communicating information on a multiple-driver wired-

OR signal line of a signal transmission bus, said apparatus having a means for 

transmitting signaif comprising: 
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means for observing a commonly observable event on said bus; 

means for selectively asserting a high-to-low signal voltage transition onto 

said multiple-driver signal line, said high-to-low transition being asserted, if at all, only 

a ~st predetermined amount of time following observation of said commonly 

observable event; and 

means for asserting a low-to-high signal voltage transition onto said 

multiple-driver signal line a second predetermined amount of time after assertion of 

· said high-to-low transition. 

21. The apparatus of claim 20, further comprising means for observing signals 

comprising: 

means for observing said commonly observ.able event on said bus; and 

means for observing said multiple-driver signal line said first 

predetermined number of clock cycles following observation of said commonly 

observable event. 

22. The apparatus of claim 20, wherein said means for transmitting further 

includes: 
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means for selectively asserting a second high-to-low signal voltage_ transition 

onto said multiple-driver signal line at a third predetermined amount of time following 

assertion of said high-to-low transition; and 

means for asserting a second low-to-high signal voltage transition onto said 

multiple-driver signal line at a fourth predetermined amount of time following 

assertion of said second high-to-low transition. 

23. The apparatus of claim 21, wherein said second, third and fourth 

predetermined amounts of time are equal. 

24. The apparatus of claim 20, wherein said bus includes a clock line 

providing a dock signal, and wherein said first predetermined amount of time is two 

clock cycles. 

25. · The apparatus of claim 20, wherein said bus includes a clock line 

providing a clock signal, and wherein said second predetermined amount of time is one 

clock cycle. 

····- .. ······- .. 
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26. The apparatus of claim 21, wherein said bus ·includes a clock line 

providing a clock signal, and wherein said second, third and fourth predetermined 

amounts of time are each one clock cycle. 

27. The apparatus of claim 20, wherein said commonly observable event is on 

a single driver signal line. 

28. The apparatus of claim 27, wherein said bus interconnects a plurality of 

microprocessors each having a cache and wherein said single driver line is an address 

strobe line pro~iding an address strobe signal from one of .said microprocessors, and · 

wherein said multiple-driver signal line is a hit line for providing a hit signal in 

response to a cache snoop hit detected in any of said microprocessors. 

29. An apparatus for communicating information on a multiple-driver wired-

OR signal line of a signal transmission bus, said apparatus having means for 

transmitting signals comprismg: 

means for selectively asserting a high-to-low signal voltage transition on 

said multiple-driver signal line; 
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means.for observing said multiple-driver signal line to determine if 

another bus agent had asserted a previous high-to-low transition within a first 

predetermined period of time prior to said selective assertion of said high-to-low 

transition; 

means for asserting a low-to-high signal transition onto said multiple­

driver line at a second predetermined amount of time following said selective assertion 

of said high-to-low transition; and 

means for asserting a low-to:high signal transition onto said multiple­

driver line at a third predetermined amount of time following said selective assertion of 

said high;.to-low transition, wherein said first predetermined period of time added to 

said third predetermined period of time is substantially equal to said second 

predetermined period of time. 

30. The apparatus of claim 29, further comprising means for observing signals 

having: 

means for observing said multiple-driver signal line at all times while said 

signal line is in a high voltage state; 

means for detecting a high-to-low signal voltage transition of said signal 

line; and 
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means for observing said multiple-driver signal line at said third 

predetermined time following observation of said detection of said high-to-low 

transition. 

31. The apparatus of claim 29, wherein said bus includes a clock line 

providing a clock signal, and wherein said first predetermined amount of time is two 

clock cycles. 

32. The apparatus of claim 29, wherein said bus includes a clock line 

providing a clock signal, and wherein said first, second, and third predetermined 

amounts of time are two clock cycles. 

33. The apparatus of claim 29, wherein said bus includes a clock line 

providing a clock signal, and wherein said second, third and fourth predetermined 

amounts of time are one, two and three clock cycles, respectively. 

34. The apparatus of claim 29, wherein said bus includes a clock line 

providing a clock signal, and wherein said second, third and fourth predetermined 

amounts of time are two, three and four clock cycles, respectively. 
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35. The apparatus of claim 29, wherein said bus interconnects a plurality of 

microprocessors, and wherein_ said multiple-driver signal line is an error lin~ for 

prc:>viding an signal in response to a bus error detected by any of said microprocessors. 

36. A computer system comprising: 

a bus; 

a microprocessor; 

a DRAM controller; and 

an I/O bridge; with said microprocessor, said DRAM controller and said 1/0 

bridge each being connected to said bus and each including means for transmitting 

signals onto said bus, said means for transmitting having 

means for observing a commonly observable event on said bus; 

means for selectively asserting a high-to-low signal voltage transition onto 

said multiple-driver signal line, said high-to-low transition being asserted, if at all, only 

··-······· .......... . 
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a first predetermined amount of time following observation of said commonly 

observable event; and 

means for asserting a low-to-high signal voltage transition onto said 

multiple-driver signal line a second predetermined amount of time after assertion of 

said high-to-low transition . 

. 37. The systems of claim 36, wherein each of said microprocesso.rs, .said 

DRAM controller and said 1/0 bridge include a means for observing signals having: 

means for observing a commonly observable event on said bus; and 

means for observing said multipJe-driver signal line said first predetermined 

number of clock cycles following observation of said commonly observable event. 

38. The system of claim 36, wherein sa~d means for transmitting further 

includes 

means for selectively asserting a high-to-low signal transition on said multiple­

driver signal line; 
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means for observing said multiple-driver signal line to determine if another bus 

agent had asserted a previous high-to-low transition within a first predetermined 

period of time prior to said selective assertion of said high-to-low transition; 

means for asserting a low-to-high signal transition onto said multiple-driver line 

at a second predetermined amount of time following said selective assertion of said 

high-to-low transition; and 

means for asserting a low-to-high signal transition onto said multiple-driver line 

at a third predetermined amount of time following said selective assertion of said high­

to-low transition, wherein said first predetermined period of time added to said third 

predetermined period of time is substantially equal to said second predetermined 

period of time. 

39. The system of claim 38, wherein said means for observing further 

comprises: 

means for observing said multiple-driver signal line at all times while said signal 

line is in a high voltage state; 

means for detecting a high-to-low signal voltage transition of said signal line; 

and 
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means for observing said multiple-driver signal line at said third predetermined 

time following observation of said detection of said high-to-low transition .. 

40. A method for communicating information on a 
multiple-driver wired-OR signal line of a signal transmission 

bus having a plurality of bus agents connected thereto, said 

method substantially as hereinbefore described with reference to 

the· accompanying drawings. 

41. A protocol for use in communicati~g information on 
a multiple-driver signal line of a wired-OR bus; wherein said 

wired-OR bus also has single-driver lines and a clock line 

providing a clock signal, substantially as hereinbefore described 

with reference to the accompanying drawings. 

42. An apparat~s for communicating information on·a 
multiple-driver wired-OR signal line of a signal trans.mission bus, 
said apparatus having a means for transmitting signals 
substantially as hereinbef~re described with reference to the 
accompanyirig_drawings. 

43. A computer system, substantially as h~reinbefore 
described with reference to the accompanying drawings. 
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ABSTRACT 
(Figure 9) 

Method and Apparatus for Transmitting Information 
on a Wired-OR Bus 

A method and apparatus for use in transmitting information on a wired-OR 

signal line is described which employs a data transfer protocol exploiting the generally 

shorter signal settling time occurring following high to low signal voltage transitions 

than occurs following low to high signal voltage transitions. Jn accordance with the 

protocol, the transmission of meaningful information on multiple-driver signal lines is 

restricted to the assertion of high to low signal voltage transitions". By asserting 

inearJngful information only on high to low transitions, the clock period for the bus 

may be set based on the voltage settling time resulting from only high to low trai1.sitions 

rather than from arbitrary transitions. As a result, the transmission of meaningful 

signals are all within L1ie limits of incident wave S\Vitchir1g and a high overall 

information transmission rate is achieved~ The amoti.nt of information transferable per 

clock cycle depends upon whether the wired-OR signal line is a single driver line, a 

multiple driver line wherein events are correlated with commonly obsen-able events, or 

a multiple driver line v.·herein events are not correlated with commonly observable 

events. For single driver lines, one unit of information per clock cycle may be 

transmitted. For multiple driver lines which are correlated 'with commonly observable 

events, one un..it of information may be transmitted every two clock cycles. For multiple 

driver lines which are not correlated with commonly observable events, one un.it of 

iruormation per three clock cycles may be trartsmitted. Method and apparatus 

ernbodLrnents of the invention are described in particular V·.'ith reference to a 

multiprocessor computer system having a latched wired-OR bus. 


