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PERFORMANCE OPTIMIZATION THROUGH 

TOPOLOGY DEPENDENT COMPENSATION 

FIELD OF THE INVENTION 

PCT/US99/21535 

The present invention relates to computer systems. More particularly, the 
present invention relates to optimizing computer system performance through 

component configuration based on topology. 

BACKGROUND OF THE INVENTION 

Prior art computer systems are typically designed based on worst-case 

scenarios. For example, if a processor is contemplated for single, dual, and multi­

processor systems, the processor as well as other components are designed for the 

configuration having the slowest operating environment, which is typically 
determined by system bus frequency and topology. The slowest operating 
environment often corresponds to a multi-processor (e.g., more than two processors) 

configuration because of physical constraints such as bus length, bus load, etc. that 
are associated with coupling multiple processors and support circuits to a single bus. 

However, smaller systems (e.g., single- and dual-processor computer 
systems) are often be capable of operating at higher system bus frequencies than 
multi-processor configurations. Because the multi-processor systems define the 
worst-case operating scenario, the smaller systems do not operate optimally unless 
components are redesigned to operate in the smaller system, which increases the cost 

of the smaller system. Because smaller systems are more numerous than multi­
processor systems, most computer systems are designed with sub-optimal operating 
characteristics. 

Bus systems are particularly susceptible to performance degradation in larger 

computer systems because buses are physically longer in systems having more 

components. Longer system buses result in lower operating frequencies because of 

transmission line considerations associated with the length and load of the bus. 

Therefore, the number of components coupled to a particular bus limits the operating 
frequency of the system bus and often acts as a bottleneck to system performance by 
defining the worst cast scenario for system topology. 
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Whal is needed are syst~m components that may be compensated based on 

the specific syste~ topology in which the conipon~nts operate in.order to improve 

performance of th~ .system. 

SUMMARY OF THE INVENTION 
-~. . . 

A method kd apparatus for compensating· components based on system 

topology is descri~ed. In one embodiment, the system includes one or more 

components with self-compensated bllffer(s) and compensation Wiit(s) coupled to 

the self-compensated buffer(s). The compensation unit receives one or more 

external voltages corresponding to desired operating characteristics for the 

component and generates output signals to the self-compensated buffer that cause· 

the self-compensated buffer to operate with the desired operating characteristics. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by way of example, and not by way of 
' ' 

limitation, in the figures of the accompanying. drawings in which like reference 

numerals refer to similar elements. 

Figure 1 is one embodiment of a single processor computer system. 

Figure 2 is one embodiment of a processor compensated through topology 

dependent configuration. 

Figure 3 is one embodiment of a multi-processor computer system. 

Figure 4 is one embodiment of a six-processor system having processors 

compensated through topology dependent configuration. 

DETAILED DESCRIPTION 

A method and apparatus for compensating system components based on 

system topology is described. In the fo1lowing description,. for purposes of 
. . . . ' . . 

explanation, numerous specific details are set forth in order to provide a thorough 

understanding of the present invention. It will be apparent, however, to one skilled 

in the art that the present invention may be practiced without these specific details. 
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In other instances; well-known structures and devices are shown in block diagram 

fonn in order to a~oid obscuring the present inventiofi) .· · 

Briefly, the present invention provides a method and apparatus for 

perfonnance improvement and possibly optimization through topology dependent 

compensation. In one embodiment, one or more components of a computer system . 

are coupled to a bus via self-compensated buffer(s). The self-compensated buffer(s) 

allOw operating characteristics to be set via external signals such as voltage levels. 

System components have compensation units that receive external signals and 

configure the operating characteristics of the self-compensated buffer(s). In this 

manner a system designer may set operating characteristics for various system 

components based on the topology of the specific system rather than designing all 

components for a worst-case scenario. 

Figure 1 is one embodiment of a computer system. Computer system 100 

comprises bus 101 or other device for communicating infonnation, and processor 102 

coupled with bus· 101 for processing information. In one embodiment, bus 101 is an 

externally terminated bus; however, external tennination of bus 101 is not required to 

practice the present invention. In one embodiment, processor 102 is an Intel 

·Architecture (IA)processor available from Intel Corporation of Santa Clara, 

California. 

Computer system 100 further comprises random access memory (RAM) or 

other dynamic storage device 104 (referred to as main memory), coupled to bus 101 

for storing information and instructions to be executed by processor 102. Main 

memory 104 also· may be used for storing temporary variables or other intermediate 

infonnation during execution of instructions by processor 102. Computer system 100 

also comprises read only memory (ROM) and/or other static storage device 106 

coupled to bus 101 for storing static information and instructions for processor 102. 

Data storage device 107 is coupled to bus 101 for storing information and instructions. 

Data storage device 107 such as magnetic disk or optical disc· and 

corresponding drive can be coupled to computer system 100. Computer system 100 

can also be coupled via bus 101 to display device 121, such as a cathode ray tube 

(CRT) or liquid crystal display (LCD), for displaying information to a computer 

user. Alphanumeric input device 122, including alphanumeric and other keys, is 



W000/25207 PCTIUS99/2lS3S 

typically coupled to bus l 0 I for commtJDicating information and command 

selections to processor 102. Anpther type of user input device is cursor control 123, 

such aS a mouse, a trackball, or cursor direction keys for communicating direction 

information and command selections to processor 102 and for controlling cursor 

movement on display 121. 

In one embodiment, processor 102 and one or more of the components 

coupled to bus I 02, such as. main memory I 04, are source-synchronous components. 

Of course, any one or more components of computer system 100 may be source 

synchronous. Thus, computer system l 00 may be either a partially source 

synchronous or fully· source synchronous environment. 

Figure 2 is one embodiment of a processor that can be configured through 

topology dependent configuration. While the example of Figure 2 is described in 

terms of process<us coupled to a bus, the description herein is not limited to 

processors and buses. For example, a memory device, I/O device, or other system 

component may be optimized as described herein. 

Processor 200 includes buffer 220, which is a self-compensating buffer, in 

one embodiment. Compensation unit 230 is coupled to buffer 220 to provide control 

of buffer compensation. Compensation unit 230 is coupled to configuration unit 240 

to receive external signals indicating desired operating characteristics for buffer 220. 

The external signals may be varied based on system configuration and topolqgy. 

In one embodiment, configuration unit 240 includes two precision resistors 

coupled between compensation 1.init 230 and a known reference voltage;, such as a 

power supply output. The resistors provide a voltage that is used to configure 

processor 200. Thus, by varying the resistance provided by the resistors of 

compensation unit 230, a system designer can alter the operating characteristics of 

processor 200. 

Because components in a· system can be individually compensated with 

individual compensation units, the operating characteristics of multiple components 

within a system can be tailored for improved perfonnance. For example, processors 

coupled near the center of the bus can have different operating characteristics that 

processors coupled near the end of the bus to allow processors to operate with 
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characteristics ba.S~d on the load and response of the system bus as applied to the 

individual processor. · 

Alternatively, config~ration unit 240 can be adjustable resistors coupled 

between a known voltage and compensation unit 230. In another embodiment, 

configuration unit 240 may be a register that stores a configuration code that can be 

used to configure processor 200. Configuration unit may be any device that allows a 

known value to be provided to compensation unit 230 such that buffer 220 may be 

compensated based on the known values supplied by configuration unit 240. 

In one embodiment, configuration unit 240 supplies two voltage levels to 

compensation unit 230. The voltage levels provided by compensation unit 230 are 

analog signals that represent the range of operating characteristics. The voltage 

levels correspond to a slew rate and an impedance for buffer 220. Of course, 

additional operating characteristics may also be supported, for example, operating 

frequency. In general, a faster slew rate corresponds to a higher operating 

frequency, which can be used in systems having smaller busses with fewer 

components. The trade-offs associated with slew rates and impedance are known in 

the art and are not discussed further herein. 

In one embodiment, compensation unit 230 converts each voltage supplied 

by configuration unit 240 to a digital value to provide input to buffer 220. In one 

embodiment, traditional analog-to-digital conversion techniques are used. 

Compensation unit 230 is designed to accept a wide enough range of values such 

that the range of best-case to worst-case configuration scenario operating 

characteristic configurations are supported. 

Buffer 220 operates with the operating characteristics (e.g., slew rate and 

impedance) determined by the signals provided by compensation unit 230. Buffer 

· 220 then provides signals to bus 210 with the slew rate designated by configuration 

unit 240 and operates with the impedance designated by configuration unit 240. 

Figure 3 is one embodiment of a multiprocessor computer system. 

Computer system 190 generally includes multiple processors (e.g., processor 150 

through processor 152) coupled to processor bus 160. Chip set 170 provides an 

interface between processor bus 160 and other components of computer system 190, 

such as a system bus (not shown in Figure 3). 
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Computer systein 190 is a higher performance system than computer system .. 

100 of Figure 1 :iµ ,both bus architecture and number of processors. In one 

embodiment, prt)c~sor bus 160 is an externally terminated bus that communicates 
: : 

information in a SQUrCe synchronous manner. Processors 150 andJ 52 may be any 

type of process~r. 'In one embodiment, processors 150 and 152 are Intel 

· Architecture proc~ssors. Chip set· 170 proVides an interface between processor bus 

160 and the remairiing components of computer system 190 in any manner known in 

the art. 

Figure 4 is one embodiment of a six-processor system having processors 

compensated throtlgh topology dependent configuration. The compensation units of 

.Figure 4 receive compensation information from resistors coupled to power supply 

voltages; howev¢r, as discussed above, the present invention is not limited to such 

configurations. · 

In one embodiment, bus 600 is an externally terminated bus having pull-up 

resistors as termination devices; however, bus· 600 may be terminated in any manner 

known in the art. Alternatively, bus 600 may be a non-terminated bus. In one 

embodiment, bus 600 is a processor bJlS coupled to one or more processors and a 

chip set (not shoWn in Figure 4) that provides an interface to other components of 

computer systein 600. 

In one embodiment, the compensation units(e.g., 635, 636, 637, 638, 639 

and 640) and buffers (e.g., 620, 621, 622, 623, 624 and 625)are designed to provide 

a range of operating characteristics covering at least the set of desired operating 

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

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

are not limited tO,.slew rate and impedance;· 

By providing resistance values based on the physical location of the 

respective processors and the topology of computer system 600 with external 

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

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

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

optimized. 

-6-



W000/25207 PCT/US99/21535 

Assuming processors 611 and 614 are physically connected to bus 600 near 

the center of the bti~ and processors 610, 612, 613 and 6fs are connected near the 

ends of bus 600, proce_ssors 611and614 can be configured to operate with a first set 

of operating characteristics while the remaining processors are configured to operate 

with a second set of operating characteristics. The first set of operating 

characteristics is different than the second set of operating characteristics because 

the load for processors 611 and 614 is different than the load for the remaining 

processors. 

If, for example, the physical placement of processors 610, 611, 612, 613, 614 

and 615 is asymmetric with respect to bus 600, the operating characteristics can be 

individually tailored based on the load for each processor. 

In the foregoing specification, the present invention has been described with 

reference to specific embodiments thereof. It will, however, be evident that various 

modifications and changes may be made thereto without departing from the broader 

spirit and scope of the invention. The specification and drawings are, accordingly, 

to be regarded in an illustrative rather than a restrictive sense. 
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CLAIMS lllllll/ llllll lllll lllll II llll 
* C L M s * 

What is claimed is: 

1. An integrated circuit comprising: 

a self-compensated buffer; 

5 a compensation unit coupled to the:self-compensated buffer, the compensation 

IO 

unit configured to receive at least two external signals: corresponding to desired 

operating characteristics, the: compensation unit generating output signals to the self­

compensated buffer that cause the self-compensatecl buffer to operate with the desired 

operating characteristics. 

2. The integrated circuit of claim 1, wber~in the self-compensated buffer 

·and the compensation unit are part of a processor in a multi-processor system. 

3. The integrated circuit of claim 1, wherein the self-compensated buffer 

and the compensation unit are part of a processor in a single processor system. 

4. The in~egrated circuitof.claiin l, wherein the self-compensated buffer 

15 is an input/output (110) buffer. 

5. The integrated circuit of claim 1 further comprising a second self-

compensated buffer coupled to the compensation unit, wherein the second self­

compensated buffer operates with the desired operating characteristics. 

6. The integrated circuit of claim 1, wherein the operating characteristics 

20 include a slew rate and an impedance. 

7. A multi-processor computer system comprising: 

a bus; and 

a plurality of processors coupled to the bus, each having a compensation unit 

coupled to receive at least two external signals, wherein the compensation unit 

25 generates output signals corresponding to operating characteristics for the respective 

processors, the respective processors further having at least one output buffer coupled 

to receive the output signals from the compensation unit and operating with the 

operating characteristics. 

8. The computer system of claim 7, wherein each of the respective 

30 processors is coupled to at least two resistors having resistance values that provide the 
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* C L M S * 

slew rate and the impedance optimized for a physical location on the bus for each of 
: ,·,1'.J·'. 

the respective processor. 

9. The computer system of claim 7, wherein the compensation unit in 

each respective processor compensates slew rate and impedance for the respective 

5 processor based on process, voltage, and temperature. 

10 

10. The computer system of claim 7, wherein the buffers are input/output 

(1/0) buffers. 

11. The computer system of claim 7, wherein the operating characteristics 

include a slew rate and an impedance. 

12. A method for performance optimization based on topology comprising 

the steps of: 

receiving one or more signals corresponding to a plurality of desired operating 

characteristics; and 

compensating one or more buffers to operate with the desired operating 

15 characteristics in response to the one or more signals. 

13. The method of claim 12, wherein the one or more signal corresponding 

to a plurality of operating characteristics are received through at least two resistors 

that indicate the plurality of operating characteristics. 

14. The method of claim 12, wherein the plurality of operating 

20 characteristics include a slew rate and an impedance. 

15. The method of claim 12, wherein the and or more buffers are 

input/output (1/0) buffers in a processor. 

16. The method of claim 12, further comprising performing the step of 

receiving one or more signals corresponding to a plurality of desired operating 

25 characteristics for each processor in a multi-processor computer system. 

17. A computer system comprising: 

a bus; 

a first processor having a first buffer coupled to the bus and a first 

compensation unit coupled to the first buffer, wherein the first compensation unit is 

30 coupled to receive at least two voltages from a first set of external resistors that 

provide a voltage to the first compensation unit indicating operating characteristics for 
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the first buffer based on a first set of physical characteristics corresponding to the first 

processor; and 

a second processor having a second buffer coupled to the bus and a second 

compensation unit coupled to the second buffer, wherein the second compensation 

5 unit is coupled to receive at least two voltages from a second set of external resistors 

that provide a voltage to the second compensation unit indicating operating 

characteristics for the second buffer based on a second set ofphysical characteristics 

corresponding to the second processor. 
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