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(57) Abstract

An oscillator output selector (26) and complementary control circuitry (28) are provided to a computer system. The oscillator output
selector (26) is used to select a series of clock pulses for usage as a system bus clock. The control circuitry {28) controls the selection
being made by the oscillator output selector, in accordance to control inputs received. In one embodiment, the control circuitry receives
system bus clock frequency preferences from the CPU boards (12a-12b) as control inputs, and in response, the control circuitry causes
the oscillator output selector to select the series of clock pulses having a frequency that is equal to or slower than the slowest prefesred
frequency. In an alternate embodiment, the control circuitry receives CPU types from the CPU boards as control inputs, and in response,
the control circuitry causes the oscillator output selector to select a series of clock pulses having a frequency that will allow maximum total
CPU clock frequency utilization.
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1. Field of the Invention

The present invention relates to the field of computer
systems. More specifically, the present invention relates to scaling of
central processing unit (CPU) and system bus clock frequencies of
computer systems. |

2. Background Information

Scalability of a system product line is often critical to its
success. Superior scalability allows a system product line to have
multiple models optimized for different performance design points
over a wide performance spectrum to be cost effectively
manufactured. Additionally, purchasers may start with the lower cost
low end performance models, and grow their systems as their
computing requirements increase.

Thus, a well designed modern server system often would
offer a choice for the number of CPUs to be employed. Many of these
well designed server systems also would offer a choice or choices for
the CPU clock frequency or frequencies. In order to accommodate the
different potential CPU clock frequencies, the system bus would be
designed to operate in one of a number of complementary clock
frequencies. The selection of the CPU and system bus clock
frequencies would be predetermined and set via jumpers.

Under this prior art approach, changing the CPU and
system bus clock frequencies would require the jumpers to be reset, a
task typically performed by a skilled technician. As the rate of CPU
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For example, if a server system would allow the
employment of 1-4 CPUs having 1-2 clock frequencies to be selected
from 3 clock frequencies (e.g. 100, 180, 200 MHz), and a system bus
having a clock frequency to be selected from 3 other clock fréquencies
(e.g. 50, 60 and 66 MHz), with the ratio of any CPU clock frequency to
system bus clock frequency to be one of 4 choices (2:1, 3:1, 4:1, and 5:1),
the optimal selection will have to made from almost 100 possible
combinations. '

Thus, it is desirable to have a more efficient and a more
reliable way for selecting an optimal system bus clock frequency for a
highly scalable computer system. As will be disclosed in more detail
below, the present invention achieves these and other desired results.

SUMMARY OF THE INVENTION

An oscillator output selector and complementary
control circuitry are provided to a computer system. The oscillator
output selector is used to select a series of clock pulses for usage as
the system bus clock. The series of clock pulses has a frequency that
is optimal for the CPU(s) present. The control circuitry controls the
selection being made by the oscillator output selector in accordance
to control inputs received.
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In one embodiment, the control circuitry receives
system bus clock frequency preferences from the CPU boards as
system.bus clock selection control inputs, and in response, the
control circuitry causes the oscillator output selector to select the
series of clock pulses having a frequency that is equal to or slower
than the slowest preferred frequency. The system bus clock
frequency preferences are encoded and prestored in the CPU boards,
and output at system reset. Additionally, CPU clock frequency to
system bus dlock frequency ratios are also encoded and prestored in
the CPU boards, and provided to the on board CPU(s) at system reset.

In an alternate embodiment, the control circuitry
receives CPU types from the CPU boards as control inputs, and in
response, the control circuitry causes the oscillator output selector to
select a series of clock pulses having a frequency that will allow the
computer system to maximize the total CPU clock frequencies
utilized. The CPU types corresponds to CPU maximum operating
frequency and base system bus .bperating-' frequency pairs.
Furthermore, the CPU types are prestored in the CPU boards and
output at system reset. The system bus clock frequency that will
maximize the total CPU clock frequency utilization for a particular
combination of CPU dock frequencies is predetermined and
encoded, and the encodings are prestored in the control circuitry.
Under this embodiment, CPU clock frequency to system bus clock
frequency ratios are also encoded and prestored in the control
circuitry, and provided to the on board CPU(s) at system reset.

BRIEF DESCRIPTION OF DRAWINGS

The present invention will be described by way of
' exemplary embodiments, but not limitations, illustrated in the
accompanying drawings in which like references denote similar
elements, and in which:
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In the following description, for purposes of explanation,
specific numbers, materials and configurations are set forth in order to
provide a thorough understanding of the present invention. However,
it will be apparent to one skilled in the art that the present invention
may be practiced without the specific details. In other instances, well
known features are omitted or simplified in order not to obscure the
present invention.

Referring now to Figure 1, a first exemplary computer
system incorporated with a first embodiment of the present invention
is illustrated. As shown, first exemplary computer system 10
comprises CPU boards 12a and 12b having CPUs 14a and 14b of a first
type and CPUs 16a and 16b of a second type. CPUs 14a and 14b have a
first maximum clock frequency, whereas CPUs 16a and 16b have a
second maximum clock frequency. First exemplary computer system
10 also comprises system bus 18, cache memory 20, main memory 22
and memory controller 24 coupled to each other and to CPU boards
12a and 12b as shown. Additionally, in accordance to the present
invention, first exemplary computer system 10 further comprises
oscillators 27, oscillator output selector 26 and complementary control
circuitry, which is a bus clock frequency preference selector 28 under
this embodiment. Oscillators 27, Oscillator output selector 26 and bus
clock frequency preference selector 28 are disposed on the
motherboard 30 of first exemplary computer system 10. Furthermore,
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ratio and frequency code generators 30a and 30b.

Except for the teachings of the present invention, CPU
boards 12a and 12b, CPUs 14a-14b and 16a-16b, system bus 18, cache
memory 20, main memory 22 and memory controller 24 perform
their conventional functions, which are well known, and the
constitutions of these elements are also well known. Thus, these
elements will not be otherwise further described.

, Oscillators 27 are used to output multiple series' of clock
pulses having different clock frequencies, e.g. 66 MHz, 50 Mz, and so
forth. Oscillator output selector 26 is used to select one of these series’
of clock pulses whose clock frequency would be optimal for CPUs 14a-
14b and 16a-16b. The clock pulses are provided to the oscillator output
selector 26 at predetermined input terminals. In other words, the
oscillator output selector 26 can rely on the fact that the clock pulses
output by a 66 MHz oscillator are provided at a first input terminal,
whereas the clock pulses output by a 50 MHz oscillator are provided at a
second input terminal, and so forth. Oscillator output selector 26 makes
its selection in accordance to control signal OSCSEL provided by control
circuitry or bus clock frequency preference selector 28 under this
embodiment.

Control circuitry, or bus clock frequency preference selector
28 under this embodiment, outputs OSCSEL to control the selection
being made by oscillator output selector 26, in accordance to control
inputs received. Bus clock frequency preference selector 28 receives
encoded system bus clock frequency preferences from CPU boards 12a
and 12b as control inputs, and in response, bus clock frequency
preference selector 28 outputs OSCSEL in accordance to the lowest bus
clock frequency preference denoted, thereby causing oscillator output
selector 26 to select the series of clock pulses having a frequency that is
equal to or slower than the slowest preferred frequency.
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Referring now to Figure 2, a second exemplary computer
system incorporated with a second embodiment of the present
invention is illustrated. As shown, second exemplary computer
system 100 comprises CPU boards 102a and 102b having CPUs 104a and
104b of a third type and CPUs 106a and 106b of a fourth type. CPUs
104a and 104b have a third maximum clock frequency, whereas CPUs
106a and 106b have a fourth maximum clock frequency. Second
exemplary computer system 100 also comprises system bus 108, cache
memory 110, main memory 112 and memory controller 114 coupled
to each other and to CPU boards 102a and 120b as shown.
Additionally, in accordance to the present invention, second
exemplary computer system 100 further comprises oscillators 117,
oscillator output selector 116 and complementary control circuitry,
which is a ratio and selection look-up circuit 118 under this
embodiment. Oscillators 117, oscillator output selector 116 and ratio
and selection look-up circuit 118 are disposed on motherboard 120 of
exemplary computer system 100. Furthermore, under this
embodiment, CPU boards 102a and 102b are to also include CPU type
output circuits 120a and 120b.

Similarly, except for the teachings of the present
invention, CPU boards 102a and 102b, CPUs 104a-104b and 106a-106b,
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In like manner, oscillators 117 output multiple series of
clock pulses having different clock frequencies, e.g. 66 MHz, 50 MHz,
and so forth. Oscillator output selector 116 is used to select one of these
series' of clock pulses whose clock frequency would be optimal for CPU
104a-104b and 106a-106b as well as for system bus 108. The clock pulses
are provided to the oscillator output selector 116 at predetermined input-
terminals. In other words, The oscillator output selector 116 can rely on
the fact that the clock pulses output by a 66 MHz oscillator are provided
at a first input terminal, whereas the clock pulses output by a 50 MHz
oscillator are provided at a second input terminal, and so forth.
Oscillator output selector 116 makes its selection in accordance to
control signal OSCSEL provided by ratio and selection look-up circuit
118 under this embodiment.

Control circuitry, or ratio and selection look-up circuit 118
under this embodiment, outputs OSCSEL to control the selection being
made by oscillator output selector 116, and CPU clock frequency to
system bus clock frequency ratios to on board CPUs 104a-104b and 106a-
106b, in accordance to control inputs received. Ratio and selection look-
up circuit 118 receives CPU types from CPU boards 1022-102b as control
inputs. The CPU types correspond to CPU maximum operating
frequency and base system bus operating frequency pairs. For example,
CPU type X corresponds to a CPU having a maximum operating
frequency of 180 MHz and a base system bus operating frequency of 60
MHz. Furthermore, CPU types are prestored in CPU type output circuits
120a-120b of CPU boards 102a-102b, and output at system reset. Optimal
system bus clock frequencies and optimal CPU clock frequency to system
bus ratios for the various CPU clock frequency combinations are
predetermined, encoded, and the encodings are prestored in ratio and
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Referring now to Figures 3 & 4, the maximized total CPU
clock frequency utilization approach to determining optimal system
bus clock frequencies and optimal CPU dock frequency to system bus
clock frequency ratios is illustrated. As shown in Figure 3, under this
approach, the first step is to generate the CPU clock frequency
utilizations for all CPU clock frequency and system bus clock frequency
combinations presently supported and expected to be supported in the
product life of the particular family of CPUs, step 132. Preferably, as
shown in Figure 4, they are generated in a matrix form. In fact,
preferably they are generated using multiple utilization matrices 140a-
140c. For example, utilization matrix 140a contains the CPU clock
frequency utilizations for CPU clock frequencies 100 MHz, 150 MHZ
etc. when operated in conjunction with system bus clock frequencies
of 50 MHz, 60 MHz, and 66 MHz, utilization matrix 104b contains the
CPU clock frequency utilizations for CPU dlock frequencies 120 MHz,
180 MHz, and so forth. More specifically, for a CPU clock frequency of
180 MHz, 150 MHz, 180 MHz, and 133 MHz of CPU clock frequencies
will be utilized, depending on whether the system bus clock frequency
is 50 MHz, 60 MHz or 66 MHz, since at most the CPU can operate at 3x,
3x, and 2x of the system bus frequency.

Referring back to Figure 3, next, a total CPU clock
frequency utilization matrix covering all CPU clock frequency
combinations is generated, step 134. As shown in Figure 4, each row
of the total utilization matrix will contain the total CPU clock
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if the CPU dlock frequencies are 200 MHz and 180 MHz, and the system

bus clock frequencies are 50 MHz, 60 MHz and 66 MHz respectively,

the total CPU clock frequency utilizations 144 would be 350 MHz, 360

MHz and 333 MHz respectively.

Again, referring back to Figure 3, having generated the
total CPU clock frequency utilization matrix, an optimal system bus
frequency is selected for each CPU dock frequency combination by
selecting the maximum total CPU clock frequency utilization, step 136.
For example, as shown in Figure 4, upon comparing the total CPU
clock frequency utilizations for CPU clock frequency combination of
200 x 180, 60 MHz would be selected as the optimal system bus
frequency, since only a total of 360- MHz of CPU clock frequency would
be utilized.

Accordingly, as shown in Figures 3 & 4, the optimal
system bus clock frequency and the corresponding CPU clock
frequency to system bus clock frequency ratios are encoded, and the
encodings are prestored into the ratio and selection lookup circuitry
118, step 138. For example, for the 200 MHz and 180 MHz
combination, a selection code for selecting the oscillator generating
clock pulses having a frequency of 60 MHz, and codes denoting the
CPU clock frequency to system bus clock frequency ratios to be 3:1 in
both cases are prestored into the ratio and selection lookup circuitry
118.

The above described maximized total CPU clock
frequency utilization approach to determining the optimal system bus
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system 100. Furthernore, under this enbodi ment, CPU boards 102a and

102b are to also i Ek'?xﬁeg%&é’&?d CPY doeumqha%rgﬁt&yg&nlﬁﬁecﬁeﬂ 120D.

Simlarly, except Lor t eachi ngs, of resent l,nvention, U
boar de. 107a and 105BaueRRy. 12508 don Barious GP,ack Beguency combinaensRiydei o
PCT/ US96/ 04412 implemented in software; using any number of well known.

programming language, including but not limited to C, on any
number of well known computer systems, including but not limited
to Pentium® processor based computer systems. Pentium is a
registered trademark of Intel Corporation.

Thus, a method and apparatus for selecting an optimal
system bus frequency in a highly scalable computer system has been
described. While the method and apparatus of the present invention
has been described in terms of the above illustrated embodiments,
those skilled in the art will recognize that the invention is not limited
to the embodiments described. The present invention can be practiced
with modification and alteration within the spirit and scope of the
appended claims. In particular, the present invention may be
practiced on computer systems with more or less CPU boards, each
having more or less CPUs. per board. The description is thus to be
regarded as illustrative instead of restrictive on the present invention.
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controller

system bus 108, cache nenory 110, main nenory 112 and nenory

, hei i~oRe—h] e e ————
known, and ::1;1 constituti oh;gmﬂHM'MMMHMf :élre :al soI \(/:vgl ?Fﬁ;lown.

Thus, these elements will not be &thérw'se® further descri bed.

‘I'n |i ke manne
pul ses havi ng
so forth. Gscillator output selector

nt clock frequencies, e.g. 66 MHz, 50 ,

L OSClllators 117 output nultiple series of Gdoabds12
W%@ ME and

116 is used to select one of these

series' of clock pul ses whose cl ock frequency woulfd b t] -
104a-104b and 106a- 106b as well as for system bus-WOB%wgﬁbcém%s SG

are provided to the oscillator output sel ectidr 116
In other words, The oscillator output

clLagiMeul ses output by a 66 Mz Clamis} o ng%J]-pt-d-V, cf’%g e

term nal s.

‘the fact that the
tat a-first

oscillator are provided at a second i nput term nal

(N

0 paged

input term nal, whereas the clock pul sd£1Brmwingls)ypaged;g--ip Paged -.-...

Oscil l ator output Whatds slaimed ifakes its sel ectionip accaordance ta
control signal OSCSEL provided by ratio and selection |ook-up circuit

118 under this enbadi nept A . . i

and sel ection | oo k?:up C rcgﬂFFI Eicg.:essmg unﬁtn((%l?U)[ %?@ﬁ%%%rg ,Er?ewgﬁéﬁtfgétt
OSCSEL to control einenitryl for outputiagras system resghime conirql|inputs to syfrm
sel ector 116, and piEdclocR@klebion ¢ioaY nidking systefiiyBhiedlobk Selettioi at trquency

ratios to on boar dtigaeq%r %Os%%ie%r(l)ﬁlﬂs,atﬂg s}gt%%{ bus clock selection circuit and the

1 ABSkragP f:quabéd ....7.. to paged

system bus being coupled to each other and elements of a computer
system within which the CPU circuit board is integrated.

2. The CPU board as set forth in Claim 1, wherein, the first
circuitry outputs at system reset time system bus clock frequency
preference information as system bus selection contro} inputs.

3. The CPU board as set forth m Claim 1, wherein, the first
circuitry outputs at system reset time CPU clock frequency
information as system bus selection control inputs.

4. The CPU board as set forth in Claim 3, wherein, the first
circuitry implicitly outputs the CPU clock frequency information by
outputting CPU type information having direct correspondence to a

rati o
S

maximum CPU operating frequency and a companion base system bus

operating frequency.

5. The CPU board as set forth in Claim 1, wherein the CPU board

further comprises second circuitry for outputting at the same time

CPU clock frequency to system bus clock frequency ratio information

to one or more CPUs installed on the CPU circuit board.

6. A central processing unit (CPU) circuit board comprising first
circuitry for outputting at system reset time CPU clock frequency to
system bus clock frequency ratio information to one or more CPUs

installed on the CPU circuit board.

N

|
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106b, in accordance to control inputs received. Ratio and selection |ook-
up circuit 118 receives CPU types from CPU boar-ds—102a-102b as control

i nputs. The CPU types corre Ii pirum oper ati ng frequency
‘and base system bus oper atiiﬂm Hmﬁmmmml,s For exanpl e, CPU type
'X corresponds to a CPU having a®maki mumsoper ati ng freq &80
Mtz and a bas®Q¥I8® bus operating frequency of 60 VHz.~"FUrT t her nor e,
CPU types are prestored in CPU type output circuits 120a-120b of CPU
boards 102a-102b, and out put at systemreset. Opti nal syst em bus

cl ock frequencies and optimal CPU clock frequency to system  bus

ratios for the various CPU cl ock frequency Q@#bi nations are

predet erm ned, encoded, and the encodings are prestored in ratio and
WO 96/ 30819

PCT/ US96/ 04412 sel ection | ookup circpit 118 As will be
described in nore @et aif* IEFRYer sYs m thotRerboat _compngmg.

a plurality of oscillators for generating during operation a
plurality of series’ of clock pulses having different frequencies;

an oscillator output selector coupled to the oscillators for
selecting one of the series’ of clock pulses to be used as a system bus
clock of a system bus of a computer system within which the
computer system motherboard is integrated, the selected series being
the series having a clock frequency that is optimal for central
processing unit(s) (CPU) of the computer system.

8. The computer system motherboard as set forth in Claim 7,
wherein

the computer system motherboard further comprises control
circuitry coupled to the oscillator output selector for controlling the
selection being made by the oscillator output selector, the control
being exercised in accordance to control inputs the control circuitry
receives from CPU board(s) of the computer system.

9. The computer system motherboard as set forth in Claim 8,
wherein _
the control circuitry receives preference information about
system bus frequency from the CPU board(s) as control inputs; and
the control circuitry causes the oscillator output selector to
select a series of clock pulses having a frequency that is equal to or
slower than the slowest preference received from the CPU board(s).

10. The computer system motherboard as set forth in Claim 8,
wherein '

the control circuitry receives CPU frequency information from
the CPU board(s) as control inputs; and

the control circuitry causes the oscillator output selector to
select a series of clock pulses having a frequency that will allow the
‘computer system to maximize total CPU clock frequency utilization, as

—_—
T
—
—
.
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under one approach, the optimal system bus clock frequency and the

optimal CPU dock fI’Pﬂlan(‘y (g*@eq.u,e.n_e_y_p_ag_ke_a{_e—-_
determ ned based on naxi m l!mmmmm mEk frequency utilization.

Thus, ratio and sel ection <uptci®cuwit *118 causes oscillator output
selector 116 to sel ect the series of clock pulses having a Clevcfrg{s peney
that will al|WQWM ary conputer system 100 to maxinmize th 3?62%

CPU cl ock frequencies utilized. Referring now to
Figures 3 & 4, the maxi m zed total CPU clock frequency utilization
approach to determ ning optiml system bus cl ock frequencies and
optimal CPU clock frequency to systembus _q3. clock frequency ratios is
illustrated. As shown in Figure3 under this approach, the first
step is to generatggt I r all CPU
cl ock frequency an §§% 55‘,%% r{(?@?\gﬂﬁgle o ﬁ%&%{gﬁﬁﬁdgﬁﬁgg presently
supported and expe‘@F@(Ye 0 be supported in the product life of the

particular famly of CPUs, step 132. Preferably, as shown in Figure

4, they are gener [ e, hey are
gener ated using a#l“ plg‘ﬁf%{é‘g{? &Qtremr‘{r laéex%ﬁ&rlfbas set fopin {I'E‘BE%FM
exanpl e, utilizatiWherain the contgel MIWrrgcemsamCalbénequencyx PERIOR v
utilizations for Ghpliditg Ithfdugeluemn Jitforividtionl fédeivied from theeCBU when

86 Nz, and 66 MboTAR BETE RS S ) Girespondal &l

frequency utili zatméﬁgmﬁ@rCmmrétékgfffmﬁ@ﬁ@@dlﬁﬁlwpmlm as$80 Mz,

and so forth. Mreys t&ﬁlbﬁ;b(b?ekm’v'iﬁé deridittd. cl ock frequency of 180
MHz, 150 MHz, 180 MHz, and ? CPU cl ock frequenci es will be

utilized, depend| nﬁ_lgn whet her the system bus cl ock frequenCé .
MHz, 60 Mz or ‘Eheneamputessysteny matherbeard ap setafosthain Glaim 10,

wherein the control circuitry comprises circuit elements for pre-
storing selection control signals to be output to the oscillator output
selector for various CPU frequency combinations.

is 50

13.  The computer system motherboard as set forth in Claim 10,
wherein the control circuitry further outputs at the same time CPU
clock frequency to system bus clock frequency ratio information to
CPU(s) on board the CPU board(s).

14.  The computer system motherboard as set forth in Claim 13,
wherein the control circuitry comprises circuit elements for pre-
storing CPU dock frequency to system bus clock frequency ratio
information to be output to the CPU(s) on board the CPU board(s) for
various CPU frequency combinations. -

15.  An apparatus comprising:

first circuitry for outputting at system reset time first control
inputs;

second circuitry coupled to the first circuitry for receiving the
first control inputs, and selecting a system bus clock for a system bus in
accordance to the received first control inputs, the system bus clock
having a clock frequency that is optimal for processor(s) of a system, as
defined by the received first control inputs, the system bus being

This Sheet Has Been Reﬁ

(MR




_—
3x, and 2x of the system bus fre7uency Ref erring back

over naari o0 el okt cemaortll "ﬂﬂlﬂlﬂ{Hm W7o S generatod, Step 134

covering all CPU cl ock freque

As shown in Figure 4, each row Lof nt al utilization matrix will
contain the total CPU cl ock WO 96/ 30819
PCT/ US96/ 044%9 96/30819 _ QECTIUSWIZ

frequency utilizations 144 for a particular CPU cl ock frequency
conmbi nati on. For exanple, the CPU dock frequency utilizations 142a
for CPU clock frequency 200 Mz and the CPU cl ock frequency
utilizations 142b for CPU cl ock frequency.i380 MHz are conbined to
generate the total CPU clock frequency utilizations 144 for the CPU

clock frequency gqibAdbiRls@iond iy, antBihe\étentBus beRRCH bofldny.
of the system within which the processor(s) and the apparatus are
integrated.

16. The apparatus as set forth in Claim 15, wherein,

the first circuitry outputs at system reset time first system bus
clock frequency preference information as the first system bus
selection control inputs; and

the second circuitry selects a series of clock pulses having a
frequency that is equal to or slower than the slowest system bus clock
preference received, as the system bus clock.

17.  The apparatus as set forth in Claim 15, wherein,

the first circuitry outputs at system reset time first processor
clock frequency information as the first system bus selection control
inputs; and _

the second circuitry selects a series of clock pulses having a
frequency that will allow the system to maximize total processor
frequency utilization, as the system bus clock, in view of the first
processor clock frequency information received.

18. . The apparatus as set forth in Claim 17, wherein, the first
circuitry implicitly outputs the first processor clock frequency
information by outputting first processor type information having
direct correspondence to a first processor frequency and a first
companion base system bus frequency.

19.  The apparatus as set forth in Claim 15, wherein, the second
circuitry comprises:

an oscillator output selector for selecting one of a plurality of
series’ of clock pulses having different frequencies output by
oscillators of the system, as the system bus clock; and

control circuitry coupled to the first circuitry and the oscillator
output selector for receiving the first control inputs output by the first

This-Sheet Has Been Rerlaced




i f the CPU clock frequencie and the system

bus_clock frequencies are 50 Mz respectively, - the
total CPU clock frequency uti H 'mmm ﬂ“il d be 350 MHz, 360 VHz
and 333 MHz respectively. . Again, referring back to
Figure 3, havin ener at ed the tot aI CPU cl ock freque tion
matrix, an OBY‘? lgystem bus frequency is selected f%M

cl ock frequency conbi nation by sel ecting the nmaxi numtotal CPU cl ock
frequency utilization, step 136. For exanple, as shown in Figure 4,
upon conparing the total CPU cl ock frequency utilizations for CPU

cl ock frequency conbination of 200 x-1$80, 60 MHz woul d be sel ected as
the optimal system bus frequency, since only a total of 360 MHz of

SDU C|dOC kl fr equenﬁmn&yl fnd controhﬂxguéhb' sefeRflon bemg made by the ostclllat%r ek
ccordingly, as shown ure stem bus cl oc
frequency and the %@W@M ’HQ‘WG%BF%&%B“! feoc‘-’”gaé"&a%ﬁ o‘“Ey em bus
clock frequency ratios are encoded, and the encodi ngs are prestored

into the ratio angp, sel-pﬁéhgga,laggg(ébos& fbﬁﬁllhl‘mam 19 w}égemstep 138. For
exanple, for the 200

I on sel n code
for selecting the osci aﬁ°&"°3§ﬁ€?‘5f3f Fepeives f?rs&pa% ?é Wz?gp % ut
frequency of 60 Mysterartiisdoetpendy ficinn rthe filnst cxrcu:try@?the:hmtlcohtrehuq:mg’ to

system bus cl ock ;ﬁ&quency ratios to be 3: 1 in both cases are
prestored into the rat grg’?el ection | oo Ecui t r¥p 118.
The above descri bed ma CHEtryCERRYyses i oscillator output selector o

select a senes of clock pulses having a frequency that is equal to or
slower than the slowest preference received from the first circuitry.

21.  The apparatus as set forth in Claim 19, wherein

the control circuitry receives first processor frequency
information from the first circuitry as first control inputs; and

the control circuitry causes the oscillator output selector to
select a series of clock pulses having a frequency that will allow the
system to maximize total processor frequency utilization, as the
system bus clock, in view of the first processor frequency information
received.

22. The apparatus as set forth in Claim 21, wherein the control
circuitry comprises circuit elements for pre-storing selection control
signals to be output to the oscillator output selector for various
processor frequency combinations.

23.  The apparatus as set forth in Claim 19, wherein the control
circuitry further outputs at the same time pfocessor clock frequency to
system bus clock frequency ratio information to processor(s) of the
system.

24.  The apparatus as set forth in Claim 23, wherein the control
circuitry comprises circuit elements for pre-storing processor clock
frequency to system bus clock frequency ratio information to be output
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frequency utilization approach te-deternining the optimal system bus |

WD 96/ 30819

Fgé]tlﬁggf g?iﬁd CPU cl ock frequenU"I"L”mw,lumuumcl ock o frequengL/OCk

ratios for various CPU cl ock frequency dontdi n&tions nay be
i npl enent ed WRBI%ar e, using any nunber of well known PCT/B$960442mi ng

| anguage, including but not limted to C, on any nunber of well known

conput er systens, including but not imted to Pentium processor

based conputer systens. Pentiumis a regi stered trademark of Intel

Cor por ati on. Thus, a nejgpod and apparatus for selecting

an opti mal system bus frequency in a highly scal able conmputer system

has been A6 fd PrsbessOils) Bf iHUSsyRRI 36r FR50 R PRIcBLSST FRlqubhiéy PT esent
combinations.

25. The apparatus as set forth in Claim 15, wherein the first
circuitry further outputs at the same time processor clock frequency to
system bus clock frequency ratio information to one or more
processors of the system.

26. The apparatus as set forth in Claim 15, wherein,

the apparatus further comprises third circuitry for outputting at
system reset time second control inputs;

the second circuitry is further coupled to the second circuitry for
receiving the second control inputs, and selecting the system bus clock
for the system bus in accordance to also the received second control
inputs, the system bus clock having a clock frequency that is optimal
for processor(s) of a systern, as defined by the received first as well as
the second control inputs.

27. A computer system comprising:-

a first CPU board having first circuitry for outputting at system
reset time first control inputs; and

a computer system motherboard coupled to the first CPU board
having a system bus and system bus clock selection circuitry for
selecting a system bus clock for the system bus in accordance to the
first control inputs received.

28.  The computer system as set forth in Claim 27, wherein the first
circuitry outputs first system bus frequency preference information as
the first control inputs.

29.  The computer system as set forth in Claim 28, wherein the first
circuitry further outputs at the same time CPU clock frequency to
system bus clock frequency ratio information to one or more CPUs
disposed on the first CPU board. '
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_has been described in terns o illustrated enbodinents,
those skilled in the art wll ni ze that the 4dwvention. A
to the enbodi nents descri bed. jmmlrmimmm ion can be practiced
‘W th nodification and alterati y sﬂ tlt and scope of the
appended clains. In particular, the pres nt® i rventi on may

practiced oNOO8MB er systems with rore or |ess CPU boardspggggwn
having nore or | ess CPUs per board. The description is thus to be

regarded as illustrative instead of restrictive on the present invention.
- 11 - CLAIMS 1. A central processing unit (CPU)
circuit boar conprising a CPU and first _17- circuitry for

outputting, at systemreset tinme, control inputs to a system bus cl ock
-selection circuit which makes a system bus cl ock selection at the system

reset time for yst em bus e _system bus. cl
sel ection bei ng3%ui t ABF SOTRLET Ty &‘J sof Forth in Elfim 2, W%r g’r'fe syst em

bus cl ock sel ectironitry outputs SR frlequa}qtmlﬁoﬂmatidle'amg\ecﬁmblcedtrol
to each ot her a%ip@{serrents of a conputer systemw thin which the CPU
circuit board is integrated.

31. The computer system as set forth in Claim 30, wherein the
second circuitry further outputs at the same time CPU clock frequency
to system bus clock frequency ratio information to one or more CPUs
disposed on the first CPU board.

32. The computer system as set forth in Claim 27, wherein

the computer system further comprises a second CPU board
having second circuitry for outputting at system reset time second
control inputs; and

the system bus clock selection circuitry further receives the
second control inputs from the second CPU board and selects the
system bus clock also in accordance to the second control inputs
received. |

—_—

—_—
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2. The CPU circuit board as set forfﬁ3inHCIain11, wherein, the first

circuitry out puts.at. system.reset tine systembus—clock
TTequency preference information ' ' as system bus sel ection
.control inputs. 3. The CPU circuit board as set forth
in claiml, wherein, the first circuitry PCIViSBbia1AL
system r esWO 94/3B19CPU cl| ock frequency information as system bus

sel ection control inputs. 4, The CPU circuit board as

set forth in claim3, wherein, the first circuitry

implicitly outputs the CPU clock frequency information by outputting CPU
‘type I nformati on ha Ang direct correspondence to a
maxi nrum CPU oper ati ng frequency and a conpani on base
.System bus operating frequency. 5. The CPU circuit

board as set forth in claim1, wherein the CPU circuit
board further co circurtry for S|nuII neously outputti ng CPU

con
cl ock ﬂ frequenc It o system bus cl pdk frequencyiratio
information to one g% nor e CPUs N stall ed on tthe CPU
circuit board. 8 R 6. A kentral "priocessi ng unift (CPU)
circuit board conpfl Si t circuitry fpr qut putting
at systemreset Li U gl odk frequency tp systemibus cl ock
frequency ratio TRfr tign one or nore| CPUs ingtlalled on thg CPU
circuit gbogrd
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- 12- 7. A conput er system not herboard conpri si ng: a plurality of
oscillators for generating duri ng—operation<a—phueality of series of—elock —
pul ses having different frequencies; and an oscillator output

sel ector coupled to the oscillators for selecting one of the series of
clock pulses to be used as a system bus clock of a systen1bus of a conputer
systemw t hiO B t he conput er system not herboard is int e'ﬂ-ré'f it

sel ected series being the series having a clock frequency that is opti mal
for central processing unit(s) (CPU of the conputer system 8. The
conputer system notherboard as set bpath in claim7, wherein t he
conput er system not herboard further conprises control circuitry coupled to
the oscillator output selector for controlling the selection being nade by
the oscillator output selector, the control being exercised in accordance

colvunc fr o DLl oo

to .control inputs phe—eofttotl—ettetitty—treecerves H-om-eRb-beat (s) of the
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9. The conputer system notherboard as set forth in claim 8, wherein

.the control circuitry receives preference lpferaton about —systemm bus
frequency from t he CPU board(s) as control inputs; and t he control
_circuitry causes the oscillator output selector to select a series of clock
‘pul ses having a frequency that is equal to or slower than pppysdsufst
preference woosi3esd® fromthe CPU board(s). 10. The conputer system

not herboard as set forth in claim8, wherein the control circuitry
recei ves CPU frequency information fromthe CPU board(s) as control inputs;
and the control circuitry causes the oscillator output selector to
-sel ect a series of clock pul ses haV|n§ﬁ& frequency that will allow the
conputer systemto nmaximze total CPU clock frequency utilization, as the
system bus clock, in view of the CPU frequency information received.

-13 -
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11. The conputer system notherboard as set forth in Cdaim 10, wherein

.the control circuitry receives the CPU fraguenrey—nformation rnplicitly
threugh—CPO-type THtornati on recei ved fromthe CPU board(s), the CPU
type information having direct correspondence to maxi num CPU oper ati ng
*frequencies and their conpani on base system bus oper at i geernisofUEANCi €S.
12. The GQgpsHoets syst em not herboard as set forth in Caiml0, wher ei n
the control circuitry conprises circuit elenents for pre- storing

sel ection control signals to be output to the oscillator output sel ect or
for various CPU frequency conbi nations. 13. The conputer system

-not herboard as set forth in daim 10, 4/fherein the control circuitry
further outputs at the same tine CPU cl ock frequency to system bus cl ock
frequency ratio information to CPU(s) on board the CPU board(s). 14.
"The conputer system notherboard as set forth in Caiml13, wherein the
control circuitry conprises circuit elenents for pre- storing CPU cl ock
frequency to system bus cl ock frequency ratio i nformation to be output
to the CPU(s) on board the CPU board(s) for vari ous CPU frequency

conbi nati ons.
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first circpi
frequency
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first circhit rﬁ?@cﬁﬁ&ﬂﬁtﬁw

"lﬂ ntroI i nputs; and

hat Is optimal for processor(s) of
control i nputs, the system

$G

iptiprc; paged +Fato paged ..

t itry for receiving the {iJA%laima(s) r of paged ifipotpaged ..\]

awsystem bus clock for a system busjiil Dmedug{sihomged..T1te paged ...
rst control i nput's, the systermibus cl o:knmwtnag a qbage&.s..to paged

.11y ARl bl GropKSL RS CPUSIAR

cirthitryefop @utiutting) satsysteho rddet times Icantnmllxﬁpuwte resystem bus clotke

itry outputs at. systemreset tine first system bus cl ock

rw@t@ﬁb@rquﬂfwhwﬁtmahesﬁa systen h“§t°“é‘éh§‘?'§ﬁ'9ﬂ19hﬂ§5 sygtem reset

recei ved, pswhéirbthe §ytdiHDUs! A6tk selection circuit and the system bus being coupled

to each other and elements of a computer system within which the CPU circuit

board is integrated.

2. The CPU circuit board as set forth in claim 1, wherein, the first circuitry
outputs at system reset time system bus clock frequency preference information

as system bus selection control inputs.

3. The CPU circuit board as set forth in claim 1, wherein, the first circuitry
outputs at system reset time CPU clock frequency information as system bus

selection control inputs.

4. - The CPU circuit board as set forth in claim 3, wherein, the first circuitry
implicitly outputs the CPU clock frequency information by outputting CPU type
information having direct correspondence to a maximum CPU operating

frequency and a companion base system bus operating frequency.

5. The CPU circuit board as set forth in claim 1, wherein the CPU circuit
board further comprises second circuitry for simultaneonjsly outputting CPU clock
frequency to system bus clock frequency ratio information to one or more CPUs
installed on the CPU circuit board.

6. A central processing unit (CPU) circuit board comprising first circuitry for

outputting at system reset time CPU clock frequency to system bus clock

frequency ratio information to one or more CPUs installed on the CPU circuit --

board.
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cigcuitr mmat S reset time processor clock frequency

The apparatus as set forth in claim 17, wherein,
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central processing unit(s) (CPU) of the computer system.

C
series being the series having a clocK frediency

8. The computer system motherboard as set forth in claim 7, wherein
the computer system motherboard further comprises control circuitry
coupled to the oscillator output selector for contrdlling the selection being made
by the oscillator output selector, the control being exercised in accordance to
control inputs the control circuitry receives from CPU board(s) of the computer
system.
9. The computer system motherboard as set forth in claim 8, wherein
the control circuitry receives preference information about system bus
frequency from the CPU board(s) as control inputs; and

the control circuitry causes the oscillator output selector to select a series
of clock pulses having a frequency that is equal to or slower than the slowest
preference received from the CPU board(s).
10.  The computer system motherboard as set forth in claim 8, wherein
the control circuitry receives CPU frequency information from the CPU
board(s) as control inputs; and

the control circuitry causes the oscillator output selector to select a series
of clock puises having a frequency that will allow the computer system to
maximize total CPU clock frequency utilization, as the system bus clock, in view

of the CPU frequency information received.
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-15- - Wol ling the selection being made by the oscillator
out put sel ector nce to the received first control inputs. 20.
The appjfﬂ"’ﬂl h in Claim19, wherein the control circuitry
receive [’ﬂ" M m i nformati on about system bus frequency fromthe
first CII‘CUItI‘y as »11rst control inputd: and t he control
circuitry causes the oscillator output selector to select a series of clock
pul ses having a frequency that is equal to or slower than the sl owest

preference received fromthe first circuitry. 21. The apparatus as set
forth in Claim19, wherein the control circuitry receives first

Thput s; and 11 RS EOmPRRT DIse By ehaseh o et etk in Bkl put
sel ector to wherein the control circuitry receives the CPU frequency information
implicitly through CPU type information received from the CPU
board(s), the CPU type information having direct correspondence to
maximum CPU operating frequencies and their companion base
system bus operating frequencies.

12.  The computer system motherboard as set forth in Claim 10,
wherein the control circuitry comprises circuit elements for pre-
storing selection control signals to be output to the oscillator output
selector for various CPU frequency combinations.

13.  The computer system motherboard as set forth in Claim 10,
wherein the control circuitry further outputs at the same time CPU
clock frequency to system bus clock frequency ratio information to
CPU(s) on board the CPU board(s).

14.  The computer system motherboard as set forth in Claim 13,
wherein the control circuitry comprises circuit elements for pre-
storing CPU dlock frequency to system bus clock frequency ratio
information to be output to the CPU(s) on board the CPU board(s) for
various CPU frequency combinations.

15.  An apparatus comprising:
first circuitry for outputting at system reset time first control inputs; and
second circuitry coupled to the first circuitry for receiving the first control
inputs, and selecting a system bus clock for a system bus in accordance to the
received first control inputs, the system bus clock having a clock frequency that
is optimal for processor(s) of a system, as defined by the received first control
inputs, the system bus being coupled to the second circuitry, and the system bus

being an element of the system within which the processoi(s) and the apparatus

are integrated.
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sel ect amses having a frequency that will allow the
system toiw mlm’ rocessor frequency utilization, as the system bus
Ir E processor frequency information received. 22.

clock, in
The appar at us as sét Forth in Claim 21, wherein the control circuitry

conprises circuit elenents for pre-storingigel ection control signals to be
output to the osci | I at or out put selector for various processor frequency
conbi nat i ons. The apparatus as set forth in Caim19, wherein the

control circu rth put s the,sange-ti.ne ocessor cl ock
frequency to g@st e g(%g% % amv 9’%!'['1 5’|Vm%ﬁﬁ)at lon to processor(s)
of the system 24the fT&@cmw 36u=!§ut§sats§$'stbﬁf rEsdtNtirhbafirdt 29stat B RIdRe
control cirguitry conprises cirtcuit elenents for pre-storing processor

cl ock frequenfequencypreferebos infomation as)therfurst cantiodinputs)amdt i on to be

out put the second circuitry selects a series of clock pulses having a frequency
that is equal to or slower than the slowest system bus clock preference received,

as the system bus clock.

17.  The apparatus as set forth in claim 15, wherein,

the first circuitry outputs at system reset time processor clock frequency
information as the first control inputs; and

the second circuitry selects a series of clock pulses having a frequency
that will allow the system to maximize total processor frequency utilization, as the
system bus clock, in view of the first processor clock frequency information

received.

18. The apparatus as set forth in claim 17, wherein, the first circuitry implicitly
outputs the first processor clock frequency information by outputting first
processor type information having direct correspondence to a first processor

frequency and a first companion base system bus frequency.

19.  The apparatus as set forth in claim 15, wherein, the second circuitry
comprises:

an oscillator output selector for selecting one of a plurality of a series of
clock puises having different frequencies output by oscillators of the system, as
the system bus clock; and

control circuitry coupled to the first circuitry and the oscillator output

selector for receiving the first control inputs output by the first circuitry, and

controlling the selection being made by the oscillator output selector in

accordance to the received first control inputs.

s
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-16-- to the processor(s) of the system for various processor frequency
conbi nati ons. 25 —The—apparatus as set forth in claim15, wherein the
first ci utputs at the sane tinme processor clock frequency
to systemnm"ﬂ mg"ﬂfﬁgency ratio information to one or nore processors
of the system .S apparatus as set forth in claim15, wherein,

t he apparatus further conprises third circuitry for outputting at system

reset time second control inputs; tfe second circuitry is further
coupled to the third C|rCU|try for rece|V|ng t he second control inputs, and

sel ecting the s | ock far bumcodan ith the
received first é\?gdug}e}g E%W[r?ﬁﬁ‘ #1 eﬁé’&{%nnb & mad A fng a

cl ock frequencyoutput seledipr imaicchrsiangeto g@e(@yed)fxrat gym@lmnpass defi ned by
the received first as well as the second control inputs. 27. A conputer

system conpri si n‘g: a first CPU board havi ng a CPU and first
circuitry for oé@put FP#@IH?"‘@WW?%@E@‘ i fHaim (2t wBeFRinol i nputs; and
a COWDULer Syztem ﬂvﬂli@&bﬂﬁlbd dk&@uilir P detavéd firdt prefereRkl b@f%lrrﬂméiwﬂ A0t
system bus and s cl ock sel’ec |rcu|tr r ec system
bus. ol ook for t RENEGLPER TSR SBEs Hem dbedsf HaSiats B AREShis] fapuls
recei ved, the sgsdem bus cl ock sel ection being optiml for resident s).
ived, th dem b | ock sel b | f d CPU( s)
the control circuitry causes the oscillator output selector to
select a series of clock pulses having a frequency that is equal to or

slower than the slowest preference received from the first circuitry.

21.  The apparatus as set forth in Claim 19, wherein

the control circuitry receives first processor frequency
information from the first circuitry as first control inputs; and

the control circuitry causes the oscillator output selector to
select a series of clock pulses having a frequency that will allow the
system to maximize total processor frequency utilization, as the
system bus clock, in view of the first processor frequency information
received.

22. The apparatus as set forth in Claim 21, wherein the control
circuitry comprises circuit elements for pre-storing selection control
signals to be output to the oscillator output selector for various

. processor frequency combinations.

23.  The apparatus as set forth in Claim 19, wherein the control
circuitry further outputs at the same time processor clock frequency to
system bus clock frequency ratio information to processor(s) of the
system.

24.  The apparatus as set forth in Claim 23, wherein the control
circuitry comprises circuit elements for pre-storing processor clock
frequency to system bus clock frequency ratio information to be output
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W‘as set forth in claim27, wherein the first

CI rcwt ”n system bus frequency preference I nformati on as the
first c mu ﬂ”f The conputer systemas set forth in claim28,
wherein the fi'tst cﬁrcwtry further outputs at the same tine CPU cl ock
frequency to system bus cl ock frequency rago information to one or nore
CPUs di sposed on the first CPU board.

- 17 - 30. torthe proegsso(s) of thesyistam fenvarious iprogesspaireguencyvgosnkinationse
first circuitry outputs CPU frequency information as the first control

I nput s. 31. The conputer systemas set forth in claim30, wherein the

SeC?nd g' rcui2sy fyhéRpparatuB dsSsét fotRan i 45 MWheldih the Fitst! iRuitS fuftHe?
syst em bus
outputs at the same time processor clock frequency to system bus clock

frequency ratio information to one or more processors of the system.

" 26. The apparatus as set forth in claim 15, wherein,

the apparatus further comprises third circuitry for outputting at system
reset time second control inputs;

the second circuitry is further coupled to the third circuitry for receiving the
second control inputs, and selecting the system bus clock for the system bus in
accordance with the received first and second control inputs, the system bus
clock having a clock frequency that is optimal for processor(s) of a system, as

defined by the received first as well as the second control inputs.

27. A computer system comprising:

a first CPU board having a CPU and first circuitry for outpuiting at system
reset time first control inputs; and

a computer system motherboard coupled to the first CPU board having a
system bus and system bus clock selection circuitry for selecting a system bus

clock for the system in accordance to the first control inputs received, the system

bus clock selection being optimal for resident CPU(s).

28. The computer system as set forth in claim 27, wherein the first circuitry
outputs first system bus frequency preference information as the first control

inputs.

29. The computer system as set forth in claim 28, wherein the first circuitry
further outputs at the same time CPU clock frequency to system bus clock
frequency ratio information to one or more CPUs disposed on the first CPU

board.
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T
cl ock freq ﬂ nformation to one or nore CPUs disposed on the first
CPU boar d. 'Mim\mgw er systemas set forth in claim?27, wherein
t he conputel syste conprl ses a second CPU board havi ng second
circuitry for outputti ng at systemreset time second control inputs; and

t he system bus cl ock selection circuitry-f1%irther receives the second
control inputs fromthe second CPU board and sel ects the system bus cl ock
taking into account the second inputs received.

30. The computer system as set forth in claim 27, wherein the first circuitry

outputs CPU frequency information as the first control inputs.

31. The computer system as set forth in claim 30, wherein the second
circuitry further outputs at the same time CPU clock frequency to system bus
clock frequency ratio information to one or more CPUs disposed on the first CPU
board.

32. The computer system as set forth in claim 27, wherein
the computer system further 'comprises a second CPU board having
second circuitry for outputting at system reset time second control inputs; and
the system bus clock selection circuitry further receives the second control

inputs from the second CPU board and selects the system bus clock taking into

account the second inputs received.
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