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(57) ABSTRACT 

A process and apparatus for preparing the proceSS for 
reducing the power consumption of microprocessor-based 
devices by reducing the frequency of the oscillator govern 
ing the logical operation of the microprocessor during 
periods of use in which System performance is not critical. 
In one embodiment of the apparatus, the microprocessor is 
controlled by a monitor circuit operable with the micropro 
ceSSor and operated by the variable frequency oscillator. In 
another embodiment a hardware monitor circuit is utilized 
and which tracks microprocessor instructions to determine 
periods of use when performance is not critical. The shift in 
oscillator Speed is mediated by a flip-flop latch circuit 
connected between one or more clock oscillators and the 
oscillator input of the controlled microprocessor. 
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PROCESS AND APPARATUS FOR REDUCING 
POWER USAGE IN MICROPROCESSOR DEVICES 

ACCORDING TO THE TYPE OF ACTIVITY 
PERFORMED BY THE MICROPROCESSOR 

RELATEDNESS TO OTHERAPPLICATIONS 

0001. This application is a continuation of application 
Ser. No. 09/873,764, now U.S. Pat. No. 6,490,688, which is 
a continuation of Ser. No. 08/494,021, now U.S. Pat. No. 
6,243,820, which is a continuation of Ser. No. 08/320,566, 
now abandoned, which is a continuation of Ser. No. 08/080, 
578, now abandoned, which is a continuation of Ser. No. 
07/954,706, now U.S. Pat. No. 5,222,239, which is a con 
tinuation of Ser. No. 07/387,341, now abandoned. 

TECHNICAL FIELD 

0002 The present invention relates to a method and 
apparatus for reducing power consumption of a micropro 
ceSSor based device which is designed to operated from a 
Stored energy Source So as to extend the useful life of the 
Stored energy Source and therefore the ability to use the 
microprocessor based device. More particularly, the inven 
tion relates to a method and apparatus which reduces the 
power usage of the microprocessor itself during periods of 
inactivity or where the full extent of the microprocessor's 
capabilities are not necessary for the tasks being performed 
on the device. The reduction in power usage of the micro 
processor is accomplished automatically based upon deter 
minations of Such inactivity or other predetermined condi 
tions. 

BACKGROUND OF THE INVENTION 

0003. There are a growing number of portable micropro 
ceSSor-based devices Such as lap-top computers, which are 
designed to run on batteries far from utility lines. In these 
Systems, power consumption has been a primary factor 
limiting System design. Without adequate battery life, nor 
mal processing tasks cannot be completed in the operating 
time available. Consequently, most aspects of the design of 
portable microprocessor-based devices have been optimized 
to conserve battery power. The power required by display 
Systems, disk memory, and Support circuitry have all been 
reduced. The known methods used to conserve power are 
two: first, to develop components that consume less power, 
and Second, to interrupt or Suspend component operation 
during periods of inactivity. These two methods are effective 
for all components except the microprocessor itself. 
0004 Power savings have been achieved in display sys 
tems by the above two strategies. The technologies used for 
Screen displays have shifted from those consuming large 
power Such as cathode ray tube, light emitting diode, and 
gas-plasma displays, to those with more modest power 
requirements, principally liquid crystal displays with or 
without backlighting. In addition, circuitry has been intro 
duced to microprocessor-based devices to automatically shut 
off the Screen, thereby conserving the power that it would 
use during lengthy periods of System inactivity. Inactivity is 
typically determined by the absence of change in the data 
displayed on the Screen or typed at the keyboard of a 
microprocessor-based device. 
0005 The power consumed by disk-drives has been 
reduced by using newer designs that are Smaller and more 
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energy efficient. In addition, hard disk drives, which nor 
mally consume power continuously because their magnetic 
media must be kept constantly Spinning, have been devised 
which automatically Stop their rotation after a predetermined 
period of microprocessor-based device inactivity. Inactivity 
is determined by the absence of commands to Store data on 
or retrieve data from the Storage medium. 
0006 Although these steps have helped to extend the 
usefulness of portable microprocessor-based devices, there 
has also been a trend to put increasingly powerful micro 
processors into the machines. This exacerbates the battery 
power drain because more powerful microprocessor-based 
devices are more complicated, have more internal circuitry, 
and naturally consume more energy. For example, the Intel 
80386 microprocessor comprises about 375,000 separate 
internal transistors; the newer 80486 comprises over a 
million, and even newer devices in the future will necessar 
ily be comprised of even larger numbers. 
0007 Microprocessor power reduction has been achieved 
in Some portable microprocessor-based devices Such as 
those based on the 8088 and 80286 made by Intel Corpo 
ration by using Special designs based on low-power Comple 
mentary Metal Oxide (CMOS) semiconductor technology, 
which is an inherently more power-efficient technology than 
other common Semiconductor technologies. AS a result, the 
power required by the microprocessor in Such devices is not 
as large a fraction of the total power required by the entire 
microprocessor-based System. 
0008 However, the more powerful the microprocessor, 
the greater the fraction of System power resources must be 
devoted to its operation. The 80386 microprocessor, for 
instance, can consume five to eight watts, which is more than 
the total consumption of all the circuitry and components in 
a less powerful microprocessor-based device combined. Yet 
more powerful portable microprocessor-based devices, Such 
as those based on the Intel 80386 and other advanced 
designs already use CMOS internal circuitry. The effects of 
utilizing more powerful microprocessorS Such as the Intel 
80386 can be seen in one known portable lap-top computer 
utilizing the 80386 microprocessor which will have a typical 
operating time of /2 hour before the battery life of the device 
is exhausted. This assumes that the computer is being used, 
at least to Some degree, for computing tasks which will 
consume more power than the Simple house keeping func 
tions of the microprocessor. In the known lap-top computer, 
the microprocessor is operated at a relatively slow Speed of 
12.5 MHz., to try and extend the useful life of the device, but 
also results in non-efficient operation of the device. 
0009 Moreover, the other traditional power saving tech 
niques cannot be applied to the microprocessor. The micro 
processor cannot be stopped during periods of inactivity. 
When the microprocessor Stops its operation, the micropro 
ceSSor-based device itself stops operating and is unable to 
detect when to resume operation when activity is resumed. 
Also as mentioned before, the microprocessor is never 
completely inactive. In all practical microprocessor-based 
devices, the microprocessor constantly engages in house 
keeping functions. It continuously executes instructions to 
monitor the data-input devices, Such as Sensors or key 
boards, as well as its input and output ports for new data 
input. 
0010 This monitoring process typically involves repeat 
edly executing a looping String of instructions. Stopping the 
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operation of the microprocessor would halt the execution of 
those instructions necessary for monitoring the System, 
depriving the microprocessor of the ability to restart itself. 
Consequently, all current portable microprocessor-based 
devices must necessarily keep the microprocessor operating 
at all times. 

0011. It is also recognized that the power consumed by a 
microprocessor is directly related to the frequency of the 
oscillator driving it. During normal operation, the circuitry 
inside a microprocessor is constantly active: transistors 
continuously change State to execute logic operations as 
governed by the oscillator. Each change of State necessarily 
consumes a fixed and predetermined amount of power. The 
more often State changes take place, the more power is 
consumed by the microprocessor. On the other hand, reduc 
ing the oscillator Speed also degrades the data processing 
ability of the microprocessor, contrary to the primary design 
goal in using a more powerful microprocessor which is to 
improve performance through higher operations Speeds. 
Thus, unfortunately, the consequence of greater micropro 
ceSSor Speed, and better, more desirable performance char 
acteristics, is greater power consumption. 
0012. There are also known in the prior art computers and 
other devices which are capable of multi-speed operation 
Such is found with a “turbo' function associated with some 
personal computers. These devices essentially operate at a 
normal operating Speed under most circumstances but may 
be changed to operate at a higher speed for compatibility 
with Software which is speed critical. In order to change the 
operating Speed in these devices, a Switch or instruction 
given by the user through the keyboard or other input device 
will manually convert the Speed of operation dependent 
upon the user requirements. In Such a System, the multi 
Speed operation does not reflect upon power usage of the 
device as Such devices are not designed to be portable and 
run from a battery or other Stored energy Source. 

SUMMARY OF THE INVENTION 

0013 Based upon the foregoing, it is a main object of the 
invention is to reduce the power consumption of micropro 
ceSSor-based devices through the application of a specific 
proceSS and apparatus to perform Said proceSS which reduces 
the frequency of the Oscillator driving the microprocessor 
automatically during the periods in which it is performing 
non-critical operations. That is, microprocessor Speed reduc 
tion during periods in which all of the data processing ability 
of the microprocessor-based device is not demanded. 
0.014. It is another object of the invention to provide a 
method of reducing the power consumption of a micropro 
ceSSor-based device wherein the microprocessor itself is 
utilized to determine periods of inactivity or other predeter 
mined conditions to reduce the microprocessors operating 
Speed accordingly. 

0.015. It is yet another object of the invention to provide 
the process and apparatus to reduce the power consumption 
of a microprocessor-based device by utilization of an exter 
nal circuit which may be incorporated into the device to 
determine periods of inactivity or other predetermined con 
ditions to reduce the operating Speed automatically. 

0016 A further object of the invention is to provide a 
method and apparatus to reduce the power consumption of 
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a microprocessor-based device which utilizes the occurrence 
of critical instructions or non-critical instructions or the 
reoccurrence of non-critical instructions to determine peri 
ods of activity or inactivity respectively, from which the 
operating Speed of the device may be automatically changed 
accordingly. 

0017. These and other objects are realized using the 
apparatus of the present invention which may be comprised 
of three parts in addition to the typical circuitry of a 
microprocessor-based device: a monitoring module, an 
oscillator latch, and a Source of multiple oscillator frequen 
CCS. 

0018. The monitoring module may be implemented 
either as a defined proceSS running on an unmodified micro 
processor such as the Intel 80386 (or any improved future 
microprocessor design), as a hardware circuit connected to 
the data lines of this or any other microprocessor, or as a 
hardware code internalized inside the microprocessor. 

0019. The monitoring module may serve the functions of 
determining periods of non-critical use and the onset of 
critical use of the microprocessor. Periods of non-critical use 
are determined by the lapse of a predetermined time period 
without the occurrence of a critical defined command (spe 
cific interrupts or other predetermined instructions) or the 
repetition of a pattern of non-critical instructions for a given 
number of iterations (for example, instructions for polling a 
keyboard, parity-checking a spreadsheet, or polling Sensor 
devices). The onset of critical use is determined by the 
occurrence of certain defined interrupts or instructions in the 
Sequence read by the microprocessor. 

0020. The monitoring module controls a bi-state logic 
latch, the Second part of the apparatus which Selects between 
two Sources for the OScillator frequency to be delivered to 
the microprocessor. When the latch receives an indication of 
critical use from the monitoring module, it Selects the higher 
oscillator frequency. Alternatively, when it receives an indi 
cation of non-critical use, it Selects the lower oscillator 
frequency. 

0021. In its most elementary form, the source of multiple 
oscillator frequencies is a Standard oscillator circuit coupled 
to a simple frequency divider. Such a design assures that the 
two oscillator frequencies are constantly Synchronized. 
More design freedom is afforded by using two separate, 
independently-operating Oscillators, which need not be 
related in frequency. In this case, however, the oscillator 
latch must incorporate additional logic to match oscillator 
cycles to maintain an acceptable duty cycle during the 
Switching period. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022. The objects and advantages of the present inven 
tion as well as the various embodiments and their operation 
will be more clearly understood with reference to the 
following detailed description in conjunction with the 
accompanying drawings, wherein: 

0023 FIG. 1 shows a particular implementation of the 
invention using a proceSS running on the controlled micro 
processor to determine operating Speed, and FIG. 2 is a flow 
chart of the monitor process for operating this System. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

0024. Referring now to the drawings, one embodiment as 
shown in FIG. 1, includes a microprocessor (10), such as an 
Intel 80386, which is conventionally connected to the 
memory and other circuitry of a microprocessor-based 
device through data ports coupled to the data bus of the 
device at 11. The multiple-input AND gates (12) and (14) are 
connected to the address lines of the microprocessor at 13. 
Each gate monitorS Separate addresses generated by the 
microprocessor which represent a request for high Speed 
operation or low Speed operation. These gates drive a 
Set/reset latch (16) So that a logical high from gate (12) 
latches a high output from the latch (16) and a logical high 
from gate (14) resets the output of latch (16) low. Through 
addressing constraints, both gates (12) and (14) are pre 
vented from being high Simultaneously, avoiding error con 
ditions. The output of latch (16) Supplies the +HI/-LO signal 
for driving the Speed latch to be Subsequently described. 

0.025. It is understood that other circuit configurations 
could be utilized to monitor designated address locations of 
the microprocessor to determine whether all of the data 
processing ability of the microprocessor is demanded based 
upon the determination of a critical instruction or the reoc 
currence of non-critical instructions as previously described. 
The circuit utilized to monitor the operation of the micro 
processor 10 can utilize commonly available circuitry pro 
vided on the microprocessor itself or alternately can have an 
external circuit placed in the Substrate of the microprocessor 
chip itself or as a separate Structure coupled to a micropro 
CCSSO. 

0026. As shown in FIG. 1, the circuit utilized for moni 
toring the operation of the microprocessor 10 is coupled to 
the address bus of the System wherein instruction informa 
tion can be placed in designated addresses to indicate the 
operation of the microprocessor. Alternatively, critical 
operation of the microprocessor may be determined by 
direct coupling of a monitoring circuit to the data bus of the 
System or directly to the data Stream input or output from the 
microprocessor itself. AS will be Subsequently described, a 
list of predetermined critical instructions or non-critical 
instructions may be compiled and placed in memory within 
the System to which to compare for a determination of the 
microprocessor operation and Subsequently the Speed at 
which operation is required. The monitoring module may 
thus be coupled to memory of the System for access to Such 
a list or include the list within memory provided therewith. 
In any case, the operation of the microprocessor 10 is 
monitored and the monitoring module will enable a request 
for high or low Speed operation accordingly. 

0027 Oscillator (18) is a commercial integrated circuit, 
Such as type 82.384, that Simultaneously develops two output 
frequencies CLK1 and CLK2 at 24 and 26 respectively from 
a single crystal (20), in this case CLK2 being twice the 
frequency of CLK1, but in any case CLK2 is greater and 
most conveniently a multiple of CLK1. The oscillator 18 and 
crystal 20 are coupled to a Source of power through trans 
former 22 to generate the desired frequencies. Each of these 
outputS 24 and 26 are separately connected to a control or 
oscillator latch 28 comprising, in a simple form, a pair of 
AND gates 30 and 32 and an OR gate 34. The outputs 24 and 
26 of the oscillator 18 are input into the an gates 30 and 32 
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respectively in the frequency control latch 28. The other 
input of high frequency Select gate (30) is directly connected 
to the =HI/-LO signal generated by latch (16). The other 
input of low frequency Select gate (32) is connected to the 
=HI/-LO signal through an invertor (36). The outputs of 
gates (30) and (32) are added together in OR gate (34), the 
output of which corresponds to the pulse train developed as 
CLK1 or CLK2 at 24 and 26 from the oscillator 18, 
depending on the State of the +HI/-LO Signal. This output is 
connected to the clock input of the controlled microproces 
Sor 10 at 38. 

0028. The circuitry as shown in FIG. 1 is very much 
simplified but will function to provide distinct frequencies 
for operation of the microprocessor as desired. Other cir 
cuitry to accomplish this result is contemplated by the 
present invention and could include a combination of AND 
gates and invertors which may function more efficiently and 
be an easier configuration to utilize. 

0029) Turning now to FIG. 2, a flow chart of a monitor 
process which may be performed by the microprocessor in 
FIG. 1 is shown. This process is performed periodically as 
determined by an independent System timer that generates 
an interrupt, initiating the process. AS an example, the 
monitoring function may be keyed to a time interrupt which 
in an IBM Personal Computer happens 18.2 times per 
Second Such that the monitoring function will occur con 
tinuously during operation of the device and will act to 
automatically reduce the speed of operation if the micro 
processor is being utilized in a non-critical matter. 
0030 The independent timer and interrupt are part of the 
Standard design of portable microprocessor-based devices. 

0031. Upon the occurrence of the timer interrupt, the 
process will Start at a predetermined address in the instruc 
tion stream of the microprocessor at 50. The process will 
then Search backward in the instruction Stream, instruction 
by instruction, at 52 wherein each address searched will be 
checked to See if an interrupt or critical instruction occurred 
at 54 and 56 respectively. The process will thus verify 
whether the checked instruction is an interrupt other than the 
input or keyboard interrupt at 54. If so, it has found a critical 
instruction and immediately exits the timer interrupt Service 
routine and performs the high speed exit routine at 60 to be 
Subsequently described. 

0032) If the instruction is not an interrupt, the process will 
verify whether the instruction is one of the critical instruc 
tions at 56, that is, one that might be used in an operation for 
which performance is critical. If the instruction is critical, 
the proceSS immediately exits the timer interrupt routine and 
runs the high-speed exit routine 60. 
0033. If neither critical condition is present, the process 
loops back to Step 52 to continue Stepping back one instruc 
tion at time. After is has Stepped back a predetermined 
number of instructions as compared at 58, it steps forward 
a similar number of instructions at Steps 62, checking for 
interrupts at Step 64, critical instructions at Step 66, and 
looping as in the Step-back procedure. If after evaluating all 
of these instructions the process locates no interrupts or 
critical instructions, it increments the inactivity counter at 
70, and checks the counter for its predetermined critical 
value at 72. If the critical value has not been achieved, the 
program ends the interrupt Service routine at 74. 
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0034). If the critical value has been reached, the program 
issues an instruction to trigger the low-Speed latch at 76, 
then exits the interrupt service routine at 74. 
0035) If the critical value has been exceeded, the program 
decrements the inactivity counter at 78 in effect keeping its 
value constant, then the proceSS ends the interrupt Service 
routine at 74. 

0.036 The high-speed exit routine 60 verifies whether the 
operating Speed of the System is high at 80. If it is high, the 
routine resets the inactivity counter at 82. If the speed is low, 
it sets the speed latch high at 84, then resets the inactivity 
counter at 82, after which the program exits the interrupt 
Service routine at 74. 

0037. It should thus be seen that when the monitoring 
routine Searches a predetermined number of instructions in 
the instruction Stream of the microprocessor, a determination 
can be made whether operation of the microprocessor is 
critical necessitating high Speed operation. AS the interrupt 
Service routine is conducted many times per Second, the 
operation of the microprocessor will automatically be con 
ducted at the proper operating Speed in order to conserve 
battery power to its fullest extent. It should be evident that 
the System may also be manually operated by having the 
interrupt Service routine placed in a predetermined address 
which can be Selected to invoke a desired operating Speed by 
the user. It is not thought that manual operation would 
necessarily be useful as under most circumstances, the user 
will not necessarily know when performance of the micro 
processor is critical and this function can be accomplished 
automatically using the techniques of the present invention. 

0.038. In the interrupt service routine as shown in FIG. 2, 
the microprocessor itself analyzes the instruction Stream 
Searching for an interrupt or critical instruction as described. 
The particular number of Steps used in the Searching routine 
is not critical and may be selected to provide optimum 
efficiency. A list of critical instructions for each family of 
microprocessors can be provided in a look up table which 
can be Stored in memory Such as a random access memory 
(RAM) or a read only memory (RAM) or anywhere that the 
microprocessor has access to Such as list. Alternatively, an 
external processor may be provided having its own EPROM 
memory containing Such a list or the list can be hard wired 
into the microprocessor chip itself. It should also be recog 
nized that although the invention has been described with 
reference to a determination of an interrupt or critical 
instruction, the interrupt Service routine can also operate to 
determine the occurrence or reoccurrence of a Series of 
non-critical instructions which may indicate house keeping 
or other routine functions Such as polling of the keyboard, 
parity checking or other similar functions. 
0.039 The present invention thus provides a simple and 
yet effective way in which to reduce power consumption by 
a microprocessor and therefore of a microprocessor-based 
System which is operated from a Stored energy Source. AS an 
example, a first oscillator frequency of 16 MHz. may be 
provided for high Speed operation which may provide leSS 
than one hour of computing time due to depletion of a 
battery Source utilized there with. Utilizing this invention, a 
second oscillator frequency of 4 MHz. may be provided for 
low Speed operation of the System during non-critical per 
formance needs which will have the effect of extending the 
useful life of the system to over two hours under most 

Jan. 20, 2005 

circumstances. It is recognized that any operating frequen 
cies may be provided for the particular tasks to be accom 
plished by the microprocessor-based System, Such as for 
example a high Speed operating frequency of 33 MHz. being 
the State of the art at the present time to a low speed 
operating frequency of 4 MHZ. which is adequate for 
processing key Strokes and the like. It can thus be seen that 
use of the present invention will extend the useful life of the 
microprocessor-based System easily by a factor of two or 
more from which the benefits should be apparent. 
0040 Although the present invention has been described 
with reference to a particular embodiment thereof, this is 
meant to be illustrative only and is not to be construed as 
limiting the Scope of the invention. Various modifications 
and changes will occur to those skilled in the art without 
departing from the Spirit and Scope of the present invention 
as defined in the appended claims. 
What is claimed is: 

1. A process for automatically reducing the power usage 
of a microprocessor comprising the Steps of 

continuously generating monitor interrupt signals for 
monitoring the operations of the microprocessor at 
predetermined intervals of time, 

Searching within an instruction Stream of the micropro 
cessor for a plurality of instructions execuced by the 
microprocessor upon the occurrence each of Said moni 
tor interrupt Signals by means of a monitoring circuit, 

comparing Said plurality of Searched instructions with a 
predefined list of instructions Stored in memory com 
prising wired connections to determine when at least 
one of Said Searched instructions constitutes a pre 
defined instruction, 

Supplying at least a first operation frequency to Said 
microprocessor upon the occurrence of Said predefined 
instruction, and a reduced Second operation frequency 
to Said microprocessor upon the non-occurrence of Said 
predefined instruction, wherein the power usage of Said 
microprocessor is reduced according to the occurrence 
or non-occurrence of Said predefined instruction by 
reduction of the operation frequency Supplied to Said 
microprocessor. 

2. A proceSS as in claim 1 wherein Said comparing is 
performed by wired logic. 

3. A process as in claim 2 wherein the result of Said 
comparing is Stored for later usage by the microprocessor. 

4. A process for automatically reducing the power usage 
of a microprocessor comprising: 

designating certain portions of the code being executed by 
the microprocessor as critical code, 

providing for operating the microprocessor at two or more 
different clock frequencies, 

periodically interrupting the microprocessor, 
determining whether the microprocessor was executing 

any of the Said critical code in the interval prior to the 
interrupt, 

Selecting Said microprocessor clock frequency Such that 
the microprocessor is Set to operate at a higher fre 
quency when the microprocessor was executing any of 
Said critical code in the interval prior to the interrupt, 
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and at a lower frequency when the microprocessor was 
not executing any of Said critical code in the interval 
prior to the interrupt. 

5. A System containing a microprocessor comprising: 
a clock frequency Source capable of providing one of two 

or more frequencies to the microprocessor, 
an interrupt Service routine, 
a circuit which periodically interrupts the microprocessor 

causing the microprocessor to execute Said interrupt 
Service routine, 

a set of predefined instructions, 
a predetermined range of time values, 
Said interrupt Service routine determining whether said 

microprocessor had executed any of Said predefined 
instructions within Said predetermined range of time 
values prior to the interrupt, 

Said interrupt Service routine also providing for Selection 
of one of Said clock frequencies. 

6. A System as in claim 5 wherein monitor hardware 
provides information about the execution of predetermined 
instructions to Said interrupt Service routine. 

7. An apparatus for reducing the power usage of a 
microprocessor based System comprising: 

a clock generating means capable of providing at least 
two different operating frequencies to the microproces 
SOr, 
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a clock frequency Switching means capable of Selecting 
one of the Said operating frequencies, 

a Sampling means for generating information about the 
type of instructions being executed by the micropro 
CeSSOr, 

a decision means processing Said information and pro 
viding a control Signal to Said clock frequency Switch 
ing means. 

8. An apparatus for reducing the power usage of a 
microprocessor based System comprising: 

a monitoring means for automatically monitoring the type 
of instructions being executed by Said microprocessor 
and generating one or more logic outputs indicating the 
type of instructions being executed, 

a clock frequency Selection means, 
a decision means utilizing Said one or more logic outputs 

and generating control Signals to control Said clock 
frequency Selection means. 

9. An apparatus as in claim 8 wherein Said monitoring 
means includes wired logic external to the Said micropro 
CCSSO. 

10. An apparatus as in claim 8 wherein Said monitoring 
means determines System activity caused by instructions 
executed by Said microprocessor, and wherein one or more 
logic outputs are generated indicative of the nature of the 
System activity caused by the instructions being executed. 

k k k k k 


