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1. 

METHOD FOR CONTROLLING AN 
ELECTRONIC CIRCUIT 

The present patent application claims the priority benefit 
of French patent application FR13/58541 which is herein 
incorporated by reference. 

BACKGROUND 

The present application relates to an electronic circuit 
control method and to an electronic circuit control system. 

DISCUSSION OF THE RELATED ART 

There exist methods enabling to decrease the electric 
power consumed by an electronic circuit while keeping the 
operating performances desired for the electronic circuit. 
Such methods generally comprise modifying an operating 
parameter of the electronic circuit, for example, the elec 
tronic circuit power Supply Voltage and/or the clock fre 
quency at which the electronic circuit is rated. 
When two operating parameters of the electronic circuit 

are simultaneously modified to decrease the electric power 
consumed by the electronic circuit, there exist control meth 
ods enabling to determine the values of these parameters for 
which the consumed power is the lowest possible while 
achieving the desired operating performances. 
The publication entitled “Energy optimal speed control of 

devices with discrete speed sets of R. Rao and S. Vrudlhala 
(Design Automation Conference, 2005, Proceedings 42nd, 
pp. 901-904, Jun. 13-17, 2005) describes an example of such 
a control method. 

To further decrease the power consumed by the electronic 
circuit, it is desirable to further modify a third operating 
parameter of the electronic circuit. An example of a third 
operating parameter is the bulk bias Voltage of metal-oxide 
field effect transistors, also called MOS transistors, of the 
electronic circuit. 

However, known control methods are not capable of 
controlling more than two operating parameters of the 
electronic circuit to decrease the electric power consumed 
by the electronic circuit while obtaining the desired operat 
ing performances. In particular, Such control methods gen 
erally do not enable to ascertain that the consumed power 
which results from the determined values of the three 
operating parameters is Substantially the lowest possible. 

SUMMARY 

Thus, an object of an embodiment is to at least partly 
overcome the disadvantages of previously-described control 
methods. 

Another object of an embodiment is for the control 
method to ascertain that the power consumed by the elec 
tronic circuit is substantially the lowest possible. 

Another object of an embodiment is for the control 
method to operate in real time. 

Thus, an embodiment provides a method of controlling an 
electronic circuit with first, second, and third operating 
parameters, comprising the steps of: 

(a) determining a variation range of the third parameter 
for each value of the first parameter by varying the 
second parameter, said ranges being different; 

(b) determining a target value of the third parameter; 
(c) if the target value is located in one of the ranges, 

having the electronic circuit operate by taking the third 
parameter to the target value; and 
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2 
(d) in the opposite case, selecting the two ranges closest 

to the target value on either side thereof and having the 
electronic circuit operate by Successively taking the 
third parameter into each of the two selected ranges. 

According to an embodiment, the first parameter takes 
first discrete values, the second and third parameters con 
tinuously varying, each pair of one of the first values of the 
first parameter and of a second value of the second param 
eter having an associated third value of the third parameter. 

According to an embodiment, the method comprises the 
steps of 

determining the curve of variation of data representative 
of the power or of the energy consumed by the elec 
tronic circuit according to the third parameter, by 
varying the second parameter for each first value of the 
first parameter, 

determining the convex or concave envelope of the curve; 
and 

extracting said ranges from the envelope. 
According to an embodiment, the target value is deter 

mined for the execution of a task by the electronic circuit 
within a given time period. 

According to an embodiment, at step (c), the first param 
eter is taken to the first value corresponding to the range 
containing the target value and the second parameter is taken 
to the second value of the pair associated with the target 
value. 

According to an embodiment, the method comprises, at 
step (d), determining at least one fourth value of the third 
parameter contained in one of the ranges and Smaller than 
the target value and determining a fifth value of the third 
parameter contained in one of the ranges and greater than the 
target value, and the operation of the electronic circuit for a 
first time period by taking the third parameter to said fourth 
value, by taking the first parameter to the first value corre 
sponding to the range containing the fourth value and by 
taking the second parameter to the second value of the pair 
associated with the fourth value and the operation of the 
electronic circuit for a second time period by taking the third 
parameter to said fifth value, by taking the first parameter to 
the first value corresponding to the range containing the fifth 
value and by taking the second parameter to the second 
value of the pair associated with the fifth value. 

According to an embodiment, the first parameter is the 
power Supply Voltage of the electronic circuit. 

According to an embodiment, the second parameter is the 
bias voltage of metal-oxide field effect transistors of the 
electronic circuit. 

According to an embodiment, the third parameter is the 
clock frequency at which the electronic circuit is rated. 

According to an embodiment, the method is implemented 
for the control of a plurality of electronic circuits, compris 
ing the steps of 

if the target value is located in one of the ranges of one of 
the electronic circuits, having said electronic circuit 
operate by taking the third parameter to the target 
value; and 

in the opposite case, selecting one of the electronic 
circuits and, for said electronic circuit, selecting the 
two ranges closest to the target value on either side 
thereof and having said electronic circuit operate by 
Successively taking the third parameter into each of the 
two selected ranges. 

According to an embodiment, the electronic circuit com 
prises at least two electronic circuit sections, a rank being 
assigned to each electronic circuit section, and the first 
parameter is said rank. 
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Another embodiment provides a system of control of an 
electronic circuit with first, second, and third operating 
parameters, the electronic circuit comprising a first unit 
capable of determining a range of variation of the third 
parameter for each value of the first parameter by varying 
the second parameter, said ranges being different, the system 
comprising a second unit capable of determining a target 
value of the third parameter, the electronic circuit compris 
ing a third unit capable of taking the third parameter to the 
target value if the target value is located in one of the ranges 
and, in the opposite case, selecting the two ranges closest to 
the target value on either side thereof and successively 
taking the third parameter into each of the two selected 
ranges. 

Another embodiment provides a method of analyzing an 
electronic circuit enabling to determine optimal operating 
configurations of the electronic circuit according to a given 
performance criterion, each operating configuration of the 
electronic circuit being defined by values taken by first, 
second, and third operating parameters, the first parameters 
being capable of taking first discrete values, the second and 
third parameters being capable of continuously or discretely 
varying, the second parameter being capable of varying 
between a minimum value and a maximum value, each pair 
of a first value of the first parameter and of a second value 
of the second parameter having an associated third limiting 
value of the third parameter beyond which the circuit is 
likely to longer operate, the method comprising the steps of 

a) determining, for each value of the first parameter, a 
limiting variation range of the third parameter by 
varying the second parameter between the minimum 
and maximum values of this second parameter and by 
searching the third corresponding limiting values of the 
third parameter; and 

b) determining, for each value of the first parameter, an 
optimal variation range of the third parameter corre 
sponding to all or part of said limiting variation range 
of the third parameter previously determined for the 
value of the first considered parameter, so that the 
optimal variation ranges retained for the different val 
ues of the first parameter are all different. 

According to an embodiment, the method further com 
prises an additional step c) between steps a) and b), step c) 
comprising determining a curve of variation of data repre 
sentative of said performance criterion according to the third 
parameter, by defining, for each first value of the first 
parameter, an arc of a curve corresponding to the values of 
said representative data obtained over the limiting variation 
range of the third parameter associated with the first con 
sidered parameter and the corresponding variation range of 
the second parameter and, at Step b), for each value of the 
first parameter, an optimal variation range of the third 
parameter corresponding to all or part of said limiting 
variation range of the third parameter previously determined 
for the value of the first considered parameter is determined, 
so that the optimal variation ranges retained for the different 
values of the first parameter are all different and so that the 
portions of arc of a curve associated with the retained 
optimal variation ranges meet at best the performance cri 
terion of the electronic circuit for the corresponding values 
of the third parameter. 

According to an embodiment, step c) comprises the steps 
of: 

determining the convex or concave envelope of said 
variation curve (C); and 
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4 
searching for the portions of said limiting variation ranges 

of the third parameter which correspond to said enve 
lope and retaining these portions as optimal variation 
ranges. 

Another embodiment provides an electronic circuit con 
trol method enabling to determine an optimal operating 
configuration of the electronic circuit according to a given 
performance criterion, each operating configuration of the 
electronic circuit being defined by given values of first, 
second, and third operating parameters, the first parameter 
being capable of taking first discrete values, the second and 
third parameters being capable of varying continuously or 
discretely, the electronic circuit comprising means for Stor 
ing information previously obtained by the analysis method 
Such as previously defined and comprising, for each value of 
the first parameter, an optimal variation range of the third 
parameter associated with a corresponding range of values 
of the second parameter, the optimal variation ranges all 
being different, the electronic circuit comprising analysis 
means enabling, for each pair of one of the first values of the 
first parameter and of a second value of the second param 
eter, to associate therewith a third value of the third param 
eter, the method comprising the steps of 

d) determining a target value of the third parameter, 
e) if the target value is located in one of the optimal 

variation ranges of the third parameter, selecting this 
optimal variation range and having the electronic cir 
cuit operate by taking the third parameter to the target 
value; and 

f) in the opposite case, selecting the two optimal variation 
ranges of the third parameter closest to the target value 
on either side thereof and having the electronic circuit 
operate by Successively taking the third parameter into 
each of the two selected optimal variation ranges, 
between a lower value and an upper value of the third 
parameter on each side of the target value; and 

at steps e) or f), the first parameter is taken to the first value 
corresponding to the range containing the third applied value 
and the second parameter is taken to the second value of the 
pair associated with the third applied value. 

According to an embodiment, said given performance 
criterion is an energetic criterion, Such as power or energy, 
and the third parameter is representative of a time perfor 
mance criterion, Such as the operating frequency of the 
electronic circuit. 

According to an embodiment, the target value is deter 
mined for the execution of a task by the electronic circuit 
within a given time period. 

According to an embodiment, the method comprises, at 
step f), a first operation of the electronic circuit for a first 
time period by taking the third parameter to said lower 
value, and a second operation of the electronic circuit for a 
second time period by taking the third parameter to said 
upper value, the first and second operations being alternately 
repeated. 

According to an embodiment, the first parameter is the 
power Supply Voltage of the electronic circuit, the second 
parameter is the bias voltage of metal-oxide field effect 
transistors of the electronic circuit, and the third parameter 
is the clock frequency at which the electronic circuit is rated. 

Another embodiment provides a method of controlling a 
plurality of electronic circuits, comprising the steps of 

if the target value is located in one of the ranges of one of 
the electronic circuits, having said electronic circuit 
operate by taking the third parameter to the target 
value; and 
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in the opposite case, selecting the one of the electronic 
circuits and, for said electronic circuit, selecting the 
two ranges closest to the target value on either side 
thereof and having said electronic circuit operate by 
Successively taking the third parameter into each of the 
two selected ranges. 

According to an embodiment, the electronic circuit com 
prises at least two electronic circuit sections, a rank being 
assigned to each electronic circuit section, and the first 
parameter is said rank. 

Another embodiment provides an electronic circuit com 
prising: 

actuators enabling to control the values of first, second, 
and third parameters defining an operating configura 
tion of the electronic circuit, the first parameter being 
capable of taking first discrete values, the second and 
third parameters being capable of continuously or dis 
cretely varying: 

a first unit comprising means for storing previously 
obtained information according to the above method 
and comprising, for each value of the first parameter, an 
optimal variation range of the third parameter associ 
ated with a corresponding range of values of the second 
parameter, the optimal variation ranges all being dif 
ferent, and comprising analysis means connected to the 
storage means and enabling to associate a third value of 
the third parameter to each pair of one of the first values 
of the first parameter and of a second value of the 
second parameter; 

a second unit capable of determining a target value of the 
third parameter; 

a third analysis unit capable of determining whether the 
target value is located in one of the optimal variation 
ranges, and of selecting this range in the case where it 
is and, in the opposite case, of selecting the two ranges 
closest to the target value on either side thereof, the 
analysis unit defining, according to the case, one or two 
operating configurations with a third parameter respec 
tively having the target value or two values respectively 
Smaller and greater than said target value and respec 
tively contained in the two selected ranges, for each 
configuration the first parameter taking a first value 
corresponding to the range containing the value of the 
third parameter and the second parameter taking the 
second value of the pair associated with the third 
retained value; and 

a fourth control unit capable of applying, via said actua 
tors, an operating configuration or as a variation, each 
of the two operating configurations defined by the third 
analysis unit. 

According to an embodiment, the first unit comprises 
means for implementing the analysis method such as pre 
viously defined enabling to define said information stored by 
said storage means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other features and advantages will be 
discussed in detail in the following non-limiting description 
of specific embodiments in connection with the accompa 
nying drawings, among which: 

FIG. 1 partially and schematically shows an embodiment 
of an electronic circuit; 

FIG. 2 shows an example of maximum clock frequencies 
accessible according to the power Supply Voltage and to the 
bulk bias voltage of MOS transistors of the electronic circuit 
of FIG. 1; 
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6 
FIG. 3 shows, in the form of a block diagram, an 

embodiment of a method of determining minimum power 
operating configurations of the electronic circuit of FIG. 1; 

FIG. 4 shows an example of a curve of variation of the 
power consumed by the electronic circuit of FIG. 1 accord 
ing to the clock frequency during variations of the power 
supply voltage and of the bulk bias voltage of MOS tran 
sistors of the electronic circuit; 

FIG. 5 shows an example of a convex envelope of the 
variation curve of FIG. 4; 

FIG. 6 shows variation curves, according to the clock 
frequency, of the power Supply Voltage and of the bulk bias 
voltage of MOS transistors of the electronic circuit of FIG. 
1; 

FIG. 7 shows, in the form of a block diagram, an 
embodiment of a method of controlling the clock frequency, 
the power supply voltage, and the bulk bias voltage of MOS 
transistors of the electronic circuit of FIG. 1; 

FIG. 8 is a diagram similar to FIG. 5 and illustrates an 
embodiment of the embodiment of the control method of 
FIG. 7; 

FIG. 9 is a diagram similar to FIG. 6 and illustrates 
another embodiment of the control method of FIG. 7: 

FIG. 10 partially and schematically shows another 
embodiment of an electronic circuit; and 

FIG. 11 shows in the form of a block diagram an embodi 
ment of a method of controlling the electronic circuit of FIG. 
10. 

DETAILED DESCRIPTION 

For clarity, the same elements have been designated with 
the same reference numerals in the various drawings and, 
further, the various drawings are not to scale. Further, in the 
following description, unless otherwise indicated, terms 
“substantially”, “approximately, and “in the order of mean 
“to within 10%. 

According to an embodiment, the control method com 
prises modifying three operating parameters of an electronic 
circuit enabling to achieve the desired operating perfor 
mances of the electronic circuit with substantially the lowest 
possible consumed power, where at least one of the operat 
ing parameters can only take discrete values while the other 
operating parameters may vary continuously or discretely 
with a fine pitch, or discretely. 

Preferably, at least one of the operating parameters of the 
electronic circuit is representative of the operating speed of 
the electronic circuit. It may be the clock frequency at which 
the electronic circuit is rated. 
An embodiment will now be described in detail, where the 

three operating parameters of the electronic circuit are the 
electronic circuit power Supply Voltage, the clock frequency, 
and the bias voltage of bulks of MOS transistors of the 
electronic circuit. As an example, in this embodiment, the 
discretely-varying operating parameter is the power Supply 
Voltage. 

FIG. 1 shows an embodiment of an electronic circuit 10. 
Electronic circuit 10 comprises a plurality of unit elec 

tronic circuits 12, for example, from 1 to 64 circuits 12. 
Circuits 12 are capable of operating in parallel. Each unit 
electronic circuit 12 is connected to a general control unit 14 
capable, in particular, of allocating the tasks to be performed 
to the different circuits 12. General control unit 14 may be 
formed in centralized or distributed fashion in electronic 
circuit 10. According to an embodiment, general control unit 
14 may comprise a processor capable of executing the 
instructions of a computer program stored in a memory. 
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According to an example, general control unit 14 may be 
formed by a dedicated circuit, for example, in the form of a 
state machine. 

According to an embodiment, at least one of circuits 12 
may be powered at a power Supply Voltage V, which may 
be different from the power supply voltages of the other unit 
electronic circuits 12. Preferably, each circuit 12 may be 
powered at a power Supply Voltage V, which may be 
different from the power supply voltages of the other unit 
electronic circuits. 

According to an embodiment, at least one of circuits 12 is 
a synchronous electronic circuit or a locally synchronous 
electronic circuit, which may be rated by a clock frequency 
F which may be different from the clock frequencies rating 
the other unit electronic circuits 12. Preferably, each circuit 
12 may be rated at a clock frequency F, which may be 
different from the clock frequencies rating the other unit 
electronic circuits 12. 

According to an embodiment, at least one of circuits 12 
comprises MOS transistors and bulk bias voltage V, of the 
MOS transistors of circuit 12 may be modified. Preferably, 
all circuits 12 comprise MOS transistors and the bulk bias 
voltage of the MOS transistors of each circuit 12 may be 
different from the bias voltages of the other unit electronic 
circuits 12. 
The structure of one of unit electronic circuits 12 will now 

be described. A plurality of unit electronic circuits 12 may 
have a similar structure. 

At least one of unit electronic circuits 12 comprises a 
processing unit 20 capable, in particular, of performing 
calculations. It may be a dedicated electronic circuit or a 
processor capable of executing the instructions of a com 
puter program Stored in a memory. Processing unit 20 is 
powered with power Supply Voltage V. The bulks of at 
least some MOS transistors of processing unit 20 are biased 
to bias Voltage V. Processing unit 20 is rated at clock 
frequency F. Processing unit 20 is capable of executing the 
tasks assigned to circuit 12 by general control unit 14. 

Unit electronic circuit 12 comprises a local control unit 22 
capable of controlling at least three actuators 24, 26, 28. 
First actuator 24 is capable of modifying frequency F. 
Second actuator 26 is capable of modifying power Supply 
Voltage V. According to an example, actuator 26 may 
comprise a DC/DC converter controlled by unit 22. Accord 
ing to another example, actuator 26 corresponds to a V 
hopping circuit. Third actuator 28 is capable of modifying 
bias voltage V. Third actuator 28 may comprise a charge 
pump circuit. 

Unit electronic circuit 12 may comprise sensors 30, for 
example, arranged in processing unit 20. One of sensors 30 
may correspond to a sensor providing a signal representative 
of temperature T in processing unit 20. One of sensors 30 
may correspond to a sensor providing a signal representative 
of temperature A in processing unit 20. Activity A of circuit 
12 is for example an information representative of the 
number of logic gates which switch within a defined time 
interval or the number of transitions of the MOS transistors 
of processing unit 20 for the task being executed. One of 
sensors 30 may correspond to a sensor providing a signal 
representative of power P consumed by processing unit 20. 

Unit electronic circuit 12 may comprise an analysis unit 
32 receiving the signals provided by sensors 30. Analysis 
unit 32 is capable of providing data representative of oper 
ating configurations likely to be applied by control unit 22. 
Such configurations are called optimal configurations here 
after. These are operating configurations of circuit 12 where 
a parameter representative of the electric power consump 
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8 
tion of circuit 12 is minimum or Substantially minimum. 
This parameter for example corresponds to the electric 
power consumed by circuit 12 or to the electric energy used 
by circuit 12 for the execution of a task. 

According to a variation, it is possible for temperature T 
not to be directly measured. Temperature T can then be 
determined by analysis unit 32 based on signals provided by 
circuits 12 neighboring the considered circuit. According to 
a variation, it is possible not to directly measure activity A, 
which may be estimated by analysis unit 32. According to a 
variation, it is possible not to directly measure consumed 
power P. Power P may then be estimated by analysis unit 32. 
Consumed power P may be estimated from the measurement 
oftemperature T, of activity A, or power supply voltage V. 
and of bias voltage V. Consumed power P can be divided 
into a dynamic power P, and a leakage power P. 
Dynamic power P, is the consumed power due to the 
energy dissipated during state Switchings of the logic gates 
or during Switchings between the on state and the off state 
of the MOS transistors. Leakage power P is the con 
Sumed power due to the various losses of transistors other 
than dynamic power P. Analysis unit 32 may determine 
an estimate of dynamic power P., by a mathematical 
function of frequency F, of activity A, and of power Supply 
Voltage V. Analysis unit 32 may determine an estimate of 
leakage power P by a mathematical function of frequency 
F. of power Supply Voltage V, oftemperature T, and of bias 
Voltage V. 

According to an embodiment, power Supply Voltage V, 
may take N discrete values V N being an integer for 
example varying from 2 to 5 and i being an integer varying 
from 1 to N. Bias voltage V, may vary continuously or 
discretely with a fine pitch, between a minimum value 
V, and a maximum value V, where the two 
values may depend on V. 

Parameters V, V, and F depend on one another. 
Indeed, for a given pair of Voltages V and V, there exists 
a maximum value F of the clock frequency beyond which 
time errors may occur. A time error for example occurs when 
the input signal of at least one flip-flop is not established 
within a clock period. Generally, circuit 12 is rated at 
maximum frequency F, possibly by applying a security 
margin, which is allowed by the values of Voltages V, V, 
applied to circuit 12. 

In operation, electronic circuit 12 is led to perform a 
Succession of tasks. A performance constraint is associated 
with the execution of each task. This means that the execu 
tion of the tasks should be over at latest at the end of a 
determined time period. A possibility comprises having 
circuit 12 operate at a constant target clock frequency F. 
which is the clock frequency for which the execution of the 
task is over at the end of the determined time period. Another 
possibility is to have the circuit operate Successively at 
different clock frequencies so that the execution of the task 
is over at the end of the determined time period. The time 
performances of circuit 12 are then equivalent to an opera 
tion at target clock frequency F. Target clock frequen 
cies F., of successive tasks may vary from one task to the 
other. 

For each value of power Supply voltage V, where i 
varies from 1 to N, the maximum accessible clock frequency 
Fat which the electronic circuit can be rated varies within 
range IF, F, when bias Voltage V, varies from 
Vbb.min, tO Vbb.maxi 

FIG. 2 shows an example of the maximum clock frequen 
cies F, which may be achieved for all possible pairs (V, 
V) in the case where power Supply Voltage V may take 
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four values V, V, Vs, or Va and in the case where 
bias Voltage V, may vary from Vaa, to V, where 
i varies from 1 to 4. A single pair of Voltages (V. V.) 
corresponds to a point of one of segments A, A, A, or A. 

Consider three target clock frequencies Fei, Fe2. 
and F.s. As appears in FIG. 2, a single point B of one of 
segments A, A. As and A corresponds to target clock 
frequency F. This means that target clock frequency 
F is only accessible with a single pair of voltages (V. 
V.). To decrease the electric power consumption of circuit 
12, it may be envisaged to apply Voltages V and V, 
associated with point B and to rate the circuit at target clock 
frequency F. However, this does not ascertain that the 
power consumed by circuit 12 is minimum and that there 
exists no other solution for which the consumed power 
would be lower for the same performance as that associated 
with point B. 
Two points C and D of two different segments, A and A. 

correspond to target clock frequency F2. Target clock 
frequency F2 is thus accessible by two pairs of Voltages 
(V, V). A problem is to select the pair of voltages (V, 
V) to be used. It is however not ascertained that the power 
consumed by the circuit is minimum for one or the other of 
these pairs of Voltage. 
No point of segments A, A, A, and A corresponds to 

target clock frequency Fs. A possibility would then be 
to rate the circuit at an accessible clock frequency higher 
than target clock frequency F. However, the power 
consumed by the circuit then is not minimum. Another 
possibility would be to have circuit 12 successively operate 
at a clock frequency F. lower than target clock frequency 
Fs and at a clock frequency F, higher than target clock 
frequency F, or conversely. The problem then is to 
select the pairs of Voltages (V, V) to be used for 
frequencies F, and F., so that the consumed power is 
11. 

According to an embodiment, a method of determining 
the operating configurations of circuit 12 for which the 
power consumed by circuit 12 is minimum, or Substantially 
minimum, while reaching the desired performances, is 
implemented. Such operating configurations will be called 
optimal configurations. Each optimal configuration corre 
sponds to a triplet comprising a value of Voltage V, a value 
of Voltage V, and a corresponding maximum clock fre 
quency Value F. 
The method of determining the optimal configurations 

may be implemented on design of electronic circuit 10 or 
during a step of characterization of electronic circuit 10 after 
manufacturing thereof. In this case, data representative of 
the optimal configurations may be stored in a memory of 
analysis unit 32. As a variation, the method of determining 
the optimal configurations may be implemented by analysis 
unit 32 during the operation of electronic circuit 10. 

According to an embodiment, in operation, a control 
method comprising selecting the optimal configuration or 
two optimal configurations to be applied to achieve the 
desired performances and controlling the actuators to apply 
the selected optimal configuration or the selected optimal 
configurations is implemented. 

FIG. 3 shows in the form of a block diagram an embodi 
ment of the method of determining the optimal configura 
tions. 

At step 40, for a determined temperature T and activity A, 
the set of ranges F, F, of maximum clock fre 
quency F, where i varies from 1 to N, likely to be 
obtained by varying power Supply Voltage V among values 
V, and by varying bias Voltage V, between V, and 
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10 
Va., is determined. Segments A1, A2. As and A4 
previously described in relation with FIG. 2 show an 
example of ranges F, F, of maximum clock 
frequencies F, in the case where N is equal to 4. 
As an example, the determination of maximum clock 

frequency F obtained for a pair of Voltages (V. V.) 
may be achieved via delay sensors in the publication entitled 
“An innovative timing slack monitor for variation tolerant 
circuits’ of B. Rebaud et al. (IEEE International Conference 
on IC Design and Technology—ICICDT 2009, pages 215 
218, May 18-20, 2009). 
The method carries on at step 42. 
At step 42, power P consumed by processing unit 20 is 

determined for each triplet (F. V. V.) and for the 
determined temperature T and activity A. In the following 
description, call operating point PM the power-clock fre 
quency pair (P. F.). 

FIG. 4 shows an example of a curve C of variation of the 
consumed power P according to clock frequency F, for a 
determined temperature T and activity A, in the case where 
N is equal to 4. Each point of curve C corresponds to an 
operating point PM. Curve C comprises four arcs C, C, C, 
and C. Generally, curve C comprises N arcs C, with i 
varying from 1 to N, each arc C, being obtained with power 
Supply voltage V. For each arc C, the point of the arc at 
frequency F, that is, the left-hand end point in FIG. 4, 
is obtained for bias Voltage V, and the point of the arc 
at frequency F, that is, the right-hand end point in FIG. 
4, is obtained for bias Voltage V. 
The method carries on at step 44. 
At step 44, convex envelope C of curve C is determined. 

Convex envelope C is defined, like curve C, for a deter 
mined temperature T and activity A. Convex envelope C is 
defined by the following relations (1): 

(1) C = U. C; 

EF =U(Finari- Finai. 

a 0, 1 ={ 

This means that for two points PM, and PM, of convex 
envelope C, all the points of the arc of curve C between 
points PM, and PM, are located under the line connecting 
points PM, and PM. Convex envelope C comprises arcs 
C, with i varying from 1 to N, each arc C. corresponding 
to a portion of arc C. 

It has been shown that if target clock frequency F, 
corresponds to a frequency F, associated with a point PM 
belonging to convex envelope C, the consumed power is 
then minimum. Further, it has been shown that if target clock 
frequency F, corresponds to a frequency F, associ 
ated with a point PM which does not belong to convex 
envelope C, a minimum consumed power may be obtained 
by having processing unit 20 Successively operate at a 
frequency F. greater than F, and at a frequency F. 
Smaller than F, or conversely, frequencies F., and F. 
being the frequencies closest to F, having points PM of 
convex envelope C corresponding thereto. 
The method carries on at step 46. 
At step 46, the ends of each arc C of convex envelope 

C are determined. 
FIG. 5 shows an example of a convex curve Cassociated 

with curve C shown in FIG. 4. In FIG. 5, the portions of 

(PF) P(aF.(1 - a).F.) saPF) + (1 - a)P(F), } 
F - F., (F, F,) e EFX EF 
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curve C which do not belong to curve C are shown in 
dotted lines. For each arc C., a first end point, noted PM, 
corresponds to the point of arc C. for which bias Voltage 
V, is the lowest, noted V. The maximum frequency of 
point PM, is noted F. The second end point, noted PM, 
corresponds to the point of arc C. for which bias Voltage 
V, is the highest, noted V. The maximum frequency 
corresponding to point PM is noted F. The method carries 
on at step 48. 
At step 48, the values of triplets (V, V, F) and 

(V. V. F.), for i varying from 1 to N, are stored in a 
memory of analysis unit 32. Further, data representative of 
the curves of variation of bias voltage V, according to 
maximum clock frequency F, for each value V of 
power supply voltage V are stored in a memory of analysis 
unit 32. All these data correspond to the data representative 
of the optimal configurations and are associated with a 
determined temperature T and activity A. 
The data representative of the optimal configurations for 

a determined temperature T and activity A are indicated in 
table (1) hereafter: 

TABLE (1) 
PM correspon- PM correspon 

Power supply ding to the ding to the Bias 
voltage V lower limit upper limit Voltage V, 

Vaa, 1 Vit, 1 - (TA), Vit, 1 + (T.A), Viz., 1(mae 
F - (TA) F + (TA) T., A) 

Vaa, 2 Vit, 2 - (TA), Vit, 2 + (T.A), Viz., 2(nae 
F, - (T., A) F + (T., A) T., A) 

Vaa, N. V. N. - (T.A), V. N + (T.A), Viz., nae 
Fy - (TA) Fy + (TA) T., A) 

FIG. 6 shows the curves of variation, according to the 
clock frequency, of power Supply Voltage V and of bias 
Voltage V, for a determined temperature T and activity A, 
obtained from the example of convex envelope of FIG. 5. 
These curves illustrate the data representative of the optimal 
configurations. 

According to an embodiment, previously-described steps 
40 to 48 are repeated a plurality of times for a plurality of 
values of temperature T and/or a plurality of values of 
activity A. For each value oftemperature T and/or of activity 
A, the data representative of the optimal configurations are 
stored in the memory of analysis unit 32. 

According to another embodiment, previously-described 
steps 40 to 48 are carried out by analysis unit 32 in 
operation. Analysis unit 32 determines points PM based on 
values of temperature T and activity A determined from the 
signals provided by sensors 30. In the case of a variation of 
temperature T or of activity A, analysis unit 32 may deter 
mine new values of points PM. As an example, it is possible 
to only determine new values of points PM when tempera 
ture T varies beyond a threshold or when activity A varies 
beyond a threshold. 

The determination of convex envelope C, at previously 
described step 42, requires measuring the power consumed 
by processing unit 20. However, such a measurement may 
be difficult to perform. According to an embodiment, the 
determination of frequency ranges F.F.I., with i varying 
from 1 to N, is performed from the frequency ranges 
F.F. determined at step 40. As an example, range 
F.F. is equal to range F.F. at which the 
portions common (possibly with added margins) with 
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12 
another range F.F where j is an integer different 
from i, are removed. However, the power consumed over 
Such frequency ranges may possibly not be minimum. 

It should be noted that in this simplified embodiment, 
frequency ranges F, F, which are relatively close to those 
obtained by implementing the entire previously-described 
method are obtained. 

In the previously-described embodiment, the optimal con 
figurations correspond to the configurations for which the 
power consumed by electronic circuit 12 is minimum. As a 
variation, instead of using the electric power consumed by 
processing unit 20, it is possible to consider the electric 
energy used to carry out the considered task. The optimal 
configurations then are those for which the energy used is 
minimum. 

In the previously-described embodiment, curve C of 
variation of the consumed power according to the clock 
frequency of circuit 12 has been used and convex envelope 
C. of curve C has been determined. It should however be 
clear that the curve of variation of the inverse of the 
consumed power (or of the inverse of the energy used) may 
be used. In this case, the concave envelope of the curve of 
variation of the inverse of the consumed power is used. 

FIG. 7 shows, in the form of a block diagram, an 
embodiment of the method of controlling power supply 
Voltage V, bias Voltage V, and clock frequency F of 
circuit 12. 

General control unit 14 provides local control unit 22 of 
circuit 12 with a signal representative of target clock fre 
quency F, for the task to be executed by circuit 12. 
At step 50, analysis unit 32 determines whether target 

clock frequency F, is between frequencies F, and F., 
for i varying from 1 to N, stored in the memory. 

According to an embodiment, data representative of the 
optimal configurations have been determined and stored in 
analysis unit 32 for a plurality of temperature values T and 
a plurality of activity values A. 

In the case where analysis circuit 32 is capable of deter 
mining, from direct measurements or by estimation, tem 
perature T and activity A of processing unit 20, analysis unit 
32 may select frequency values F and F., for i varying 
from 1 to N, of the data representative of the optimal 
configurations which have been determined at the tempera 
ture closest to the measured/estimated temperature and at the 
activity closest to the measured/estimated activity. As a 
variation, analysis unit 32 may determine new data repre 
sentative of optimal configurations, and thus new values of 
frequencies F, and F., for i varying from 1 to N, by 
interpolation at the measured/estimated temperature T and at 
the measured/estimated activity A based on data represen 
tative of the optimal configurations which have been deter 
mined at the closest temperatures T on either side of the 
measured/estimated temperature and at the closest activities 
A on either side of the closest activity. 

According to an embodiment, data representative of the 
optimal configurations have been determined and stored in 
analysis unit 32 for a single value of temperature T and a 
single value of activity A. Analysis unit 32 can thus select 
frequency values F and F., for i varying from 1 to N. 
stored in the memory of analysis unit 32. As a variation, 
analysis unit 32 may determined new data representative of 
optimal configurations, and thus new values of frequencies 
F, and F., for i varying from 1 to N, by interpolation at the 
measured/estimated temperature T and at the measured/ 
estimated activity A based on data representative of the 
configurations stored in the memory of analysis unit 32. 

mary- s 
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It should be noted that whatever the retained storage form, 
more or less detailed, the number of stored data remains 
Small. Such a simplicity is obtained due to the presentation 
of the information in a limited number of segments, corre 
sponding to a limited number of discrete values of the first 
parameter (Vdd). Further, the analysis of the variation curve 
obtained for different sets of discrete values of the first 
parameter may be an element for aiding the selection of 
discrete values of this first parameter. 

If at step 50, target clock frequency F, is in one of 
ranges F, F, for i varying from 1 to N, determined by 
analysis unit 32, then the method carries on to step 52 where 
a first control mode, called Mode 1, is implemented. If, at 
step 50, target clock frequency F, is not in one of ranges 
F, F, for i varying from 1 to N, determined by analysis 
unit 32, then the method carries on to step 54 where a second 
control mode, called Mode 2, is implemented. 

FIG. 8 is a diagram similar to FIG. 5 which further shows 
the frequency ranges where the first control mode, Mode 1, 
is implemented and the frequency ranges where the second 
control mode, Mode 2, is implemented. 

At step 52, analysis unit 32 determines the value of bias 
voltage V, for which the target clock frequency is obtained 
based on the data representative of the optimal configura 
tions determined by analysis unit 32. Since point PM at 
target clock frequency F., belongs to convex envelope 
C, the consumed power is minimum. Unit 22 controls 
actuator 24 to take the clock frequency to target clock 
frequency F. Unit 22 further controls actuator 26 to take 
power supply Voltage V, to power supply voltage V, and 
unit 22 controls actuator 28 to take bias Voltage V, to the 
determined value. The modifications of the clock frequency, 
of power supply voltage V, and of bias Voltage V, are 
performed to guarantee that there will be no time errors. 

At step 54, analysis unit 32 determines at least two clock 
frequencies F, and F corresponding to points PM 
belonging to complex envelope C, clock frequency F. 
being Smaller than target clock frequency F, and clock 
frequency F, being greater than target clock frequency 
F. According to an embodiment, the selected points PM 
are the end points of the two arcs of the convex envelope 
having associated clock frequencies closest to target clock 
frequency Fe. 

Unit 22 controls actuator 24 to successively take the clock 
frequency to value F, for a time period D, and to value 
F., for a time period D. As a variation, clock frequency 
F. may be applied after clock frequency F. As an 
example, calling D, the time taken to execute the task at 
target clock frequency F, time periods D, and D may 
be determined according to the following relations (2): 

Dsup=CDt 

Dinf(1-C)Dt 

C=(Ftarget-Finf)/(FSup-Finf) (2) 

FIG. 8 illustrates an example in the case where target 
clock frequency F, is located between the abscissas of 
points PM and PM respectively corresponding to triplets 
(VI. V. F.) and (V2 V2- F2-). 

In this case, the power consumed during the Successive 
application of the values of triplet (V, V, F) and of 
the values of triplet (V, V, F-) is minimum. In FIG. 
8, this power corresponds to the point at frequency F, 
belonging to line L shown in dotted lines connecting points 
PM and PM. 
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The embodiment previously described in relation with 

FIG. 8 implies a simultaneous modification of the clock 
frequency, of power Supply Voltage V, and of bias Voltage 
V. However, according to the type of actuators 22, 24, and 
26 used, the passing from a first value to a second value of 
clock frequency F, of power Supply Voltage V, and/or 
of bias Voltage V, may require a non-negligible transition 
time. 

According to an embodiment, it may be passed from point 
PM to point PM via an intermediary point PM. Point 
PM is associated with a triplet (V, V, F) having a 
component identical to the triplet associated with point 
PM, and a component identical to the triplet associated 
with point PM. The third component is selected to guar 
antee that the circuit is functional. Thereby, on passing from 
point PM to point PM only two parameters are modi 
fied. The passing from point P, to point PM is then 
obtained by varying the value of the unmodified parameter 
from the value for point PM to the value for point PM, 
the third parameter being modified to the value associated 
with point PM, 

FIG. 9 is similar to FIG. 6 and illustrates such an 
embodiment in the case where bias Voltage V, is the 
parameter for which the transition between two values is not 
instantaneous. Unit 20 controls actuators 22, 24, and 26 to 
point PM, associated with triplet (V2, V2-, F) for a 
time period C.D. Unit 20 then controls actuators 22 and 24 
to point PM, associated with triplet (V, V, F). 
Unit 20 then controls actuators 22 and 26 to pass, within a 
timey"D, from point PM to point PM, by varying the bias 
Voltage from V2- to V1 and by varying the frequency 
from F to F. Time period y depends on the dynamic 
range of actuator 26. Circuit 12 is maintained at point PM, 
for a time period f"D. 

FIG. 10 shows another embodiment of an electronic 
circuit 60. Electronic circuit 60 comprises all the elements of 
electronic circuit 10 shown in FIG. 1. Electronic circuit 60 
further comprises an interconnection network 62 capable of 
allowing a data exchange between unit electronic circuits 12. 
Interconnection network 62 may comprise a data exchange 
bus or correspond to a network-on-chip. The electronic 
circuit comprises K elementary electronic circuits 12, K 
being an integer greater than 1. As an example, in FIG. 10. 
K is equal to four. 

General control unit 14 is capable of allocating the tasks 
to be executed to the different unit electronic circuits 12. An 
application comprising M tasks Task to be assigned is 
considered, M being an integer greater than 1 and m being 
an integer which varies from 1 to M. Each task Task has an 
associated target clock signal F for the execution of 
this task. The target clock frequencies may be determined by 
general control unit 14. 

General control unit 14 is capable of collecting the data 
representative of the optimal configurations of each circuit 
12. The data representative of the optimal configurations 
have been determined by each electronic circuit 12 as 
previously described. 

In the case where one of circuits 12 updates its data 
representative of optimal configurations, the updated data 
are transmitted to unit 14. 

FIG. 11 shows, in the form of a block diagram, an 
embodiment of the method of task assignment by general 
control unit 14. The method is implemented for each task 
Task to be executed. 
At step 70, general control unit 14 determines whether 

target clock frequency F, of task Task, is contained in 
one of the accessible frequency ranges F, F, of one of 
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electronic circuits 12. If target clock frequency F, is 
contained in one of the accessible frequency ranges F.F. 
of one of electronic circuits 12, unit 14 selects this circuit 12 
if the latter is not already executing a task and the method 
carries on to step 72. If target clock frequency F, is not 
contained in one of the accessible frequency ranges F, F, 
of one of electronic circuits 12, general control unit 14 
selects the available electronic circuit 12 for which the 
consumed power is the lowest by applying previously 
described control mode Mode 2 and the method carries on 
to step 74. 

At step 72, unit 14 assigns task Task to the selected 
electronic circuit 12 and transmits target clock frequency 
F, to the selected electronic circuit 12. The selected 
circuit 12 then implements a control method of Mode 1 type 
Such as previously described. 
At step 74, unit 14 assigns task Task to the selected 

electronic circuit 12 and transmits target clock frequency 
F, to the selected electronic circuit 12. The selected 
circuit 12 then implements a control method of Mode 2 type 
Such as previously described. 

Specific embodiments have been described. Various 
alterations and modifications will occur to those skilled in 
the art. Although, in the previously described embodiments, 
the used operating parameters of the electronic circuit are 
the clock frequency, the power Supply Voltage, and the 
transistor bulk bias Voltage, other operating parameters may 
be used. As an example, a parameter representative of the 
operating speed of the electronic circuit, other than the clock 
frequency, may be used. In particular, in the case of an 
electronic circuit implementing a hard disk data storage 
system, the rotation speed of the hard disk may be used as 
an operating parameter. 

Although embodiments where the discrete operating 
parameter is the electronic circuit power Supply Voltage have 
been described, another discrete operating parameter may be 
used. Indeed, considering the electronic circuit 60 shown in 
FIG. 10, the rank, or number, of circuit 12 to which the task 
is assigned may be the discrete operating parameter of 
circuit 60. An actuator of such an operating parameter is then 
capable of having a circuit 12 execute a task initially 
executed by another circuit 12. The use of the rank as an 
operating parameter is particularly advantageous in the case 
where circuits 12 have different performances, for example, 
in terms of power consumption and operating speed. The 
two other following continuously-varying operating param 
eters may further be used: the clock frequency of each circuit 
12 and the bulk bias voltage of MOS transistors of each 
circuit 12 or the power supply voltage of each circuit 12 in 
the case of a power Supply Voltage varying continuously, or 
discretely with a fine pitch, or discretely. 

Further, the target operating parameter may be a Voltage, 
for example, the power Supply voltage delivered by a 
battery. In this case, it could be desired to adapt the operating 
parameters, for example, the operating frequency, to opti 
mize a performance criterion, such as the circuit power 
consumption. In this case, one may have, as first, second, 
and third operating parameters, respectively, bulk bias Volt 
age V, the circuit frequency, and the circuit power Supply 
Voltage. There would then be variation ranges of minimum 
power Supply Voltage according to frequency for a given 
bias Voltage value. 

Further, it could be desired to optimize a performance 
criterion other than an energetic performance criterion 
(power, energy . . . ), for example a circuit temperature, 
heating, or aging criterion. 
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Further, in the previously-described embodiments, enve 

lope C of the data representative of the performance 
criterion is always increasing (for example, for the power 
according to the maximum frequency, shown in FIG. 4) or 
always decreasing (taking, for example, the energy accord 
ing to the clock period). In the case where an increasing and 
then decreasing envelope, or conversely, according to the 
third parameter, would be obtained, it is most likely that one 
part of the configurations associated with the decreasing or 
increasing portion is sub-optimal as compared with the other 
part. In this case, an only increasing or only decreasing 
portion of the envelope will be kept in practice. As an 
example, considering that the third parameter is the clock 
period of the circuit (1/frequency) and that the variation 
curve is the energy versus the period, it is then highly 
possible for the convex envelope to be either decreasing, or 
increasing. In this case, it can be observed that the static 
power consumption becomes preponderating over the 
dynamic power consumption when the period becomes too 
long (the frequency becomes too small) and it will be more 
judicious to operate the circuit at relatively low frequencies, 
corresponding to the decreasing portion of the envelope 
(with the optional possibility of setting the circuit to standby 
if the execution of the tasks has ended faster than requested). 

Further, it will readily occur to those skilled in the art that 
the range of useful values of the third parameter will be 
limited and between minimum and maximum values of the 
third parameter capable of corresponding to the retained 
configurations so that the analysis method develops prop 
erly. 
The invention claimed is: 
1. A method of analyzing an electronic circuit enabling to 

determine optimal operating configurations of the electronic 
circuit according to a given performance criterion, each 
operating configuration of the electronic circuit being 
defined by values taken by first, second, and third operating 
parameters, the first parameter being capable of taking first 
discrete values, the second and third parameters being 
capable of continuously or discretely varying, the second 
parameter being capable of varying between a minimum 
value and a maximum value, each pair of a first value of the 
first parameter and of a second value of the second param 
eter having an associated third limiting value of the third 
parameter beyond which the circuit may no longer operate, 
the method comprising the steps of: 

a) determining, for each value of the first parameter, a 
limiting variation range of the third parameter by 
varying the second parameter between the minimum 
and maximum values of this second parameter and by 
searching the third corresponding limiting values of the 
third parameter; and 

b) determining, for each value of the first parameter, an 
optimal variation range of the third parameter corre 
sponding to all or part of said limiting variation range 
of the third parameter previously determined for the 
value of the first considered parameter, so that the 
optimal variation ranges selected for the different val 
ues of the first parameter are all different. 

2. The method of claim 1, further comprising an addi 
tional step c) between steps a) and b), step c) comprising 
determining a curve of variation of data representative of 
said performance criterion according to the third parameter, 
by defining, for each first value of the first parameter, an arc 
of a curve corresponding to the values of said representative 
data obtained over the limiting variation range of the third 
parameter associated with the first considered parameter and 
the corresponding variation range of the second parameter 
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and wherein, at step b), for each value of the first parameter, 
an optimal variation range of the third parameter corre 
sponding to all or part of said limiting variation range of the 
third parameter previously determined for the value of the 
first considered parameter is determined, so that the optimal 
variation ranges selected for the different values of the first 
parameter are all different and so that the portions of arc of 
a curve associated with the selected optimal variation ranges 
meet at best the performance criterion of the electronic 
circuit for the corresponding values of the third parameter. 

3. The method of claim 2, wherein step c) comprises the 
steps of 

determining the convex or concave envelope of said 
variation curve; and 

searching for the portions of said limiting variation ranges 
of the third parameter which correspond to said enve 
lope and retaining these portions as optimal variation 
ranges. 

4. A method of controlling an electronic circuit enabling 
to determine an optimal operating configuration of the 
electronic circuit according to a given performance criterion, 
each operating configuration of the electronic circuit being 
defined by given values of first, second, and third operating 
parameters, the first parameter being capable of taking first 
discrete values, the second and third parameters being 
capable of continuously or discretely varying, the electronic 
circuit comprising means for storing information previously 
obtained by the method of claim 1 and comprising, for each 
value of the first parameter, an optimal variation range of the 
third parameter associated with a corresponding range of 
values of the second parameter, the optimal variation ranges 
all being different, the electronic circuit comprising analysis 
means enabling, for each pair of one of the first values of the 
first parameter and of a second value of the second param 
eter, to associate therewith a third value of the third param 
eter, the method comprising the steps of 

d) determining a target value of the third parameter, 
e) if the target value is located in one of the optimal 

variation ranges of the third parameter, selecting this 
optimal variation range and having the electronic cir 
cuit operate by taking the third parameter to the target 
value; and 

f) in the opposite case, selecting the two ranges of optimal 
values of the third parameter closest to the target value 
on either side thereof and having the electronic circuit 
operate by Successively taking the third parameter into 
each of the two selected optimal variation ranges, 
between a lower value and an upper value of the third 
parameter on each side of the target value; and 

wherein, at steps e) or f), the first parameter is taken to the 
first value corresponding to the range containing the 
third applied value and the second parameter is taken to 
the second value of the pair associated with the third 
applied value. 

5. The method of claim 1, wherein said given performance 
criterion is an energetic criterion and the third parameter is 
representative of a time performance criterion. 

6. The method of claim 4, wherein the target value is 
determined for the execution of a task by the electronic 
circuit within a given time. 

7. The method of claim 4, comprising, at step f), a first 
operation of the electronic circuit for a first time period by 
taking the third parameter to said lower value, and a second 
operation of the electronic circuit for a second time period 
by taking the third parameter to said upper value, the first 
and second operations being alternately repeated. 
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8. The method of claim 1, wherein the first parameter is 

the power Supply Voltage of the electronic circuit, the second 
parameter is the bias voltage of metal-oxide field effect 
transistors of the electronic circuit, and the third parameter 
is the clock frequency at which the electronic circuit is rated. 

9. The method of claim 3, for controlling a plurality of 
electronic circuits, comprising the steps of: 

if the target value is located in one of the ranges of one of 
the electronic circuits, having said electronic circuit 
operate by taking the third parameter to the target 
value; and 

in the opposite case, selecting one of the electronic 
circuits and, for said electronic circuit, selecting the 
two ranges closest to the target value on either side 
thereof and having said electronic circuit operate by 
Successively taking the third parameter into each of the 
two selected ranges. 

10. The method of claim 1, wherein the electronic circuit 
comprises at least two electronic circuit sections, a rank 
being assigned to each electronic circuit section, and 
wherein the first parameter is said rank. 

11. An electronic circuit comprising: 
actuators enabling to control the values of first, second, 

and third parameters defining an operating configura 
tion of the electronic circuit, the first parameter being 
capable of taking first discrete values, the second and 
third parameters being capable of continuously or dis 
cretely varying: 

a first unit comprising means for storing information 
previously obtained according to the method of claim 1 
and comprising, for each value of the first parameter, an 
optimal variation range of the third parameter associ 
ated with a corresponding range of values of the second 
parameter, the optimal variation ranges all being dif 
ferent, and comprising analysis means connected to the 
storage means and enabling to associate a third value of 
the third parameter to each pair of one of the first values 
of the first parameter and of a second value of the 
second parameter; 

a second unit capable of determining a target value of the 
third parameter; 

a third analysis unit capable of determining whether the 
target value is located in one of the optimal variation 
ranges, and of selecting this range in the case where it 
is and, in the opposite case, of selecting the two ranges 
closest to the target value on either side thereof, the 
analysis unit defining according to the case one or two 
operating configurations with a third parameter respec 
tively having the target value or two values respectively 
Smaller and greater than said target value and respec 
tively belonging to the two selected ranges, for each 
configuration the first parameter taking a first value 
corresponding to the range containing the value of the 
third parameter and the second parameter taking the 
second value of the pair associated with the third 
Selected value; and 

a fourth control unit capable of applying, via said actua 
tors, an operating configuration or, as a variation, each 
of the two operating configurations defined by the third 
analysis unit. 

12. An electronic circuit comprising: 
actuators enabling to control the values of first, second, 

and third parameters defining an operating configura 
tion of the electronic circuit, the first parameter being 
capable of taking first discrete values, the second and 
third parameters being capable of continuously or dis 
cretely varying: 
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a first unit comprising means for storing information 
previously obtained according to the method of claim 1 
and comprising, for each value of the first parameter, an 
optimal variation range of the third parameter associ 
ated with a corresponding range of values of the second 
parameter, the optimal variation ranges all being dif 
ferent, and comprising analysis means connected to the 
storage means and enabling to associate a third value of 
the third parameter to each pair of one of the first values 
of the first parameter and of a second value of the 
second parameter; 

a second unit capable of determining a target value of the 
third parameter; 

a third analysis unit capable of determining whether the 
target value is located in one of the optimal variation 
ranges, and of selecting this range in the case where it 
is and, in the opposite case, of selecting the two ranges 
closest to the target value on either side thereof, the 
analysis unit defining according to the case one or two 
operating configurations with a third parameter respec 
tively having the target value or two values respectively 
Smaller and greater than said target value and respec 
tively belonging to the two selected ranges, for each 
configuration the first parameter taking a first value 
corresponding to the range containing the value of the 
third parameter and the second parameter taking the 
second value of the pair associated with the third 
selected value; and 

a fourth control unit capable of applying, via said actua 
tors, an operating configuration or, as a variation, each 
of the two operating configurations defined by the third 
analysis unit, 

wherein the first unit comprises means for implementing 
the analysis method of claim 1 enabling to define said 
information stored by said storage means. 

13. An electronic circuit comprising: 
actuators enabling to control the values of first, second, 

and third parameters defining an operating configura 
tion of the electronic circuit, the first parameter being 
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capable of taking first discrete values, the second and 
third parameters being capable of continuously or dis 
cretely varying: 
first unit comprising means for storing information 
previously obtained according to the method of claim 2 
and comprising, for each value of the first parameter, an 
optimal variation range of the third parameter associ 
ated with a corresponding range of values of the second 
parameter, the optimal variation ranges all being dif 
ferent, and comprising analysis means connected to the 
storage means and enabling to associate a third value of 
the third parameter to each pair of one of the first values 
of the first parameter and of a second value of the 
second parameter; 

a second unit capable of determining a target value of the 
third parameter; 

a third analysis unit capable of determining whether the 
target value is located in one of the optimal variation 
ranges, and of selecting this range in the case where it 
is and, in the opposite case, of selecting the two ranges 
closest to the target value on either side thereof, the 
analysis unit defining according to the case one or two 
operating configurations with a third parameter respec 
tively having the target value or two values respectively 
Smaller and greater than said target value and respec 
tively belonging to the two selected ranges, for each 
configuration the first parameter taking a first value 
corresponding to the range containing the value of the 
third parameter and the second parameter taking the 
second value of the pair associated with the third 
selected value; and 

a fourth control unit capable of applying, via said actua 
tors, an operating configuration or, as a variation, each 
of the two operating configurations defined by the third 
analysis unit, 

wherein the first unit comprises means for implementing 
the analysis method of claim 2 enabling to define said 
information stored by said storage means. 
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