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Abstract: — General methodology for system design was elaborated by means of the optimal control theory
approach. The problem of analog system design can be formulated in this case as a classical problem of the
optimal control for some functional minimization. In this context the aim of the optimal control is to result to
minimum point a cost function of the design process and to minimize the total computer time. The minimal
time system design algorithm was defined as the problem of functional minimization. By this definition the
aim of the system design process with minimal computer time is presented as a transition process of some
dynamic system that has the minimal transition time. The optimal sequence of the control vector switch points
was determined as a principal characteristic of the minimal-time system design algorithm. The conception of
the Lyapunov function was proposed to analyze the behavior of design process. The special function that is a
combination of the Lyapunov function and its time derivative was proposed to predict the design time of any
strategy by means of the initial time interval analysis.
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1 Introduction and executed computer time. As shown in [8] the

The problem of the computer time reduction of a potential corpputer time gain that can ‘be obtained by
large system design is one of the essential problems the new design problem formulation Inereases when
of the total quality design improvement. Besides the ~ the size and comp1§x1ty of the system increase.
traditionally used ideas of sparse matrix techniques ~ HOwever it is reahzgd only in case whgn thF
and decomposition techniques [1]-[5] some another ~ algorithm for the optimal strategy of design is

ways were proposed to reduce the total computer constructed. _ S

design time [6]-[7]. The generalized approach for the We can define the forml.lla.‘uon of the Intrinsic
analog system design on the basis of control theory propertles and special restrictions of the optimal
formulation was elaborated in some previous works, ~ design strategy as one of the first problems that

for example [8]. This approach serves for the needs to be solved for the optimal algorithm
minimal-time design algorithm definition. On the  construction.

other hand this approach gives the possibility to

analyze with a great clearness the design process 2 Problem Formulation

while moving along the trajectory curve into the The design process for any analog system design can
design space. The main conception of this theory is  be defined in discrete form [8] as the problem of the
the introduction of the special control functions, generalized cost function F (X’U ) minimization by
which, on the one hand generalize the design process
and, on the other hand, they give the possibility to
conjtrol design process to achiey§ the optimum of the Xt = xS+ H° )
design cost function for the minimal computer time. g

This possibility appears because practically an

infinite number of the different design strategies that (1 —u; )g j (x)=o0, j=12,.,M, (2)
exist within the bounds of the theory. The different

design strategies have the different operation number ~ where X ORY, X =(x,x"), X'OR" is the vector of

means of the equation (1) with the constraints (2):
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the independent variables and the vector X" OR"Y is
the vector of dependent variables (N=K+M),

g, (X ) for all j presents the system model, s is the
iterations number,
t, OR', H=H(XU) is the direction of the
generalized cost function F (X , U ) decreasing, U is
the vector of the special control functions
U:(ul,uz,... ), where u, CQ; Q={0;1}. The
generalized cost function F (X U ) is defined as:

is the iteration parameter,

u

> m

F(x,U)=c(x)+y(x.U) (3)

where C(X ) is the non negative cost function of the
design process, and ¢ (X U ) is the additional
penalty function:

l M
p(x.u)=_2u, & (x) )
Jj=l1
This formulation of the problem permits to

redistribute the computer time expense between the
solution of problem (2) and the optimization

procedure (1) for the function FI (X ,U). The control

vector U is the main tool for the redistribution
process in this case. Practically an infinite number of
the different design strategies are produced because
the vector U depends on the optimization procedure
current step. The problem of the optimal design
strategy search is formulated now as the typical
problem for the functional minimization of the
control theory. The functional that needs to minimize
is the total CPU time T of the design process. This
functional depends directly on the operations number
and on the design strategy that has been realized. The
main difficulty of this definition is unknown optimal
dependencies of all control functions u; .

The continuous form of the problem definition is
more adequate for the control theory application. This
continuous form replaces Eq. (1) and can be defined
by the next formula:

@=f,(XU) i=0L..,N
dt i ) s 9Ly eeey

)

This system together with equations (2), (3) and
(4) composes the continuous form of the design
process. The structural basis of different design
strategies that correspond to the fixed control vector
includes 2" design strategies. The functions of the
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right hand part of the system (5) are determined for
example for the gradient method as:

fKX;U)z—uéfF(XgU),i=LL””K (6)
ox,

1)z Ao U o),

i:K+1,Kl+2,...,N S (6")

where the operator 0 / dx hear and below means

5 op(x) & dp(x) ox,
R X = — 4 _

Ox, ¢ (x) Ox, p:ZK“H ox, Ox;,’
x! is equal to x,(z—dt); n,(X) is the implicit

function (x, =77( X)) that is determined by (2).
The control wvariables u ; have the

dependency in general case. The equation number j is
removed from (2) and the dependent variable X, ; is

time

transformed to the independent when u,=1. This

independent parameter is defined by the formulas (5),
(6"). In this case there is no difference between
formulas (6) and (6'). On the other hand, the equation
(5) with the right part (6') is transformed to the
dx, _dx,

dt
n(x)-x =x(t)-x(t—dt)=dx. 1t means that at
this time moment the parameter x; is dependent one
and the current value of this parameter can be
obtained from the system (2) directly. This
transformation of the vectors X' and X" can be
done at any time moment.

The function f, O(X U ) is determined as the
necessary time for one-step integration of the system
(5). This function depends on the concrete design
strategy. The additional variable x , is determined as
the total computer time 7 for the system design. It is
necessary to find the optimal behavior of the control
functions u; during the design process to minimize

identity when  u;=0, because

b

the total design computer time.

The idea of the system design problem
formulation as the functional minimization problem
of the control theory is not depend of the
optimization method. This idea was implemented for
the designing of different networks [8]. It was shown
that any optimization procedures can be embedded
like the gradient method, the Newton method and
Davidon-Fletcher-Powell method.

Now the analog system design process is
formulated as a dynamic controllable system. The
time-optimal design process can be defined as the
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dynamic system with the minimal transition time in
this case. So we need to find the special conditions to
minimize the transition time for this dynamic system.

3 Lyapunov function of optimization

process

On the basis of the analysis in previous section we
can conclude that the minimal-time algorithm has
one or some switch points in control vector where the
switching is realize among different design strategies.
As shown in [9] it is necessary to switch the control
vector from like modified traditional design strategy
to like traditional design strategy with an additional
adjusting. Some principal features of the time-
optimal algorithm were determined previously. These
are: 1) an additional acceleration effect that appeared
under special circumstances [9]; 2) the start point
special selection outside the separate hyper-surface to
guarantee the acceleration effect, at least one
negative component of the start value of the vector X
is can be recommended for this; 3) an optimal
structure of the control vector with the necessary
switch points. The two first problems were discussed
in [9-10].

A Lyapunov function of dynamic system serves
as a very informative object to any system analysis in
the control theory. We suppose that the Lyapunov
function can be used for the revelation of the optimal
algorithm structure. First of all we can compare the
behavior of the different design strategies by means
of the Lyapunov function analysis.

There is a freedom of the Lyapunov function
choice because of a non-unique form of this
function. Let us define the Lyapunov function of the
design process (2)-(6) by the following expression:

(7

where a; is the stationary value of the coordinate x,,

in other words the set of all the coefficients a; is the

main objective of the design process. The function
(7) satisfies all of the conditions of the standard
Lyapunov function definition for the variables

¥, =X, —a;. In fact the function p(y)=>"y’ is

the piecewise continue. Besides there are three
characteristics of this function: i) V(Y)>0, ii) V(0)=0,
and iii) ¥(Y) - o when Y| - e . Inconvenience
of the (7 an unknown point
a= (a1 sy ey Ay ) , because this point can be reached

formula is

at the end of the design process only. We can use this
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form of the Lyapunov function if we already found
the design solution someway. On the other hand, it is
very important to control the stability of the design
process during the optimization procedure. In this
case we need to construct other form of the
Lyapunov function that doesn’t depend on the
unknown stationary point.

Let us define the Lyapunov function of the design
process (2)-(6) by the following expression:

vx.u)=[r(x,u) (8)
v(x,U)= Z["FgU)] ©)

where F(X,U) is the generalized cost function of the
design process. The formula (8) can be used when
the general cost function is non-negative and has zero
value at the stationary point a. Formula (9) can be
used always because all derivatives 0F/dx, are equal

to zero in the stationary point a.

We can define now the design process as a
transition process for controllable dynamic system
that can provide the stationary point (optimal point of
the design procedure) during some time. The
problem of the time-optimal design algorithm
construction can be formulated now as the problem
of the transition process searching with the minimal
transition time. There is a well-known idea [11]-[12]
to minimize the time of transition process by means
of the special choice of the right hand part of the
principal system of equations, in our case these are
the functions ﬁ(X , U ) It is necessary to change the

functions fl(X U ) by means of the control vector U

election to obtain the maximum speed of the
Lyapunov function decreasing. Normally the time
derivative of Lyapunov function is non-positive for
the stable processes. However we define more
informative function as a relatively time derivative of

the Lyapunov function W =F/V. This function
serves well to analyze a designing process. Below
some practical examples were analyzed to support
the ideas of developed methodology.

4 Numerical results

All examples were analyzed for the continuous form
of the optimization procedure (5). Functions V(?) and
W(t) were the main objects of the analysis and its
behavior has been analyzed for different strategies
that compose the structural basis of generalized
methodology.
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First example corresponds to a simple nonlinear
voltage divider in Fig. 1.

V, =1

o2

V,
6

V,
@

Yy

1
S |

an
-

O

Y, Y

Fig. 1. Two-node nonlinear passive network.

The nonlinear element has the following dependency:
Y =Vo +b(V1 -V, )2. The vector X includes five

2
components: X, =V

_ 2 _ 2 _
=V, Xy = Vo, X3 =5, 1

x5 =V, . Defining the components x,,x,,x; by the

Xy

above formulas automatically results in positive
magnitudes of the conductance, which eliminates the
issue of positive definiteness for each resistance and
conductance and makes it possible to carry out the
optimization in the whole space of magnitudes of
these variables without any limitations. The cost
function C (X) has been determined by the formula

C(X) = (x5 —ml)z, where m, is a beforehand-

defined output voltage of the divider.
This network is characterized by two dependent
parameters (two nodal voltages) and the control

vector includes two control functions: U= (”1:”2)~

The structural basis of the design strategies includes
four design strategies with the control vectors: (00),

(01), (10), and (11). The functions gj(X) are defined

by the next formulas:

gl(X)E(l—x4)x12 —(x4 _xs)(YO +a(x4

_ 2
x,x, =0

—Xs )2)
(10)
gz(X)E(x4 _xs)(yo +a(x4 —xs)z)—x5x32 =0
The system (2) is transformed into the following one:
(1 U, )gj (xlaxzaxz.axwxs) =0,j=12

The optimization procedure (1), (5) includes five
equations. The Lyapunov function was calculated by
formula (8) for »=0.5.

The results of the analysis of complete structural
basis of different strategies of designing for network
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in Fig. 1 and initial point x,, =1, .,5 are

shown in Table 1.

Table 1. Data of complete structural basis of
designing strategies.

N [Control |lterations |Total
vector [number |design
time (sec)
1] (00) 406308 852
2 (01) 455191 3.96
3] (10) 226909 331
4] (11) 451090 281

The behavior of the functions V(z) and W(t) for
the network in Fig. 1 is shown in Fig. 2.

1-00
2-01
3 -10
4 -1

Fig. 2. Behavior of the functions V() and W(t) for
four design strategies during the design process for
network in Fig. 1.

As we can see from Fig. 2 the functions V(#) and
W(t) can give an exhaustive explanation for the
design process characteristics. A greater absolute
value of the function W(t) corresponds to a more
rapid decreasing of the function V(z). We can state
that the greater absolute value of the function #(z) on
initial part of the design process provoke the lesser
computer time. On the other hand the function W(?) is
a normalized derivative and for this reason it is very
sensitive.

Another passive nonlinear network with three
nodes (Fig. 3) was analyzed below. The vector X

includes components:xl2 =V, X =Y,
X; =Yy, X =y, x5 =Y =Vy x; =V

1°
The nonlinear elements have been defined by

\=a, +b, [(]V V)

seven

2
X, X X

following dependencies:

YV =a,, b, [GVz _V3)2-
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Fig. 3. Three-node nonlinear passive network.

The model of this network (2) includes three
equations (M=3) and the optimization procedure (5)
includes seven equations. This network is
characterized by three dependent parameters and the
control vector includes three control functions:

U= (ul,uz,u3). In this case we have a system of

seven equations playing the role of the optimization
algorithm.

D0 p(x,U),i=1234

dt o,

dx; _ o (l_ui—4) Y

i ——ul-_4E|dTiF(X,U)+ o {=x(e-an)+n(x)}
=567,

3
where F(X,U)=C(X)+> u,g(X).
j=l

The network model can be expressed by three
nonlinear equations:

(2,2 2\ A
gl(X)=(x1 X, +anl+bn1x6)x5 (anl+bn1x6)x6 x =0

— 2 2 2 2
8> (X) = _(anl +b,,Xg )Xs +(x3 +a, +b,xg ta,, +b,x; )xs

—(an2 +b ,x; )x7 =0
gs(X) = _(an2 +bn2x72)x6 +(X§ ta, +bn2x72)x7 =0

This system can be transformed into the following
one:

(1_uj)gj(x1:x29x3:x4:x5,x69x7) =0,/=123

The structural basis of design strategies includes
eight design strategies: 000, 001, 010, 011, 100, 101,
110 and 111. The results of the analysis of complete
structural basis of different strategies of designing for
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network in Fig. 3 and initial point x,, =1, i =
1,2,...,7 are shown in Table 2.

Table 2. Data of complete structural basis of
designing strategies.

N [Control [lterations |Total
vector  |number |design

time (sec)
1{(000) 104961 5.721
21(001) 270001 5.660
3/(010) 74428 1.652
4/ (011) 80317 0.931
5/(100) 102500 2534
6/](101) 253473 4.342
71(110) 157583 2.633
8/(111) 246776 1921

The behavior of the functions V(z) and W(t) for
this network is shown in Fig. 4.

Fig. 4. Behavior of the functions V(z) and W(t) for
eight design strategies during the design process for
network in Fig. 3.

As for previous example for the network in Fig. 3
we also can conclude that the speed of decreasing of
the Lyapunov function is inversely proportional to
the design time. The minimal value of the Lyapunov
function that corresponds to the maximum precision
is in the limits from 1.24-5 for strategy 000 to 5.94-5
for strategy 111. Anew we can see from Fig. 4 that a
large absolute value of the function W(¢) corresponds
to a more rapid decreasing of the function V(?) and a
smaller computer design time. The strategies 3, 4, 5,
7 and 8 have a large value of the function W(z) during
all design process till a small value of the function
V(t). That is why these strategies have a relative little
computer time.
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Other example corresponds to the passive Table 3. Data of complete structural basis of
nonlinear network with four nodes (Fig. 5). designing strategies for network in Fig. 5.
N | Control Iterations | Total
vector number |design
time (sec)
1f (0000) 32371 5.441
2] (0001) 31726 2.970
3 (0010) | 11598 1263
4/ (0011) 21486] 0.611
5/ (0100) | 33846 3574
6] (0101) 41960 1.162
71 (0110) 18223 0.491
8l (0111)] 37651 o885
ol (1000) | =33136] 357
10l (1001) | 61377] 1762
Fig. 5. Four-node nonlinear passive network. 11 (1010) 27278 0834
12| (1011) 11582 0.271
13| (1100) 44656 1.257
The vector X includes nine components. Five 141 (1101) 46412] 1113
components correspond to the admittances 151 (1110) 19478] 0.330
16 (1111) 41384 0.553

2 2 2
(xl,xz,x3,x4,x5), where x; =y, X5 =y,, X =),

xj =Y, X52 = ys, and four parameters are the The behavior of the functions V() and W(t) for

the complete set of structural basis is shown in Fig. 6.
nodal  voltages (xﬁ,x7,x8,x9), where x, =V, P W £

x; =V,, x; =V;, x4 =V, , The nonlinear elements v
are defined  as: Y =a, b, IZGVl —Vz)z,
y,=a,+b, 1V, —V3)2. The control vector U

includes nine components (ul,u2,...,u9). The

model of circuit (2) includes 4 equations and 1 t
functions g, (X ) are defined by the next system:

A 1o o
= 2 _ 8 - -
g(=l1; =) +a, 4,0 = o =) =0 - 3- 0010 7. 0110

8> (X)Elxl2 ta, +bnl(x6 _'x7)2J(‘x6 _x7) (@)

_x22x7_an2+bn2(x7_x8)2 (x7 _xs):() N

X) |_ +b,, x7_x8) J(x7_ )

—(x3 +x4)x8 -x;x, =0

g4(X)Exjx8 _(xj +X52)X9 =0

9-1000 13- 1100
10 - 1001 14 - 1101
11- 1010 15- 1110
12- 1011 16 - 1111

The optimization procedure (1) includes nine
equations. The cost function C(X) of the design
process is defined by the following form:

C(X) :(x(, —k, )2 +(x6 X _kl)2 +(x7 Xy _kz)z' (6)

The re§ults of the anglysm of gomplete structural Fig. 6. Behavior of the functions V() and W(t) for all
basis of different strategies of designing for network . . . .
strategies of structural basis during the design

in Fig. 3 are shown in Table 3. process for network in Fig. 5.
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We can see that the processor time of each
strategy is inverse proportional of the absolute value
of the function W(t).

In Fig. 7 there is a passive nonlinear network with
five nodes.

Fig. 7. Five-node nonlinear passive network.

The nonlinear elements have next dependencies:

_a +b ECV V) yn2 :an2+bn2[(]/4_V2)2‘ The

Vector X includes eleven components. The first six

components are defined as: x} =y,, x; =y,, X =,
Xy = Vs> X52 =S, x62 =ys. The others components
are defined as: x, =V, x,=V,, x,=V;,

X0 =V,, x;;, =V5. The control vector U includes
eleven components too. The structural basis includes
32 strategies. The mathematical model (2) of this
circuit is defined on the basis of nodal method and
includes five equations in this case. The optimization
procedure includes eleven equations and it is based
on formulas (1) and (5). The cost function C(X) is

defined by the formula similar a previous example:
2 2
C(X) = (xn _kko)2 + [(xx —x9)2 _kkl] + [(x9 _xlo)2 _kkz] :
The results of the analysis of some strategies of
structural basis are shown in Table 4.

Table 4. Data of complete structural basis of
designing strategies for network in Fig. 7.

N [Control Iterations |Total
vector number |design

time (sec)
1] (00000) 33456 14.121
2| (00001) 10837| 5.632
3] (00110) 15490| 5.164
4] (01110) 35567 3911
5/ (01111) 28360 2.415
6] (10110) 20756 4181
71 (11110) 36049| 3.460
8l (11111) 29002 1.211
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The behavior of the functions V(z) and W(t) for

strategies corresponding the Table 4 is shown in
Fig. 8.
2 1 t
1-00000 5-01111
2-00001  6-10110
3-00110  7-11110
4-01110  8-11111

Fig. 8. Behavior of the functions V() and W(t) for
some strategies of structural basis during the design
process for network in Fig. 7.

Anew we can state that processor time for each
strategy is inverse proportional of absolute value of
the function W(z).

Next example corresponds to the one-stage
transistor amplifier in Fig. 9.

Fig. 9. One-stage transistor amplifier.

. . 2 _
The vector X includes six components: x; = y,,

2 _ 2 _ _ _ _
YT Va, Xy =y, Xy =V, x5 =V, x =V

The model of this network (2) includes three
equations (M=3) and the optimization procedure (5)
includes six equations. The total structural basis
contains eight different strategies. The control vector

includes three control functions: U= (ul,uz,u3). The

Ebers-Moll static model of the transistor has been
used [13].

The results of the analysis of complete structural
basis of the design strategies are shown in Table 5. As
for the previous example, Fig. 10 shows the behavior
of the functions V(z) and W(z) for a time interval when
the majority of the design strategies are finished.
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Table 5. Data of complete structural basis of
designing strategies for network in Fig. 9.

N | Contrd Iteraons | Total design
vector nunber | time (sec)
1 (000) 7683758 518,22
2 (001) 45900 242
3 (010) 1151505 60,14
4 (011) 47464 253
5 (100) 109784 587
6 (101) 4753 0,25
7 (110) 303579 14,83
8 (111) 4940 0,08

7
3 f 1-000 5- 100

1 2- 001 6- 101
8 le 3-010  7-110
W 4- 011 8- 111
K3

Fig. 10. Behavior of the functions ¥(?) and W(z) for
some strategies of structural basis during the design
process for network in Fig. 9.

The strategies with control vector 101 and 111
have extremely large value of the relative derivative
W(t) from the beginning of the design process and
that is why the Lyapunov function is decreases very
rapidly. The relative design time is very small for
two these strategies and it is equal to 0.00048 and
0.00015 accordingly. The strategies with the control
vector 001, 011 and 100 have the sufficient level of
the function W during the analyzed interval and the
relative design time is equal to 0.0054, 0.0061 and
0.0114 accordingly. Nevertheless three other design
strategies with the control vector 000, 010 and 110
are not finished during the presented interval.

It occurs because the function W for these
strategies decreases rapidly while the Lyapunov
function had a relatively large value. After this the
Lyapunov function decreases very slowly and the
relative design time is equal to 1.0, 0.116 and 0.029
accordingly.

Other example corresponds to the two-stage
transistor amplifier in Fig. 11.

This network is characterized by five dependent
parameters and the control vector includes five
control functions: U= (u,,u,,u;,u,,us). The
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Fig. 11. Two-stage transistor amplifier.

structural basis consists of 32 design strategies. The
results of the analysis of some design strategies from
the structural basis are shown in Table 6.

Table 6. Data of some strategies of structural basis for
network in Fig. 11.

N | Control Iterations | Total design
vector number time (sec)
1] (00000 165962 299,56
2| (00001 337487 737,55
3] (00100 44118 68,87
4] (00101 14941 19,06
5| (00111) 21971 22,03
6| (01101 4544 456
71 (10101 2485 1,65
8] (10111 7106 357
9| (11101 2668 1,32
10 (11111 79330 10,11

The behavior of the functions V(?) and W(t) for
these strategies is shown in Fig. 12.

- 10

- 00000
- 00001
- 00100
- 00101
- 00111

- 01101
- 10101
- 10111
- 11101
- 11111

g B wWN =
CWwO~N®D

=

Fig. 12. Behavior of the functions ¥(#) and W(¢) for
some strategies for circuit in Fig. 11.

These graphs correspond to a time interval when

the majority of the design strategies are finished. The
strategies 6, 7, 8 and 9 have a large value of the
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relative derivative W(t) from the initial of the design
process. This property provides extremely fast
decreasing of the Lyapunov function. The design
time for these design strategies is presented in Table
2. We can see that just these strategies 6, 7, 8 and 9
have the design time lesser than other strategies. The
strategies 4, 5 and 10 have an average value of the
function W in the initial part of the design process
and these strategies have an average value of the
design time. At last, the strategies 1, 2 and 3 have a
large design time and just these strategies have a very
fast decreasing of the function W during initial part of
the design process.

The analysis of the three-stage amplifier of Fig.
13 shows very similar results.

Fig. 13. Three-stage transistor amplifier

The results of the analysis of three-stage amplifier
are presented below in Table 7 and Fig. 14. Functions
V(t) and W(t) were the main objects of the analysis
and have been analyzed for some strategies that
compose the structural basis of the general
methodology.

Table 7. Data of some design strategies for three-
stage amplifier

N [Control Iterations Total design
vector number  time (sec)
1/(0000000) | 2354289 420.18
2/(0010101)| 110889 117.15
3/(0111000) | 1075433 27201
4{(1010101)| 2102510 4976
5[(1011101) | 107541 4399
6/(1011111) 3BHBL 1253
71(1110111) 43387 1367
8/(1111100)| 185085 11062
9/(1111110) [ 147094  66.13
10[(1111111) 52651 4.56

Fig. 14 shows the behavior of the functions V(?)
and W(t) for some design strategies. These graphs
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correspond to a time interval when the majority of
the design strategies are finished.

- 0000000
- 0010101
- 0111000
-1010101
-1011101 1

1011111
1110111
1111100
1111110
1111111

gk wN -

6 -
7-
8-
9-
0-

Fig. 14. Behavior of the functions V(?) and W(t) for
some strategies during the design process for network
in Fig. 13.

The strategies 6, 7, and 10 have a minimal relative
computer time because the function W(z) for these
strategies has a relatively large negative value during
a long time of the design process in spite of the large
value of Lyapunov function V(?) in initial time
interval. On the contrary, the function W(#) has a
relatively small value for the strategies 1, 2 and 3.
That is why these strategies have a large computer
design time. We can state that the large absolute
value of the function W(?) on initial part of the design
process provoke the less computer time.

We can state that the behavior of the Lyapunov
function V" and the relative time derivative W surely
determine the design time. It means that it is possible
be guided by means of these functions to predict the
computer design time for any design strategy. We
could analyzed the initial time interval of the
functions V() and W(t) behavior for the different
strategies and by this analysis we can predict the
strategies that have a minimal computer design time.

5 Conclusion

The problem of the minimal-time design algorithm
construction can be solved adequately on the basis of
the control theory. The design process in this case is
formulated as the controllable dynamic system. The
Lyapunov function and its time derivative include
the sufficient information to select more perspective
design strategies from infinite set of the different
design strategies that exist into the general design
methodology. The special functions W(¢) and S(?)
have been proposed to predict the better design
strategies with a minimal design time. There is a
close relation between the computer time and the
properties of the Lyapunov function of design
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process. These functions can be used as the principal
tool to the time optimal design algorithm prediction.
The successful solution of this problem permits to
construct the minimal-time system design algorithm.

Acknowledgment

This work was supported by the Mexican Council of
Sciences and Technology, under Grant CONACYT-
164624.

References:

[1] J. R. Bunch, and D. J. Rose, (Eds), Sparse
Matrix Computations, Acad. Press, N.Y., 1976.

[2] O. Osterby, and Z. Zlatev, Direct Methods for
Sparse Matrices, Springer-Verlag, N.Y., 1983.

[3] F. F. Wu, Solution of large-scale networks by
tearing, IEEE Trans. Circuits Syst., Vol. CAS-
23, No. 12, pp. 706-713, 1976.

[4] A. Sangiovanni-Vincentelli, L. K. Chen, and L.
O. Chua, An efficient cluster algorithm for
tearing large-scale networks, [EEE Trans.
Circuits Syst., Vol. CAS-24, No. 12, pp. 709-
717,1977.

[5] N. Rabat, A. E. Ruehli, G. W. Mahoney, and J.
J. Coleman, A survey of macromodeling, Proc.
of the IEEE Int. Symp. Circuits Systems, pp.
139-143, April 1985.

E-ISSN: 2224-266X

217

(6]

Alexander Zemliak, Alexandra Bychkovska

V. Rizzoli, A. Costanzo, and C. Cecchetti,
Numerical optimization of broadband nonlinear
microwave circuits, [EEE MTT-S Int. Symp.,
Vol. 1, pp. 335-338, 1990.

E. S. Ochotta, R. A.Rutenbar, and L. R. Carley,
Synthesis of high-performance analog circuits in
ASTRX/OBLX, IEEE Trans. on CAD, Vol.15,
No. 3, pp. 273-294, 1996.

A. M. Zemliak, Analog system design problem
formulation by optimum control theory, /EICE
Trans. on Fundam., Vol. E84-A, No. 8, pp.
2029-2041, 2001.

A. Zemliak, E. Rios, Stability Analysis of the
Design Trajectories for the Generalized System
Design Algorithm, WSEAS Trans. on Circuits
and Systems, Vol. 4, No. 2, 2005, pp. 78-85.

[10] A.M. Zemliak, Acceleration Effect of System

Design Process, IEICE Trans. on Fundam., Vol.
E85-A, No. 7, 2002, pp. 1751-1759.

[11] E.A. Barbashin, Introduction to the Stability

Theory, Nauka, Moscow, 1967.

[12] N. Rouche, P. Habets, and M. Laloy, Stability

Theory by Liapunov’s Direct Method, Springer-
Verlag, N.Y, 1977.

[13] Massobrio G., Antognetti P. Semiconductor

Device Modeling with SPICE, N.Y.: Mc. Graw-
Hill, Inc., 1993.

Volume 13, 2014





