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ABSTRACT

The evalugtion of operations number for the system design
has been done for generd desgn drategy. More generd
methodology for the system and circuit design was elaborated by
means of optimum control theory formulation. This approach
generdizes the design process and generates infinite number of the
different design srategies The main equations for this generd
design methodology were eaborated. These equaions include the
pecid control functions that are introduced into consderation
artificialy to generdlize the total design process. Optimum
dependencies of these control functions have been obtained by the
Specid  optimization procedure and give us the minimum
computer design time. Numericd results that were obtained
demondtrate the efficiency of the proposed approach.
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INTRODUCTION

The eectronic system design by traditiona methodology
includes the formulation of the principa equation system,
definition the number of independent variables K and the number
of dependent varidbles M and using some type of optimization
procedure. The principa equaion system can be formulated as
dgebrac sysem or integra-differentid system. The systems
moded can be determined as the equation system relaion between
independent and dependent variables. From the optimization
problem point of view this sysem can be determined as the
system of constrains for the objective function optimization.

On the other hand it is possible to use the idea of generd
optimization [1,2] for the eectronic system design. On thisway
the independent variables vector includes arbitrary number of the
systems components from K to K+M. In that case the
objective function includes additiond pendty terms that smulate
the relation equations. This strategy can reduce the total computer
desgntime

In this paper one agpproach for the system design is
proposed. This method is based on the optimum control theory
formulation and serves as the generdization of different design
srategies. It can reduce considerably the necessary computer
desgntime

OPERATIONSNUMBER EVALUATION
FOR THE GENERAL DESIGN STRATEGY

For the computer time comparison of different kinds of
design drategy and for optimad dgorithm eaboration it is
necessary to evaluate the operations number.

By generd design drategy, in case when the number of
independent parameters is varidble and equa to K+ Z  the
following two systems are used:
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In this case the total operations number N for the solution of
the systems (1), (2) is equal to:

N=l{kezd iz GHPAZASM 24 M 21104 M 2H) ()
when the Newton's method is used.

Incaseof Z=0 the formula (3) gives us the operations
number for traditional design strategy and when Z=M formula it
isamodified traditiona design strategy.

Sometimes the necessary operation number C  for the
objectivefunction C(X) caculaion has no dependency from the
independent parameters number K+Z, but for the mgority of
eectronic sysems is in proportion to the sum K+Z
(C=c (K+Z)). Formula (3) in this case is transformed into

following expression:
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Anadysis of the operations number N as the function of Z
by formula (4) gives us the conditions of the minimum computer
time. In case when the system (2) is the linear one this generd
design drategy dmost has no preference in computer time as



shown in [1]. Formula (4) gives the optimum point Z . that is

opt
withintheregion [0, M] for the nonlinear system (2).

In more generd case, when the system's modd can be
separate on two parts as liner and nonlinear we have the
following systems::

a) the nonlinear partis

gJ(X):O
i=12,...,r (M-Y)
©)
b) thelinear partis
AX =B
whee r1 [0,1]; A adB ae marices of the order

(1- r) ¥ M - Z). Forthis case the formulafor the operations
number hasthe following form:
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Analysis by this formula shows that for the mgjority of the
practice problems it is correct that the optimum point of the

function N(Y,Z) is within the dominion. This case isillustrated
in Fgurel.
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Figure 1. Behavior of the function N(Y,2).

The optimum point (Y, ont ,Zopt) minimizes the necessary

computer time for the large system design and has dependency
from the dectronic system size and topology. This optima point
can be fined by different methods for example by ordinary
gradient method.

The optimization of the space dimenson number of
independent parameters leads to reduction of the tota operation
number and therefore to reduction of the tota computer time for
eectronic system design. The andysis of different types of

eectronic systems shows that the optima space dimensions of
independent parameters can reduce the total computer timein 10 -
50 times. This optima space dimension has dependency from
electronic systems size and topology. In thiswork the problem
of optimum order of the space dimension is solved by Newton's
method and by optima control theory method. The total
computer time is served as the objective function for the optimal
dgorithm finds.

DESIGN STRATEGY BY CONTROL
THEORY FORMULATION

Itis possible to define the problem of the optimum algorithm
condruction for more generd case. We can determine the problem
of alarge system design as the problem of optimal control.

The principal equations system can be determined as:

dx _
T f(X,U) @)
i=0L...,N

where  N=K+M; X is the vaiadbiles vector
:(xl,xz,...,)(K,XK+1,><K+2,...,)<N);U is the vector of control

varigbles U =(y, U ..U, ) uTviw={0;1}.

The sense of the variable U is presence (when uj:O) or

absence (when U =1) of the equation number j in the system

(2). The function fO(X U) is determined as the necessary

calculation time for one step of the system (7) integration. In

this case the varidble X, is determined as the total computer

timefor the dectronic system design.
The functions of the right part of the sysem (7) ae
determined as.
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for i=K+1,K+2,...,,N;
where X isequa to x (t- dt); h,(X) istheimplicit
function (x, =h,(X) ) that is determined by the system:
(1- uj)gj(X): 0; j=12,..M.

In this case we determine the problem of some system design
asthe classca problem of the optima contral. In that context the
am of optimal control isto result each function fi( X,U) to zero



for thefind time ty, . £ ((t,,].Uft,])= 0 and minimize the

total computer time X, . The minimum-time problem for the
system (7) with non-continued or non-smoothed functions (8) can
be solved most adequatdly by means of Pontryagin's maximum
principle[3].

For the classica Pontryagin's form optima control problem
formulation it is necessary to define the conjugate system for the
additional functions y ; :

dy, & Tf(XU)
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i=01,..,N

Hamiltonian isdetermined as:
P

H(x,u,y)=ay, f,(x,u) (10)
i=0

This function has supreme vaue during the optimd trgjectory
with the Pontryagin's maximum principle:
M(X,Y)=supH(X,U,Y) (11)
ul w

The main problem of the maximum principle application in
that formulation is unknown vector Y, of initid values of the
functionsy ; . This problem has adequate solution only for linear
functions fi(X,U),forexampIein [4]. For the nonlinear caseit
is possible to use one iterative dgorithm for the solution of the
problem (7) - (12).

This method in maximum principle formulation thet is used
for the solution of the optima control problem (7)-(11) is based
on the boundary problem solution for 2° (N +1) order
equations system (7), (9). The iteration process for the numerical
integration of this system includes consecutive iterations of
Cauchy problem solution.

The dtrategy of this method is that:
1 Theinitid vaue of vector X, has been given, because it is

known; Xo :(Xlo'xzo""’XNO)'

2. The initid vaue of vector Y, has been given arbitrary,
Y0 = (ylo’yZO""’y NO) )

3. The vector of control variables U is fined by the formulas
(10), (1).

4. Two systems (7), (9) are solved in onetime step Dt and new
vauesof vectors X and Y aedetermined.

5. The conditions| f,( X, U)| < e areverified for all index i . If this
conditions are right, in this case we pass to step number 6, if
they are not right wereturnto step 3.

6. In that case we have the solution of the problem (7)-(11). We
have the functions X(t), U(t), Y (t) and the total computer
desgntime T that isequa to X,. This solution is not optimal
because it has been obtained with arbitrary value of the vector Y

that is not correct. However, this solution is the first
gpproximetion to the optimal solution.

To minimize the total computer design time T it is necessary
to improve the initial goproximation Y , . This problem can be
solved by different methods.  Firgt of dl itis possible to use
some gradient method with the calculaion of the T function's
gradient NT:?ﬂ T IT 9T %and movement aong

eﬂym'ﬂyzo’ ’ﬂyNOﬂ
anti-gradient. Other way is the solution of the equations system
T =g i=12,.., N by Newton's method. In that
Ty
cae it is necessary to cdculate the matrix of the second
derivatives but the number of iterations can be reduced
sgnificantly.

EXAMPLES

For the demondration of the optimum control theory
gpproach two smple circuits have been investigated.

Example 1

In Figure 2 there is a circuit that has three independent
varigbles (K=3) asadmittance Y,, Y,, Y5 and two dependent
vaiables (M=2) as nodd voltages V;,V, a the nodes 1, 2.
The totd number of different design dStrategies by means of
generd design ideais equd to 2" we suppose that the non-
lineer admittance has dependency by thelaw Y, = a, + b, X/,
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Figure 2: Circuit topology for 3 independent and 2 dependent
parameters.

The results d the andyss of this circuit for two different
vaues of the non-linearity parameter b, ( 10" and 05
respectively) show that the modified traditionad <srategy
(u1 =u, = 1) isthe optimum one for the first practicaly linear
caxe. Thetotd desgntimeis equd to 6.37 sec. Thetimeganis
equa to 17% with respect to the traditional design strategy.
However, this drategy is not optimum one in generd. It is
necessary to find the optima dtrategy by means of some
optimization procedure or by maximum principle. The optimum
trgectory has three switching points and the total design



computer time for this case is equa to 5.6 sec. The optimum
vector of the control functions has four regions of a congtancy
(10); (01); (00); (11). In that case this optimum Strategy has the
gain that isequa to 12 % with regpect to modified treditiona
srategy.

The results of this circuit analysis for the non-linear Situation
when b, = 0.5 show that neither traditiona design strategy nor
modified traditiona strategy are not optima ones. The Strategy
that is determined on the bass of generd design idea
(ul =0, u, = 1) has the minimum computer time (7.36 sec.)
among dl others. However, this strategy is not optimum one as
for the first case. The optimum drategy has three switching
points and has minimum computer time that is equd to 6.04 sec.
The optimum vector of the control functions has four regions of a
congtancy (01); (11); (00); (11). We havethetime gainin that case
1.5 times with respect to the modified traditional strategy.

Clearly it isimpossibleto define optima dependencies of the
control  functions without additional invedtigation. These
optimum dependencies are the result of the specia optimization
procedure application.

Example 2
In Figure 3 there is a nonlinear circuit that has 4 independent
variables (K=4) as admittance Yy, Y,, Y5, Y, ad 3 dependent

variables (M=3) as noddl voltages V,,V,,V; a thenodes 1, 2,
3.
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Figure 3: Circuit topology for 4 independent and 3 dependent
parameters.

There are eight different design drategies for this example
from the generd design drategy point of view. The totd
computer design time for the traditional design strategy and for
modified traditional design drategies are egud to 16.53 sec. and
46.91 sec. respectively. Among the rest of the Strategies there is
one(ul:]; W =Q Lb:d that has the minimum computer time
(9.28 ==c.). However, the optimum srategy can be fined by
means of some optimization procedure only. In this case the
optimum vector of the control functions has three regions of a
congtancy (001); (100); (111). The computer time for this
strategy is equal to 4.45 sec. This strategy has two switching
points and has the time gain dmost four times with respect to the
treditiona design sirategy.

These data show that it is impossible to determine the
optima behavior of the contral functions without some specia
optimization procedure because these dependencies have no any
definite law.

CONCLUSIONS

Optima design agorithm is depended on the number and the
order of the equations that are excepted from the main system.
The problem of the optimum agorithm construction can be solved
more adequately by the control theory approach. In that case as
the result we have the optima trgectory X and optima
dependency of the control functions u;. These optima control

functions can be usad for the optimize computer design time of
some systems that have smilar topology. In that case it is
possible to reduce the totd design time of very large scde
integrated circuits to many times.
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