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ABSTRACT

Polynomial Approximation of Circuit Responses for

Optimal Design of VLSI Circuits. "(May] 986)

Mustafa Rani Khammash

An approximation scheme that us�s 2nd order polynomials is presented. The

approximation is used to obtain circuit responses without having to continuously
" ,

"

refer to circuit simulation programs which are very time consuming. In building

up the coefficients of the approximating polynomial, a number of points in the

circuit parameter spa.ce are sampled and the circuit responses are evaluated using

a circuit analysis program. Once the polynomial is determined substution of

circuit parameters in the polynomial gives the approximated value for the circuit

response to which the polynomial corresponds. The approximation scheme allows
""\.f

the approximation to be. updated and rp;akes� use of all available sampled and
-:

•
• c •• � " ",

analyzed points without being restrained by having exactly the right number

of points necessary for unique interpolation, either linear or quadratic. The

method is based on an interpolation where the unique polynomial is obtained

by adding the constraint that the function should be maximally fiat while at

the same time sa.tisfying all the available sampled and analyzed points. The
-

./

approximation presented behaves much better than the linear and even the full

quadra.tic interpolation when only a few additional points more than the number

needed for the rather inaccurate linear interpolation are added. The savings in the

computer time needed for VLSI circuit optimization gained when using this method

\
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arc invaluable. Software implementation and a practical example demonstrating the

approximation scheme are presented in this thesis.
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CHAPTER J

INTRODUCTION

A. Background

Modern world has witnessed great advancements made in the field of Electrical

Engineering. A most drastic example is seen in the miniaturization of large

electronic circuits into literally microscopic sizes. Recent achievements in the field

of solid state electronics have made possible the integration of millions of circuit

elements into a single functional silicon chip -wh ich occupies an area of about only

one square inch. This integration is termed VLSI (Very Large Scale Integration) .

and is itself an entire area of study in Electrical Engineering.

The extremely large size of VLSI circuits makes the statistical approach of VLSI

circuit design and optimization very convenient. Optimization, involves choosing

the nominal values of circuit elements for a particular circuit design in such a way

to maximize the number of manufactured functional circuits that meet, their pre­

assigned specifications. The problem of producing circuits that do not meet their"
design specifications arises from the fact that elements tolerences cannot be avoided.

in the production stage. The final design for every circuit that will be produced

assigns nominal values to all the elements ip that circuit. The set of all such nominal

values is called the nominal point. The existence of element tolerences arising in

the production stage will cause the produced circuits to deviate slightly from their -

nominal point. It is this deviation that will cause the final performance of some of

the circuit's produced to be unacceptable. With this problem in mind, we are lead

to the definition of yield which is the ratio of all the functional produced circuits

, Journal model is IEEE Transactions on A utomatic Control.
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with an accep t.a.hlc performance to the total number of produced circuits. From its

defin it.ion , it is 'seen that yield is an important economical factor in VLSJ circuit

production, and its maximization is a crucial step towards cost reduction.

The circuit element tolerences encountered in circuit production are not totally

arbitrary. In fact,' element values can be cons·idered as random variables and

assigned proba.bility density functions. By moving the nominal point locally and

evaluating the Yield at each point an optimal nominal point which gives maximum

value for t.he Yield can be located. This is called desiqn cenierinq.

B. Problem Definition

A common method used to find the optimal nominal point is the Monte Carlo

method [1-5]. This method requires that for different nominal points the circuit

responses be evaluated. This is done using circuit analysis programs that simulate

the circuit performance, and it is repeated for many nominal points until the optimal"
one is found as mentioned earlier. In spite of the fact that these simulation programs.

are very accurate and give almost exact results, the large size of VLSI circuits makes

them very time consuming to run especially since this analysis procedure has to be

repeated many times. If this computer analysis were to be repeated hundreds of

times for every circuit, valuable computer time is consumed, and efficiency which -

is the ultimate goal for optimization is not' maintained. Therefore, an efficient and

fairly accurate method for evaluating the circuit responses is needed in order to

cut down the la.rge but necessary computer CPU time needed for the optimization

purposes.

\
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The objective of this work is to develop a computer program that will implement

cUI algorithm 1.0 approximate circuit behavior in a manner that will reduce the'

cont.inuous dependency OJ) simulation programs without giving up a lot of the

accuracy associated with the full usc of these programs. In addition, application to

a p rar.t.ical example is nr-cessarv to dernonst.rat.e the properties and effectiveness of

t.l: is approximation.

.

\
,
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CHAPTEH ]]

LITERATURE REVIEW

Polynomial approximations have been used in the literature because of their

desirable properties and well known bahavior. The efforts have been directed to

constructing a polynomial function that will provide a fairly accurate approximation

of circuit responses as a. function of the circuit parameters. However, in order to

find the polynomial in any of the methods, it is necessary to completely determine

the coefficients of that polynomial. The discussion of some of the methods in

use utilizing polynomial approximation has to be preceeded by some knowledge

of coefficient determination.

A. Coefficient Determination

The method used for coefficent determinationn in all polynomial approxima-

t.ions involves sampling the parameter space and evaluating the response at the

sampled points. Given a circuit configuration with 17, parameters (resistors, capaci­
tors, inductors, ...etc) let xnom = (x�om, x�om, ... ,x�om) denote the nominal point"
for that. particular circuit, where xnom in this set is the nominal value for the ith

t

circuit parameter. Also let ynom :::: (ynom) denote the value of the response (gain,

voltage, ...etc) for the above mentioned nominal point. To sample the parameter

space a random number generator is used to generate points around the nominal

point. So let Xi = (x�,x�, ... ,x�) denote the ith generated point. Now the\�e::: -

sponse of each of the 17, generated points, denoted by v- = (y1') for an arbitrary

point, can be evaluated using circuit analysis programs. The points and their cor-

responding responses form a set of linear simultaneous equations. If the system

of equations is linearly independent, it can be solved for the coefficients and the

\
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polvnornial IS determined uniquely. Since these points arc -usod to construct the

polynomial coefficients, they are called base points. Finally, once the polynomial

has been determined, any point may be substituted in the polynomial, and the

approximated response is found.

B. Previous Polynomial Interpolation Schemes

Linear Interpolation

In this method of approximation, the approximating polynomial takes the form,

n

P(Xl' X2,··· ,xn) = a.; + L g.,iXi·
i=]

Since there are m = n + ] coefficients, exactly m number of sampled points is

needed to completely determine the polynomial. Although this n�mber of samples

and their responses is relatively small, the accuracy of this method is hardly

sufficient.

Full Quadratic Interpolation

The full quadratic approximation uses an approximating polynomial that has

the form:
n n

P(x], X2', ... ,xn) = a.; + L a. x, + L aiixiXj
i= 1 ,1= J

.i� J

.

\
,

The number of coefficients in this method is equal to m = (n + 1) (n + 2) /2.
This method, although more accurate than the linear approximation, requires a.

subst.antially larger number of sampled and analyzed points, m, for a complete

determination of its coefficients. For example, a 20 variable problem requires 231

\
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sampled a.n d an a lyzcd points for the full quadratic case as compared to only 2] In

the linear one. This is the major drawback of this method.

]t may be seen from the above description of the two methods that there is a

t.radeoff between the number of analyzed points used and accuracy. Large number

of sampled and analyzed points gives better results in terms of accuracy but is very

costly when computer time is a factor. The smaller number of analyzed points

associated with linear approximation, on the other hand, Jacks sufficient accuracy .

.

\ ,

\
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Cl-J A PTER I]J

PROPOSED APPROXIMATION METHOD

A. Philosophy

In order to overcome the drawbacks of the linear and full quadratic approxirna-

t.ions , Dr. R. Biernacki 16],17] showed that it. is possible to make use of all available

sampled and analyzed points even if their number is between that needed for linear

and full quadratic approximations. In similar methods used previously the avail-

able sampled and analyzed points above those needed Jor the linear approximation

were discarded if their number was not enough to allow a full quadratic solution

(i.e.n + ] < m < (n + l)(n + 2)/2). Since the additional sampled and analyzed

points carry extra information about the approximated response function, a poly-

nornial that makes use of them is expected to have an improved a_ccuracy over that

associated with the linear approximation.

ThE' actual procedure used in the construction of the polynomial may be divided

into two steps. In the first step, n + 1 sampled and analyzed points are used

to determine the linear coefficients by solving the corresponding system of linear

equations. The second step involves the actual build up o-f the 2nd order terms

of the quadratic polynomial. The sampled and analyzed point following the first

'11, + 1 points is used to create the higher order coefficients and to update the linear

ones. As more points are obtained, they are used to update the linear as well as -

,

\ ,

the higher order coefficients.

The underlying principle of the suggested procedure relies on the fact that the

total number of available sampled and analyzed points does not uniquely determine

the coefficients due to the existence of an infinite number of solutions. In other

\
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words, the ava.i lab k- system of' equations is underdetermined, and more unknowns

arc avai I a.hl« than equations. Therefore in order to select one solution, a least

prejudiced approach is taken. Since the nonlinearity of the actual response is not.

k nown , it. is reasonable 1.0 require that the coefficients of the higher order terms be

minimized in the least square sense. It is this constraint that will allow the inclusion

of an extra rn - (n + ]) points in the process of coefficient determination resulting

in the overall improvement in accuracy.

B. Theoretical Development [6],[7] -

Let X (1) =' (x � i) , x�i) , ... , x�i)) be a base point in the parameter space. Also

let y(i) = (y(i)) be the exact response corresponding to that base point. Now, if

ri + 1 base points are available along with their responses, the linear polynomial has ,

n + ] coefficients as mentioned earlier. Accordingly, this polynomial has the form:

n

P(Xl, X2,'" ,xn) = ao + L acx;

i=I

(1)

where the a's constitute the coefficients. The a coefficients can be determined

by setting up the following system of equations:

1 ( 1 ) ( 1 )
Xl X2

] (2) (2)
Xl X2

(n+l) (n+ 1)
Xl X2

(I)
Xn

(2)
Xn (ao) (b(l))�1

b(2)

b(n+I)an

(2)
(n+l)

Xn

.

\
,

or

XA=B (3)

where X is the base points matrix, and B is the responses matrix. Solving the

above system of equations leads to the determination of the coefficient matrix. The

\



so l ut.ion is:

( 4 )

. The polynomial to be used here takes the form:

n n

'h(x], ... ,xn) = 0,(1 + L aixi + L aijXiXj
i=] ,= J

)2·J

(5)

The addition of the higher order terms increases the number of unknown

coefficients and will require more than n + ] points. Let the number of available

base points be m such that

n+] < m < (n+ l)(n+ 2)/2

For each of the base points the polynomial (5) is used to relate each of the base '

points to its response. As an example, for the ith base point

Repeating this process for all the base points, the set of all m such equations' c�n

be represented by the following matrix relation:

QC=B (7a)

or

{7bj�
,

where
(1 \ .

(1 ) (1 )1 x
)

1 X2 Xn

1 (2) (2) (2)
QIl

Xl X2 Xn

1 (n+l) (n+l ) (n+ 1)
Xl X2 Xn

\



]()

(1) (1) ( 1) ( 1 ) (1) (1)
Xl Xl X] X2 XT/ Xn
(2) (�) (2) (:2) (2) (:L)

Ql:L =
X] Xl Xl X2 Xn Xn

(n+l) (n+l) (n+l)' (n+l) (n+l) (n+l)
.T] Xl .rl X2 Xn Xn

(n+2) (n+2) (n+2)
Xl X2 Xn

(n+3) (n+3) (n+3)

Q2]
Xl X2 Xn

1 (m) (m) (m)
x] x2 Xn

(n-i:2) (n+2) (n+2) (n+2) (n+2) (n+2)
x] x] Xl X2 Xn Xn

(n+3) (n+3) (n+3) (n+3) (n+3) (n+3)

Q22 =
Xl Xl Xl X2 Xn Xn

(m) (m (m) (m) (m) (m)
Xl Xl Xl X2 Xn Xn

( b(n+2))b(n+3)
B2= .

b(m)

If the system of equations (7) is underdetermined, which is always the case when
-

the number of points available is not sufficient fO.r full quadratic interpolation, the

following. constraint is added to obtain a unique solution:

minimize IIC2112
C2

\
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subject to QC = B (8)

The solution of (8) will minimize the coefficients of the quadratic terms and

simultaneously satisfy the set of equations. Rewriting (7 a) we have

(9)

(10)

Solving for C] in the first equation we have

(11 )

Su bst.itut.ing for C 1 in the first equation we have

(12)

or

-( 13)

Now let

(14)

and

(15)
.

\
,

Equation (13) can therefore be written as follows

(16)

Since C] and C2 are related by (11), once C2 is solved for, C] can be determined.

\
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Tile prob lorn of minimization reduces to the following:

mirurni ze IIC2112
C2

subject to ACz = D (17)

The solution to this .problern is well know and takes the form

(18)

Whenever a new base point and its response become available the coefficient

matrix C h as to be updated to account for the new information gained by these extra

points. While using equation (18) to solve' for C2 is mathematically correct, for'

every new base point the A and D matrices have to be recalculated, and therefore

the problem has to be solved from the beginning. This may be very time consuming

since it will have to be done every time a new base point becomes available. To

avoid unnecessary calculations, a new efficient algorithm is used to update the

coefficients for every additional base point. The solution will have to be identical

to tha.t obtained using equa.tion (18).

Let us assume that we have already found the coefficients for (m - 1) base

points (X(l), ... ,x(m-l)) and their corresponding responses (y(l), ... ,y(m-l)).
Now when the mth base point and its response are available the matrices Q21 and

Q22 will have an additional row added to them. Because Qll and Q12 are unaffected

by this addition, A will have an additional row since A = Q22 - Q2Q�/Q12. The

new row added to A, denoted by amT, will ha.ve the form
.

\
,

(19)

C )T . .. (m)Twhere q2r; IS the new row In matrix Q21, q22 is the new row in matrix Q22,

and E = Q�/Q 1:Z. In a similar manner a new row will be added to the matrix D,

\



a.n d accordillg to equation (]f») it will have the' form

d (rn) - b(m) _ q(m)Q-1B-

21 II I (20)

where b(rn) is the response at the new base point and forms the new row of B2.

The constraints given by (] 6) can be expressed as

(21 )

and

(22)

The solution C�m-l) of (2]) for the (m -]) step i� orthogonal to the hyperplane

A(m-l)C2 = D(m-l). Therefore, any point satisfying (21) and (22) can be

expressed as

(23)

such that AC2 is orthogonal t.o C�m-l). Accordingly it can be said that

minllC;n112 = IIC�m-l) 112 + minllAC2112
.6C2

(24) /

but since IIC�m-l)112 is already determined, to find '1IC�m)lI� we have the following
.

problem:
minimize IIAC2112

AC2

subject to A (m)C2 = D (m)

(25a)

1 C C(m-l)W rere <2
=

-"2 + AC2.

Since A(m-l)C2 = D(m-l) we have

(26)

\
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\vh ('r(' (' ('m )
T

::.. [0 0 0 '" (d (m) _ a (m)
T

C �m
- I )) ] .

The solution of (25a) subject to the constraint (25b) IS

Calculating (27) can, be done using LU decomposition methods. G (m) can be

formed from G(m-l) by adding a new row and a new column. Since G(m-l) =

A (m - 1 )A (m - I ) T we have

G(m) = A(m)A(m)T = ( ��:�:)) (A(m-l)T a(m))

(A(m-l)A(m-l)T A(m-l)a(m))a (m)TA (m-l)T Iia (m) 112

Let A(m-l)a(m) be denoted by g(m) and lIa(m)1I2 by s(m). (AAT)-l = G-1 can

(28)

be decomposed into its UL decomposition, and therefore

(29)

where U c is the upper triangular matrix in the decomposition of G, and Lc is the

lower triangular matrix in the decomposition of G with 1 's across its diagonal. The

updating of L(m-l) and u(m-l) is in effect the same as forming L(m) and u(m).

The latter matrices can be formed as follows:

(u(m-l) z(m)l(m))u(m) = .

0 z(m) (30)

and

.(L(m-l)L(m) zz: ()T. I m (31}
.

\
"

where l(m) = _u(m-l)L(m-l)g(m) and z(m) = __ --=--1---=-__ ac 2(m) can there-
,s ( '" ) + g ( ", ) T ) ( '" )

fore be calculated according to (27) to give .

T (r(m)l(m))A Cz(m) = A (m)
� r(m) (32)

\
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where r(m) - z(m)(d (m) - a (m)TC�m-l). Once �C2 is calculat.cd , C�m) can be

formed by

(33)

and finally

c(m) _ C(m-l) _ Q-IQ AC(m)
I

-

I 12� 2 (34)

Therefore, the coefficient matrix C composed of Clan d C 2 h as been completely

determined.

.

\ ,

\
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Cl1APTER IV

SOFTWARE IM1>LEMENTAT]ON

The act.ua] application of the theoretical results discussed earlier in this thesis

takes the form of a computer program written in FORTRAN 77 language. To

conveniently discuss the main structure of the computer implementation, the

following description takes two forms. First, t.he approximation subroutine that

directly applies the theoretical ideas is discussed in a rather detailed fashion since

it. contains the heart of this program. This discription follows more or less the

actual steps taken when actual execution takes place. The other part of developed'

software to be discussed is the program and supporting subroutines used to call the

approximation routine. This part of software makes the connection between the

interactive user, the particular function or circuit example to be approximated, '

and the approximation routine. Since this calling program and its supporting

routines are only one way to apply the more universal approximation routine,

detailed discussion is not crucial, but rather a functional discription of the important

structures is more appropriate.

A. Approximation routine

Input/output parameter discription

The approximation routine receives as its input a set of m sampled points
-

,

\ ,

stored in the double precision one dimensional array DXSAM. Each of these points

are composed of n. elements, where n is the number of variables of the problem.

Furthermore, corresponding to each of the points mentioned above is m exact circuit

response values which are passed in another double precision, one dimensional array,

\
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DXSAM VALU, ill which the elements are arranged lTI the same order as that

of their corresponding sampled points. DXSAM, DXSAM_VALU: the number of

variables 11, and the number of previous updatings KL form the input of this routine.

The output, on the other hand, consists of the array of polynomial coefficients COEF

that have been calculated along with their number NCOEF.

Internal Storage

All matrices and work space used in this routine are stored in SPA GE, a single

one dimensiona.l array, using dou ble precision. Two dimensional matrices are stored

by columns. To allow ease of access to any of the matrices stored, integer variables'

are assigned values equal to the location in SPACE in which the first element of that

matrix is stored. By passing these pointers, along with the exact size of the desired

matrix to the subroutines, only the referenced matrix is accessed and operated on.

These pointers are described in detail in the documentation part, of the routine in

the appendix.

Execution Steps

Almost all subroutines used in the approximation routine are especially created

for that routine, and are appended to its main body as shown in the routine listing

in the appendix. The only two exceptions are AXB and INVERT which are library

subroutines.

The execution steps followed by the approximation subroutine may be outlined
.

\
,

as follows:

Step 1 : The updating number KL is checked to find out if this is a new approxi-

mation problem or if this is merely an updating procedure. If this is a new problem,

execution continues at the next step; otherwise it is transfered to Step 7. In either

\
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case the value of' hL is updated 1.0 account for the current call of the routine.

St.cp 2 : All pointers associated with the matrices to be used in the routine including

working space matrices for temporary usage are defined.

Step 3: By calling subroutine LOAD, matrices Q]1, Q12, and B1 are created

using data recieved from DXSAM and DXSAM_VALU. Then they are stored in
•

their appropriate location.

Step 4 : C�n+l) =: Q�/B] is calculated by calling subroutine AXB and INVERT,

then using the same two su brout.ines E = Q �11 Q 12 is calculated and both matrices

are stored in proper locations for later use.

Step 5 : If linear approximation is all that is required then COEF matrix is loaded

with the contents of C 1 and set the number of coefficients NCOEF is set to the

appropriate value after which control is returned to the main program. If updating

is also required, then execution continues at the next step.

Step 6: C2, U, L, and A matrices are initialized to zero by calling subroutine

ZERO. Also an updating counter IUP is initialized to 1.

Step 7 : Calling subroutine GENMAT, matrices q21 and q22 are computed and

stored in proper location. Then a (m) and d (m) are calculated directly by calling"

subroutines MATRAN, AXB, and MATSUB. Results are stored.

Step 8 : Matrix A is created only if this is the first t.ime this step is executed for

a particular problem; otherwise it i-s updated. The subroutine that performs these

operations is UPDTA.

Step 9 : Iia (m) II is calculated by calling subrout.ine NORM. The reslllti:r;g value is -

stored in the location assigned for z (m).

Step 10.: If this is the first updating, Land U matrices are calculated and then

Step 13 is executed next; otherwise execution is proceeded at the next step.

\
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Step 11 : Matrices l(m), g(rn), and z(rn) are calculated by calling subroutines
---------

SMlTLT, MATADlJ, AXB. The three matrices are stored.

Step 12 : Matrices Land U are updated by adding a new row to L and a new

column to U. The su brout.ines which perform these functions are subroutines

UPDTL and UPDT\]. The updated matrices Land U are then stored for additional

future updating.

Step 13 : .0.C2 is calculated and stored by calling subroutines MATRAN, AXB,

and SMULT.

Step 14 : The matrix C2 is created or, updated if it has already been created. This

matrix contains the qua.dratic coefficients of the polynomial.

Step 15: The coefficient matrix of the linear terms C 1 IS updated by usmg

subroutines AXB a.nd MATSUB. Results are stored.

Step 16 : The coefficient array COEF is loaded with the linear and higher order

coefficients, and the number of coefficients NCOEF is assigned its proper value.

Step 17 : The number of updating IUP is incremented. If the number of desired

updating has been reached, control IS returned the main program; otherwise

execution proceeds at Step 7.

B. Interfacing Main and Supporting Routines

This part of software consists of a main program that performs the subroutine

calls and all other supporting subroutines that are necessary to interface the -

\
,

approximation program with what other routines are needed for interactive use.

All subroutines used were especially developed for the purpose of use in this

approximation program with two exceptions. These exceptions are ISCAS and

SA-MPLE routines which have been provided by Dr. M. A. Styblinski and have

\
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heel! developed by Mr. L . .J. Opa.lsk i.

A brief' description of all the su brout.ines used is presented here with the

exception of the approximation subrout.ine which has been discussed in detail earlier.

l , ISCAS subroutine: This subroutine calls any of ]4 other subroutines (ISCASl..,

I SC AS 14) which provide a number of d iflerent pre-specified circuit responses

corresponding to a set of circuit parameters operating at different frequencies. The

fourteen (lSCASl-14) routines correspond to an equal number of different circuit

examples any of which can be accessed by specifying the desired circuit example to

ISCAS which in turn calls the correct ISCASl-14 routine.

2. SAMPLE subroutine: This is a random number generator that generates a

sample point of NX elements around a given nominal value. Normal or Gaussian

distributions are allowed. The desired nominal point is passed to the subroutine

along with the tolerances for each element of the nominal point. The subroutine

generates one point for each call and has to be reset before the first call.

3. INDAT subroutine: This subroutine is responsible for displaying a message on the

screen prompting the user to choose between the 14 examples available. 'Once the_
choice has been made, the subroutine reads the appropriate input data file for that

/'

example. The data files should be named EXl-14 with each file corresponding to

the circuit example with the same number. The subroutine reads the nominal point,

the type of distribution, the tolerance for either distribution, and the frequencies

at which the responses are evaluated. This information is passed ba.ck to the main

program. .

\
,

4. TRAFJC subroutine: This subroutine prompts the user to enter the number

of base points he/she wants included in the approximation after displaying the

possibilities. According to the choice of the user the subroutine decides how many

\
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times should the updating loop in the main program be repeated. The subroutine

also decides if' this is the first time the approximation is taking place for that

problem or if this is just an updating of the present problem. If this is the first

time, it, assigns a positive value to NREP whose absolute value carries the number

of base points that, tlced to be sampled, analyzed, and passed to the approximation

subroutinc; otherwise it assigns a negative value to NREP whose absolute value

carries the same meaning as explained before.

5. DOUBLE subroutine: This subroutine converts the responses for various outputs

and frequencies obtained from ISCAS routines from single to double precision and

stores the result for all the sampled points in the 3 dimensional array C. The order

in the 3 dimensional array in which the responses were stored is: output number,

frequency number, and sample number. So to access the response for the 2nd

output, 3rd frequency, and 10th sample, one can address C(2,3,1O).

6. AVERAGE subroutine: AVERAGE subroutine calculates the average of all the

sampled points used for a single run of the program.

7. UPDTAVG subroutine: This subroutine updates the average calculated by

AVERAGE subroutine if the program generates additional sample points for the/'

purpose of updating the approximation. This subroutine simply takes into account

the new generated points and the old calculated average and calculates the average

for all the sample points used.

8. DEV subroutine: This subroutine calculates the deviations of all the sample
,

\
,

points generated from the average. In addition, it calculates the relative deviation

from the average. The deviation values are stored in the two dimensional array

EPSILON, while the relative deviation values are stored in RELEPS array.

9. NORMAL subroutine:, NORMAL subroutine normalizes all of the generated

\
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sample points by dividing each by the nominal point. Moreover, the subroutine

normalizes all the circuit responses by dividing them hy the corresponding nominal

point responses. The normalization procedure allows the used sample points

and their responses to be of reasonable distance from each other which is not a

characteristic of the unnormalized points since they may vary. greatly in magnitude.

]0. MPRINT subroutine: This subroutine prints to the output file OUTPUT.DAT

the nominal point, the used sample points before normalization, the sample points

average, deviation from average, and the relative deviation from average.

] 1. PNTRESP subroutine: PNTRESP subroutine prints to the output file OUT­

PUT.DAT the values predicted by the approximation for the base points used to

build up the coefficients of the polynomial as well as for randomly generated points.

12. PNTCOEF subroutine: This subroutine prints the generated coefficients

of the approximating polynomial for the number of sampled points used. The

order in which the coefficients are printed is important. First, the coefficients

of the linear terms are printed in the order an, aI, a2, ... , an. Following the

linear terms immediately are the square terms coefficients arranged in the order

all, a22, ... ,ann' Finally, the mixed terms coefficients are printed in the order /

13. SUBS subroutine: This subroutine, as its name might suggest, simply

substitutes any number of points into a quadratic polynomial given its coefficients

are passed to the subroutine. For every point specified, there is a response obtained _

by the polynomial substitution which is in effect the response for· that point

predicted by that polynomial. D option may be used in the beginning of that

subroutine to provide a driver program for testing purposes or for running the

subroutine separately if so desired.

\
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CHAPTER V

RESULTS AND D]SCUSS]ON

Before the approximation program can be applied to a practical example, it

is desired to know just how well it performs its intended task by applying it to a

known example. This test ought to indicate any errors in the Implementation and

if no errors are present to uncover the limitations of the algorithm. Once sufficient

knowledge about the algorithm and its implement.aion has been acquired, one can

proceed to the practical implementation of a real problem with confidence.

A. Application to a quadratic

If a full quadratic function IS used to obtain the response for the sampled

points, the implemented algorithm should theoretically yield the coefficients of a

polynomial that eventually converges to the same quadratic function used. This

provides a good test to the algorithm. For that purpose, the computer program

APPTEST has been developed. The program uses an actual quadratic function t<?
evaluate the responses of the sampled points. the quadratic function used has the

/'

following form:
n

P(x}, ... ,xn) = 1 + LXi + XI
i=}

It is noted that all the coefficients of the linear and square coefficients of that

polynomial are 1, while the coefficients of the mixed terms are zero. The program
\ ,

runs using samples around the nomimal point Xnom = (1,1, ... ,1 r generated by

the random number generator. The resulting coefficients are compared with those

of the full quadratic. This procedure is repeated for a different number of variables

to.show that the algorithm is still applicable as the dimensionality of the problem

\



is ch anged.

To provide a second basis for comparison, the coefficients of the full quadratic

were solved for by solving the resulting system of equations (3) by directly evaluating

the inverse matrix as in (4). The only error in this method is that created when

the inverse is evaluated due to rounding in the computer. Otherwise, the results

should be identical.

Table] shows results obtained using the two different methods discussed above.

The program was run for :3 variables and a tolerance value of 0.05. This tolerance

is the sigma value fed to the random number generator, since a normal distribution

wa.s used as a bas-is for sampling the points around the nominal point. It is observed

from this table that the approximation method does in fact converge to the actual

values used for the quadratic. Despite the fact this convergence is not exact, it is

very encouraging.

It can also be observed that results obtained with the approximation algorithm

were very close 1.0 those obtained by solving the system of equations (4). The small

difference can be attributed to round off errors in both methods. On the other­

hand, both methods displayed a relatively much larger error when compared to the /'

actual value of the coefficients. Since the direct solution of theproblem 'by (4) and

the approxima.tion method agree closely but differ from the actual values, it can be

concluded tha.t this error is not due to the approximation method itself.

-

\ ,
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TOLERANCE = 0.00]

Actual Approximation Direct
value method solution

1.0 0.927460 0.927397

],0 1.048116 1.048] 54

1.0 1.067927 1.067999

1.0 1.029] 60 ] .029178

],0 0.99] 967 0.991962

1.0 0.990856 0.990841

1.0 0.991042 0.991040

0.0 -0.03521 -6.03524
0.0 0.003095 0.003096

0'.0 -0.01441 0.0]4427

Table I

To explain what is happening, it is important to realize- that since a relatively

small tolerance was use,d for sampli�g, the sampled points are expected to be close

to one another. This closeness can be observed when looking at the sampled points

for this value of tolerance in the appendix. Even though these points are in fact
-

.

\ ,

linearly independent, the problem might be ill-conditioned due to the small distance

between the points, So in order to check if this indeed is the case, results for larger

values of tolerance were obtained. Tables II and III are obtained for tolerances of

0.0,5 and 0.1 respectively.

\
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TOLERANCE = 0.05

Actual Approximation Direct

value method solution

1.0 1.009675 1.009649

1.0 0.99759] 0.997607

1.0 0.99604] , 0.996070

1.0 0.986992 0.987000

1.0 1.000629 1.000626

],0 ' 0.998776 0.998768

1.0 1.002211 1.002210

0.0 -0.00054 -0.00055

0.0 0.001678 0.00] 678

0.0 0.009946 0.006944

Table II

TOLERANCE = 0.1

Actual Approximation Direct
value method solution

1.0 1.000741 1.000701

1.0 0.999746 0.999767

1.0 0.999165 0.999212

1.0 0.999555 0.999570

1.0 1.000037 1.000033

1.0 1.000066 1.000058

1.0 0.999958 0.999956

0.0 0.000171 0.000155

0.0 0.000020 0.000021

0.0 0.000540 0.000525

Table III

Tables II and III show that as the tolerance was increased, great improvement

in the results were obtained. The results were accurate to the fourth or in some cases"
\ ,

to the fifth decimal point. As the tolerance increases, the problem becomes less ill

conditioned and better results are obtained. Another reason of equal importance for

this improvement in accuracy is that while the responses of the points with smaller

tolerances were evaluated using single precision and thus leading to the loss of some

\
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significant digits, th« larger tolerances allowed the inclusion of more significant digits

in the response evaluation which led to an improvementin accuracy. Finally, it is

worthwhile to remember that a 3 variable example was shown here' because of its

sui tab ility for tabulation, the same conclusions can be drawn for dimensions higher

than 3. As a matter of fact, the behavior described above is more obvious for higher

dimensions, and more drastic sensitivity to tolerance change can be observed.

H. Application to a practical example

To demonstrate the properties of the approximation method, it was applied

to the circuit example shown in Figure 1. The circuit in the figure is based on the

standard Test Example # 4 of Wehrhahn and Spence [5]. This example is one of

various examples used by Wehrhahn and Spence to compare the performance of

different yield optimization algorithms. The nominal value for each circuit element

and the tolerance for each value are given and shown in the figure along with the

output constraints and the cicuit diagram. Constraints for five operating frequencies

and three outputs are given, but it turns out that only frequencies # 3' and 5 of

the 3r d output are really critical for the production yield at that particular nominal"

point. Output # 3 is the return loss coefficient, given by the formula

(.) Z(J'w) + Xg
P JW =

.

_
Z(J'w) - Xg

It can be seen that Z (J'w) is a function of all the circuit paramters except for Xg

but that p(J'w) depends on Xg and Z (J'w). The return loss coefficient is therefore
-

.

\
,

a function of all the circuit parameters in that circuit and is a good test for the

.approximation algorithm ..

Since this problem has 9 variables the number of sampled and analyzed points

needed for linear approximation is 10. So the approximation starts with 10 samples

\



X7 X3 XI

OUTPUT# 1 = VL/Vo OUTPUT #2 = Vh/Vo

OUTPUT#3= (Z + X9)1 (Z - XC!)
40 dB

# Nomiml 5i9rro
values

1 IQ.03 .000
Z .003 .03
3 13.1/ .oos
4 .0005(0 .03
5 4.57 .00(0
b .0005" .03
7 75. .00(::,
B 75. .OOta
g 75. .000

OUTPUT#2

OUTPUT #1

w�4

if An3� fr€!}.
Return loss in dB

Upper const. Lower ronst.

1 4.gg51 rone 16. -

./

2 5.02b none Ih
3 5.05'1 none I'=>.
4 17.5Q2Q rune Ih
5 18.0327 none lb.

.

\
,

Figure 1. (0) circuit diOjrom 1 Cb) nominal volues, oro (c) output
response constroints fOr &ample 4. Cree Reference [5J)
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ob t.aincd by calling the random number generator SAMPLE. A normal distribution

is assumed for the sampling probability density function and zero correlation

between the elements. Then the return loss coefficient is evaluated by calling

subroutine JSCAS4 which gives the exact value of the return loss coefficient for

the first 10 sampled points. The sampled points and their responses are then used

to calculate t.he coefficients of the linear polynomial. After the polynomial has

been determined more points are sampled by the random number generator and

they are substituted in the polynomial t.o find out what are the values predicted

for those points by the linear polynotnial as compared to the actual values. Of,

course, the points that have been used to build up the coefficients should give exact

results. After the newly sampled points have been substituted in the polynomial

and their predicted value evaluated, they are used along with their exact responses

obtained from ISCAS4 to update the polynomial which should now have second

order coefficients. It is not necessary to use the same sampled' points and their

responses for testing the linear polynomial and other sampled and analyzed points

could be used instead. The same points are used here because of their availability;

a fact that slightly simplifies programming.

Once the new polynomial is obtained, still another set of points is found through

sampling and the function response for the new points is evaluated by using the

approximation program. Again the results are compared to the actual responses

given by lSCAS4.

\
,

Tables IV, V, VI, VII, VIII show a comparison between the actual 'and

approximated value for] 0, 11, 15, 20, and 35 samples respectively.

\
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=!lOF SAM)JLESUSED=-]O-"-
Actual Approximated
value value

14.65965 ] 6.87664

16.64453 ]7.13360

]8.41751 22.8] 373

17.] 500] 17.98259

] 7.15209 15.66887

Table IV

#OF SAMPLES USED=l1

Actual Approximated
value value

16.64453 16.60087

18.41751 18.01246

17.15001 17.48724

17.15209 17.27151

16.13204 16.09066

Table V

#OF SAMPLES USED=15

Actual Approximated
value value

16.13204 ] 6.16760

15.66544 15.61548

13.83851 14.33121

17.29080 17.44162

15.86370 15.72512

Table VI

#OF SAMPLES USED=20

Actual Approximated
value" value

17.33571 17.22661

20.20018 19.68150

16;26776 16.09655
]9.64002 19.99169

16.74227 16.72752

"\ ,

Table VII
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�--------------;�, #OF SAMPLES USEJ):=3f>
.

r--------·----- --.-.. -

Actual Approximated
value value

17.09623 16.53985

] 6.52122 ] 5.59449
1---

15.77]45 ] 5.94] 4]
t----------....

] 7.08289 ]7.03423

]7.63427 ] 6.96043

Ta.ble VllI

From the tables, it is obvious that the approximation for ] 0 samples IS the

worst out of a.ll samples, Since 10 is the number corresponding to the linear

approximation, it is clear that when one additional base point was added creating all

the 2nd order terms a considerable improvement in the approximation was noticed.

Actually, this sudden improvement is rather shocking at the first glance, since only

one base point was added. But this clearly shows that the additon of the 2nd '

order terms coefficients in the approximating polynomial allows the polynomial to

account much more accurately for the nonline'arities of the approximated function

at the very small cost of only one extra base point. The linear approximation alone

could not provide this flexibility since it is limited to a planar representation of the

approximated function. As more points are added, the approximation fluctuates but

is still significantly better than the linear approximation, Despite the fact that the

addition of extra points provides additional information about the approximated

function which should in effect improve the approximation, it is noted that the

approximation tends to become slightly worse as the unique full quadratic solution:
.

\
,

is approached. This may be attributed to the fact that less degrees of freedom

are available and the ill-conditioning of the problem noted earlier is starting to

take effect. Nothing can be done about this since the tolerances are prespecified

and cannot be changed to better condition the problem. This will always be the

\
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problem of the fu II quadratic approximation, wh ich still remains more accurate than

the linear approximation alone. The approximation algorithm used is therefore a

great improvement over both the linear and full quadratic approximations obtained

at a. very sma.ll cost.

.

\ ,

\



CHAPTER V]

CONCLUSION

It has been demonstrated that the presented polynomial approximation gives a

much better function representation than that. provided by the linear approximation

at. t.he small cost of a few additional base points. The power of this approximation

lies in its ability to contain additional information about the approximated function

arid use it. in a manner to update the approximating polynomial. It is this desirable

feature that eliminates the necessity of being restricted by only a particular number

of base points, an obvious disadvantage of the unique linear and full quadratic

approximations. So while the linear approximation discards all base points with

a number higher than n + 1, the presented approximation scheme makes use of

them to update the approximation and, as it turns out, to significantly improve

the accuracy. Full quadratic approximation, although still better than the linear

approximation, suffers from the una.voidable problem of ill-conditioning especially

if the approximation is local. Therefore, even with fewer base points used, the

ability of the presented approximation to accomodate any number of points =.
than that required by the unique full quadratic approximation enables it to avoid.

the ill-conditioning problem and as a result to provide an even better approximation.

As far as computer time is concerned, once the polynomial is obtained, the

Lime needed for substitution in the polynomial to obtain an approximation for

a circuit response is negligible by any computer standard compare_d to the time -

needed for circuit analysis. In addition, the updating scheme presented reduces

the time required to update the approximating polynomial therefore avoiding the

repetition of calculations when more base points become available. It can generally

be' concluded that the accuracy of any approximating polynomial is indeed its

\
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gr('a1.(�st limitation. The approximation scheme presented was demonstrated to be

more accurate than the previously used polynomial approximation schemes. This

accuracy was obtained with a very small additional number of base points if not

fewer. This provides a. powerful tool for the optimal design of VLS] circuits and IS

sure to cut down dramatically the computer time needed for this purpose.

\
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APPENDIX A

PROGRAM AND SUBR.OUTINES LISTING

.

\
"

-�--......;_.- ---� -_ -- ----- . -------'- ---- -------
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PARAMETEI« NWMAX=20,NOUTMAX=3)
DIMENSION W(NWMAX),xSAM(SO),OUT(NWMAX,NOUTMAX),XNOM(43),

*NXJ<O(43),TOLE(43),JDIS(43),XNRESP(NWMAX,NOUTMAX)
REAL*8 DXSAM(2700),C(140,NWMAX,NOUTMAX),COEF(140),

*ANSWER( 140),EPSILON(2700),ImLEPS(2700),AVG(20)
C
C
C

CALL INDATCIPRO,ICON,NX,XNOM,NW ,W ,NOUT,NXRO,TOLE,IDIS,
*KOMEGA,KOUT)

C
C find the responce 01 the nomimal point and store in XNRESP
C

CALL ISCAS(XNOM( 1 ),NX,W ,NW ,XNRESP( 1 ,1 ),NWMAX,NOUTMAX,IRUB,
*IPRO,IFLAG)
PRINT* ,'FLAG ',IFLAG
IFLAG=O
ISTAT=O
CALL TRAFIC(NX,ISTAT,NREP,INTER)

10 DO K=l,IABS(NREP)
CALL GDXVEC(ISTAT,ICON,NX,XNOM,TOLE,NXRO,IDIS,XSAM)
CALL ISCAS(XSAM(l),NX,W,NW,OUT(l,l),NWMAX,NOUTMAX,IRUB,

* IPRO,IFLAG)
CALL DOUBLE(NX,ISTAT,NW,NOUT,OUT,NWMAX,C,140,DXSAM,

* XSAM)
ISTAT=ISTAT+1

END DO
IOSTAT=ISTAT-IABS(NREP)

C
C
C

IFCIoSTAT.EQ.O)THEN
CALL AVERAGE(NX,NREP,DXSAM,AVG)

ENDIF
CALL DEV(DXSAM(1),NX,ISTAT,AVG(1),EPSILON(1),RELEPSC1»
CALL MPRINT(NX,ISTAT,IOSTAT,XNOM,AVG,DXSAM,EPSILON,RELEPS)
IFCIoSTAT.NE.O)THEN
CALL UPDTAVG(AVG,IOSTAT,DXSAMCIOSTAT*NX+ l),NX,IABSCNREP»)

ENDIF
CALL NORMALCNX,NW ,NOUT,ISTAT,JOSTAT,DXSAM( 1 ),C,140,NWMAX,

*XNRESP,XNOMCl»
CALL SUBS(NX,COEF,DXSAM( l),ISTAT,ANSWER)
IF(IOSTAT.NE.O)THEN

CALL PNTRESP(DXSAM,NX,ISTAT,IOSTAT,ANSWER,
* XNRESP(KOMEGA,KOUT),C( 1,KOMEGA,KOUT»)
ENDIF

C
C
C

DO l=l,ISTAT

\



PRINT*,ANSWEJ�(IYXNRESP(KOMEGA,KOUT),C(I,KOMEGA,KOUT)*

*XNRESPCK()MEGA,K()Urj')
END DO
PRIm'*,'--------------

99 CALL APP(NX,NREP,DXSAM(1),d],KOMEGA,KOUT),COEFC1),NCOEF)

CALL PNTCOEFCCOEF,NCOEF,W,I,J,ISTAT,INTER)
CALL SUBSCNX,COEF,DXSAM(] ),ISTAT,ANSWER)
no ]=l,ISTAT

PRINT*,ANSWER(I)*XNRESPCKOMEGA,KOUT),C(I,KOMEGA,KOUT)*

*XNRESP(KOMEGA,KOUT)
END DO
CALL TRAFICCNX,ISTAT,NREP,INTER)
IFCNREP.NE.O)GO TO ] 0

END

\

.
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(�**********�:***�:************�:*****************************************
c SUBROUTINE PNTRESP
C*********************************************************************

SUBROUTINE PNTRESPCDXSAM,NX,ISTAT,IOSTAT,ANSWER,XNRESP,C)
REAL*8 DXSAM(NX,l ),ANSWEJ�( 1 ),C( 1)
WRITE( 1 1,50)

50 FORMAT(' ','-------------------.....---------------_:._--')
WRITE( 11 ,60)

60 FORMAT('O',5X,'nASE POINTS',!,' ',5X,'------')
WRITE(ll,lOO)

100 FORMAT('0',5X,'PREDICfED RESPONSE',lOX,'ACfUAL RESPONSE',
*1,' ',5X,'===============',lOX,'===--==---=')
DO 1=I,IOSTAT

WRITEC 11,200)ANSWER(J)*DBLE(XNRESP),C(I)*DBLECXNRESP)
200 FORMAT(' ',4X,EI4.7,l5X,E14.7)

END DO
WRITE(11,50)
WRITEC 1.1,70)

70 FORMAT('0',5X,'RANDOM POINTS',!,' ',5X,' ,)
WRITE( 11 ,1(0)
DO I=IOSTAT+l,ISTAT
WRITE( 11,200)ANSWERCI)*DBLECXNRESP),C(I)*DBLE(XNRESP)
END DO
RETURN
END

C*********************************************************************
C SUBROUTINE NORMAL .

C*********************************************************************
SUBROUTINE NORMAL(NX,NW ,NOUT,ISTAT,IOSTAT,DXSAM,

*C,NR,NWMAX,XNRESP,XNOM)
DIMENSION XNOM(l),XNRESP(NWMAX,l)
REAL*8 C(NR,NWMAX,l),DXSAM(NX,l)
DO I=IOSTAT+ l,lSTAT

DO J=l,NX
DXSAM(J,I)=DXSAM(J,I)/DBLE(XNOM(J))

END DO
DO J=l,NW

DO K=l,NOUT
C(I,J,K)=C(I,J,K)/DBLE(XNRESP(J,K))

END DO
END DO

END DO
RETURN
END

C*********************************************************************
C. SUBROUTINE DOUBLE
C*********************************************************************

SUBROUTINE DOUBLE(NX,ISTAT,NW ,NOUT,OUT,NWMAX,C.L,DXSAM,
*XSAM)
DIMENSION XSAM(l),OUT(NWMAX,l)

\
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REAL�:8 DXSAM(1 ),CCL,NWMAX,1)
D() }=l,NW

DO J=l,NOUT
COSTAT+l,I,J)=DBLE(OUT(I,J)

END DO
END DO
DO 1=1,NX

DXSAM(ISTAT*NX+I�DnLE(XSAM(J)
END DO
RETURN
END

C**********************************************************************
C SUBROUTINE MPRINT
C**********************************************************************

SUBROUTINE MPRINT(NX,ISTAT,IOSTAT,XNOM,AVG,DXSAM,EPSILON,
*RELEPS)
DIMENSION XNOMC 1 )
REAL*8 AVG(1),DXSAM(NX,1),EPSILON(NX,I),RELEPS(NX,l)
OPEN(UNIT=11 ,FILE='OUTPUT,STATUS='NEW')
WRITE( 11,1OO)ISTAT,IOSTAT /

100 FORMA1'(' ',SOX:PRESENT NUMBER OF SAMPLES USED = ',12/,' ,

*SOX,'PREVIOUS ,NUMBER OF SAMPLES USES = ',12)
WRITE( 11 ,200)

200 FORMAT('0',5X,'NOMINAL POINT,10X,'AVERAGE POINT/,'
*SX,'===--==',10X,'=======')
DO ]=I,NX
WRITE(11,300)XNOM(I),AVG(I)

300 FORMAT(' ',4X,E] 4.7,9X,E14.7)
END DO

WRITE(11,400)
400 FORMAT('O',SX,'BASE POINTS',] 4X:DEVIATION FROM AVG',

*1OX:RELATIVE DEVIATION',!,' ',SX,' ',12X,
*'-----------',1OX,' ,)
DO I=IOSTAT+ I,ISTAT

DO J=I,NX
WRITE(11,500)DXSAM(J,I),EPSILON(J,I),

* RELEPS(J,I)
SOO FORMAT(' ',4X,EI4.7,13X,E14.7,13X,EI4.7)

END DO
WRITE( 11,600)

600 FORMAT(' ',4X,'===---====',IIX,'======
* 13X,'-----------'),
END DO
RETURN
END

C*******�**************************************************************
C SUBROUTINE UPDTAVG
C**********************************************************************

c
C INPUT:

\

,

\
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c
c
c
c
c
C
C OUTPUT:
C AVG=uPDATED AVG ARRAY
C
C

NX=NUMBER OF VARIALBES
AVG=ARRAY OF NX ELEMENTS
NAVG=NUMBE1� 01" VECTORS USED TO CALCULATE AVG ARRAY
DXSAM=ARRAY CONTAING NEW VEC10RS THAT WILL UPDATE AVG
NUMBE1�=NUMBE1< OF VECTORS TO BE INCLUDED IN UPDATING AVG

SUBROUTINE UPDTAVG(AVG,NAVG,DXSAM,NX,NUMBER)
IH2AL*8 DXSAM(NX,l),AVG(l)
DO l=l,NX

TEMP=O.O
DO J=l,NUMBER

TEMP=TEMP+DXSAMO,J)
END DO

AVG(1}=(AVGO)*NAVG+TEMP)/(NAVG+NUMBER)
END DO
RETURN
END

C**********************************************************************
C SUBROUTINE DEV
C**********************************************************************

SUBROUTINE DEV(DXSAM,NX,NUMBER,AVG ,EPSILON,RELEPS)
REAL*8 DXSAM(NX,l ),EPSILON(NX,l),RELEPS(NX,l),AVG(l)
DO I=l,NX

DO J=l,NUMBER
EPSILONO,J)=DXSAMO,J)-AVG(I)
RELEPS(l,J)=EPSILON(I,])IAVG(I)

END DO
END DO
RETURN
END

C**********************************************************************
C SUBROUTINE AVERAGE
C**********************************************************************

SUBROUTINE AVERAGE(NX,NREP,DXSAM,AVG)
REAL*8 DXSAM(NX,l),AVG(l)
DO I=l,NX
AVG(I)=O

END DO
DO I=l,NX

DO ]=l,NREP
A VG(1)=AVG(I)+DXSAM(I,J)

END DO
AVG(I)=AVG(I)/NREP

END DO
RETURN
END

.
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c:***********,.:*****�:***************************************************�:
c SUBIWUTJNE GDXVEC
C**********************************************************************

SUBHOUTINE GDXVEC(ISTAT,ICON,NTOT,XNOM,TOLE,NXRO,IDIS,XSAM)
DIMENSION XNOM(] ),NXRO(] ),TOLE(] ),IDIS( 1 ),XSAM( 1)
IF( ISTAT.EQ.O)THEN

TEMP=ICON
ICON=O

ENDIF
] 0 CALL SAMPLE(XSAM,PHOB,XNOM,TOLE,NX]W,IDIS,NTOT,ICON)

IF (1CON.EQ.O)THEN
]CON=TEMP
GO TO ]0

ENDIF
RETURN
END

C*****************************************************************
C SUBROUTINE INDAT
C******************************************************************

SUBROUTINE INDAT(IPRO,ICON ,NX,XNOM,NW ,W ,NOUT,NXRO,
*TOLE,IDlS,KOMEGA,KOUT)
DIMENSION XNOM( 1 ),W( 1 ),NXRO( 1 ),TOLE( 1 ),IDIS( 1)
CHARACTER*4 FILENAME

20 PRINT*,'WHICH ISCAS# DO YOU WISH' TO USE THE APPROXIMATION ON ?'

PRINT*,' ,

PRINT*,'ENTER THE NUMBER (1 - 14)'
READ*,IPRO
PRINT*,'ENTER KOMEGA'

READ*,KOMEGA
PRINT*,'ENTER KOUT
READ*,KOUT
IF(IPRO.LT.1.0R.lPRO.GT.l 4)GO TO 20

IF(IPRO.EQ.1 )THEN
NOUT=l
NX=2
FILENAME='EX1 '

ELSEIF(IPRO.EQ.2)THEN
NOUT=1
NX=2
FILENAME='EX2'

ELSEIFCIPRO.EQ.3)THEN
NOUT=]
NX=10
HLENAME='EX3'

ELSEIF(IPRO.EQA )THEN
NOUT=3
NX=9
FILENAME='EX4'

ELSEIF(IPRO.EQ.5)THEN
NOUT=1

.
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NX=28
FILENAME='EX5'

ELSEIFC IPR0.EQ.6 )THEN
NOUT=]
NX=40
FlLENAME='EX6'

ELSEIFCIPRO.EQ.7)THEN
NOUT=] ,

NX=] ]
rILENAME='EX 7'

ELSEIF(IPRO.EQ.8)THEN
NOUT=]
NX=]3
PILENAME='EX 8'

ELSEIF(IPRO.EQ.9 )THEN
NOUT=]
NX=43
FILENAME='EX9'

ELSEIF(IPRO.EQ.1O)THEN
NOUT=]
NX=2
FILENAME='EX] 0'

ELSEIFCIPRO.EQ.ll )THEN
NOUT=]
NX=6
FILENAME='EX] ]'

ELSEIF(IPRO.EQ.12)THEN
NOUT=]
NX=2
FILENAME='EX 12'

ELSEIF(IPRO.EQ.13 )THEN
NOUT=1
NX=2
FILENAME='EX13'

ELSEIFCIPRO.EQ.14 )THEN
NOUT=2
NX=3
FILENAME='EX14'

ENDIF

OPEN(UNIT=9,FILE=FILENAME,STATUS='OLD')
READ(9,*)ICON
READC9,*)NX
DO I=l,NX

READ(9,*)XNOM(I),NXRO(J),TOLE(I),IDIS(J)
END DO
READ(9,*)NW
DO l=I,NW

READ(9,*)W(I)
END DO
CLOSE(UNIT=9)

\
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RETURN
END

(�*****************************************************************
C SUBROUTINE TRAFIC
(�*******************************************************�*********

SUBROUTINE TRAFICCNX,ISTAT,NREP,INTER,IPRINT)
CHARACTEl�*l 'RESP

IFQ=NX+ 1 +(NX*CNX+ 1 ))/2
IF (ISTAT.EQ.O)THEN

600 PRINT*,'INPUT THE NUMnEI� OF VECTORS YOU WANT INCLUDED '

PRINT*,'IN THE APROXIMATION'
PRINT*,'TJ-IE NUMBEI� ENTERED SHOULD BE IN THE FOLLOWING RANGE'

PRINT":,'
,

PRINT*,NX+1,' -',IFQ
PRINT*,'

,

PRINT*,NX+l,' FOI� LINEAR APPROXIMATION'

PRINT*,IFQ,' FOR FULL QUADRATIC APPROXIMATION'
READ*,K
IF(K.LT.NX+l.OR.K.GT.IFQ)GO TO 600
NREP=K
CALL OUTFORM(INTER,IPRINT)
RETURN

ENDIF
C IF(ISTAT.EQ.lFQ)STOP'FULL QUADRATIC APPROXIMATION IS REACHED'

PRINT*,'DO YOU WISH TO UPDATE THE APPROXIMATION ?(YIN)'
READ(5,lOO)RESP

100 FORMAT(A)
IF(RESP.EQ.'Y'.OR.RESP.EQ.'y')THEN

200 PRINT*,'
,

PRINT*,'THE NUMBER OF VECTORS NEEDED FOR LINEAR APPROXIMATION�
PRINT*,'IS :',NX+ 1

PRINT*,'THE NUMBER OF VECTORS NEEDED FOR FULL QUADRATIC'
PRINT*,'APPROXIMATlON IS :',IFQ
PRINT*,' ,

PRINT*,'THE NUMBER OF VECTORS ALREADY USED IS :',1STAT
PRINT*,'ENTER THE NUMBER OF VECTORS YOU WAJ\TT INCLUDED '

PRINT*,'THE NUMBER SHOULD BE IN THE FOLLOWING RANGE .'

PRINT*,ISTAT+l,' -',IFQ
READ*,K
IF(K.LT.ISTAT+] .OR.K.GT.IFQ)GO TO 200 \

,

NREP=ISTAT-K
CALL OUTFORM(INTER,IPRINT)
RETURN

ENDIF
NREP=O
RETURN
END

C*****************************************************************
C SUBROUTINE PNTCOEF.
C*****************************************************************

\



SUI31H)UTJNF PNTCOEI:(A,N,W,NOMEGA,NUMOUT,ISTAT,INTER)
DIMENSION W(l)
REAL*8 A(l)
IFCINTER.EQ.O.OR.INTER.EQ.2)THEN

OPEN(UNIT=8,FILE='POLOUT',STATUS='NEW')
WRITEC8,lOO)W(NOMEGA)

100 FORMAT('l ''/,'O',1,'O',50X,'FREQUENCY = ',F12.5,'RADIANS')
WRITE( 8,200)NUMOUT

200 FORMAT(' ',50X,'OUTPUT NUMBER = ',11)
WRITE( 8,250)ISTAT

250 FORMAT(' ',50X,'NUMBER OF SAMPLES USED = ',I2,'SAMPLES')
WRITE(8,300)

300 FORMAT('O',I,'O','THE POLYNOMIAL COEFFICIENTS ARE:')
DO ]=l,N

WRITE(S,400)A(I)
400 FORMAT(' ',E23.16)

END DO
ENDIF

IFCINTER.EQ.l.0R.INTER.EQ.2)THEN
PRINT*,'W=',W(NOMEGA)
PRINT*,'OUTPUT=',NUMOUT
PRINT*,'SAMPLES USED=',ISTAT
PRINT*,'THE POLYNOMIAL COEFFICIENTS ARE:'
DO I=l,N

PRINT*,A(I)
END DO

ENDIF
RETURN
END

C******************************************************************** .

C SUBROUTINE OUTFORM
C********************************************************************

SUBROUTINE OUTFORMCINTER,IPRINT)
99 PRINT*,' ,

PRINT*,'DO YOU WISH THE COEFFICIENTS DISPLAYED ON THE SCREEN '

PRINT*,'OR DO YOU WANT TIiEM STORED IN AN OUTPUT FILE ?'

PRINT*,' ,

PRINT*,'ENTER 0 FOR OUTPUT FILE OPTION'
PRINT*,'ENTER 1 FOR SCREr:N DISPLAY OPTION'
PRINT*,'ENTER 2 FOR BOTH OPTIONS'
READ*,INTER
IFCINTER.NE.O.AND.lNTER.NE.1.AND.INTER.NE.2PO TO 99
PRINT*,' ,

PRINT*,'ENTER 1 IF YOU WANT THE SAMPLE POINTS AND RELATED'
PRINT*,'DATA PRINTED TO A FILE'

PRINT*,'ENTER ANY OTHER NUMBER IF OTHERWISE'
, READ*,IPRINT

RETURN
END

\
,

C******************************************************************
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c SUBlWUTINE SUBS

c********************************************.**********************
c
C THE STATEMENTS STARTING WITH A D PERFORM THE FUNCfION
C OF A SUBHOUTINE DIRVER PROGRAM FOR SUBHOUTINE' TESTING
C PURPOSES. '

C
D REAL*8 COEFC] 0),VECTORSC30),ANSWER(] 0)
D PRINT*,'INPUT NX'
D READ*,NX
D PRINT*,'INPUT COEFFICIENTS ARRAY ,

D DO I=],NX+]+(NX*(NX+1))/2
}) READ*,COEF(l)
D END DO
D PRINT*,'INPUT NVEC'
D READ*,NVEC
D PRINT*,'INPUT THE VECfORS ARRAY IN ORDER'
D DO I=],NVEC
D DO J=l,NX
D READ*,VECTORS((I-l)*NX+J)
D END DO
D END DO
D CALL SUBS(NX,COEF,VECfORS,NVEC,ANSWER)
D DO 1=],10
D PRINT*,ANSWER(I)
D END DO
D END
C
C THIS SUBHOUTINE CALCULATES THE VALUE OF A
C POLYNOMIAL BY SUBSTITUING IN THE VECTOR AND PUTS
C THE ANSWER IN THE ARRAY ANSWER.
C
C ON INPUT:
C NX=NUMBER OF VARIABLES (X1,x2,...,XNX)
C COEF=ARRAY OF POLYNOMIAL COEFFICIENTS
C NCOEF=NUMBER OF ELEMENTS IN COEF
C VECTORS=ARRAY OF VECfORS TO BE SUBSTITUTED IN THE POLYNOMIAL
C [(X1,x2, XNX), ,(Xl,X2, ,XNX)]
C NVEC=THE NUMBER OF VECTORS IN THE ARRAY VECfORS
C \,'

C ON OUTPUT:
C ANSWER=ARRAY OF NVEC ELEMENTS
C
C

SUBROUTINE SUBS(NX,COEF,VECTORS,NVEC,ANSWER)
REAL*8 COEF(]),VECTORS(l),ANSWER(l)

, DO K=l,NVEC
TEMP=COEF( 1)
DO i-i.xx

TEMP=TEMP+COEF(I+ 1 )*VECTORS(I+(K -1 )*NX)

\



TEMP=TEMP+COEF(NX+] +I)*YECTORS(I+eK-] )*NX)
**VECTORSeJ+el(-] )*NX)
END DO
JCOUNT=]
DO ]=],NX-]

DO J=I+1,NX
TEMP=TEMP+YECroRS(I+eK -1 )*NX)*VECfORS

*(J+(K-] )*NX )*COEFe2*NX+] +ICOUNT)
lCOUNT=ICOUNT+]

END DO
END DO

ANSWER(K )=TEMP
END DO
RETURN
END

\
,
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(:********************�:**********************************************************
c
c
c
C
c
c
c
C
C
C

NAME: MUSTAFA HAN] KHAMMASH

ADVISORS: Dr. R. BIERNACKI
Dr. M. STYBUNSKI

DEPARTMENT: ELECTRICAL ENGINEERING

PIWGRAM: POLYNOMIAL INTERPOLATJON OF REAL FUNCfJONS WITH n VARIABLES

C*******************************************************************************
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

This program determines the (a) coefficients of a polynomial that

interpolates rea] functions with n variables. An interpolated function
which has the form y=f(Xl,X2,...,Xn) maps vectors in n dimensional

space (Rn) into the set of real numbers R. The program uses as its

input different vectors in the function's domain (one such vector has
the form (X 1,x2,...,Xn)) as well as each of these vectors' corresponding
value (y) under the mapping of the function. Naturally.the accuracy
of the interpolating polynomial increases as more vectors and ·their
values are available.

The interpolating polynomial used has the form:

Pn(Xl, ... ,Xn) = aO + (a1)Xl + (a2)X2 + ... + (an)Xn +

(al1)Xl**2 + (a22)X2**2 + ... + (ann)Xn**2 + (a12)Xl*X2 + (a13)Xl*X3
+ ... + (aln)Xl*Xn + (a23)X2*X3 + (a24)X2*X4 + ... + (a2n)X2*Xn +

+ (a(n-1)n)Xn-l*Xn

The desired values are the (a) coefficients and they constitute
the output of the program. The program is 'divided into two main parts.
The first part determines the n+ 1 coefficients of the linear portion
of the polynomial (al,a2,...,an). In order to determine n+l unique
coefficients, n+ 1 different vectors must be provided along with each
vector's corresponding (y) value. The 2nd part of this pogram makes
use of the extra information about the function gained by the addi­
tional vectors to build up the quadratic terms and continuously update
all the coefficients of the polynomial. The vector immediately following
the first n+ 1 vectors is used along with its function value to build

up the quadratic part of the interpolating polynomial and to update
the linear coefficients. Once the quadratic coefficients are formed,
additional vectors and their function values are used to update all
the (a) coefficients and thus continuously improving the accuracy.

.

\
,

The input vectors are arranged in the one dimensional array
DXSAM starting with the 2nd element in the array, with the first
n+ 1 vectors designated for finding the linear coefficients. The first
element in DXSAM contains the value of n, or the dimension of the vector

space. The function values of each of the vectors stored in DXSAM is
stored in DXSAM_VALU in the same order as that of their corresponding

\



C vectors.

C
C Aside from DXSAM and DXSAM VALU which constitute the input arrays

C to this program, all other matrices used are stored in a single one

C dimensional array cal1ed SPACE. To fascilitate ease of access, each of

C the matrices Stored in SPACE has a pointer pointing to the first location

C in the space assigned for that matrix. Each of these pointers is an

C integer constant with its name begining with the letter I, followed by
C the name of the matrix it is associated with. The size and order of

C arrangement of the matrices in SPACE is illustrated below.

C
C
C
C
C ILLUSTRATION OF THE CONTENTS AND ORGANIZATION

C OF THE ARRAY SPACE

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

SPACEOQII ) ==--==>[ ]
NIXN1 NI = n+l

SPACE(IQ12) =>[]
LlXN1 LJ CCn+2)*(n+ 1 )/2)-(n+1)

SPACE(IBI) >[]
NIX]

SPACE(IQINV) =>[]
NIXN]

SPACE(IALFN1 ) =>[ ]
NIXI

SPACE(ID) ===>[ ]
LlXNl

SPACE(ILQ21) ===>[ ]
NIXI

SPACE(IALPHM) =>[ ]
NIXl

SPACE(ILBM) >[ ]
IX1

Sl>ACECILDM) >[ ]
lXI

SPACE(IZM) >[ ]
IXl

SPACECIXM) ==--=>[ ]
LlXI

SPACE(IDELXM) =>[]
\ ,

LlXI

SPACE(IA) ===>[ ]
LlXLJ

SPACEOU) >[ ]
LlXLJ

SPACE(IL) >[ ]
LlXLJ

\



c
c
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

SJ>ACEOL()22) ======>[ ]
LlXl

SPACE( ILAM) ======>[ ]
UXI

SPACE(ILGM) ===>[ ]
UX1

SPACE(ILLM) ===>[ ]
: LlXl

SPACEOWORK1) ==--=>[ ]
: LlXLl

SPACE(JWORK2) ===>[ ]

SUBROUTINE APP(N,KL,DXSAM,DXSAM_VALU,COEF,NCOEF)
PARAMETER(LENGTH=l 00(00)
REAL*8 SPACE(LENGTH),COEF(l),DXSAM(l),DXSAM_VALU(l)
IFCKL.GT.O)THEN

KLM=KL-CN+1)
ELSEIF(KL.LT.O)THEN
KLM=IUP-KL
JUP=IUP+l
IF (lUP.EQ.1)GO TO 88
GO TO 99

ENDlF

C
C
C
C
C
C
C
C
C

INPUT FIRST n+ 1 VECTORS AND THEIR CORRESPONDING FUNCTION

VALUES, AND LOAD THEM INTO DXSAM A.ND D�SAM_VALU ARRAYS

RESPECTlVELY.

DELETED

DEFINE N 1 AND Ll

N1=N+1

U=C(N+2)*CN+1 )/2)-(N+1) .

\
,

C
C
C

DEFINE POINTERS

lQ11=4
]Q1.2=IQ11 +N 1 *N 1

IBl=]Q12+L1 *Nl
IQINV=IBl+Nl
IALFNl=IQINV+Nl *Nl

\



J])=]ALFN 1 +N 1

ILQ21=ID+L1*Nl
IALPI1M=ILQ21 +N 1

ILBM=IALPHM+Nl
ILDM=ILBM+ 1

IZM=ILDM+l
IXM=IZM+l
IDELXM=IXM+Ll
IA=IDELXM+L1
IU=IA+L1 *L1
IL=IU+L1 *L1

ILQ22=IL+Ll *L1
ILAM=ILQ22+L1
ILGM=ILAM+L1

ILLM=ILGMfLl
IWORK 1 =ILLM+Ll

IWORK2=IWORK 1 +Ll *L1
C
C
C
C

LOAD MATRICES {Qll}, {Q12}, AND {Bl} USING DATA AVAILABLE

IN DXSAM AND DXSAM_VALU ARRAYS.

CALL LOAD(N1,Ll,SPACE(IQ1l),SPACE(1Q12),SPACE(IB1),DXSAM(1),
*DXSAM_VALU(l))

D PRINT*,,************************************ Q11 ******************

D ***********************,

D CALL PNTMAT(N1,N1,SPACE(IQll))
D PRJNT*,,************************************ Q12 ******************

D ***********************,

D CALL PNTMATCNl,Ll,SPACE(IQ12))
D PRINT* ,'************************************ B 1

.

*******************

D ***********************,

D CALL PNTMATCN1,l,SPACE(IB1))
C
C CALCULATE {ALFNl} MATRIX AND STORE IT IN PROPER LOCATION
C IN SPACE ARRAY.
C

D
D
D

CALL JNVERT(Nl,N1,N1,SPACE(IQl1),SPACE(IQINV),SPACE(IWORK1),
*SPACECJWORK2))
PRINT*,'*********************************** Q 11 JNV ***************

.

***********************,

CALL PNTMAT(Nl,N1,SPACE(IQINV))
CALL AXB(Nl,Nl,Nl,Nl,Nl,l,SPACE(IQINV),SPACE(IBl),SPACE(IALFNl))
PR INT*, ,********************************** ALPHA n+ 1 **************D

D
D

C
C
C
C

***********************,

CALL PNTMAT(N1,l,SPACE(IALFNl))

CALCULATE {D} MATRIX AND STORE IT I ASSIGNED LOCAnON r

SPACE ARRAY.

CALL AXB(N 1,N 1,N 1,N l,N I,Ll ,SPACEOQINV),SPACE(IQ12),SPACE(ID))

\

.
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I) PR I NT�:, '***********************�:************** D *****************�:

1) ********�:**************'

C
C FIND COEFFICIE'NTS FOR LINEAR INTERPOLATION AND RETURN IF REQUESTED
C

IF(KLM.EQ.O)THEN
lUP=O
])0 l=l,Nl

COEF(I)=SPACE(IALFNl+I-l)
END DO
NCOEF=Nl
RETURN

ENDIF
C
C BEGIN UPDATING PROCESS IF NEEDED
C
C
C INITIALIZE {X}, {U}, {L}, AND {A} MATRICES TO ZERO
C

88 CALL ZERO(U,l,SPACECIXM))
CALL ZERO(U,Ll,SPACE(IA))
CALL ZEROCLl,Ll,SPACE(IU))
CALL ZERO(Ll,Ll ,SPACE(IL))

C
C
C

INITIALIZE UPDATING NUMBER (lup) TO

IUP=l
C
C
C
C
C
C

IF THE INCLUSION OF ANOTHER VECTOR AND ITS Cy) VALUE IN THE
CREATION OR UPDATING(IF ALREADY CREATED) OF THE QUADRATIC
COEFFICIENTS IS DESIRED, THEN ENTER THAT VECTOR AND ITS (y)
VALUE; OTHERWISE STOP.

.

99 CALL GENMAT(IUP,Nl,sPACE(ILQ21),SPACE(ILQ22),SPACE(ILBM),DXSAM(1),
*DXSAM_VALU(1))

D PRINT*,'****** q21 ******,

D CALL PNTMAT(Nl,1,sPACE(ILQ21))
D PRINT*,'****** q22 ******,

D CALL PNTMAT(Ll,1,SPACE(ILQ22))
C
C CALCULATE {LAM} MATRIX AND STORE IT IN PROPER LACATION IN SPACE
C ARRAY. <

•

C
CALL MATRANCNl,Ll,SPACE(ID),sPACE(JWORKl))
CALL AXB(Ll,Nl,Ll,Ll,Nl,1,SPACE(IWORKl),SPACE(ILQ21),

*SPACE(JWORK2))
CALL MATSUB(Ll,1,SPACE(ILQ22),SPACE(IWORK2),sPACE(ILAM))

D PRINT* ,'******* am *******,

D CALL PNTMATCLl,l,SPACECILAM))
C

\



c
c
c

CALCULATE {LDM} MATI�IX AND STORE IT IN ASSIGNED LOCATION IJ\

SPACE ARRAY.

CALL AXB( I,N I,t,I,N 1,1 ,SPACE(ILQ21 ),SPACE(IALFNI ),SPACE(IWORKl))
CALL MATSUB(1,1,SPACE(ILBM),SPACE(JWORKl),SPACE(IWORK2))
CALL AXB( 1,Ll,I,I,L1,l ,sPACE(JLAM),SPACE(IXM),SPACE(JWORKl))
CALL MATSUB( I,I,SPACE(JWORK2),SPACEOWORK 1 ),SPACE(ILDM))

D PRINT�:,'******* dm *******,

D CALL PNTMAT(l,I,SPACE(ILDM))
C
C UPDATE {A}
C
D PI< INT* ,'************************************* - Am -1 ************

D **************************,

D CALL PNTMAT(Ll,LI,SPACE(IA))
CALL UPD'tA(Ll,JUP,SPACE(lA),SPACE(ILAM))

D PRINT*,'************************************** Am *************

D **************************'

D CALL PNTMATCLl,Ll,SPACE(IA))
C
C CALCULATE NORM OF {LAM} AND STORE IT IN THE LOCAnON ASSIGNED
C ASSIGNED FOR {ZM}.
C

C
C
C
C

CALL NORM(Ll,sPACE(1LAM),SPACE(IZM))

IF UPDATING NUMBER IS 1, CREATE {L} AND {U} MATRICES AND STORE
THEM IN THEIR ASSIGNED LOCATION IN SPACE ARRAY.

IF(JUP.EQ.l)THEN
SPACE(IL)=1.0
SPACE( IU)= I.O/SPACE(IZM)
CALL MATRAN(Ll,Ll,SPACE(IA),SPACE(IWORK2))
CALL SMULT(Ll,Ll,Ll,I,SPACE(ILDM)/SPACE(IZM),SPACE(IWORK2),

*SPACE(IDELXM))
D PRINT*,'******* Lm *******,

D CALL PNTMAT(l,l,SPACE(IL))
.

D PRINT*:******* Urn *******,

D CALL PNTMATCl,I,SPACEOU))
C
C IF UPDATING NUMBER' IS DIFFERENT FROM ZERO, CALCULATE THE MATRIX
C {LGM} FOR THE NEW VECTOR AND STORE IT IN ASSIGNED LOCAnON IN
C SPACE ARRAY.
C \

,

ELSE
CALL AXB(Ll,Ll,Ll,IUP-I,Ll,l,SPACE(IA),SPACE(ILAM),SPACE(ILGM))

D PI�INT*,'*********************************** gm
******************

D ************************,

D CALL PNTMAT(Ll,l,SPACE(ILGM))
C
C CALCULATE THE MATRIX {LM} FOR THE NEW VECTOR AND STORE IT I

\



c
c

ASSIGNED LOCATION IN SPACE ARRAY.

CALL AXB(Ll,Ll,IUP-l,IUP-l,IUP-l,IUP-l,SPACECIu),SPACE(IL),
*SPACE(IWORKl)) ,

CALL AXB(JUP-l,Ll,Ll,IUP-l,JUP-l,l,SPACECIwORKl),SPACE(ILGM),
*SPACE(ILLM))
CALL SMULT(Ll,Ll,IUP-l,1,-1.0,SPACE(ILLM),SPACE(ILLM))

D PR INT*,,*********************************** 1m *****************

D *************************,

D CALL PNTMAT(Ll,l,SPACE(ILLM))
C
C CALCULATE THE MATRIX {ZM} FOJ< THE NEW VECTOR AND STORE IT
C IN PROPER LOCATION IN SPACE ARRAY.
C

CALL, AXB(l,Ll,l,l,IUP-l,l,SPACE(lLGM),SPACE(ILLM),
*SPACECIWORKl))
CALL MATADD(l,l,l,l,l,SPACE(IZM),SPACECIwORKl),SPACECIZM))

D PRINT*,'*********************************** Zm *****************

D *************************,

D CALL PNTMAT(l,l,SPACE(IZM))
C
C UPDATE {L}, AND {U} MARICES.
C

CALL SMULT(Ll,Ll,Ll,l,l.O/SPACE(IZM),SPACE(ILLM),
*SPACE(IWORK 1))
SPACE(JWORKI +IUP-l)=1.0/SPACECIZM)
CALL UPDTL(IUP,Ll,SPACECILLM),SPACE(IL))
CALL UPDTU(IUP,Ll,SPACE(IWORKl),SPACE(IU))

D PRINT*,'************************************ L *****************

D *************************,

D CALL PNTMAT(Ll,Ll,SPACE(IL))
D PRINT*,'************************************ U *****************

D *************************,

D CALL PNTMAT(Ll,Ll,SPACE(lU))
C
C CALCULATE {DELXM} MATRIX AND STORE IT IN ASSIGNED LOCATION
C IN SPACE ARRAY.
C

CALL MATRAN(Ll,Ll,SPACE(IA),SPACE(IWORK2))
CALL AXB(Ll,Ll,Ll,Ll,IUP,l,SPACECIWORK2),SPACECIWORKl),
*SPACE(IDELXM))
CALL SMULTCLl,Ll,Ll,l,SPACE(ILDM),SPACECIDELXM),
*SPACE(IDELXM))
ENDIF

D PRINT*,'********************************* DELTA Xm **********

D ****************************,

D CALL PNTMATCLl,l,SPACE(IDELXM))
C
C CREATE/UPDATE(IF ALREADY CREATED) THE MATRIX {XM}. ELEMENTS
C IN THIS MATRIX ARE THE COEFFICIENTS OF THE QUADRATIC TERMS

,

\
,

\



C OF THE POLYNOMIAL. CPHOGRAM OUTPUT)
CALL MATADDCLI,Ll,Ll,Ll, 1 ,SPACE(IDELXM ),SPACE(IXM),SPACE(IXM))

D PH INT* ,'*********************************** Xm **************

D ****************************,

D CALL PNTMAT(Ll,l,SPACE(IXM))
C
C
C FIND COEFFICENTS AND STORE THEM IN COEF

CALL AXBC N I,Ll ,N I,N I,Ll .1,SPACE(ID),SPACECIxM ),SPACE(JWORK 1))
CALL MATSUBCN 1,1 ,SPACE(IALFN I ),SPACE(IWORK I ),SPACE(IALPHM))
DO I=l,Nl

COEF(I)=SPACECIALPHM+(I-I))
END DO
DO I=I,Ll

COEF(I+Nl )=SPACEOXM+I-l)
END DO

'

NCOEF=Nl+Ll
C
C
C . IF FULL QUADRATIC APPROXIMATION HAS BEEN REACI-IED THEN STOP;
C OTHERWISE REPEAT PROCEDURE STARTING WITH FORTRAM STATEMENT
C NUMBER 10.
C

C
C
C

IFCKLM.EQ.JUP)RETURN

INCREMENT UPDATING NUMBER (Iup) BY 1.

IUP=IUP+l
GO TO 99
END

C***************************************************************************
C END OF MAIN PROGRAM.
C***************************************************************************

SUBROUTINE DATAIN(A,B,N)
REAL*8 A(10),B(10)
PRINT*,'ENTER THE NUMBER OF VARIABLES N >'

READ(S,*)N
PRINT*,'ENTER THE COEFFICIENTS MATRIX A (SIZE=N+l X N)'
DO I=I,N+l

DO J=I,N
WRITE(6,200)I,J

200 FORMA TC lX,'A(',I2,',',12,')=')
L=(I-l )*N+J
READCS,*)ACL)

END DO
END DO

PRINT*,'ENTER THE ELEMENTS OF MATRIX B (SIZE=N+ 1 Xl)'
DO I=I,N+l

WRITE(6,300)1
300 FORMAT(IX,'B(',I2,')=:')

\
,

\



REAf)(S,*)B(I)
END DO
RETURN
END
SUBROUTINE MSG]
PRINT*,'THE COEFFICIENTS OF THE LINEAR TERMS ARE ALPHA n+ 1; SECOND

*ORDER COEFFICIENTS ARE ALL ZERO.'
RETURN
END
SUBROUTINE ZERO(MS,NS,A)
REAL*8 ACMS,1)

DO I=1,MS
DO J=1,NS

A(I,J)=O.O
END DO

END DO
RETURN
END
SUBROUTINE PNTMATCMS,NS,A)
REAL*8 ACMS,l)
OPENCUNIT=9,FILE='PIOUT',STATUS='NEW')
DO I=l,MS
WRITEC6,10XAO,J),J=1,NS)

10 FORMAT(lX,10(E10.3,lX))
END DO
RETURN
END
SUBROUTINE LOADCMS,NS,A,B,C,D,E)
REAL*8 ACMS,l ),BCMS,l ),CCMS,1),DC 1 ),ECMS,l)
DO I=l,MS
DO J=1,MS-1
A(I,J+ 1 )=DC(I-l )*(MS-1 )+J)
BCI,J)=A(I,J+1)*A(I,J+1)
END DO
A(I,l )=1.0
END DO
DO 1=1,MS
ICOUNT=l

DO J=2,MS-l
,DO K=J+1 ,MS

B(I,(MS-1 )+ICOUNT)=A(I,J)*A(l,K)
ICOUNT=ICOUNT+l ,\ ,

END DO
END DO

END DO
DO l=l,MS

- C(1,1)=EO,1)
END DO
RETURN
END

\



SUBROUTINE GENMATCMS.NS.A,B,C,D,E)
REAL*8 AC 1 ),B(] ).OC 1 ),E( 1)
DO ]=2,NS

A(J)=D«(NS)*(NS-1 )+(NS-l )*(MS-l)+I-1)
B(]-1 )=A(J)*A(I)

END 00
AC 1 )=1.0
lCOUNT=l
DO ]=2,NS-l

DO J=]+l,NS
B(CNS-l )+ICOUNT)=A(I)*A(J)
]COUNT=]COUNT+1

.END DO
END DO
C=E(NS+MS) .

RETURN
END
SUBROUTINE UPDTLCMS,NS,A,B)
REAL*8 A(l),BCNS,l)

DO l=l,MS-l
BCMS,I)=A(I)
B(I,MS)=o.O

END 00
BCMS,MS)=1.0
RETURN
END
SUBROUTINE UPDTUCMS,NS,A,B)
REAL*8 ACl),BCNS,1)

DO ]=l,MS
BCMS,I)=O.O

.

B(I,MS)=A(I)
END DO

RETURN
END
SUBROUTINE MATRANCMS,NS,A,B)
REAL*8 A(MS,l),B(NS,l)

00 I=l,MS
DO J=l,NS

B(J ,I)=A(I,J)
END DO

END DO
RETURN
END
SUBROUTINE SMULTCLA,LB,MS,NS,SCALAR,A,B)
REAL*8 ACLA,l ),BCLB,l)

DO I=l,MS
DO J=l,NS

B(l,J)=A(I,J)*SCALAR
END 00

END DO

\
,
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RETURN
END
SUBROUTINE MATMULCLS,MS,NS,A,B,C)
REAL*8 ACLS,l),BCMS,l),CCLS,l)
TEM=O.O
DO I=l,NS

DO J=l,LS
DO K=l,MS

TEM=A(J,K )*BCK,I)
C(J ,I)=C(J ,1)+TEM

END DO
END DO

END DO
RETURN
END

,

SUBROUTINE MATADDCLA,LB,LC,MS,NS,A,B,C)
REAL*8 ACLA,l ),BCLB,l ),C(LC,l)

DO I=l,MS
DO J=l,NS

C(l,J )=A(I,J )+BO,])
END DO

END DO
RETURN
END
SUBROUTINE MATSUBCMS,NS,A,B,C)
REAL*8 A(MS,l ),B(MS,l),C(MS,l)
DO I=l,MS

DO J=l,NS
C(I,J)=A(l,J)-BCI,J)

END DO
END DO
RETURN
END
SUBROUTINE UPDTACMS,NS,A,B)
REAL*8 ACMS,l),B(l)
DO I=l,MS

ACNS,I)=BCI)
END DO
RETURN
END
SUBROUTINE NORMCMS,A,B)
REAL*8 ACl)
B=O.O
DO I=l,MS

TEMP=A(I)*A(l)
B=B+TEMP

END DO
RETURN
END

.
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A PPENDTX B

BASE POINTS AND PREDJCTED VS. ACTUAL RESPONSES
FOR VAR10US NUMBER OF SAMPLES
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ISCAS4 EXAMPLE

FREOUENCY = 18.0237 RADIANS

OUTPUT NUMBER = 3

NUMBER OF SAMPLES USED = 10SAMPLES

THE POLYNOMIAL COEFFICIENTS ARE:

-0.1145999729�66857E+02
0. 4643872926568869E+01

0. 8725256656477007E+00

-0.3020990221212755E-01

�0.1579132149006098E+01
-0. 6057252493583944E+01

0. 1422832983243309E+01

0.4619595238991765E+01

0.5893422959728621E+01

0.2745146168154251E+01

\
,

\



lSCAS4 OUTPUT#3 FREOUENCY#5 PRESENT NUMBER OF SAMPLES USED = 10

PREVIOUS NUMBER OF SAMPLES USES = 0

NOMINAL POINT AVERAGE POINT

e.1ge3eeeE+e2 e.1884715E+e2

e.30eeeeeE-e2 e.296574eE-02

e.1311eeeE+e2 e.1314617E+e2

e.56eeeeeE-03 e.5656865E-e3

e.457eeeeE+e1 0.4565217E+01

e.56eeeeeE-03 0.5514964E-e3

e.75eee0eE+e2 e.7499015E+02

e.750eeeeE+e2 e.747e435E+02

e.75eeeeeE+02 e.7515597E+02

BASE POINTS DEVIATION FROM AVG RELATIVE DEVIATION

e. 1863364E+e2 -e. 2135e98E+ee -0. 1132849E-01

0. 29864e8E-02 0.2e66826E-04 0. 6969006E-02

0. 1314856E+e2 0.2386761E-02 0. 1815555E-03

e.5613285E-03 -0. 4358019E-05 -0. 7703948E-02

0. 457835eE+01 0. 1313248E-01 0. 2876638E-02

0. 58e1924E-e3 0. 2869595E-e4 0. 5203288E-e1

0. 7487767E+02 -0. 1124779E+00 -0. 1499902E-02

0. 7545962E+02 0. 7552658E+00 0.1011e06E-01

e.7493e42E+e2 -0.2255547E+00 .-0.3001154E-02

0. 1876527E+02 -0.8187981E-01 -0. 4344412E-02

e.3045191E-02 0.7945125E-04 0. 2678969E-e1

0. 1335950E+02 0.2133271E+e0 0. 1622732E':"01
e.5422755E-03 -0. 2341e96E-04 -e. 4138504E-01

0.4614855E+01 0.4963818E-01 0.1e87312E-01

0. 57e8377E-03 0, 1934128E-04 0. 3507e54E-01

e.7475592E+02 -0.2342278E+e0 -0. 3123447E-02

0. 7476848E+02 e.6412659E-01 0. 858405eE-03

0.7605817E+02 0.9021996E+00 0.12e0436E-01

e.1898621E+e2 0.139£1541 E+00 0. 73779geE-02

e.2965448E-02 -0. 292086eE-e6 -0.9848673E-04
0. 1320794E+02 0.6176634E-e1 0. 4698427E-e2
e.6e73826E-03 0.4169611E-e4 0. 737e887E-01

e.46e4646E+01 e.39�2862E-e1 e.8636745E-e2

e.517e516E-e3 -e.3444487E-e4 -0.6245711E-e1

e.7479639E+02 -0. 1937538E+e0 -e. 2583724E-02

0.7561869E+02 0.9143387E+ee e.1223943E-e1

0.7445711E+02 -0.698867eE+e0 -0. 9298889E-02

0.1897599E+02 0. 1288345E+e0 e.6835755E-e2

e.2789617E-02 -0. 1761232E-03 -0. 5938593E-e1

e.134e513E+02 0. 2589528E+e0 0. 1969796E-01

e.5367783E-e3 -0.28ge821E-04 -e.5110287E-01

e.4549951E+e1 -0. 1526651E-e1 -0. 3344e94E-02

0.531157eE-e3 -0. 2033947E-e4 -0.3688e51E-01

e.7613561E+02 0. 1145464E+01 0. 1527486E-e1

e.7448629E+e2 -0.218e618E+e0 -0.2918998E-02

e.7386514E+02 -e. 12ge839E+e1 -0. 1717547E-01

\



0.1899977E+02 0.1526134E+00 0.8097427E-02

0.2795901E-02 -0. 1698394E-03 -0.5726711E-01
0.1313946E+02 -0.6715107E-02 -0. 5108031 E-03

0. 5790695E-03 0. 1338298E-04 0.2365794E-01

0.4533521E+01 -0.3169641E-01 -0. 6943025E-02
0. 5603894E-03 0.8893001E-05 0.1612522E-01
0.7412605E+02 -0. 8641029E+00' -0. 1152289E-01

0.7431868E+02 -0. 3856720E+00 -0.5162644E-02

0.7685626E+02 . 0.1700288E+01 0. 2262345E-01

0.1845476E+02 -0.3923923E+00 -0.2081971E-01

0. 2803926E-02 -0. 1618142E-03 -0.5456114E-01

e.1313054E+02 -e. 1563864E-01 -0. 1189596E-02

0. 5609239E-03 -0. 4762621 E-05 -0.8419187E-02

0. 4475001E+01 -0.9021578E-01 -0. 1976155E-01

0.5596126E-03 0.8116220E-05 0.1471672E-01

0. 7562456E+02 0. 6344093E+00 0. 8459902E-02

0. 7467970E+02 -0. 2465668E-01 -0.3300568E-03

0.7571716E+02 0.5611809E+00 0. 7466883E-02

0. 1895757E+02 0. 1104172E+00 0.5858560E-02

0. 2950601 E-02 -0. 1513900E-04 -0.5104627E-02

0.1290614E+02 -0. 2400344E+00 -0. 1825888E-01

0.5032141E-03 -0. 6247237E-04 -0. 1104364E+00

e.4580147E+01 0.1492968E-01 0. 3270310E-02

0.5481148E-03 -0. 3381656E-05 -0.6131781E-02

0. 7544382E+02 0. 4536766E+00 0. 6049816E-02

0. 7464386E+02 -0. 6049194E-01 -0. 8097513E-03

0. 7480563E+02 -0. 3503487E+00 -0.4661621E....:.02

0. 1907677E+02 0. 2296207E+00 0.1218331E-01

0. 3135680E-02 0. 1699395E-03 0. 5730087E-01

0.1311959E+02 -0.2658777E-01 -0. 2022472E-02

0. 5856979E-03 0.2001143E-04 0.3537548E-01

0. 4524822E+01 -0. 4039536E-01 -e. 8848507E-02

0. 5658669E-03 0. 1437052E-04 0. 2605732E-01

0.7372791E+02 -0. 1262243E+01 -0. 16832;2E-01
0. 7350036E+02 -0. 1203993E+01 -0.1611677E-01

0.7546471E+02 0. 3087395E+00 0.4107983E-02

0. 1904937E+02 0.2022121E+00 0.1072905E-01

0. 3017769E-02 0. 5202868E-04 0.1754324E-01

0.1308291 E+02 -0. 6326704E-01 -0. 4812582E-02

e.5659783E-03 0.2918416E-06 0.5159069E-03 \
,

0. 4599957E+01 0.3473940E-01 0. 7609583E-02

0. 5367e87E-03 -0. 1478768E-04 -0.2681374E-01

0. 7503989E+02 0. 4973831 E-01 0. 6632646E-03

0.7461190E+02 -e. 9245148E-01 -0. 1237565E-02

0.7.413230E+02 -0. 1023673E+01 -0. 1362065E-01

0. 1857218E+02 -0. 2749702E+00 -0.1458948E-01

0.3166860E-02 0.2011202E-03 0. 6781449E-01

0.1296198E+02 -0.1841901 E+00 -0. 1401093E-0'1

0.6142163E-03 0.4852981E-04 0. 8578923E-01

0. 4590923E+01 0. 2570572E-01 0. 5630777E-02

\



0.5450331E-03 -0. 6463286E-05 -0.1171954E-01

0.7537366E+02 0.3835167E+00 0.5114228E-02

0. 7495595E+02 0.2515961E+00 0. 3367890E-02

0. 7527285E+02 0. 1168755E+00 0. 1555105E-02

BASE POINTS

PREDICTED RESPONSE ACTUAL RESPONSE

0. 1682850E+02 0. 1682849E+02

0.1698779E+02 0. 1698780E+02

0.1266971 E+02 0. 1266971 E+02

0. 1633964E+02 0. 1633964E+02

0.1564811 E+02 0.1564810E+02

0. 1687192E+02 0.1687192E+02

0.1870902E+02 0. 187�903E+02
0. 1539803E+02 0. 1539803E+02

0. 1475305E+02 0.1475304E+02

0.1334546�+02 0. 1334545E+02

RANDOM POINTS

PREDICTED RESPONSE ACTUAL RESPONSE

0. 1687664E+02 0. 1465965E+02

0. 1713360E+02 0. 1664453E+02

0.2281373E+02 0.1841751 E+02

0.1798259E+02 0. 1715001E+02

0. 1566887E+02 0. 1715209E+02

.

\
,

\



FREQUENCY = 18.0327 RADIANS

OUTPUT NUMBER = 3

NUMBER OF SAMPLES USED = 11SAMPLES

THE POLYNOMIAL COEFFICIENTS ARE:

0.5854458302911873E+01

0.6287490111971690E+00

-0. 1784497732139059E+01

0. 1029560764466579E+00

-0. 6238896070340901E+01

-0.2518386130053006E+01

0. 1834916658632215E+00

-0. 2105503495409401 E+00

0. 1604803591829005E+01

0. 1236512631785992E+00

-0. 3672938664325465E-01

0.5378375306815863E+00

0.5940805972857609E-01
0. 1838176137535177E+01

-0.5079431301810026E-01

0.2749274998199349E+00

0.3919868867922632E-01

0. 2440954524650237E-01

-0.6621251184875558E-02

-0. 2694762875041406E+00

0.3449473736369830E-01

-0. 1775853190617884E+00

-0.7472384388290466E-01

0.5408556177580093E-01

0. 1006096973215514E-01

-0. 2356877192775863E-01

0.4745927606118920E-01

-0.2142936939869026E+00

0. 8693829779858075E+00

-0. 1302751988188022E+00

0. 3889618652332641 E+00

-0. 5474832715608846E-01

-0. 1925840848236109E-02

0. 1788716266251757E+00

-0.2162254223425418E-01

-0. 1916954060806779E-01

-0. 1347633060076393E+00

0.2526467172503168E-01

-0.8734838924116187E-02

-0.6119596797953795E-01

0.4718411914242567E-01

0. 1204058765945847E+00

-0. 1530258236886534E+00

0.2682250895892767E-01

0. 1870588772061682E+00

0.3610363211991482E-01

0.2639889714128803E-01

0. 1860258160189752E-01

\



O.2830702B18968158E-01

-0.9614230201942328E-01

-0. 1898573152856356E-01

-0. 2532537381338813E-01

0.8148946794687435E-02

-0.4119026340263776E-01

-0. 9733070478931648E-02

.

\
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ISCAS4 OUTPUT#3 FREOUENCY= 18.0327 RAG PRESENT NUM8E� Of SAMPLES USED = '1

PREVIOUS NUMBER OF SAMPLES USES = 13

NOMINAL POINT AVERAGE POINT

0. 1ge3eeeE+e2 e.18868e9E+e2

e.3eeeeeeE-e2 e.2969745E-e2

e.1311eeeE+e2 e.1315171E+e2

e.56eeeeeE-e3 e.56826e7E-e3

e.457eeeeE+e1 e.4564525E+e1

e.56eeeeeE-e3 0.5514224E-e3

0. 75eeeeeE+e2 e.75e2286E+e2

e.75eeeeeE+e2 e.7477738E+e2

e.75eeeeeE+e2 e.7512242E+e2

BASE POINTS DEVIATION FROM AVG RELATIVE DEVIATION

0. 1863364E+e2 -e. 2344449E+ee -e. 1242547E-e1

e.29864e8E-e2 e.1666318E-e4 e.561e98eE-e2

0. 1314856E+e2 -e. 3143657E-e2 -e. 23ge3e4E-e3

e.5613285E-e3 -e. 6932188E-'e5 -e. 1219896E-e1

e.457835eE+e1 e.1382412E-01 e.3e28599E-e2

e.58e1924E-e3 e.2876997E-04 e.5217411E-e1

0. 7487767E+e2 -e. 1451874E+ee -13 . 1935242E-e2

0. 7545962E+e2 e.682235eE+e0 e.9123548E-e2

e.7493e42E+e2 -e. 1919979E+ee -e. 25558eeE-e2 .

e.1876527E+e2 -e.1e28149E+ee -0. 5449144E-e2

e.3e45191E-02 0.7544617E-04 e.254e493E-01

0. 1335950E+e2 0.2e77967E+0e e.1579998E-e1

0. 5422755E-e3 -0.2598513E-04 -e. 4572748E-01

0.4614855E+01 e.5e32982E-01 0. 110263eE-e1

0. 5708377E-e3 0.194153eE-04 0. 352e949E-e1

0.7475592E+02 -e. 2669373E+0e -0.3558e79E-02

0.7476848E+02 -e. 8904197E-02 -e. 11ge761E-e3

e.7605817E+02 e.9357563E+0e 0. 1245642E-01

e.1898621E+e2 0.1181190E+0e 0. 6260251 E-02

e.2965448E-02 -0. 4297165E-05 -e. 144�981 E-02
0. 1320794E+02 0. 5623592E-e1 e. 4275941 E-02

0.6e73826E-e3 e.3912195E-04 0. 68845e7E-01

0. 4604646E+01 e.4e1.2025E-e1 e.8789578E-02

0.5170516E-03 -0. 3437085E-04 -e. 6233125E-01

0.7479639E+e2 -e. 2264633E+00 -0.3e18591E-02

0.7561869E+02 0. 8413e79E+ee 0. 1125e83E-01

0.7445711E+02 -0. 66531e3E+00 -e.8856348E-e2
\

,

0.1897599E+02 e. 1e78994E+0e 0.5718619E-02

0.2789617E-02 -e. 1801283E-e3 -e. 6065447E-01

e.1340513E+02 0. 2534224E+ee e.1926917E-01

0.5367783E-e3 -e.3148238E-04 -e. 5540129E-01

0. 4549951 E+01 -0. 1457487E-e1 -0. 3193e76E-02

0.5311570E-03 -e. 2026544E-04 -13.3675121[-01
0.7613561E+02 0.1112755E+01 0. 1483221E-01

0. 7448629E+02 -0. 2910926E+00 -0. 38927geE-02

0.7386514E+02 -e. 1257283E+01 -e. 1673645E-01

\



0. 1899977E+C=' 13. i2;i('753[+00 0.6978890[-02
0.2795901E-02 -0. 1738444E-03 -0.5853850E-01
0. 1313946E+02 -0. 1224553E-01 -0.9310979E-03

0. 5790695E-03 0.1080881 E-04 0. 1902086E-01

0. 4533521 E+01 -0. 3100478E-01 -0. 6792552E-02

0. 5603894E-03 0. 8967028E-05 0. 1626163E-01

0.7412605E+02 -0.8968124E+00 -0. 1195386E-01

0.7431868E+02 -0. 4587028E+00 -0. 6134245E-02

0. 7685626E+02, 0.1733844E+01 0. 2308025E-01

0. 1845476E+02 -0. 4133275E+00 -0.2190617E-01

0. 2803926E-02 -0. 1658192E-03 -0. 5583618E-01

0. 1313054E+02 -0.2116906E-01 -0. 1609605E-02

0. 5609239E-03 -0. 7336790E-05 -0. 1291096E-01

0. 4475001 E+01 -0.8952414E-01 -0. 1961302E-01

0.5596126E-03 0.8190247E-05 0.1485294E-01

0.7562456E+02 0.6016�98E+00 0. 8020220E-02

0. 7467970E+02 -0. 9768746E-01 -0. 1306377E-02

0.7571716E+02 0. 5947377E+00 0.7916913E-02

0. 1895757E+02 0. 8948205E-01 0. 4742507E-02

0.2950601E-02 -0. 1914408E-04 -0. 6446370E-02

0. 1290614E+02 -0. 2455648E+00 -0.1867171E-01

0.5032141E-03 -0. 6504654E-04 -0. 1144660E+00

0.4580147E+01 0. 1562132E-01 0. 3422331 E-02

0.5481148E-03 -0. 3307629E-05 -0. 5998358E-02

0. 7544382E+02 0. 4209671 E+00 0.5611185E-02

0. 7464386E+02 -0. 1335227E+00 -0.1785603(-02
0. 7480563E+02 -0.3167919E+00 -0.4217009[-02

0. 1907677E+02 0. 2086856E+00 0. 1106024E-01

0.3135680E-02 0. 1659344E-03 0. 5587496E-01

0.1311959E+02 -0.3211819E-01 -0.2442131E-02

0. 5856979E-03 0.1743726E-04 0. 3068533E-01

0. 4524822E+01 -0. 3970372E-01 -0. 8698323E-02

0. 5658669E-03 0. 1444454E-04 0.2619506E-01

0. 7372791 E+02 -0. 1294952E+01 -0. 1726077E-01

0. 7350036E+02 -0. 1277024E+01 -0. 1707768E-01

0. 7546471 E+02 0. 3422963E+00 0.4556513E-02

0. 1904937E+02 0. 1812770E+00 0. 9607598E-02
0. 3017769E-02 0.4802361E-04 0. 1617095E-01

0. 1308291E+02 -0. 6879746E-01 -0. 5231068E-02

0. 5659783E-03 -0. 2282328E-05 -0.4016339E-02

0. 4599957E+01 0.3543104E-01 0.7762261 E-02 -

\
,

0. 5367087E-03 -0. 1471365E-04 -0. 2668309E-01

0. 7503989E+02 0. 1702881E-01 0.2269816E-03

0.7461190E+02 -0. 1654823E+00 -0.2212999E-02

0.7413230E+02 -0.9901165E+00 -0. 1318004E-01

0.1857218E+02 -0. 2959054E+00 -0. 1568285E-01

0.3166860E-02 0.1971151E-03 0. 6637441 E-01

0. 12961 98E+02 -0. 1897205E+00 -0.1442554E-01

0.6142163E-03 0. 4595564E-04 0. 8087e70E-01

0. 4590923E+01 0.2639736E-01 0. 5783155E-02

\



� ::'4 50331E _. r<' -0.6389259[-13:' -0.1158687E-01

0. 7537366E+02 0. 3508072E+00 0. 4676004E-02

0. 7495595E+02 0. 1785653E+00 0.2387958E-02
0. 7527285E+02 0. 1504322E+00 0. 2002495E-02

0.1907744E+02 0.2093513E+00 0. 1109552E-01

0. 3009796E-02 0. 4005079E-04 0.1348627E-01

0.1320701 E+02 0.5530418E-01 0. 4205096E-02

0.5940024E-03 ' 0.2574169E-04 0. 4529909E-01

0. 4557609E+01 -0. 6916393E-02 -0. 1515249E-02

0. 5506821 E-03 -0. 7402639E-06 -0. 1342462E-02

0. 7534995E+02 0. 3270950E+00 0. 4359938E-02

0. 7550769E+02 0. 7303078E+00 0.9766427E-02

0. 7478685E+02 -0.3355678E+00 -0. 4466946E-02

BASE POINTS

PREDICTED RESPONSE ACTUAL RESPONSE

0.1€>82850E+02 0. 1682849E+02

0. 1698780E+02 0. 1698780E+02

0,,1266971 E+02 0.1266971 E+02

0. 1633964E+02 0.1633964E+02

0. 1564811E+02 0. 1564810E+02

0. 1687191E+02 0. 1687192E+02

0. 1870902E+02 0. 1870903E+02

0. 1539803E+02 0. 1539803E+02

0.1475303E+02 0. 1475304E+02

0. 1334545E+02 0. 1334545E+02

0. 1465963E+02 0. 1465965E+02

RANDOM POINTS

PREDICTED RESPONSE ACTUAL RESPONSE

0. 1660087E+02 0. 1664453E+02

0.1801246E+02 0.1841751 E+02

0.1748724E+02 0. 1715001E+02

0. 1727151E+02 0. 1715209E+02

0. 1609066E+02 0. 1613204E+02

.

\
,

\



FREOUENCY = 18.0327 RADIANS

OUTPUT NUMBER = 3

NUMBER OF SAMPLES USED = 15SAMPLES

0THE POLYNOMIAL COEFFICIENTS ARE:

-0.6461257013891219E+01

0.3981222489831385�+01
0. 5141978487239042E+01

0.4349808639211382E+01
-0. 1891187178051686E+01

-0. 1530200970567875E+01

-0. 1642870531856995E+01

0. 5988362321484615E+01

0. 7830424207347979E+00

0. 8015379979134930E+00

0. 7038931542457340E+00

0.5081811838345134E+00
-0. 4153991919403872E+00
0. 1392629147629395E+01
-0. 1020482641797406E+00
0. 1592807591429130E+01

-0. 3822585527249579E+00
0. 3947660827764128E+00
-0. 8957293805385355E-01
-0. 4780943845415205E+00

0. 4630932796693774E-01

-0. 1965365009622868E+01

-0. 6981890520221126E+00

-0. 1097921918510146E+01

-0. 1503202019045541E+00

-0. 8736819435772847E+00

0.5737407927370116E-01
-0. 1471236915279613E+01

0.5551411349062848E+00

-0. 1343899505292179E+01
-0. 1729501940927943E+01

-0. 1292612362400210E+01

0. 8566787174238004E-01
-0. 3009276807597518E+00

-0.3868159113993894E+00

-0.3596766537629615E+00

-0.3432155419586501E+00

-0. 3103404249699607E+00
-0. 3284661799436262E-01

-0. 7263806357764684E+00
0. 7159467802318756E+00

0. 1118687297651672E+01
-0. 2919079269642750E+01

-0.8388411443006014E+00
0. 1085208209906658E+01
-0. 1167123237498155E+00

0. 1878971239251798E+00
0. 3350669716896122E+00

\



-0. l'678G3490967382E+0�

-0.9339855056085901E+00

0. 1792437277177892E+01

0. 6725729516077508E+00

0. 2069532941807875E+00

-0. 4624337699216449E+00

-0.3599342686429319E-01

.

\
,

\



ISCAS4 OUTPUT#3 FREOUENCY= 18.0327 RAD PRESENT NUMBER OF SAMPLES USED = 15

PREV10US NUMBER OF SAMPLES USES = 0

NOM1NAL POINT AVERAGE P01NT

0. 1903000E+02 0. 1892789E+02

0. 3000000E-02 0.2987659E-02

0.1311000E+02 0. 1313500E+02

0.5600000E-03 , 0.5632808E-03

0. 4570000E+01 0. 4554529E+01

0. 5600000E-03 0.5561105E-03

0. 7500000E+02 0. 7492477E+02

0. 7500000E+02 0. 7474450E+02

0. 7500000E+02 0.7488153E+02

BASE P01NTS DEVIATION FROM AVG RELAT1VE DEVIATION

0.1863364E+02 -0.2942434E+00 -0. 1554549E-01

0.2986408E-02 -0. 1250627E-05 -0. 4185975E-03

0. 1314856E+02 0.1356360E-01 0. 1032631E-02

0.5613285E-03 -0. 1952281E-05 -0.3465911E-02

0.4578350E+01 0. 2382097E-01 0.5230173E-02

0.5801924E-03 0.2408191E-04 0.4330419E-01

0. 7487767E+02 -0.4710185E-01 -0. 6286552E-03

0. 7545962E+02 0.7151225E+00 0.9567560E-02

0. 7493042E+02 0. 4888509E-01 0. 6528324E-03

0. 1876527E+02 -0. 1626134E+00 -0.8591208E-02

0.3045191E-02 0. 5753236E-04 0.1925667[-01
0. 1335950E+02 0.2245040E+00 0.1709204E-01

0. 5422755E-03 -0.2100522E-04 -0. 3729085E-01

0.4614855E+01 0. 6032667E-01 0. 1324543E-01

0.5708377E-03 0.1472724£-04 0.2648259E-01

0.7475592E+02 -0.1688517£+00 -0.2253617£-02

0. 7476848E+02 0.2398326E-01 0. 3208699E-03

0.7605817E+02 0.1176639E+01 0.1571334E-01

0. 1898621 E+02 0. 5832049E-01 0.3081194E-02
0. 2965448E-02 -0. 2221097E-04 -0. 7434240E-02
0. 1320794E+02 0.7294318E-01 0. 5553345E-02

0. 6073826E-03 0.4410185E-04 0. 7829462E-01

0. 4604646E+01 0.5011711E-01 0. 11 00380E-0 1

0.5170516E-03 -0. 3905890E-04 -0. 7023587E-01

0. 7479639E+02 -0. 1283778E+00 -0. 1713422E-02

0.7561869E+02 0. 8741954E+00 0. 1169578E-01

0.7445711E+02 -0. 4244273E+00 -0.5667983E-02 _

\
,

0. 1897599E+02 0.4810092E-01 0.2541272E-02

0.2789617E-02 -0. 1980421E-03 -0. 6628672E-01

0. 13405i3E+02 0.270i296E+00 0.2056564£-01

0:5367783E-03 -0. 2650247E-04 -0. 4705019E-01

0.4549951E+01 -0. 4578018E-02 -0. 1005157E-02

0.5311570E-03 -0. 2495350E-04 -0.4487148£-01

0.7613561E+02 0. 1210840E+01 0. 1616075E-01

0.7448629£+02 -0.2582052E+00 -0. 3454504E-02

0.7386514E+02 -0. 1016400E+01 -0.1357343£-01

\



0. 1899977E+02 0.7187983E-01 0.3797562E-02

0.2795901E-:-02 -0. 1917582E-03 -0. 6418345E-01

0. 1313946E+02 0.4461734E-02 0. 3396828E-03

0. 5790695E-03 0. 1578872E-04 0.2802992E-01

0. 4533521 E+01 -0.2100792E-01 -0. 4612534E-02

0. 5603894E-03 0. 4278969E-05 0.7694459E-02
0.7412605E+02 -0. 7987269E+00 -0. 1066038E-01

0.7431868E+02 -0.4258153E+00 -0. 5696946E-02

0. 7685626E+02 0. 1974727E+01 0.2637135E-01

0. 1845476E+02 -0.4731260E+00 -0.2499624E-01

0. 2803926E-02 -0. 1837330E-03 -0.6149733E-01

0. 1313054E+02 -0. 4461797E-02 -0. 3396877E-03

0. 5609239E-03 -0.2356883E-05 -0. 4184206E-02

0.4475001E+01 -0. 7952728E-01 -0. 1746114E-01

0.5596126E-03 0.3502188E-05 0. 6297648E-02

0. 7562456E+02 0. 6997854E+00 0. 9339840E-02

0.7467970[,+02 -0. 6480001E-01 -0. 8669536E-03

0.7571716E+02 0.8356206E+00 0. 1115923E-01

0.1895757E+02 0. 2968356E-01 0. 1568245E-02

0.2950601E-02 -0. 3705788E-04 -0. 1240365E-01

0. 1290614E+02 -0. 2288575E+00 -0. 1742349E-01

0.5032141E-03 -0. 6006664E-04 -0.1066371 E+00

0.4580147E+01 0.2561817E-01 0. 5624769E-02
0.5481148E-03 -0. 7995688E-05 -0. 1437788E-"-01

0. 7544382E+02 0.5190526E+00 0. 6927650E-02

0. 7464386E+02 -0. 1006353E+00 -0 .. 1346390E-02

0.7480563E+02 -0. 7590892E-01 -0. 1013720E-02

0. 1907677E+02 0.1488871 E+00 0. 7866019E-02

0.3135680E-02 0. 1480206E-03 0. 4954401 E-01

0.1311959E+02 -0. 1541093E-01 -0. 1173273E-02

0. 5856979E-03 0.2241717E-04 0.3979751E-01

0. 4524822E+01 -0.2970686E-01 -0. 6522488E-02

0. 5658669E-03 0. 9756485E-05 0. 1754415E-01

0.7372791E+02 -0. 1196867E+01 -0.1597425E-01

0. 7350036E+02 -0. 1244137E+01 -0. 1664519E-0·1

0. 7546471 E+02 0.5831792E+00 0.77-88e24E-e2

0. 1904937E+e2 0. 1214785E+00 0. 6417965E-e2

e.3017769E-e2 e.3e1098eE-e4 0. 10e78e6E-01

0.1308291 E+e2 -e.52e9020E-01 -0. 3965756E-02

0.5Q59783E-03 e.269758eE-e5 0. 478ge50E-02

0. 4599957E+e1 e.4542789E-01 e.9974225E-02

0. 5367087E-03 -0. 1940171E-04 -0. 3488823E-01

e.7503989E+e2 0.1151143E+00 e.1536399E-02

e.74611geE+02 -0. 1325948E+e0 -0. 1773974E-e2

e.7413230E+e2 -e.7492335E+0e -0.1eee558E-e1

0. 1857218E+02 -0.3557e39E+e0 -0.1879258E-e1

0. 3166860E-e2 0.1792e13E-03 e.5998050E-01

13 . 12961 98E+02 -0. 173e132E+00 -0. 1317193E-01

\.



e.6142163E-e3 e.5e93555E-e4 e.ge42557E-01

0. 4590923E+01 0. 3639421 E-01 0.7990775E-02

0. 5450331 E-03 -0. 1107732E-04 -0. 1991928E-01

e.7537366E+02 0. 4488927E+00 0. 5991246E-02

0. 7495595E+02 0.2114527E+00 0. 2829008E-02

0. 7527285E+02 0.3913152E+00 0. 5225790E-02

0. 1907744E+02 0. 1495528E+00 0.7901188E-02

0. 3009796E-02 0.2213698E-04 0. 7409473E-02

0. 1320701E+02 0.7201144E-01 0. 5482410E-02

0. 594e024E-03 0.3072160E-e4 0. 5454e47E-e1

0. 45576e9E+e1 0. 3080463E-02 0. 6763518E-03

0. 5506821 E-03 -0. 5428322E-05 -0. 9761230E-02

0. 7534995E+02 0. 42518e6E+e0 0. 5674766E-02

0. 7550769E+02 0.7631953E+e0 0. 1021072E-e1

0.7478685E+02 -0.9468486E-01 -0. 1264462E-e2

0. 1932299E+02 0.395101eE+00 0. 2087402E-01

0. 2993234E:-02 0. 5574571 E-05 0. 1865866E-02

0. 13e9305E+02 -0.4194883E-01 -0. 3193668E-02

0. 5494590E-03 -0.1382175E-e4 -0. 2453795E-e1

0. 45e6594E+01 -0. 4793444E-01 -0. 1052457E-01

0.5466187E-03 -0.9491799E-05 -0. 1706819E-01

0. 7423624E+e2 -0. 6885356E+00 -0. 9189692E-02

0. 7393747E+02 -0. 8070257E+00 -0. 1079712E-01

0.7395318E+02 -0.9283564E+00 -0. 1239767E-01

0.1938814E+02 e.4602503E+00 0.2431599E-01

0.3109088E-02 0. 1214290E-03 0. 4064353E-01

0. 1325648E+02 0. 1214852E+00 0. 9248970E-02

0.5461388E-e3 -0. 1714198E-04 -0.3e43239E-01

0. 4494438E+01 -0.6e09092E-01 -0. 1319366E-01

0. 56015e0E-03 0. 4039561E-05 0. 7263955E-02

0.7513364E+02 0. 208872eE+00 0.2787756E-02

0. 7598312E+02 0. 1238621E+01 0.1657140E-01

0. 7459329E+02 -0. 2882426E+00 -0.3849315E-02

0. 1873581E+02 -0. 1920801E+00 -0. 1014799E-01

0. 3130701 E-02 0. 1430420E-03 0.4787761E-01

0.13e4114E+02 -0.9385351E-01 -0. 71453e0E-02

0.5617166E-03 -0. 1564152E-05 -0.2776861E-02

0.4564159E+01 0. 9630775E-02 0.2114549E-02

0.6148461E-03 0. 5873567E-04 0. 1056187E+e0

0. 7565073E+02 0. 7259618E+00 0. 9689209E-02

0. 7388667E+02 -0. 8578222E+00 -0. 1147673E-01

0.7421711E+02 -e. 6644252E+00 -0.8873017E-02

0. 189224eE+02 -0.5487951E-02 -0. 2899399E-03

e.2914665E-02 -0.729-9366E-04 -0.2443173E-01

0. 1296554E+02 -0. 1694627E+00 -0. 1290162E-01

0. 5410297E-03 -0.222511eE-04 -0. 3950267E-01

0. 4542958E+01 -0. 1157084E-01 -0. 2540512E-02

0. 5543957E-03 ':_0.1714790E-05 -0. 3083542E-02

0.7359953E+02 -0. 1325239E+01 -0. 176876eE-01

\



0. 7480896E+02

0.7411285E+02

BASE POINTS

PREDICT�D RESPONSE

0.1682847E+02

0. 1698782E+02

0.1266971 E+02

0. 1633964E+02

0.1564811 E+02

0. 1687189E+02

0. 1870904E+02

0. 1539804E+02

o ..1475304E+02

0. 1334544E+02

0. 1465967E+02

0. 1664453E+02

0.1841749E+02

0. 1715003E+02

0. 1715210E+02

0.6446482[-101

-0. 7686885E+01O

ACTUAL RESPONSE

0.1682849E+02

0. 1698780E+02

0.1266971 E+02

0. 1633964E+02

0. 1564810E+02

0. 1687192E+02

0. 18709'03E+02
0.1539803E+02

0.1475304E+02

0. 1334545E+02

0. 1465965E+02

0. 1664453E+02

0.1841751E+02

0.1715001 E+02

0.1715209E+02

RANDOM POINTS

PREDICTED RESPONSE

0.1616760E+02

0.1561548E+02

0.1433121E+02

0.1744162E+02

0. 1572512E+02

\

ACTUAL RESPONSE

0. 1613204E+02

0. 1566544E+02

0.1383851 E+02

0. 1729080E+02

0. 1586370E+02

0.8624692E-03

-0. 1026539E-01

\
,



FREOUENCY = 18.0327 RADIANS

OUTPUT NUMBER = 3

NUMBER OF SAMPLES USED = 20SAMPLES

THE POLYNOMIAL COEFFICIENTS ARE:

-0.6942189249561107E+01

0. 1197806264771237E+01

0. 3860950794570857E+01

0. 1357805418088463E+01

0.6112931401673117E+01

0.4528271281973687E+01

-0. 8363060658277107E+01

0. 8167542703748585E+01

0.2155254876330136E+01

-0. 1387890864798867E+01

0. 1351648160815000E+01

0. 1071125232068562E+01

0. 6500036187246283E-01

0.2918051803614988E+01

0. 3728234632207067E+00

-0.6516229147410028E+00

-0. 1082771933434538E+01

0. 1608542517405906E+00

-0.4127460566206703E+00

0. 1528949355093746E+00

0. 4445240664741794E+00

-0.3269883677933624E+01

-0. 1865373181692102E+01

-0. 4660024544862896E+00

0.2468824292864001E+00

0. 3034767607993270E+00

0. 5994674357305526E+00

0. 1581612023270395E-01

-0.3203673969739217E+01

-0.3977551447269279E+01

0. 1338832298049088E+01

-0. 1715481158457447E+01

0.3807014394528787E+00

0. 1157040603322047E+01

-0.3206508864113564E+01

-0. 1280278193610220E+01

0.3132834614387619E+01

-0. 6020293145204069E+00

0.2177630814053360E+00

-0. 2937374953051638E+00

0. 1458029908734869E+01

0. 1119l89720368898E+01

-0. 3060536376346365E+01

-0. 3655803057591994E+01

,0. 1926153103996209E+00

-0. 3883475968382310E+00

-0.3187500987419596E+00

\



-8. 1528769156605685E+01

-0. 3946824273804383E+00

0.2162803475146299E+00

0. 4343731752628837E+01

0. 1334904247816152E+01

-0. 8710451850707842E+00

-0.296450034�466962E+00
0. 2477735266265455E+00

\
,

\



ISCAS4 OUTPUT#3 FREQUENCY= 18.0327 RAD PRESENT NUMBER OF SAMPLES USED = 20

PREVIOUS NUMBER OF SAMPLES USES = 0

NOMINAL POINT AVERAGE POINT

0. 1903000E+02 0. 1893901E+02

0. 3000000E-02 0. 3008737E-02

0.1311000E+02 0. 1312772E+02

0. 5600000E-03 0. 5628793E-03

0. 4570000E+01 0.4564410E+01

0. 5600000E-03 0.5569131E-03

0. 7500000E+02 0.7497114E+02

0. 7500000E+02 0.7473571E+02

0. 7500000E+02 0.7492192E+02

BASE POINTS . DEVIATION FROM AVG RELATIVE DEVIATION

0. 1863364E+02 -0. 3053650E+00 -0. 1612360E-01

0.2986408E-02 -0.2232835E-04 -0.7421173E-02

0. 1314856E+02 0. 2084284E-01 0. 1587697E-02

0.5613285E-03 -0. 1550774E-05 -0. 2755075E-02

0. 4578350E+01 0.1393938E-01 0. 3053928E-02

0.5801924E-03 0. 2327925E-04 0. 4180050E-01

0. 7487767E+02 -0.9346695E-01 -0. 1246706E-02

0. 7545962E+02 0. 7239044E+00 0.9686191E-02

0. 7493042E+02 0. 8499527E-02 0.1134451E-03

0. 1876527E+02 -0. 1737350E+00 -0.9173397E-02

0.3045191E-02 0.3645463E-04 0. 1211626E.::...e1

0. 1335950E+02 0.2317832E+00 0.1765602E-01

0. 5422755E-03 -0.2060371E-04 -0. 3660414E-01

0.4614855E+01 0.5044508E-01 0.1105183E-01

0. 5708377E-03 0. 1392458E-04 0.2500314E-01

0. 7475592E+02 -0.2152168E+00 -0.2870662E-02

0. 7476848E+02 0.3276520E-01 0.4384142E-03

0.7605817E+02 0. 1136254E+01 0.1516584E-01

0.1898621 E+02 0.4719887E-01 0.24921.51E-02
0.2965448E-02 -0. 4328870E-04 -0. 14,;8767E-01

0. 1320794E+02 0. 8022242E-01 0.6110918E-02

0. 6073826E-03 0. 4450336E-04 0. 7906378E-01

0. 4604646E+01 0.4023552E-01 0.8815053E-02

0.5170516E-03 -0.3986157E-04 -0.7157592E-01

0. 7479639E+02 -0. 1747429E+00 -0. 2330802E-02

0.7561869E+02 0. 8829773E+00 0.1181466E-01

0.7445711E+02 -0. 4648129E+00 -0. 6203963E-02 \ ,

0.1897599E+02 0. 3697929E-01 0. 1952546E-02

0.21,89617E-02 -0.2191198E-03 -0. 7282786E-01

0. 1340513E+02 0.2774089E+00 0.2113154E-01

0.5367783E-03 -0. 2610096E-04 -0. 4637044E-01

0.4549951E+01 -0. 1445961E-01 -0.3167903[-02

0.5311570E-03 -0. 2575617E-04 -0. 4624808E-01

0.7613561E+0.2 0. 1164475E+01 0. 1553231E-01
0. 7448629E+02 -0.2494232E+00 -0.33374e3E-02

0.7386514E+02 -0. 1056785E+01 -0.1410515E-01

\



0. 1899977E+02 0. 6075821 E-01 0. 3208099E-02

0.2795901E-02 -0.2128360E-03 -0. 7073932E-01

0.1313946E+02 0. 1174097E-01 0. 8943649E-03

0. 5790695E-03 0. 1619022E-04 0. 2876322E-01

0.4533521E+01 -0.3088951E-01 -0. 6767470E-02
0. 5603894E-03 0.3476304E-05 0. 6242094E-02

0. 7412605E+02 -0.8450920E+00 -0. 1127223E-01

0.7431868E+02 -0. 4170334E+00 -0. 5580108E-02

0. 7685626E+02 0. 1934342E+01 0.2581810E-01

0.1845476E+02 -0.4842476E+00 -0. 2556879E-01

0.2803926E-02 -0.2048108E-03 -0. 6807202E-01

0. 1313054E+02 0.2817440E-02 0.2146176E-03

0. 5609239E-03 -0. 1955376E-05 -0.3473881E-02

0.4475001E+01 -0. 8940887E-01 -0. 1958826E-01

0.5596126E-03 0.2699523E-05 0. 4847296E-02

0. 7562456E+02 0. 6534203E+00 0.8715624E-02

0. 7467970E+02 -0.5601807E-01 ":"'0. 7495488E-03

0.7571716E+02 0.7952351E+00 0.1061418E-01

0. 1895757E+02 0. 1856194E-01 0.9800901E-03

0. 2950601 E-02 -0.5813561E-04 -0. 1932227E-01

0. 1290614E+02 -0.2215783E+00 -0. 1687866E-01

0.5032141E-03 -0.5966513E-04 -0. 1059999E+00

0.4580147E+01 0. 1573658E-01 0. 3447670E-02

0.5481148E-03 -0. 8798353E-05 -0. 1579843E.....01

0. 7544382E+02 0. 4726875E+00 0. 6304927E-02

0. 7464386E+02 -0.9185333E-01 -0. 1229042E-02

0. 7480563E+02 -0. 1162945E+00 -0. 1552209E-02

0. 1907677E+02 0. 1377655E+00 0.7274166E-02

0.3135680E-02 0.1269429E-03 0.4219142E-01

0.1311959E+02 -0.8131695E-02 -0. 6194294E-03

0. 5856979E-03 0.2281868E-04 0.4053921E-01

0. 4524822E+01 -0.3958845E-01 -0. 8673290E-02

0. 5658669E-03 0.8953820E-05 0.1607759E-01

0.7372791E+02 -0. 1243232E+01 -0.1658281 E-01

0. 7350036E+02 -0. 1235355E+01 -0. 1652964E-01

0.7546471E+02 0.5427937E+00 0.7244791E-02

0. 1904937E+02 0. 1103569E+00 0. 5826963E-02

0.3017769E-02 0.9032071E-05 0.3001948E-02

0.1308291 E+02 -0.4481096E-01 -0. 3413462E-02 \
,

0. 5659783E-03 0. 3099086E-05 0. 5505775E-02

0. 4599957E+01 0. 3554630E"":01 0. 7787710E-02

0.53,67087E-03 -0.2020438E-04 -0. 3627923E-01

0. 7503989E+02 0. 6874924E-01 0.9170094E-03

0.7461190E+02 -0. 1238129E+00 -0. 1656676E-02

0.7413230E+02 -0.7896191E+00 -0. 1053923E-01

0. 1857218E+02 -0. 3668255E+00 -0. 1936878E-01

0.3166860E-02 0. 1581235E-03 0. 5255480E-01

0. 1296198E+02 -0. 1657340E+00 -0. 1262474E-01

\



e.6142163E-03 0.5133706E-04 0.9120438E-01

0.4590923E+01 0.2651262E-01 0. 5808554E-02

0.5450331E-03 -0. 1187998E-04 -0.2133184E-01

0. 7537366E+02 0. 4025276E+00 0.5369101E-02

0. 7495595E+02 0.2202347E+00 0.2946847E-02

0. 7527285E+02 0. 35a9296E+a0 0. 4683938E-02

0.19a7744E+02 0. 1384312E+00 a.73a9314E-a2

0.3aa9796E-02 0.11359251 E-05 0. 3520585E-a3

0.1320701 E+02 0. 7929068E-01 0. 6039943E-02

0. 5940024E-03 0.3112311E-04 0.5529269E-01

a.4557609E+01 -0.6801128E-02 -a. 1490a34E-02

0.5506821E-03 -0. 6230987E-05 -0. 1118844E-01
0. 7534995E+02 a.3788155E+0a a.5a52817E-a2

a.755a769E+a2 0. 7719772E+aa a.1a32943E-a1

a.7478685E+a2 -13 . 13507a4E+ae -e. 18a2816E-02

a.1932299E+a2 e.3839794E+0a 0.2a27453E-a1

a.2993234E:....02 -0. 155a316E-a4 -0.5152713E-02

a.13a93a5E+02 -0. 3466959E-01 -a. 264e946E-a2

e.549459aE-a3 -0. 1342a25E-a4 -0.2384214E-a1

a.45a6594E+a1 -0. 57816a3E-a1 -a. 126667aE-e1

a.5466187E-a3 -0. 1029446E-a4 -0. 1848487E-a1

0. 7423624E+02 -0. 7349a07E+0e -0. 9802448E-02

a.7393747E+02 -a. 7982437E+ae -a.1a68a89E-01

e.7395318E+02 -0. 968742aE+aa -a. 1293a02E-01

0. 1938814E+02 0.4491287E+00 0.2371448E-a1

a.31a9088E-02 0. 1003513E-03 0. 3335329E-01

a.1325648E+02 13 . 1287644E+0a 0. 9808592E-a2

0.5461388E-03 -0. 1674a47E-04 -a. 2974078E-a1

0.4494438E+01 -0. 6997252E-01 -a. 15330a2E-e1

0.5601500E-03 0. 3236896E-05 0.5812210E-e2

0.7513364E+a2 13 . 1625069E+00 0.2167592E-a2

0.7598312E+a2 0.12474a3E+01 0.1669086E-01

e.7459329E+02 -e.3286282E+0e -0. 438_6275E-02

0. 1873581E+02 -0.2a32a17E+00 -0.1a72927E-01

0.3130701E-02 0.121·9642E-03 a.4a53670E-01

0.1304114E+02 -0.8657427E-01 -a. 6594769E-02

a.5617166E-a3 -0. 1162646E-05 -0.2a65533E-a2

0.4564159[+01 -e. 25a8163E-03 -0. 5495a44E-a4

0.6148461E-a3 0.5793301E-04 13 . 1040252E+0e
\

,

a.7565a73E+02 0. 6795967E+0e 0.9a64778E-a2 -

a.7388667E+02 -0. 849a402E+0e -a. 1136a57E-01

0.7421711E+a2 -0.7048107E+0a -0. 94a7270E-02

0. 1892240E+a2 -0.166a957E-01 -a. 877aa33E-03

0.2914665E-02 -a. 94a7139E-04 -0.3126608E-a1

0. 1296554E+02 -0. 1621835E+0a -0. 1235428E-01

0.541a297E-03 -0 . 2184959 E-04. -e , 3881.754E-01
0. 4542958E+01 -a. 2145243E-a1 -0. 4699934E-02

0. 5543957E-03 -a. 2517455E-05 -0. 4520373E-a2

0. 7359953E+02 -0. 1371604E+01 -0. 1829510E-01

\



0.7480896E+02 0.7324677[-01 0. 9800772E-03

0.7411285E+02 -0.8090740E+00 -0. 1079890E-01

0.1909122E+02 0. 152211 8E+00 0. 8036944E-02

0. 3086908E-02 0.7817136E-04 0.2598146E-01

0. 1317043E+02 0.4271631E-01 0.3253902E-02

0. 5668069E-03 0.3927614E-05 0. 6977721 E-02

0.4567466E+01 0. 3056049E-02 0. 6695387E-03

0.5602133E-03 0. 3300226E-05 0.5925926E-02

0. 7543095E+02 0.4598167E+00 0.6133250E-02

0. 7556896E+02 0.8332489E+00 0.1114927E-01

0. 7437079E+02 -0.5511318E+00 -0. 7356082E-02

0.1903901 E+02 0.1000019E+00 0.5280208E-02

0. 2827295E-02 -0. 1814416E-03 -0. 6030490E-01

0. 1292475E+02 -0. 2029683E+00 -0. 1546105E-01

0.5491955E-03 -0. 1368381E-04 -0.2431039E-01

0.4557155E+01 -0. 7255077E-02 -0. 1589488E-02

0.5351895E-03 -0.2172360E-04 -0.3900716E-01

0. 7523461 E+02 0. 2634743E+00 0.3514343E-02

0.7374108E+02 -0. 9946320E+00 -0. 1330866E-01

0. 7533955E+02 0.4176334E+00 0. 5574249E-02

0. 1912835E+02 0. 1893383E+00 0. 9997266E-02

0.3011499E-02 0. 2762408E-05 0.9181287E-03

0. 1328353E+02 0. 1558078E+00 0.1186861 E-01

0.5721714E-03 0.9292091E-05 0. 1650814E-01

0.4616206E+01 0.5179596E-01 0.1134779E-01

0.5142334E-03 -0. 4267969E-04 -0.7663618E-01

0.7541606E+02 0. 4449242E+00 0. 5934606E-02

0. 7563942E+02 0. 9037064E+00 0.1209203E-01

0. 7485645E+02 -0. 6547508E-01 -0.8739109E-03

0. 1877086E+02 -0. 1681446E+00 -0.8878216E-02

0. 3063721 E-02 0. 5498446E-04 0.1827493E-01.

0.1300301 E+02 -0. 1247041E+00 -0.9499295E-02

0. 5422322E-03 -0.2064708E-04 -0.366-8118E-01
0.4595560E+01 0.3114986E-01 0.6824510E-02

0.5969215E-03 0.4000842E-04 0.7183961E-01

0. 7358849E+02 -0. 1382644E+01 -0. 1844235E-01

0. 7349523E+02 -0. 1240482E+01 -0. 1659824E-01

0. 7582794E+02 0.9060215E+00 0.1209288E-01

0. 1883243E+02 -0. 1065830E+00 -0. 5627698E-02

0.3370426E-02 0.3616892E-03 0. 1202130E+00

0.1314768E+02 0. 1995974E-01 0. 1520427E-02

0. 5779678E-03 0. 1508858E-04 0.2680608E-01

0. 4633887E+01 0. 6947708E-01 0. 1522148E-01

0. 5900477E-03 0. 3313462E-04 0.5949693E-01

0. 7588104E+02 0. 9099052E+00 0. 1213674E-01

0.7510214E+02 0. 3664291 E+00 0. 4902999E-02

0. 7482066E+02 -0. 1012646E+00 -0.1351601 E-02

BASE POINTS

\



PREDICTED RESPONSE ACTUAL RESPONSE

e.168285eE+e2 e.1682849E+02

e.1698782E+e2 13 . 169878eE+e2

e.1266969E+e2 e.1266971E+e2

e.1633969E+e2 13 . 1633964E+e2

e. 1564813E+e2 , e.156481eE+e2

13.168719-1 [+132 e.1687192E+e2

13 . 187ege7E+e2 e.187ege3E+e2

e.15398e2E+e2 e.15398e3E+e2

e.1475299E+e2 e.14753e4E+e2

e.1334547E+e2 e.1334545E+e2

e.1465965E+e2 e.1465965E+e2

13.1664457(+132 e.1664453E+e2

e.1841741E+e2 e.1841751E+e2

e.1715eeeE+e2 e.1715ee1E+e2

e.1715213E+e2 0. 1715209E+e2

e.1613195E+02 e.1613204E+e2

0. 1566547E+02 0. 1566544E+02

0. 1383849E+02 0. 1383851E+02

e.172ge79E+02 0. 1729080E+02

13 . 1586372E+e2 0. 1586370E+e2

RANDOM POINTS

PREDICTED RESPONSE ACTUAL RESPONSE

13.1722661 E+02 e.1733571E+02

e.196815eE+e2 0.2e2ee18E+02

e.16e9655E+e2 e.1626776E+02

e.1999169E+e2 0. 1964ee2E+02

13 . 1672752E+e2 0.1674227E+02

\
,

\



FREQUENCY = 18.0237 RADIANS

OUTPUT NUMBER = 3

NUMBER OF SAMPLES USED = 35SAMPLES

THE POLYNOMIAL COEFFICIENTS ARE:

0. 4798648155406875E+01

0.8910677456934270£+01
0. 1231087339110229E+02
-0. 1575539982052280E+02
-0. 1041142467914788E+02
-0. 1262685361587043E+02
-0. 3027759602050323E+02
-0. 2329526168704561 E+01

0. 2379257879962846E+02
0. 1982233934096393E+02

-0.6554117474383441E+01
-0. 1327292939479843E+01
0. 1266172613770085E+02
0.1651617199458171E+01
-0. 7054588483469510E+00
-0. 1767041938363605E+01
-0. 1835916132630369E+02
-0. 9875541649804882E+00
0.9193146910089351E+00
0. 5853577228965828E+01
0.9450512434313062E+01
-0. 1468404432212452E+02
-0. 9640820242940047E+01
0. 8458548709523317E+01
0. 2813295698881426E+01
0. 1500259388688442E+01
0.3089813841890811E+00
-0. 1234893731623193E+01
0. 5856902841786272E+00
-0. 1168826811532510E+02

0.3261555772538975E+01
0. 6641925843274787E+01

-0.7889430363108410E+01
-0.5182644470158194E+01
0. 9428945077363995E+01
0.9742550726282601E+00
-0. 5385458403532813E+01
-0. 7600251827892812E+01
-0. 1692992549304748E+01
-0. 1311496473338777E+02
0. 2280961458030975E+02
0. 6064553055373955E+01
0. 3775973443553058E+01
-0. 7454631889308468E+01
-0. 1505607463894615E+02
�0.2394898207412343E+01
0. 8446436296499262E+01

\



0.4279B�496B237478[+el

-0. 1596978276289094E+01

0. 7349352963085874E+01

0. 1030447906013310E+01

0. 1652596889992320E+02

0. 5003683235267746E+01

0. 1245085637588656E+02

-0.1516304626005585�+02

.

\
,

\



lSCAS4 OUTPUT#3 FREQUENCY= 18.0327 RAD PRESENT NUMBER OF SAMPLES USED = 35

PREVIOUS NUMBER OF SAMPLES USES = 0

NOMINAL POINT AVERAGE POINT

0. 1903000E+02 0. 1897169E+02

0. 3000000E-02 0.3016148E-02

0.1311000E+02 0.1310996E+02

0.5600000E-03 0.5599974E-03

0. 4570000E+01 0.4568696E+01

0. 5600000E-03 0. 5624649E-03

0. 7500000E+02 0. 7483724E+02

0. 7500000E+02 0.7481617E+02

0.7500000E+02 0. 7494780E+02

BASE POINTS DEVIATION FROM AVG RELATIVE DEVIATION

0. 1863364E+02 -0.3380487E+00 -0. 1781858E-01

0. 2986408E-02 -0. 297401'4E-04 -0.9860305E-02

0. 1314856E+02 0.3860190E-01 0.2944472E-02

0.5613285E-03 0.1331132E-05 0. 2377032E-02

0. 4578350E+01 0. 9653405E-02 0.2112945E-02

0.5801924E-03 0.1772743E-04 0.3151740E-01

0. 7487767E+02 0. 4042642E-01 0.5401912E-03

0. 7545962E+02 0. 6434450E+00 0.8600347E-02

0. 7493042E+02 -0. 1738434E-01 -0.2�19526E-03

0. 1876527E+02 -0. 2064187E+00 -0. 1088035E-01

0.3045191E-02 0.2904284E-04 0.9629116E-02

0. 1335950E+02 0. 2495423E+00 0.1903456E-01

0. 5422755E-03 -0. 1772181E-04 -0.3164623E-01

0.4614855E+01 0.4615910E-01 0. 1010334E-01

0.5708377E-03 0.8372761E-05 0.1488584E-01

0.7475592E+02 -0.8132346E-01 -0. 1086671E-02

0. 7476848E+02 -0.4769418E-01 -0. 6374849E-03

0.7605817E+02 0.1110370E+01 0. 1481524E-01

0. 1898621 E+02 0. 1451520E-01 0. 7650975E-03

0. 2965448E-02 -0. 5070049E-04 -0. 1680968E-01
0. 1320794E+02 0.9798148E-01 0. 7473820E-02

0. 6073826E-03 0.4738527E-04 0.8461695E-01

0. 4604646E+01 0.3594954E-01 0.7868666E-02

0.5170516E-03 -0. 4541339E-04 -0.8073994E-01

0.7479639E+02 -0. 4084952E-01 -0. 5458448E-03

0.7561869E+02 0.8025179E+00 0.1072653E-01

0.7445711E+02 -0. 4906967E+00 -0. 6547179E-02

0. 1897599E+02 0.4295622E-02 0.2264227E-03

0.2789617E-02 -0.2265316E-03 -0.7510626E-01

0. 134051 3E+02 0.2951680E+00 0.2251479E-01

0. 5367783E-03 -0. 2321906E-04 -0.4146279E-01
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0. 4484386E+01 -0.8431022E-01 -0. 1845389E-01

0. 5592633E-03 -0.3201658E-05 -0. 5692190E-02

0.7531438E+02 0.4771406E+00 0. 6375710E-02

0.7513071E+02 0.3145418E+00 0. 4204196E-02

0.7491142E+02 -0.3638916E-01 -0. 4855267E-03

0. 1902765E+02 0. 5595807E-01 0. 2949556E-02

0. 3042857E-02 0. 2670825E-04 0. 8855084E-02

0. 1300833E+02 -0. 1016283E+00 -0.7751990E-02

0. 5837799E-03 0.2378253E-04 0.4246900E-01

0.4615738E+01 0.4704173E-01 0. 1029653E-01

0.5867254E-03 0. 2426048E-04 0.4313244E-01

0. 7482274E+02 -0. 1450522E-01 -0. 1938236E-03

0. 7639761 E+02 0.1581441E+01 0.2113769E-01

0. 7423402E+02 -0.71'37878E+00 -0. 9523799E-02

BASE POINTS

PREDICTED RESPONSE ACTUAL RESPONSE

0. 1682853E+02 0. 1682849E+02

0.1698784E+02 0. 1698780E+02

0.1266973E+02 0. 1266971E+02

0. 1633961E+02 0. 1633964E+02

0. 1564819E+02 0. 1564810E+02

0. 1687206E+02 0.1687192E+02

0. 1870901E+02 0. 1870903E+02

0. 1539800E+02 0. 1539803E+02

0.1475303E+02 0. 1475304E+02

\



0.1334539E+02 0. 1334545E+02

0. 1465986E+02 0. 1465965E+02

0. 1664463E+02 0. 1664453E+02

0.1841827E+02 0.1841751E+02

0.1715014E+02 0.1715001 E+02

0.1715207E+02 0. 1715209E+02

0. 1613165E+02 0. 1613204E+02

0. 1566541 E+02 0. 1566544E+02

0. 1383845E+02 0. 1383851E+02

0. 1729069E+02 0. 1729080E+02

0. 1586472E+02 0. 1586370E+02

0. 1733572E+02 0. 1733571E+02

0.2020103E+02 0.2020018E+02

0. 1626797E+02 0. 1626776E+02

0. 1964070E+02 0.1964002E+02

0. 1674197E+02 0.1674227E+02

0. 1473486E+02 0. 1473490E+02

0. 1493870E+02 0. 1493928E+02

0. 1946834E+02 0. 1946895E+02

0.1533845E+02 0. 1533805E+02

0.1553659E+02 0. 1553647E+02

0. 1439997E+02 0.1440000E+02

0. 1660705E+02 0. 1660699E+02

0. 1846909E+02 0.1846885E+02

0. 1674427E+02 0. 1674447E+02

0. 1604411E+02 0.1604411 E+e2

RANDOM POINTS

PREDICTED RESPONSE ACTUAL RESPONSE

0. 1653985E+02 0. 1709623E+02

0.1559449E+02 e.1652122E+02

0.1594141E+02 0.1577145E+02

0. 1703423E+02 0. 1708289E+02

0. 1696043E+02 0. 1763427E+02

\


