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LIST OF SYMBOLS"

Mp_1 Auxiliary matrix
Rép) m-th order correlation matrix
Qip) Block Toeplitz matrix

(p)

Auxiliary block matrix

Wy s ﬁk Trapezoidal weights

Rm Aliased correlation matrix
k
G Gle—
k (NFA)
G{zJ) Element £,j of Gk
U Auxiliary scalar sequence
FFT Fast Fourier transform

*This list of symbols is supplementary to that in an earlier report,1
to which this report is a sequel.
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POSITIVE DEFINITE SPECTRAL ESTIMATE AND STABLE
CORRELATION RECURSION FOR MULTIVARIATE LINEAR
PREDICTIVE SPECTRAL ANALYSIS

INTRODUCTION

A generalization of Burg's algorithm for spectral analysis to the
multivariate case was the subject of an earlier report.1 All the desir-
able properties of the univariate case were shown to hold true, except
that it was not proven that the residual matrix was positive definite,
nor that the correlation recursion was stable. Both of these assump-
tions can be affirmed by drawing on the results in Strand? and Burg.

In addition to affirming these two assumptions, this report contains
a modified and updated FORTRAN program that supersedes the program pre-
viously reported.l The modified program incorporates some more-explana-
tory format statements, the calculation of the (normalized) correlation
matrices via recursion, and the aliased (normalized) correlation matrices
by means of a Fast Fourier Transform (FFT).

This report is a sequel to an earlier report.l In order to elimi-
nate duplication, that report is referenced for background information,
a list of symbols used, and processing technique. We shall draw freely

on that report; for example, equation (5) of the earlier report will be
denoted by (5).1

POSITIVE DEFINITE RESIDUAL MATRIX

The (p-1) th order forward residual matrix, Uj_;, was defined in
aquation (95).1 We wish to show that is pos1t18e definite; the
following proof is based on reference 2, equations (3.25-3,32).

From equation (H-5),1 we have, using the Hermitian property of
Up and Vp,

"
U = U, b Ay W
and from equation (137),1 eliminating BéP)H,

ARTAC N I
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Notice that we have made specific use of the inverse weighting in
equation (136).1 Substituting equation (2) into equation (1), we find

i L W L clyn )@ e
G Ut SRR o
therefore,
-1 i Q,\- M () v“
S;?k*,ur-S,,.. 25K+ RSy Ag o

Taking the conjugate transpose of both sides of equation (4) and
using equations (106)1 and (114)1 yields

G L TP PO e P
UM Ser =00 2850 + K o, A . s)

Adding equations (4) and (5) together and multiplying by -1, there

follows ¥

- -l ()
(-5 Up) U + 4 -0, She
2SN S SN K ST -2

the last identity was derived from equation (113).l

)
Mr-. o L}.. Sp-- . (7
Then equation (6) becomes simply

My, U+ My, = - 26,

Now, Ep is Hermitian and positive definite” (see equation (112)1);

(6)

Define

also, Sé{{) is Hermitian and positive definite (see equation (114A)1).

We assume that U -1 is positive definite. Then, Upll is positive
definite, and so U;ll Sg{{) must have all its eigenvalues positive

*A11 of the positive definite statements should be qualified with
the proviso "with probability 1."




TR 5729

(see appendix A). As a result, Mp.1 has all its eigenvalues negative,
making it a stable matrix (reference 4, page 270). Therefore, the
solution of equation (8) exists and is unique (reference 5, equation 3).

According to reference 4, page 278, problem 3, there exists a posi-
tive definite solution of equation (8) for U,. Therefore, there is a

unique positive definite solution of equation (8) for Up. Since

H
U =T = N .% X, X, (9

(from equations (95)l and (82)1) is positive definite, the assumption
above, that Up-l is positive definite, can be justified by induction.

In summary, the residual matrix , calculated by means of equa-
tion (105)} or (181) is positive definite. The quant1ty Vp is also
positive definite; the equation analogous to equation (6) is

e Vrs)vr +Vr('Vy:'~ Srh-? --2F, (10)

and all the comments above apply directly. It is worth repeating that
the positive definite conclusion on and V, holds for the specific
inverse weighting indicated in equat1on (13631 whether it also holds
for other weightings is unknown.

STABLE CORRELATION RECURSION

The correlation recursion is given in equation (164)1 according to

Rh "% A(" Rm , pHI s

ol (11)
R:=R1 , m<O,

where superscript p has been added to the correlation matrices to indi-
cate specifically their dependence on the P th order pred1ct1ve filter;
and starting values have been defined, as in equation (D- -3),1 namely,
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'R?: =R, , Iwl sp. (12)

The latter quantities in equation (12) are, according to equation (78A),l
solutions of

P
R = EA?:R,M , V=m<p. (13)

Combining equations (11) through (13), we have

R = ﬁA‘:)Rgl ,1<m. (14)

{ KX

We will show that recursion (11) is stable; that is, we will show
that (the elements of) matrix does not tend to infinity as m tends
to infinity, with p fixed. The proof is an extension of reference 3,
section III.C.2 (which was for known correlation), to fit the unknown

correlation case.

We have, from equations (82)l and (80A),1 respectively,
P
M
° N k=) ot

(15)

R'= éATRP-n ‘Fbr P“':’r*-

For a given value of p, define the (m + 1) x (m + 1) block Toeplitz

matrix " -
B W o N

(

®Y RS

)
R, =|:

(16)

"
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If m < p, the entries in equation (16) are according to equation
(12), whereas if m > p, the entries are those generated by equation (11).
It follows immediately, from equations (16) and (12), that

0\?= (R:) f msp. (17

The s,t-th block of’ﬁép) in equation (16) is

(p
{(Rf"’} =R, for o=st=em (18)
st

Also, define a (m + 1) x (m + 1) block matrix,

-

(0]

5 S R o R

o
I
-AP" o)
O
)] :
(19)

O
"
|
>
<

O H
O

where we require m > p > 1 for this definition. Then, using the nota-
tion established in equation (18),

"
{Q(:}h 3 Sfu I- Suo Ag’ ‘For O=tusm, (20)

where
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(0]
A(P)_ A{.,IS‘tSP
N : (21)
e

. otherwi s

Also,

H (2]
{Q(P)} % 3= S"A for Osrssm. .
M g®) @)
Then, the r,u-th block of the product Q&p G%F Qmp is

rgnar) - = fer, e, {arl,,
c =l R R R

: sZM- @" S{uR{ R e IER e S R Am
5RO A

(23)

R -5, 2 MR-, SR LA e

u-r

A5, EAMRD s, EROAT S0 S ATROAT

In the last line, above, we have used equation (21) to simplify equation (23).
At this point, we consider four subcases:
(a) for 1 <r, u<m, equation (23) reduces to Rggl;

(b) for r = 0, u = 0, equation (23) becomes
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( PP TN NTINTLE
Yr' éTASR—s—ng Ae + %A’ R e 3 (24)

)

but, by use of equation (14), the sum on s in the last term of equation
(24) is RéP), in which case the last two terms of equation (24) cancel.
We are left with

) S
'R(op_ S%A(’? R.(:) et gAs R—S'— Ur, (25)

using equations (12) and (95)1;

(c) forr=0, 1<u<m equation (23) yields
p i PolP _
Ru AT As R\.l-s =0, (28)

using equation (14); and

(d) foru=0, 1 <r <m, equation (23) yields
P m"
(') iR Y 0, (27)

since this is the conjugate transpose of equation {26). Therefore, we
have

U? 5 S BUC A 0 |
[t ) P -
) R(o') R:,:' Rb—l U I
H O KR l— sl o
P oPAP N o}
Q. K. Q: o 3 l (R(r) (28)
J | "-1
04
L 5
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This relation holds for m > p > 1, as noted under equation (19) (some
relations for determinants are noted in appendix B).

Now, let {1@] be arbitrary nonzero complex M x 1 column matrices.
Then, using equation (28),

T ol

(29)

We recall that U_ is positive definite, by thﬁ previous section.
Therefore, if R&B] is positive definite, then Q(p) Rép) Qép) is posi-

tive definite, which, in tum, implies that ®&P) is positive definite.
That is, form > p > 1,

if'R;?{ is positive definite, then.&ép) is positive definite. (30)

In particular, letting m = p, we see that if Ré?l is positive defi-
nite, then Rép) is positive definite. But Ré?{ = Rég;l), by equation
(17). Hence, if RP71) is positive definite, then &(P) is positive

definite. But R(0) = R, is positive definite (see equation (15)).
Therefore, we conclude by induction that

R;p) is positive definite for all p. (31)

This statement is used as a priori information in Burg's derivation in
the known correlation case (see reference 3, page 85).

Now, we return to equation (30) with this information and can draw
the conclusion that R(P) is positive definite for all m > p. Finally,
using equation (17), Pe can state

R;p) is positive definite for all m and p. (32)

For fixed p, since Rép) is positive definite for all m, (the ele-
ments of) R&P) cannot tend to infinity as m tends to infinity, since
R§P) = R, is fixed. Therefore, recursion (11) is stable. This implies
(using equation (23)1) that

T O T IV SEImrera——
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det (T - m‘i"A‘:)> = det %Am(?) (33)

possesses all its zeros inside the unit circle in the z-plane; that is,
predictive error filter‘ﬂXP) (z) is minimum phase.

The proof above hinges critically on the positive definiteness of
U , which was demonstrated in the previous section. In particular, this
cBndition is employed in equation (29) to guarantee that the right-hand
side be positive.

A word of caution about an apparent altermative proof is worth
mentioning here. Having shown that U, is positive definite, one might
be tempted to define Rngp) by the inverse of equation (165),1

7 - o KU W < (34)

according to
Ak

ﬁ‘"") A Sdf evr(i 21r¥m4) G(r‘(\t), all . (35)

It is cbvious that G(p)(f) in equation (34) is positive definite for
any f; and it is now easy to demonstrate that RmP) is positive definite:

%, by
e -a)ae| T | - WA,

m

L2 (i glortea) o9,

(36)
2l
28 - H ® i 2k W
:§ d,([sZeer ZW{SA)WS] G (F)L=°e\(r(| ntta A >0,
o
2
since 6P () is positive definite for any f,
9




TR 5729

However, the problem is that we now would have to show that ﬁép),
as generated by equation (35), satisfies the recurrence (11). An example
in appendix C shows that for an unstable sequence, the values returned
by equation (35) are not the same sequence; thus aquation (35) should
not be used until after the stability of {RmP } has been ascertained.

ALIASED CORRELATIONS VIA FFT

Based upon the previous results, we know that we can express
= )
)= & Zeuy(-lbrfma)R., SR (37)
m=-o
and

of Exr( 21r'fmA> G—“) (38)

m

=
m—"“lz}-

We have dropped the superscript p above, since the results to follow
will hold for any correlation-spectrum pair satisfying equations (37)
and (38).

If spectrum G(f) is calculated only at a discrete set of NF + 1

points on (— %K” %K) (which is a typical practical situation for plot-

ting purposes, for example), a discrete approximation is afforded to
the integral in equation (38). It is, for trapezoidal weights {wy} ,

Ne/ 20 2
NFA é/zw exy(i Zv&k; bm) G—(}t‘) = ERMKN, =R_ . (39)

That is, the discrete approximation to integral (38) yields aliased sam-
ples of correlation sequence {Rp} at separations of Np; this is easily
proven by substituting equation (37) into the left-hand side of equation
(39) and interchanging summations.

The aliased sequence {Rm} has period Ng. Therefore, Rlm is a good
approximation to Ry for |m| < Np/2 if |Ry| is sufficiently small for

10

il snesinistieiedaniiich dnk.
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[m[ > r_«F/z. (Generally, Np >> ppegy in the linear predictive approach,
and this is true.) The reason for considering this approach to the
approximate evaluation of correlation sequence {Ry} follows.

The left-hand side of equation (39) can be accomplished by means of

an NF-point FFT (one FFT for each element of the M x M matrices involved).

For trapezoidal weights, using the fact that G(— ;_A—) =G (l_), equation
(39) is expressible as 24

N .
Rn = W‘;A_ %:/2 exp (I ZTTKH/NF> Gk
'.!L.q (40)

Ay 2
2 ﬁ‘; E_’Thm,,(;zwk./m)(;_ + 2 expi2nin/N) G, |

where we have defined

b = G—%:), Jk) = ﬁ{— (41)

Letting n = Np + m in the first sum of equation (40), and n = m in
the second sum, we obtain

N, -\

'ﬁ - nZ-o‘ exr(uwnm/Nr)Yn ) (42)

LY

where M x M matrix
&, , 0=n"s= ﬁiz-\
X‘ EN,A N ; (43)
G-»_&, L sns Nr"

But equation (42) is recognized as an NF-point FFT of the matrices

11
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By B B o (4)
thus, we obtain Rg, ﬁl, o ety ﬁN,-l by means of tais Ng-point FFT, one

FFT for each element of the M x M matrices. (The quantities {Ry} for
Im| < Np/2 are available by use of the periodic nature of sequence
{ﬁm}) This use of an NF-point FFT to obtain (good) estimates of
correlation sequence {R } circumvents the use of recursion (11), which
would yield the exact correlation sequence {Ry} . It can save time in
some cases and uses already available quantities {Gy} , if they have
been computed previously for plotting or observation purposes.

REAL PROCESSES

The preceding results for complex multivariate processes can be
specialized to real processes. We have, from equations (171)l and (39),

&
G, =& 5 R
Therefore, equation (39) becomes

(45)

- el

A 2 fég%
R 25 Re = W, txr(i 21rkm/N,=> G, (46)

where

1, k=0 or Ne/2
o |, o<k<Ngf2 | G

Now, let the elements of matrices Gy and ﬁm be expressed as

e [@], AT aagen

Then, G{lk) is real for all &; and from equation (46),

’RM - i W, Cos 2w Km NF R (49)

12
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In addition, since
Ay st H® S
R g ‘Km ! ’R%'M 3 'R#O- ;

~(R
the fundamental range of m is [0, Ng/2] for sequence {Rm

(50)

9.

REAL BIVARIATE PROCESSES

We can specialize further to the bivariate case, M = 2, and make
use of some of the properties previously discussed. (The goal of these
manipulations will not be clear until the final result.) Define the
complex scalar sequence {uk} such that

W 3 N
\ G'(v:*"@: y 0 k==~
W = (51)
NFA GQQ 'GFQ NF
e T , =< k=Nl
Then,
N- 1
Z U, exp (i i Zrkm/NF>
k=0
Ny
N T o, . ) P
Mo = [G-k i@ -]exr(ti}vrk /N,) .
(52)
] -
(D) _~@2 :
4 -,1]-; oy GN,-\( 'HGN,-& exr(il?vrkM/Nr).

1f, on the right-hand side of equation (52), we let n = k in the

first sum, and n = N - k in the second sum, we get

13

1
|
|
|
|
I
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R il [G-w-}\ G—h)]!xy(tlzrnm//\‘.)

Nneo
Ne/2

G?0+-.6Ff]exr +|2wnm/k¥>

n=\

x —JT{[Q"HG:”} + ’;Z-'[G?H 62]2 wslwnm/N)
+[G—_,2 + 1 :‘]QDM}
2 D i el

A1) )
= 1{& 4‘l‘Rm )

the last step by equation (49); that is, using equation (52) again,

G- per QT

Thus, one Ng-point FFT of scalar sequence {uy}, defined m equatlon
(31%2 will give both (aliased) real scalar autocorrel%ugns { 1)} and
)}; and by the statement under equation (50), { } need be

printed out only for 0 < m < Ng/2.

For the crosscorrelation, equation (46) yields

14
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A

RY

\&

%
Re ﬁ W, Exr( ’Zrk'*/"D 1)

—N-:: Qxy IZ"'kn/N;)Gh

™M

hk;A

(55)
N /2
T PP o b
- e N' kNFA k :
0
N 5 Np-1
This Ng-point FFT of 55 + 1 nonzero numbers would yield {R&lz)}oF ;
and from equation (39), since
ﬁ_m = ﬁ: (for general complex M x M matrices), (56)
it follows (using the periodicity of{ﬁdp that for the nresent case
,R(z') e a3 (BY) ﬁqv (57)
= i
Ne
Thus, print out of R(12) and R_(21) for 0 < m < = suffices to give
complete information about the aliased crosscorrelatién. Furthermore,

all this information is available from the single Np-point FFT of equa-
tion (55).

In summary, only the two FFT5 indicated in equations (54) and (55)
need be conducted to obtain complete information about the aliased
correlation sequence {Rm}, for M = 2. These relations, in addition to
the exact correlation recursion (11), have been incorporated in the

FORTRAN program listed in appendix D.
the earlier report!

The comments in appendix K of

are relevant here also.

15
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SUMMARY

It has been shown above that, for the weighting introduced in
equation (136),1

-\ -1
./Lr_,=U,,-. ) l?-,*V'-. ! chojce 2, (58)

Up and V, are guaranteed positive definite, and the correlation recur-
sion (11) is stable. Therefore, equation (58) is a sufficient condition
for the desired properties to hold true. It is not known whether this is
a necessary condition, that is, whether equation (58) is the only choice
that results in the desired properties of positive definiteness and
stability.

However, for M = 1, since, by equation (129),1 UP 1
possible to show that

B (M=1) (59)
is the only choice that guarantees the des1red propert1es (see refer-

ence 1, page 32), Namely, equations (124), (130),! and (114)1 yield
scalar

= vp-l' it is

% =) (O (p-H"
o (Pl A2) Y2
Ay 5 ) |52 P {\or N=p+, M=1 (60)
PP" lZN-' ‘ +~Lr-l YN \
In addition, if the data samples happen to take on values such that*

) V2
b B8 Ayer (61)
iy
: -

i (0 (] eed . w

then

*If the sample mean of the original data is (made) zero, th1§ choice
is not p0551ble for p = 1. For p > 1, the sample means of {Y (P-1)} ang
{an 1)} are not necessarily zero.

16
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which is always larger than 1 (unless Ap_1 = T__,); then U, is negative
and an unstable correlation recursion results. us, equaglon (59) is

the only choice that guarantees positive ll; and a stable correlation
recursion, regardless of the data set, for ﬂ

It should be noticed that the absolute level of the weights is not
specified by equation (59). Thus, for M > 2, freedom in equation (58),
at least to the extent of a common scale factor must be allowed.
Whether this is the only degree of freedom allowed to the choice of

Ap-l and rp-l is unknown for M > 2.

17/18
Reverse Blank
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Appendix A
SOME PROPERTIES OF COMPLEX MATRICES

An arbitrary complex square matrix A is called real definite if

PAY - v Creal) Re any U -1

where ¥ is a complex column matrix.
It then follows that
A real definitesy AH = A, {)\k} real, (A-2)
where {Ak} are the eigenvalues of A.

For proof, first take the conjugate transpose of equation (A-1),

‘I/"A“‘il = v for awy Y. (A-3)

Subtracting equations (A-1) and (A-3) gives

Y N-A)Y =0 foram V. (A-4)

Therefore,
A-A=0, o A-h (A-5)
Also, if {Vy} are the eigenvectors of A, then
AV = NV,
VAV = WV

Since the left-hand side and V‘;:Vk are real, )y is real.

(A-6)

If r in equation (A-1) is positive for any Wo,then A is said to be
positive definite. It follows that

A positive definite = AH = A, {Ak} > 0. (A-7)

A-1
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The proof is the same as the proof above, except that now VEAVk > 0 in
equation (A-6).

Now, we are in position to prove that

Eigenvalues of AB

are all positive.

A positive definite
(A-8)

B positive definite

For proof, let {A¢} and {Vy} be the eigenvalues and eigenvectors of AB;

then, we have
QAB)V" =MV
- B\ = \\ A;|\A
V:Bvx 5% \kvku A.'Vk o \k @.'VK)NA(A—‘VK)o

where we have used A = A (equation (A-7)). Since A and B are positive
definite, the left-hand side and the factor multiplying Xk are positive.
Therefore, Ay is positive.

(A-9)

It should be noted that AB need not be Hermitian or positive defi-
nite. For example, if
= *

x p il
A= < ROLq)o) (o >'F‘)
X
T (A-10)
B- )‘ y ] )i rec‘, }‘>°; }“>‘p| )
v oy
-
then,
o<y+p*v «V*+yla"
AB = ¥ (A-11)
L)‘(’J"“’ <p +‘Gv

Since the main diagonal terms of AB need not be real, AB is not
necessarily Hermitian. Also, if we assume that AB is positive definite,
equation (A-7) says that AB is Hermitian, which is contradictory.

A numerical example follows:




2 1t 2\
e 2-} , B 2-].

A and B are positive definite and Hermitian.
are {Ak} =2 t\[5‘> 0. Their product is
4-i2 4
4 442 |’

AB -

with eigenvalues 4 * 2\[3 > 0, as predicted.
nor positive definite because, for instance,

[ o1ABly| = +-i2
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(A-12)

The eigenvalues of both

(A-13)

But AB is not Hermitian

(A-14)

The matrix AB in equation (A-13) points out that specifying a
matrix to have positive eigenvalues does not make that matrix positive
definite. However, if the matrix is also Hermitian, we have the genera-

lization of equation (A-7) to

A positive definite € A" = A, (3} > 0. (A-15)

A-3/A-4
Reverse Blank
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Appendix B

RELATIONS OF DETERMINANTS

Since det Qép) = 1 (see equation (19)), equation (28) yields
)} (p
det 6{: = det Ur clt{ @h_. e m=2 P (B-1)

Setting m = p in equation (B-1) and employing equation (17), there fol-
lows

det R - aet U, det @ 5-2)

Since Réo) = Ry = Uy (see equation (95)1), this recursion may be
written in closed form as

det @ = TTaet U, -5
=0

3

This relation is given in Burg,” page 86.

By lettingm=p + 1, p + 2,. . ., in equation (B-1), it follows
immediately that

® w-p ﬁ ;
det 63,,, = (déc \)r> i) det U, m2p (B-4)
In addition, for m < p, using equations (17) and (B-3),
» ) o
det 62,__ = det®, = ;]Tcl& U, m<p (B-5)
=0

Combining equations (B-4) and (B-5), we have

- ;f1~ J(+ \%‘ y M P
AR =4 : (B-6)

(det \),‘5*” i’rc\& U, m=p

B-1/B-2
Reverse Blank

k<
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Appendix C
EXAMPLE OF UNSTABLE CORRELATION RECURSION
Consider the univariate (M = 1) correlation values,
Rm = r‘mI, all m, r real and positive. (C-1)

The value of r can be greater or less than unity. The z-transform of
equation (C-1) is

o8 — &
= L ) - -~
= £ R s ik Rt l L 0. (c-2)

M=-)

Now

f;\ L8 f \2*> r,

z2-r
(C-3)
7 ; f:
Szzz“Jr' 'F ‘z‘<r.

But, if r > 1, there is no common region of convergence; also,
sequence {R } is unstable if r > 1. Nevertheless, if we blithely add
terms in equation (C-2), we get

S e
%2 W (z-er—%,—) e

Then, continuing on, setting z = exp(i2nfa) and multiplying by 4,

A»('-{;)<hxr(i:hr4§£)
[éxy(i?nFh)—;](éay(iIWJi)"fg]

&) =

(C-5)

which is real, and

C-1
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s

A(r-4)z

& u—r(l LFMA)GF) = %;‘Q* %‘li" E)(;- "l'_) . (C-6)

CGircle

Y

R.=

4

In the following, let r $ 1, a = min(r,%), and B = max(r,%ﬂ. Then,

o Jm\

K‘=(Y-',l: :_(, bov all ». (c-7)

This is a stable sequence for any r. But, notice that if

= Im|
ret, wery gty R ™ fe al w o

whereas, if

= |
>, x= ‘?)P= r, Rm=-(;L$ ‘Fwa" m. (C-9)

The former sequence is correct; the latter is not. Yet both are
stable. So, although equation (C-6) always generates a stable sequence,
it is not necessarily the original sequence.




—
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Appendix D
FORTRAN PROGRAM FOR SPECTRAL ANALYSIS

A FORTRAN listing of the spectral analysis technique is given in
this appendix, in addition to a sample printout of an application. The
notation and scaling adopted is identical to that given in reference 1,
appendix K. The equation numbers referenced are those in the earlier
report,1 except in Subroutine ACM, where they correspond to the equa-
tions in this report.

D-1




TR 5729

((2)0IIVe(T)ITIV)e(A'X) IINIWAINDI
(WIS (2)0DIV (XVYWND)ITIV (W AWIIM (WWIAM (W DIM(W'W)AM (W) YMS
(XYW WO NING (W) B ()G IW IV (WO TAY W) TN (W WIA (WWINS
C(THAN) IS0 (Wi*nW AN) ALY (W e M) XX (W) SAV Y (XYWD KW )d8S
(XYW WOIN) DY ¢ (W) LS3BNY(WN)Z (W )AC(W!N)X NOISN3WIQ
a NOISIJO3Nd 318n0a
A8levidl Y3
vI®4MZ290T1¢d1S39d ¥I9IINI
T+h/3AN=ThdN *H20T=dN ‘0T =XVWJ ¢ COT =N Y3IL13WVHvd
SS320048d 31VINVAI:Z ® =W ¥313WVHVYd
ANdLINO tviva AINdNI 40 XIYLVW NOILVIIHYOD 3IZITVWYON Q3SVITIV = XX
1N44N0 ¢VLIVA LNANI 40 SIOIYHLVYW IvHLI3dS = AA‘YYX
1NdIN0 1ViIVA LN4NI 40 SNOILVIIMNOI OIZITTVWHON 40 XIHLVIW = N¥
ANdLNO $SIN3IDIF4309 NOILVI3YH0D IVILYVY WYMMNIOVE 40 XINLVW = df
1NdiN0 11S38d ¥0d SAINIIIIS430D HILTIS 3ATILOIAIYd QUVMHOS 40 XTHIVW
= N3HL tSINIIDIS43)0 NOILVIZUYHO0D TyIldvVd QHVMEOS 40 XINLIVW = dY
ANDLINO t31VhWILS3 WHLO3dS NI SIN3IJIJ4302 40 XIHLIVW = 1S38Nn
A1NdLIN0 ¥393ANI 1431714 40 ¥30QH0 1S38 = 1S38d
LOdiN0 ¢NOIY3LIND MOILVIWHOINI S,3INIVNV = D1V
AiNdLINO tviv0 ANdNI 39 XIMIWW 3IONVINVAOD = ¥
1NdiN0 tVv1iQ LNANI J0 SNy3IW = 3AVY
LNINI ¥393INI (144 DK SN 0L 2 40 ¥3MO4 VYV 38 1Snw) 144 40 32IS = 4N
LNGNT 93934HI tH3LTId 40 HI0HO0 WNWIXYW = XYWd
ANdINO NO Q3Y3Lv VLV INANI = (WONIX *  (WOTIXO ¢ (TaNIX®**(T'T)X
LINANTI 33931 (I 1SS3208d HIVI NI S1'.10d VivVa 40 ¥3IBWNN = N
dINdNT Y3I9ILNT 1SS3208g 3ILVIMYAILTIN: 40 ALIYNOISNINIC = W
*Yiva 3INILNON=NS 3JIVd3y ANV ¢Th ONs ©2 SINIT 39NYHI ¥3ISN
*XIMIvewe ALISN3Ig TvH1)23dS 3 i1 40 1IN0 INI¥d4 341 ONvY
43AT10S Qv *LH3ANI ‘naS SIANILNOYENS ANV WH3IL3I . NOILINNG 40 NOIL43IX3
3HL HLIM ‘W TVH3IN39 Qv S3SS320ud Iv3Y ¥04 3L1118M SI WYH¥O0Md SIHIL
*ONIOVYIAY QNVMMIOVE ANV QYUY MO4 Q3LHO9IIM ONIAOIIW3
STSATIVNY IVYHLI3dS 3.7421038d HVIANIT ILVIAVATLINKW

QUUUOULVLVLLIVIVLDIULLLLVLLVVLOLL

D-2




‘ e ' " " PR . T ——— S— _-J

: (XVWd‘0=d* (d)IIV'd) ¢TT ININd

a (s (d)IIVI'XTT ¢ ds*X6S -2
= /e SNOIY3LIYND NOILVWHOSINTI INIVIV /) LVWNOS (1) ¢ e
P 0T INI¥Nd
= (WOTSPe(WT=TI(PI)N)) 9 ININd
(s2ViVA INANI 40 XIHLIVW IONVINVAOD /) LVWNHOSL 6
6 INI¥d

(WOT=TI¢(I)3AV) ¢9 ININd

(s3ViVQ INdANI 40 SNV3W ,/)1lVWYHOS

8 INIY¥d

33d 1VI
SIN3IJI44300 NOILVIIYHOI WILyvd ILVNIVAI O
(8°023G) LVWYO04 9
ANN..xmmxbgmmuuoxa ..b(txou :
n
m

©

3NNILNOD
(NCTSHO(IeXIX) 49 INTNd
€ 01 09
(NPSNI(TeN)X) ¢9 ININd
(43434 U3ANI¥d LON SINIOd Viva LNdNI 4¢91)1VWHOS L
. 9 ‘L ININd
m (00T I=XN¢(I¢M)X) 9 ININd
S 01 09 (002°31°N)J1
I ‘% ININd
Wet=1 € 00
002=N=1
66=N=r
(s2viVa LNdANI /) 1VWNOS 2
2 ININd
viva 1vd
(WONIXO S (WOTIX O O (TONIX  *(T*T)X NI ViVO INANI O
(SI¢4= ANO*X0T2Is= We*XO0T*hI®,= XVAD,*'XOT*GI¢s= N +*THT) LVWNOS ¢
VNPT 4T AINTHd
AN=T
W=
XVNd=P
N=1
SY3L3WVHVYL 40 S3INTIVA LNO AINI¥d O




N
N
~
wn
<
o

02 INT¥d
Was 1yd
IONIFYU3IHOD OGNV XIHLVW ALISN3O IW3193dS 31vVNIvA3
41434 VYD)
NOILD''Nd ¥34SNvyl ¥3L1I4 HO4¥3=3AI1D2IA3¥d 31YNIVA3I
(XYW T=d (WOTSP e (WT=Te (d'PYTINY) ) *d) *GT UININd
(WOT=PO (WeT=I¢(r?1I)Y))*d *GT AININd
0=d
(4220LNY 4 XHT ¢4 2TSSOYI 4 *XET* 4 T2SSOU 4 *XET 4 TTIOLNY 4 ¢X6¢ 4 AV, ' XLS
ZsIXVYNd OL dN ‘2=W ¥0d S3JIULYW NOILVIINYOD J3ZITTVWUON .\“»Hnwou
6 ¥d
(1S539d* T=d? (WOT=P e (WT=T¢(d'P4T)dV)) *d) ‘ST LININdD
(422(%91538d)VYe*x8¢42T(N*1S3Bd)V4'XBS
¢ T2(NLS38d)I Ve X e TT(%9LS38d)Ve*XBY 4N *XES
/421538d Y04 SAINIIIIS4300 ¥3ILNI4 3AILO103:3d QHVMYEOS /) LVWHOS
8T ININd
24d 1)
S3IJI¥LYW NOILVI3NUOD OQ3IZITVWMON QMY
SIN3IJI44309 ¥3111I4 3A112103¥d 3LVYNIYA3
LT 01 09 (0°®3°1S38d)4d!
(XVIND! T=d? (WeT=P e (W*T=1¢(dr¢1)da)) *d) ¢GT LNINd
(022(d*d) B X2T442T(d*dIda'X2T*eT2(d*d)BI*'X2T*,TT(d*d)Bs*X0TS
¢3de X6/ 4 $SINIIIIH4300 NOILVIIYYOD IWILYV4 QAYMINIVE /) LVAWYHOS
97 ININd
(8°023h¢0TI)LVWNHOSL
(XYW TS (WOT=P e (WOT=T¢(dP1)dV)) *d) ST ININd
(022(d'dIVe*X2T¢a2T(d*dIVe'XSTaT2(d*'dIVi*'X2T*,TT(d*d)Ve*X0TS
$ady*X6/4 $SINIIJIA4300 NOILVYIIUYOD AVILYNYD QYVYMHYOL /) LVWMOS
HT INTNd
(WOT=P e (WOTSTI(reT)1S38N)) 9 ININD
(4215380 +/) 1VWHOAS
€T ININd
(€1¢4= 1S38d +/)LVWNOS
1538d 2T INI¥d
(8°023°0TI)1lvN0d

o)
LT
2

61

8T

9T
ST

T

€T
et
184

D-4




S°=0VH+81%GS°+V1%G9°=0l
ONYYI=I
S*=0ONVY+81*%SL°=Y1%GB° =1
ONVYHI=I
SINIOd IWWILINI 3S3HL QYVISIA TIM © oou.aux.ﬁ oa
0=8l
‘0o=vl m
1826=1 M
*2,9¢B8EL6GENE/ (1) AVO14=ONYY 3NIJ43Q
LOEQGCLOGEHE* (2/((ST*2GxT¢TINIIS=T) )+ T*xGxI=0ONYYI 3INI43Q
SS32048d ILVINVAIE ‘2= 404 ViVO SILVY3INIO INILNOYBNS SIHL I
. V1V3 3NIlnodensS {
U :
OW22XX (T42¢Td2AANI XX (T42¢Td2AINIXXONTTIXX 204N ¢ST LNIY¥d
TWSSXX ¢ (Te2¢204NIXX*(T92924204NI XX TWTIXXTW2A4N ¢ST AININd
(SW20SN*T=T ¢(2¢02971424203N) XX (T42¢1+T) X XS
(T2 N=TdIN)XX*(TeT¢N+2d204N)I XX 1) ¢ST LNINd
(292¢2dCAANI XX (TO2¢TIXX(T24TIXX(T'T42020Q4NIXX¢T ¢ST LININ¥d
0=1
(4220LNY4 *XHT*e2TSSOUI L *XET ¢4 T2SSOUIe ! XCT 4 TTOLNY 4 *X6¢ 4 AVII04 *XLS
/432=W 404 S3JIuivw NOILVIYWOI Q3IZITVWYNN Q3SVIIV /) LlVW¥Od 22
22 ININd
WOV 1Y)
1343 VIA S3IOTYLVW NOILVI3HYO0) Q3IZIVWYON Q3SVIV 31vNIvA3 D
(8°0239‘071) LVYWNOS | ¢4
(TdRAINT=T1 (2924 MAAC(TITNNAAI(2TALAS
C(2OTONIXXO (242 )XXC(TITENIXXT) ¢T2 ANINd
(o LNIWNOUV 4 *XTT*4HOD DS OV *X6¢ 4 (STSSOUI)OVNI S
XL (2TSSOUI)IVIY !X0T*42204NV4 ¢XNT s TTOLNY, *XOT ¢ 4sNIB, ‘XBS
/432=W ¥0d 3ONIYIHOD ONV XINLVW ALISNIQ WHLIIAS +/)L1VWNOS 02




% i

(I*M)A=(I*W)2 N

Vie(I‘MIA=(IMA

i f e
<»u.~vu><

N/Vi=V1l
(IeN)A+Vi=VL ¢
N'T=X € 00
*0=vi
WetT=1 2 00Q
vIT O3 gSavydY viva I MI4 ISNV3IW 1OVHLENS O
XVWd 0l WNO3 1S38d 32404 0nox ‘*0=23v4 © N/Wxn%°2=Jv 4
€8T ®3 (XVvid NO CNNO8 ¥3ddNn © (XYW ¢VIINIw=VI
(h1%4= d 04 Q3LIWIT HOYYIS 1,°GI’s
= N SINIOd VIVA 40 ¥3BWNN ¥0d 39yv7 001 SI 4¢nI¢y= XVWd +/)L1VWHOS T
VICIep T INTHdD (VI®19°XVWd)AI
W/ (N) L¥OS*°c=v1
Xvwd=r
N=T
W ANV tXYWd OL T = d 304 SIN3IIJI44309 NWOILVYINNO0D
AVILYVGE il ONV 1S38N ‘1S38d SLNDWOD 3NTLNOY¥BNS STHL
23d 3NILNO¥ENS

-

]

zm:»uz

a1=(2M)X ~
R
sy
S=0.VH+812SG°+v1*GO°=Al
e
G®= INVH+B1*GL =y18G8°=1
e
o =T
ViZ(TeTIX
VIS(TYT)X

plony |

0-6




TR 5729

((d*T*T1)dg*8)IWNO3 T1IVI
((d'T¢T)dV*V)WVNO3 T1TVI
(84IN*AM) 1 INW TVD
(OMeOM)SNYYL TIVI
(V/IAYIM)LINW VI
72T 53 1SINIIII44300 NOILVIINHOD IWIldvd 31¥ATWA3 O
\ 3AT0S TV
19T=4ST S63 {NOILVNO3 XI¥ivVW Mv3INITIE 3A0S 9
(% ¢IMeOM)a0Y VI
(VMIINAM) LINW VD
(OMeVM)VND3 T1TVI
(INON) LY3ANI VI
(8M¢QM)TVND3 VI
(GM4EMOIA) LINW TVD
(IACA)L¥3ANT VI
927 ©3 tNOILVNO3 (INAVW NVINITI8 NI G3¥INO3Y¥ S3IIINIVA 3LVNIVAI O
VI¢I=d S 00 i
(1S38n*N)VNO3 TV
0=1S38d
(0)2IY=NIWIIV
( (N)WY¥3130)9071=(0) I1V
NOISH¥NI3Y NIO3g 9
(D4944AN2)SSOYD TIVD
(A*¥)VNB3 TIVI
(N*Y¥)vN®3 T1VI
(POT)GM=(I*PIaM "
(PI)YM=(I‘PIVM
(PeTI¥=(I'MY
VI+(P'T)IM=(reIIaM
AL+ (P IN= (LTI VA
N/Z(BL+VL+ (P4 I)IMI=(NTIY
(PeN)A%(TI'N)A=EL
(POTIAx(I¢T)AZVL 1
Wel=r 4 00 .
WeT=1 4 00
(DMeAT=N*2)01NY TIVI
GOT OGNV ¢HTIT ‘29 SO3 $S3HIULVW NOILVAINWYOD 3IZ2ITWILINI O

D-7




P’""T‘

TR 5729

((I‘,)LS38N+(MI)1S38N)*S*=(r*1)1539n
We=r 21 00
T+1="71
¥e1=I 27 00
T=W=X
NENL3Y (T°03°W)dI
ANNILNOD g
(DMIZ4A¢N*2+d)SSOYD VD
(BM¢2¢T=N*T+d)0LNY VD
(gPeAINIZHdIOLNY TYD
1T 03 ¢S32IY¥ivn NOILVA3ZYHOD M3IN 3LVINIIVYD O
. 3NNILMOD L
VA=(I*M)A ot
(PIT=X)2*(Mr*])V=Vi=Vl 1T
WeT=r TIT 0d
(I'M)A=vl
WeT=1 0T 0Q
vi=(I*M)2 8
(PON)AX(MP¢T)8=Vi=VL &
WeT=r 6 00
(T¢1=-N)Z=vi
WeT=1 € 0Q
T=¢q¢n=x3 L 00
I14+d=1
TT1 ®3 t2 GNY A S3ON3NO3IS viva 31vVodn -
S 01 09 (vI*®3°d)4dl o
(1s38n‘n)vnes 1vd
=1S38d
(d)JIV=NIWIOIV
9 01 09 (NIWJDIV®39°(d)I1IV)dI
dxJV4+( (N)WYH3L130)901=(d) OV
08T ©4 tNOIUILIYD NOILVWYH 4ANI Sy3INIYNY 3ILVINDIWDY 9D
(A*3MA)ENS TVD
(IvOME) LINW 1Y
(N*3Me¢n)ans 1vd
(IMaMeY) LINW T1VD
18T 93 ¢+ ONV N SIVNI&lvw 21vnen 9

J

D-8



TR 5729

WeT=VI

((d*T*TINYIVM)IVNDI
(VYmegMivm)aay

(BM¢ (I=d!T*TINY (T T)dVILINK
15384d¢1=

(YM¢yMeYM)ENS

XVWd¢VI=d

v 0Q
VI
TV
1V
e od
1V
L 0Q

T+1S38d=VvI
9 01 V9 (XVWd*D3°*1S38d)3I
3NNILNOD

((deTITINYIIM)IVNOI
(OM¢QM*OM) aav

(OM* (BITYTINY‘YM)LINKW
((4T¢T)dV VM) IVNO3
((8I°T'T)d8¢aM* (81¢T¢T)dE)BNS
(8M¢(T¢T)dV(d’T*T)dE) LINK
: (YMOYN (V4T T)dY)BNS
(yme(9I0TeT)dB(H'T*T)dV)ILINK

N1vI
1V
v
TV
T1IVvI
TV
MMvI
VI

=d=81

vVI¢T=1

¢ 0a

T=d=VI

(QM4Ye(deTT)dYILINN
15384d¢2=d

T
T od

€ 04 09 (1°03°1S38d) 31

(NY Y dV) LINKW

%97 ONV ‘G2 ‘Y08 SO3I ¢XVWd Ol dN S3IOIULVW
NOILVI3H¥0I Q3ZITVWYON 3HL S3LINdWOD 0SIV U1
6L 93 tW ANV (SIN3IIIII4300 ¥3L14
3AI1101038d 3HL S31NdWOD 3NILNO¥BNS SIHL

TV

J4d 3NILlNo¥ANS

NYNL3Y
(reT)AS3EBN=(1¢r)1S38N

©~O

N -

O VoOVLu

(A

)
Q

el il




"

TR 5729

N¥NL3Y
(T=¢441290VISOD(PYIdT)AA(NITITIXX)LA4DIN TIVD
*0=(P*¢I4TN)AA
*0=(re1 ) XX
dNevI=T 4 0Q
2+1S38d=vI1
*0=(P'I*VAA
(T=14PI)dV==(r*1¢N) XX
viee= € od
T+1S38d=vI
2 01 09 (0°®3°1S38d)4I
C0=(PIT‘TIAA
CTIS(PITIYTIXX (Pr*D3°I) Al
*0=(r*1*T)XX
WeT=r T 00
Wet=1 1 o0d
(4NTIS0D)SNIHLIO VI
S*+(4N)OVIRL2HH * T=4NCO0T
(9=r)=(C=r) ANV 89 SB3 AN ANV INOILONNS ¥I4SNVYHL ¥3ILTS
40883=3A1121038d 3HL S3LNAWOD 3NILNOYBNS SIHL
3143d 3INILNOYANS

NY¥N13Y
1*(d*3IVIINY=(4¢8I¢VIINY
XYNd¢T1=d S 00

‘T=(319VIY (B1°03°VI) 4T
1=(8I¢VI)y=(g1VINY
(8I)sS=(vI)S=1

WeT=81 S 00

Wer=vI S 00

((VIeyI HILYOS/*T=(VI)S

(®

3
p
S

D-10




NENL3Y

3NNILNOD

*0=(T¢2¢)AA

*0=(T2¢NxXX

(2TSSOUD)OVWI © 8L3VL=(2°T‘NAA
(2TSS0¥))V3Y © (2¢T)oM*YL=(2¢T¢77) XX
220inv © (2¢2)Im*vi=(2¢2*T7) XX

T10inV © (T4TIOMRYL=(T*T¢ XX
ININNOYY © ((2°T)J%48L)CNVLV=(2¢2 ) AA

HOJ BS 9VW 8  ((2¢2)0Mx(T¢T)oM)/ (Sxx8L+2x%(2¢TIIM)=(T*T* 1) AA
(OMegM*dM)aav v
(QMIMGM) 1IN T1IYD
(3neamels3aN) LINW TV
(OM¢BM)SNYYL TTVD
(OM4aMéYM)LTINW TV
(T42)M=(2¢T)IM=81
(OMAM‘8M)YLINW 1TV
(Q:4199M¢1538N)LTINKW TIVD
(OMeVYM)SNYYEL TVD
(Sxxgl+2%%xvVl)/1l=vi
(SOT)BM*(Te2)YM=(T¢2)EM*(2TIVM=(T¢T)BMx(22)V 4+ (242)8M*(T*T)VYM=81
(BM) x¥3130~ (VM) WH3IL30=V1
(TIT ) AA=(2¢2)8M
(Te2¢ N A1==(T*2)0AM
(2°T¢N)AA==(2¢T)ENM
(22NN AA=(TIT)IOM
(TT!IXX=(22) WM

(T2 XX==(T*2) VM

(2T N XX==(2T) WM
(2024 XX=(T*T)I)VM
TdeadN*T=" T 0d
T+2/73N=Td204N

AN/°%?=1

G=X OGNV 8.1 SO3 (2=W ¥94 IONIUIHOI ONV XTHIVW °
ALISNIA Wyld3dS 3HL SILNGWOI 3NILNON¥BNS SIHL I

wasS 3NILNO¥ENS

D-11




TR 5729

1

CC=(T42¢14204N) ¥X
1*(24T4N)AA==(T12*1) LA
Lx(2¢T4)XX =(12¢1) XX
2a4N¢e=T € od
L1*¥(2T'T)AARG ==(T¢2T)AA
L*¥(20(T)XX%G® =(T42'T)XX
SNOILVIIYYOD SSOHI QIZITYWHON I LNdWOD
Blx(192¢Td2034N) AA=QWE2 XX
Vi*(T42¢Td20IN) XX=0ONWTTXX
Blx(T¢2¢203N) AA=TWE2XX
Vi=x(T¢2¢204N) XX=TWTIXX
gax(L¢4c 1) AA=(2¢24N+Td20dN) XX
VA (T2¢ N YX=(T¢T¢N+Td204N) XX
Tweddnee=T 2 0d
*T=(2¢242d204N) XX
*T=(T¢Te¢2d20dM) XX
(81%vl) 1y0S=1
LTe2'T)AA/T=8)
(T2'TIXX/*T=VL
SAVYHY OLNY 40 3vH ANOID3S NI 3¥0LS OGNV 3ZITWANON
(T4 1290TYISOD(T!CeTIARY(T2TIXX)L44DIN T1VD
(292¢71=2420dN) (X%G°*=(T¢2471+20Q4N) AA
(T¢T¢71=24204N) <X%G°*=(T*2¢7+204N) XX
(C124T1)XX*G°=(T*2¢0) AA
(TeT*N)XX*G°=(T*2*1) XX
2d4NeT=1 T od
SNOTILIVIIYHOD 0LNY 31NdWOD
C=204N=2W204N
T=204N=TWSNIN
2+2Q4h=2dea4dn
T+204N=Td2Q4N
2/ 4N=204N
T+IN=TdIN
LS=hG SO3 ¢LzLS LldY HO3L 2= YHOd4 *Sldd4d OML VIA S3DTdlVw

NOILVIINHO0I UIZ2ITVWYON Q3SVIIV 3HL S31INdWOD 3NILNOH¥ENS STHL

WOV 3INILNOUANS

N

D-12



NYNI3Y
(PeT)v=(r*1)8
Wel=r 1 00
Wei=1 T od
(Wex)B¢(WW)VY NOISNIWIA
AVNO3 SIDIVLVA WXW OML SL3S 3INILNO¥ENS SIHL
(64V)VNB3 3NILNOYUENS

NYNL3Y

(re1)g=(1'r)8

as(re‘1)s

(PONIVR(T*XN)V+0=0

eNeIN=) 2 od

00°'0=0

Wwei=r 1 00

WeT=1 T 0Q

(W9 4)BO(WIN)Y NOISN3WIA
VHTT O3 (W ANV ¢XIHMLVW NOILVIIUYOD OlNy NV SZINDWOD 3INILNOUENS SIHL

ON V'V © (8VSNIIN)OLNY INILNOYUEBNS

N¥NL3Y
a=(r‘1)3
(FOT=X) 8% (1¢3)v+0=0
2NYTN=X 2 00
00°0=0
WeI=r 1 00
WeT=1 T 04
(W'W)I* (W'N) B¢ (WIN)V NOISNIWIQ
gnTT ©3 (W ANV {XI¥LVW NOILVI3HYOO SSOMD ¥V _S3LNdWOD 3NILNOWENS SIHL
ON V4GV &  (D7g¢VeSN¢TN)SSOHD INILNONENS

NY¥NLIY
(T=¢4in290T19 IS0 (T2 TIAAY(T24T)XX)L44 DN T1TIVD
1% (2¢T*Td2QIN) AAXS*==(T¢2¢Td204N) AA
1®(2¢T9Td2QINI XX*G® =(T*2¢Td20dN) XX
*0=(T¢2¢1+204N) AA

o)
o
T
[

D-13




TR 5729

AR siadat o

NYNL3N

1=(r‘1)>d

(PR (NT)V+L=L

WeT=M 2 00

‘o=1

Wet=r 1 0Q

WITI=I T nQ

1 vy

(W'W)D(W® DB (W!W)Y NOISN3WTA
S3JIHLVIK WXW OML S3ITdILTNW 3NTILNOMEBNS STHL

ON Veg'y O (3¢A4y) LINW INTLNOYANS

NYN13M
(PeD)E=(reTIV=(PT)D
WeT=r T 00
WeT=1 1 0d
(WCW)D (W DA (W'W)Y NOISNIWIA
S3JIYlvn WXW OML S1OYHLIANS 3NILNOWBNS STIHL
% vegev ¢ (3¢g¢v)ENS 3INILNOUBNS

NYNL3Y

(Pe1)B+(PT)VY=(NPT)D

WeT=r T 0Q

Wet=1 1T 0Q

(WOW)D (W) (WEW)VY NOISN3WIQ
S3IDIYLVAN WXW 04l SAAVY 3INILNOYENS SIHL

N0 Vegly O (248¢v)aAVv 3INILNOYANS

NYNL3Y
(I‘ryv=(r*18
Wet=r T 0C
weI=1 T 0Q
(W )8 (W'W)Y NOISN3WIA
XI¥lvn WXN NV S3ISOaSNVYHL 3NTLINO¥BNS SIHL
ON vV © (3¢V)SNVY¥L INILNOYANS

N -

D-14

el el 4




TR 5729

NYN13Y

(OM3MaM) LINW TV
(3MGM) LY3ANTI TV
(T¢2)BM=yL=(T'C)BM
(2T)BM*yLI=(2¢T)EM
B1+(2¢2)BM*yL=(2¢2)BM
BL+(TTIBMeYL=(TTIEM
(QmévMeam)aav TV
(YMEOMEIM) LTINW TV
(TTIvm=(2¢2)3M
(Te2)VM==(T*2)IM
(2¢TIVM==(2T)IM
(2°2)YM=(T*T)3M
(QM¢BMIM) LN TTIVI

(8M) 4¥3130=-(VM)WH3L30=AL
(2¢2)8M+(T'T)E7+(22)VYM+(TT)VM=VL

29T ONV “8ST ¢LST SO3 1SS330¥d 3LVIYVAIB ¢2=W ¥0d4 O

NOTAVNOI XI¥LIVW YVINITIE S3ATN0S 3INTLNOYBNS SIHL O

3AT0S 3INILNOYENS

NYN13Y
l*(1¢2)y==(12)8
1=(2T)v==(2'1)8

ls(T'T)V=(22)8
1=x(2/2)v=(T°'T)8
(V)Wy3130/°1=4

1 W3y

(2¢2)8¢(2¢2)V NOISN3IWIQA

XIYLVA 2X2 V SLIH3ANTI 3NILNOWENS SIHL O

ON V'V © (8¢V)L¥3ANI 3INILNO¥ENS

d

o

D-1§




TR 5729

(E/r)X+(Ir)X=(Tr X
(SP) A=(TIr)A=2L
(2P)X=(TIr)X=Td
XWIA+Ir=2r
WI+XIV=11=1"
XIT*N¢X1=17 8 00 9
(9UVI=2dhaN) II=NSI=S
(9¥VI)II=I 4
9 04 09
(HON=9HVI)JI%NSI=S
(98VYI=2d420N)32==2
7 0L U9 (1dhUN°3I1°9yVI) ]
T+1ISI*(T=W1)=9NYVI
XWle1=W1 8 00
XIV/N=T1ISI
XW1%2=X1"1
{0N=p) *x2=XKW1
WeT=01 8 00
SdhON+HON=2d20N
T+TdhaON=2dh0ON
T+HON=Tdh0N
H/N=h0N
Wex2=N
((2T)¢tNe
CTTINCN CC(OTIEM 4 ((6)HT1) ¢ ((8)T4ST) ¢ ((L)N¢9N) ¢ ((9)NLNT
CS)V'BV MMV CIS)ITNOTD((2)TTTV ¢ ((T)T42TT) IINIWWAINGS
(2T)N(TIID(TIAY(TIX NOISN3WIA
(NSI*W¢IDA¢X)L44DIN INILNOHENS

aN3
NYN13Y
(T2)V*(2¢T)V=(2¢2) V= (T*T)y=wy3130
(2¢2)V NOISN3WIQ
XIYLVW 2X2 V 4O INVNIWY¥313Q 3HL S3LNdWOD NOILONNS SIHL 9
(VIWN3130 NOILINNI

D-16




TR 5729

ON3

N¥N13IY

3NNILINOD

T4+NP=NP

I4=(¥r)A
(MP)A=(NP)YA
(NP)A=IS

Y=(¥r)X

Ir) X=(Nr) X

(NP) X=Y

2S'TGTS (ur=Nr)JI
TT2T'TIr=4r 09 00
0TTTI‘OT =TI 09 OQ
67°0T16M=0Tr 09 00
8761'8r=6r 09 0C
LVgVLr=er 09 00
9742749r=Lr 09 0OCQ
S197¢Spr=9r 09 00
"GV hr=Gr 09 00
€h'Cr=nr 09 04
2g2r=¢cr 09 00
T2 Tr=2r 09 0Q
TT=1Ir 09 00

T=NP

3NNILNOD

(Pr=T+W) *22=(r)Y
0heTICiTE (W=r)J1
=(MA

eter=r 0% 00
3NNILNOD
TL%S+21%0=(2Mr)A
Cl2S=T1xd=(2r)X
(RPRYA+TIMA=(TIM)A

09
2s

1S

04
1e

D-17




TR §729

00+1051660S°
T0+1n9560TLT"
10+geicLoT2 =
T0+90LU900T"*
00+1TuEe26T =
00+54¥806908"°
10=-90S6Th0s °=
00+nisVeitTy =

00+400CLTung =
T0+2hyh698T* =
10494n969L2°
10+L4526528° -
T0+ghin6Ehe’
T0=1h527668°~
T0+g8ESTINCT -
10+249190LC°
TO+nlgL9uLe -
To+giglLOGe®
30+40699S92e°~
T0+%8cL6L9C°~
To0+hoT62nEE "
10+g6eLTlgce -
00+6£69006T°~
004uueeTL0S”’
00+gh961826°~
00458482108 "°
004£8L6SU9L =
0045Ts9€N29 =

10482021461 °%=
T10+90€Thyk2"®
10+21h90¢2T°~
v0+Th1L6H99"
T0=986h9yhA*
00+HhTT22,L0C°
00+.28996€S°
o0+29099¢cHT*

T0+0¢ES6goT”
T0+90T1S64,cC =
T0+0T66NnG82°
10+2huhguel =
00+h1262(,69°~
10+€929¢292*
T0+chZhegL2°®=
10+9610GyIL®
T0+H63904HCT =
00+0hgL090h° =
T0+29298ee2’
T0+Hh96EheCe =
T04QLLLLYOT®
00+2.96Uu9h°=
T0+0LLSECTIhT =
T0+069t910T°
1049G.89¢ TT°=
00+¢L9092TL"
00+THhG2LIGT®
00+hLIGEChHE =

hell

T T T R Ty T T P T W T

To+nci6LvB2~
TO+nuIC9<Ch2*
JO+ehig96ig° -
J0+2L5L6002°
JO+6u2Tulnt®
Jo+niuwlIEUT®
J0+95¢9n61T,L"
JO+LTGTLVOT

To+gL3seStye®
Tu+2L9L60G¢C°~
T0+hu.BLNCT®
d0+hx2ELING*
[C+g¢ sC90hg =
104245628 hG¢*
[O+guihGuhg -
J0+9161£256°
JO+LUGTEUTE®
[0+eL2ohL2 -
104yuul0NGe®
lu+guLTE9Ce -
witgnTLNSE2 -
fotguunecie®
104894588167~
Tu+n69LE9CT®
Jo+g2ro0cIL -
vo+ex TGLLEL®
yG+26x2LENG®
I(49529h2uH"~

= 3N

HCA R ToN (ol LN §

N

10+hS22hTG2°~ v 49852h20T %=
<0+STIg91IRG"* IC+G€6TREFLT =
TU=8CCTONTE " 1S+CRGTOLTIT
L04£06Q2294°~ 104908, TATT %=
vO+hLlERGZEC® vI42Th3eCG°
<U+L?60ch2E - v i+G05665G69°=
Tu=h94G2189°~ v04+2uf0Chag =
U+0294€699° 246630 0Cha
2 ¥IWN S IHINNA
To+€Lhac6EE " wi+9T90L6, T
Tu+SECagnoy’= TO+LELTINGT®
T1J0+6T1GHBUET = IG+0E2nlT07%
10+1S8¢¢choc® 1C+9L9¢cnaqe*
TO+hE96niLn® - 10460300CHC *=
To+2EEhECOE"® vO4LG309T2Q°
~0497190.T68°~ IC+6LNC6CLT®
10492uG¢iTT - 1I+HSIRECGY 0
T049562212¢"° TO464L)9044°
Tu+B86L9802C°~ [G4THh0L0GP %=
To+TLunTLI2® VC+TLT/BOCH =
«U+Bhhopy9g* TC+CLSLL T2
104U39,.ThB2°*~ 12496319u0C* =
T04099aCHhIc® IN4GHCoTOT®
To+EhipLsoe®~ 1J4G8H2GGoT =
<U+69G92TuLG"® L04L69248CC =
T10=-1C6C0LhH "~ VO+RELPHOCH®
LJ+E2u9cuG2” CHnLTTOLCT -
cueGeeTLIGhL LudSHSEhITC®
MYV IE A vi*62LT0AFG"
T ¥37N'"' §§190%d
(VA { 03T
ON3
NINL3IY
(IS*(T=1))S02=(1)d
TaNeT=I T 0Q
N/L0£S8TE82°9=12S
T+h/N=THN

(T)D NOISN3wWIO

(N¢J)S0JHLID 3INILNOYENS

D-18

sad



TR 5729

T0=£€8h0S9T* J0+9 058907 °= 10=697:29L2° 10=06T0GL6E" G
20=nhh2geseL’ 0U+6:,6L018T° 00+ho8TLAZ22® 00+L6GHECTT = +
00+9G8LL62T°~ T0=2T8u2169°~ 00+EHC :6COT* 0Cc+6625T621° ¢
00+G80£26€T°~ T0=8.568u9h°~ 00%06L:L9ST° 16=HhE2090h2°~ »
00+SLLNE09S° 0c+gcocheoLL - 00+LL9:CHES"® 00+CABOGTLY"® 1
22(d'd)y 2l(d*d)V t12(dd)V TT(ded)V 4
$SAINIIIT 344300 HOTLVIIHYOD IVTLHVH ONysSHOA
10=L98252€6"° €0=LeanT06L = £0=L680106L°~ 10=-2¢T20060°
215390
T = 1S38d
TC+h2C6RCHN = (1} ¢
1C+00T206hn°= 6
T0+8HSHLENN = 9
T0+GCBLGCSh = L
T10+6ST122HCh° = 9
TO0+CLLOGOSH = [
T04+2H89TICOh - o
10+€5562290° = ¢
T04CL6H9990° = 2
T0+L0T9TTLH = T
10+26L96182° 0
(d)I1v d
SNOINILTYI NOTLVHHOINT 3INIVIV
10+156956L8° 00+g92LLST6* C0+892L4ST6° T0+L8EPT2O4*
SVAVO ININT 40 YINiwW IINVINVAOGD
10=989Q9¢62°* T10=HLhp02T"
IVLYQ LnA*'T 40 SNYIN
T0+yuLn899T° 10+2G¢2L961° TO+72u9€STT* T045420010T7°~- 10440069 TH2 =
TO+LnSNEILT = 10+94408961°~ 0044 nNGSEUC® T0+SL66h292° 10+60LR29TC"
T0+0nT6EELT® 00+T06LELN9 - 10459968592°~ TO+hhGGT9L2 = 10474962661 ° =
10=26961€£09°~ 10+4L4299¢282° TO+9¢CTIBhOC T0+2ST6TH62"° V0 +9CAGART > =
T0+nSTIGLLGC - T0+T9nBG(GN = T0+9,.¢8SL2¢°~ C0+16T00918°~= 1046hE22G¢C>°
T0+0LTnOCBE’ T0+LG601T006C"° ul+4Hh299996° Tu+h9619L0T = 1046699262 =
10+£9¥LE912°~ T0+0uSHETTT = 00+£5389929° Tu+S98¢cLEC2" 1c+€G650CPaRe
T0+gSELOSET 00+CTHOCL66%= T0+2T16hLG2°" 1049859L062°~ 12470LGEN2T =
00+LT2862L8° 10+guLso1s2’ To+ee9gSEic® 10+0cT02642° vC4+20NC20¢CH"
T04€902S€£G62°~ 10499€€64€C" = tG+gooeel6e2 = vO+hh22L660° = 1642L321GH6T°
T0+uLHEE20E 10+98S9NnuG2° V0+6Lul9M26° T0489TTEELT - 1C+0021671¢ =
T0+uloctoeR = 00+1S362Gh8°= 10+phs80208T° 10429L68u0¢"° 154QL300%c2"

D-19




TR 5729

bt 00426
00+t o Shen SETIIT -
046699756 000SHL0T* s LONISTLN® €0
00+0909%993° 00+TT6nTN0T* 0-99LE20T* £0-S5e50901 -
00+T3LL4T02° 00+96S6210T° 20=LCTH2598° 0=9hLLL80T" ~0§9.0692° o
00+6TT6E06T* 10=-49L94806° %0-£06£S21¢° £0=5/££650T* £0-CS6nTon no-umnooeo.. o
00+9948€L0T° 10-1£689996° %0=44040092° €0-91¢2€50T° £0-2LhcELZ’ o £2C500° 4
1098129906 ° T0=GRETHES6° *0-65219L02° CU=-2n5n1501° £0=LL0599%2° o HEHTHeN® o
T0=-Ce9S5060° 10=48CeE206° 0-2CLTLSET® £0-92000507° n“-"soneceu. nunoon-no.. H
00000000° 10-12569556° 20-9680450%° S0-esce9a01 £0-9LTsSSH2 E0-Salvivee’ £
ANZWNOYY 10-909L4€56° $0=LTLT1S016° 0=61209001° £0-425L1502° » 22095194 ° ¢
HOD @S oVN 00000000° €0=9696L40T° £0-0L9064n2 »o-nmcuoao.. e
o o owewn nw R
¥\ 2 .
““HMMMMMQuN- Ouv+-ybeaol® = w”»:c QOQM“"H”BQQ. m
6SL"° i 1Y - W ¥0d v
eooouononww. du+L BsLeOE = B0%99%6 LoBE" owﬂw..w,s.u o ML A
00426294266 0C+37LuEbIE"’ Ju*thhe :29¢3° o q~,3¢-u. -2 19345
VU+OSTIUNET = Ou+s>2Lhise* TU=1S8 .6L0¢* CL42Loh7E3L° E
00+659S8ThL "= 0u+6 'Cohu9y® 00+LL6-902%°= xw‘.vnmnmmx. e
V0+€6260066°~ 00+4~-GYE20n*® c@#:omowunm.l M<¢M«_100Mn. .
00+TnENTCE9 - 0C+C3692062°~ JU+C9E -C62L° - GJ¢0«an~:~.l =
10=99hThGhh" Vu+Cr.yuSeSe’= or+mo~hhn~—.l c+ \anCJh.l o
06+989uECTL" 0u+3 elecho’= ov*ehe 6aLc’ 0o+P7uCCohe "= g
10+00000037° Ou+T y9hL0s°~ 004€9L Uh9sk* C34CTLR2L290- 2
zzoiny Qusrendyle’ uUtL2L -hE2e 19=166+2+24° e
275504 00*+TSZ 0ntZ* UO+COCEOVTLY v
adi 12S .0¥) 3 dcowwoooaow. 0
0G+SLLNE09S® $AVild OL N 4g=w HO4 01Ny ™
= SIDIULYe Ay 130
zZeint dueErEnecLL - , < HOTLVIINY
i NJﬂ;.pvwnowd QU*LLO (6HET* 00 OAZTIYWHOM
120001 3nd)v “m+nrmcnq>=. t
Tu=hih92002° :1S30d HO4 SINIID (V1SN 4) v 5
ooocnmsoowm.' Ou+s . ihbexT® e 2149300 ¥3LNT 4 IAILITIMNY OMywe
16=0E2529¢hn" Tu=9 'GLELEL® #huo.uwsn.c it 4 < ¥OA
10=01509L68°~ Tu=g '5uldSy’ 004564 -L611°~ donmamnoomm.u o1
20=0606981L°~ To=2 69L9¢S " T WhE. Saak - S ttatseres 6
T0=,L191¢82° 200 ‘obSUSL = 00+606°G261° LerhicznLT e
10-90680686° 10=9’2he6lc® 10=600 294.° vi+CCTIL66CE® !
00+ST908LIT - 0L+EL4L9612" V0*+620/RETT = wo+aacfoo-. o
00+26880TT1°~ Tu=T5useE61s" 00+9€S .6uB1® C=hOLLAL2C = 8
00+52922598° Tu=276LEn36° 16-105 .198¢ = 16=0692¢56x * = rd
ez(d*dra 004C 2u6uLL" 10~26€1€199°= To=hPENLLE" &
2T(dedly 00+CECH L hTCO = 10=2+669CHE = E
12(d*d)y V0+CAR2TQ9G " m
10=128hT192°~ $SiN3I01 4 _nq.a.lun
00+gEEee8222°" Tu=Ynpsluch®= ™ 4300 NOI173¥N0D Jﬂnh£4&191¢:¢J
10=,h808T0T* 0U+92954n0T°= 00+1€9,9291° g J¥R
0U+1H6£0L01°~ Tu=0 unhis2= 00+€9T .£L2T° 1C=RC 224006 = -
20-99588Hn9¢ TU=nT1S5196"° 10-9%S ,85¢6° 16-a9L6T224* H
T0=9 .816nET "= 00+95612001° oc+at9T2TA1" o
107199 ,0TTI*= go0+021Q1291"*
00+9RL2CLNC® M

D-20




TR 5729

T Y T R TR NN I,

Cu=10STLhG2" =
20=v9¢€1806h°~

V0+90SLSTHE®
uu+G0L2ShEe -
00+Hh999999, =
00+569ch2zg°~
V0+E0BUESEN
00+£9LLONT2®
00+nhLSE6GL®
00+0hLEBCHH"°
00+1629L2¢S"°
(MEIVA CDE T G
0u*yeLSBTHL =
L0+95€600G6°=
00+596hTCco°~
Tu=¢SSThGnh®
GuthULBECTL®
1u+0000000T"°

91=2009506% *
T0=SE99S4LT "
T0=812v6esE*

T0-1686136S°
10-§4040604°

00+9L90TT08°
00+9699%981°
00+940€4648°
00+59999361°
00+44366603°
00+60£50933°

00+43L3L9€09°
00+11566696°
00+9L0TIS0ES°
00+IE9TNL60*
00403T04060°

r2{Jl}

10=L6850002°
10=-18915002°
10=-9€014002°

10=-£9620102°
10=4994%102°
10=-241503023°
10-16£642303°
10=02485£03°
10=CE2aSH03°
10-92929502°
10-90290902°
10=-40¢01802°
10-65€59602°
10-0£1623T12°

00+L0C6LSET®
00+£069005T°
00+60L2L02T"
00+2069461T°
00+98S6261T°

2u=5 ¢ lIf9Le’
Cu=919cEohe’

Ou+hryThely®
00+L59LLSTL”
Ju+LnT9eLO2®
Ou+CHhubBCh =
00+L .TELuNg =
vut+6>162E0Ll° =
Ou+y '65020€°~
0U+GLLUERIE®
Uu+828LhuSY"°
Outo 1 h6huvy®
00+u IGYECONn°
0(+L/.692668°~
du+b JusISy =
uutJ uccuhe’=
Jo+T g9hL0G°=
Out+2 '2h931e°
2755049

12-6520ST62"
90-9909S2¢T"
90=-0€5€T592"
90=L20€LL68C"
90-9204£0€S"
90-40960€99*
90-8L£09664"
90-29529926"°
SO=geE6T90T"
S0=6TaGh6TT"
S0=4LT99L2¢T"
$0=£5060901"°
$0=0992%651T"
S0=-6STOL2LT"

"0=20CTLNNL"
20-64£90699"°
%0=-€50L6€€9°
20-20908645°
"0-£9992623s°

20=Chl _Rlgt®=
20=6€0: 9902 =

00+LSL Hh9L9°%=
00+LSL )LENR -
00+STh 2hhG’=
Tu=£2S :2099°
00+966-,9€G69°
00*h2TL06u"°
00+LEC ;29¢0°
10=1€6 :6L02°
004256-8029°=
0U+968:21C6°% =
00+6T10 :C62L°~
UU*SLT. LSTIT =
00+042 69.5°
V0+h6L 0h96*
QU*BEL ,h22R°
yu+esSe 9nte’
12S.0M42

222N 04 S3IIMIYW NOILVIIWAND M3Z217Tyw10v NISYITY

S0=299£59nL°
SU=6:9nS90L°
GU=nLEuSINL”®
SO=TL2n99%L°
S0=ECSTLINL®
S0=251E090L *
S0=0CT969UL*
SO=SLNTTLnL®
S0=-T616240L°
SO=CL260L0L"
SO0=6TLTLLNL®
SU=99G96L 0L
SO0=L5L8200L°
S0=6CEESONL”

€0=n695640T°
£0=99%05401°
€0=10060401°
€0=2n01L90T"
€0=Tns9E90T°

20=hTEh(GGC "’ - T0S
20=9RL2Li6t = 00S
00+266975CEE (3 ¢
03402€Q6062°= L3¢
05+69LLL69L =~ 13 ¢
C(+90RPCOEH = >1
UC+ANC2TESH = 14 ¢
IC+L260012¢"° 0T
00+26Th2CAL"® A
CC+Lhh6E260° 9
0C+CRTEO92G" L
JU+922TIGTHI = L]
00+TH2HhGCON. %= S
OC+HAECEENA = ]
OL+TICUNZL2Y %= ¢
T0=063h2H25"° e
00+HL2680TL" T
10430000001 a
T101NY AVI30

#0=9€2:€219°
$#0=9S04€2T79°
#0=n1G ,€219°
80=21926219*
#0=0SE39219°
#0=92L5S219°
20=9%LH9219°
#0=0Th5L219°
40=$TLL0219°
#0-59910¢19°
#0=292L1CT19°*
#0=0TSnECT9*
"0=L0%CSET9°
20=9565LC19°

£0=996CHGG2"°
£0=C60s6£62°
€0=S6146262°
go=oot.2182°
co~€CotTT0G2"

n0=TH620050"°
nG=129C0nSn"
©0=199G0nSn"
20=-65060%5%°
20=-9TPCTNES*
20=nCO6THEN"
W0=nTHLTHGH"
20=-9G29LaSH"*
N0=2949heGH"°
70=2C00SHSe"*
"0=0960L06%"°
20=1.2609S0°
#0=S#60056%*
%0=T66L1650°

£0=TL0L0560"°
£0=6£699C6n"°
£0=0L089T60"°
£0=S0200600"
£0=T0T.T000°

D-21




TR 5729

20=phSCA90G°
20=24¥96899¢*
Cu=G209u2nz*
CU=y1926Tcg =
20=22290Gus5°=
cU=¢£GELo6E "=
€0=u9896L2L =
2u=hBLUSHE2"®
2uU=Lh62L660"
cu=cTLhToeh®
cu=gLeetier”®

Su=l ghduil®
2u=L"higEiCn’
ZL=s '6ukb0On"*
2u=7 ‘gLhlig’
o=l uvloEd’=
2u=¢ :yvlgox’~
2u=T yuh9us’=-
2u=v/drbblx =
Tu=L '9oGLnl"*
2u=2 g9ue9r’
2l=¢ 9uiuls’

2u=T0¢ LoTT*
20=€0G-019c¢*=
20=LLS LgBh°=
20=899 G9ht =
2u=€Ss 9/Gl°=-
2u=LLE "9t
20=GEh LhLn*
2u=The L99n*
20=98¢ .9¢02°
2u=62T1 AhLl =
20=0hg €LG+°=

20=2L2.C09)%"
20=2h22999¢"*
Cu=ChILLTINZ®
23=3R2CQTEL -
CI=AGLIFH0S =
CU=0ChHLARAE =
€C=206CLh2L "~
24=0L6704062"
L=l ANHGE6L"
2C=L?26002h°
2C=++ChCEG21 "

216
116
218
695
Qd6
LS
a0¢
GOS
%06
€08
208

D-22

ot




TR 5729

REFERENCES

A. H. Nuttall, Multivariate Linear Predictive Spectral Analysis
Employing Weighted Forward and Backward Averaging: A Generalization
of Burg's Algorithm, NUSC Technical Report 5501, 13 October 1976.

0. N. Strand, '"Multichannel Complex Maximum Entropy (Autoregressive)
Spectral Analysis,' IEEE Transactions on Automatic Control, vol. AC-22,
no. 4, August 1977, pp. 634-640.

J. P. Burg, '"Maximum Entropy Spectral Analysis,'" Ph. D. Dissertation,
Dept. of Geophysics, Stanford University, May 1975.

J. N. Franklin, Matrix Theory, Prentice-Hall, Inc., Englewood Cliffs,
NJ, 1968.

A. Jameson, ''Solution of the Fquation AX + XB = C by Inversion of an
M x Mor N x N Matrix,'" SIAM Journal of Applied Mathematics, vol. 16,
no. 5, September 1968, pp. 1020-1023.

R-1/R-2
Reverse Blank




TR 5729

INITIAL DISTRIBUTION LIST
Addressee No. of Copies

ASN (R§D)

ONR, Code ONR-102, -481, -486

CNO, Code OP-098, -941

CNM, Code MAT-03L, -03T2

DARPA

NRL

NAVOCEANO, Code 02, 6130

NAVELECSYSCOM, Code 03

NAVSEASYSCOM, Code SEA-03C, -032, -06H1-1, -09G32
DTNSRDC

NAVCOASTSYSLAB

NAVOCEANSYSCEN, Code 6565

NAVSEC, Code SEC-6034

APL/UW, Seattle

ARL/PENN STATE, State College

ARL, Univ of Texas

CENTER FOR NAVAL ANALYSES (Acquisition Unit)
DDC, Alexandria

NOAA/ERL

Committee Undersea Warfare

Woods Hole Oceanographic Institution
Engineering Societies Library, United Engeering Center

Pt ot ot et P ek et pd bt Pt N bt bt B et DN B NN R

John Makhoul
Bolt, Beranek, § Newman, Inc.
Cambridge, MA 02138 1

Tad J. Ulrych
Dept. of Geophysicst Astronomy
Univ. of British Columbia

Vancouver, B.C. Canada 1
N. Andersen

University of Copenhagen

Copenhagen, Denmark 1
Harry Cox

8112 Saxony Dr.

Anvandale, VA 22003 1

Dist-1]




TR 5729

INITIAL DISTRIBUTION LIST (Cont'd)
Addressee

David Hyde

Orffice of the Ass't Secretary to the Navy (R&D)
Navy Department

Washington, DC 20350

Paul F. Fougere

Air Force Geophysics Lab
Hanscom Air Force Base
Bedford, MA 01731

Thomas Kailath
ISL, Dept. of EE
Stanford Univ.
Stanford, CA 94305

F. J. Harris
Naval Undersea Center
San Diego, CA 92132

E. M. Hofstetter
Lincoln Lab, MIT
Lexington, MA 02173

R. Lacoss

Applied Seismology Group
42 Carlton St.
Cambridge, MA 02142

John P. Burg

Time & Space Processing Co.
1000 Welsh Rd.

Palo Alto, CA 94300

Mark Fitelson
E-Lab, Rm. 218
Electronics Park
General Electric
Syracuse, NY 13201

R. Price

Sperry Research Center
North Road

Sudbury, MA 01776

Dist-2

No. of Copies




TR 5729

INITIAL DISTRIBUTION LIST (Cont'd)
Addressee No. of Copies

‘ R. H. Jones

Box B119

UCMC

Dept. of Biometrics
4200 East 9th Ave

Denver, CO 80220 1
Y. T. Chan

Dept. of EE

Royal Military College

Kingston, Ontario, Canada K7L 2W3 1

Otto N. Straud
Wave Propagation Lab
U.S. Dept.of Comm.

NOAA

Envir. Res. Labs.

Boulder, CO 80302 1
SACLANT ASW RESEARCH CENTRE 1

Dist-3/Dist-4
Reverse Blank




