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ON THE CONVERGENCE PROPERTIES OF THE GENERALIZED LEAST SQUARES
IDENTIFICATION METHCD

T, SHderstridm

ABSTRACT.

Modelling of a discrete time system is often made by paramstric iden-
+ification. A linear difference equation is adapted to the dynamics of
the system. The parameters of the equation can easily be estimated by

the least squares method. This method has several advantages, but if

the residuals are correlated, the estimates are biased. The method of
generalized least squares proposed by Clarke is constructed to overcome
this difficulty. This method is an iterative procedure, The dynamics of
the system and the correlation of the residuals are estimated alternately.

The purpose of this reportis to present an analysis of the convergence
properties of “he generalized least squares method. Two different variants
are examined. They correspond to different ways of estimating the corre-
lation of the residuals. It is shown that one of those variants is equi-
valent to a maximization of the likelihood function of the problem, when
suitable assumptions are made. In this case the possible result of the
method is clesely related to the mumber of local minimum points of a
correspornding loss function. Under the sassumption of suitable regularity
conditions of the input signal ard the system dynamics the following is
theoretically shown in the report.

For every given system the minimization gives the true valiues of the
parameters if the signal to noise ratio is high encugh., It is further
shown that the minimization may give wrong values of the parvameters if
the signal to noise ratio is low enough. I this case the loss function

has no unique local minimum point.

The second variant is the one proposed by Clarke, By counterexamples
it is shown that aiso this variant may give wrong estimates for high

neise levels,

The existence of wrong parameter estimates is illustrated by numerical
examples, Plant measurements as well as simulated systems are used.
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atrod process
stillation column

zlear reactor

81

83

8L

thm

1ts of a special

) for first order

the second version

rxﬁ:ing outputs {y(t)} are given from an experiment. The
I of:a:n identification is to fit a mathematical model to
on data. This can be done in many ways. A good survey of

rent identification methods is given in [41.

ir to develop some theory it is assumed that the process ig
rred by some equation. The process given by this equation will
1ed the system in this report, while the medel refers to the

aficn obtained in some way from the given data.
e that the system is linear, discrete, time invariant and of

e order. If the disturbances can be represented by stationary

andom'ﬁrocesses, the system can in general be represented by

At hy(t) = Blg Hult) + vit) (1.1
where ¢(£) is the output at time ©, ul(t) the input at time t and

{1} a staticnary stochastic process. q_1 is the backward shift
operator and

_):‘!+a1q-d{+...+aq—n' 1.2

(1,3)

—r
n
=
i
Nal
+
+
:‘U'
ml
=]

LIt is assumed that the system is asymptoticzlly stable.
 For simplicity introduce the following conventions

> 1) e(t) is always denoting white noise (a sequence of independent,
 equally distributed random variables with zero mean

ii) :12 denotes the variance of Eez(t)



1ii} S denctes the ratio

to noise ratio,

In the following it will be assumed that the noise v(t) can be

expressed as

v(t) = Blg Nett)

()

2

o]

where H(q—q) is a stable filter and e(t) white noise,

Introduce the matrix notatiens

F'y(n-}’l )
Y = .

y(N+n)J

d—y(n)..
¢ = 1.

4

-y(N+n-1)...

~y({1)

-y ()

(1.1) can be written as

Y =¢8 +V-

where N is arbitrary,

v{N+n)

vin+#}

uinl... u(1)

u(N#n~1)... u(N)

» which is proportional to the sippal

(1.w)

(1.8

The least squar
8y = ||Y -
V(8 H
with the well-k
" T
613 =8 + (¢' ¢)

assuming that t

Astrém has show
v{t) is white 1

Corvelated nois
squares (GLS) n
come this situe
1.3 The Markov

Introduce the €

[ (0).
v

rv(r) denotes -

If R is known -
&) = [l¥-98

v, (e) [1¥-¢

with the resul



roporticnal to the signal

noise v(t) can be

(1.4

e noise,

~—r

(1.5)

1.2 The least squares method

The least squares (L3) estimate O of ¢ is obtained by minimizing
. . A A
Vigto) = Y - ¢8| = €Y - ¢8)7 (Y - ¢8)
with the well-known solution
L T, \=1,T
GLS-B + (37¢) ‘¢V (1,6

assuming that the. inverse exists.

Estrm has shown [1] that this method gives consistent estimates if

v(t) is white noise.

Correlated noise causes biased estimates, The generalized least
squares (GLS) method introduced by Clarke [8] is intended to over-

come this situation.

1.3 The Markov estimate

Introduce the symmetric matrix R, which is assumed to be non-singular

EXCONY rV(N+1)‘

i I‘V(O) |

rv( t) denctes the covariance function of the noise v(t),

If R is known the Markov estimate By of 6 is obtained by minimizing
V(o) = |[Y-46]|7 = (Y-ee) R (¥-48)

M R-—‘I

with the result




§M =5+ (R T R 1.7

which is a consistent estimate.
This follows from the consistency of the LS estimate as shown below,

It is believed that the following description of the Markov estimation
besides proving consistence will give some more insight in the method
and motivation for the generalized least squares method (Introduced

in the next section} as well,

From the relation (1.1)

v {4

v = He 1.8
where
1
h,
H=1|: 0
Pyq by 1
and
e(n+1)
e = ,
e(N+n)

Define the filter F(q_1) by
Ftg "y = HgH™ .9

and form a correspording matrix

From §1.8) it

R:EV’VTZUZH

and invoking (

L "_2 Plp
g

Tniroduce the

-
yF(t) Flg v

it

o) = g H

or in matrix 1

Then ¥, (6) = K
M -

From (1.5), (1
YP = ¢FB + e

From (1.15) ar

follows from 1



1.7)

:stimate as shown below,

1 of the Markov estimation
e insight in the method
res method (introduced

(1.8)

(1.9

- 1
1
£
. o]
F =
e £ 1

¢1.9) can then be written

F=nl

From (1.8) it follows that

R = EVVT = GZHBT

and invoking (1.11)

-1 _1 T
R =TT

a

Trtroduce the filtered signals

yF(t) = F[q_1y(t)

L = v Huw

or in matrix language

¢F = Fa, YF = Y

1

Then VM(B) = ?

From (1.5), (1.8), (1,11} and (1.14)

YF:¢F6+e

Trom (1.15) and (1.16) it is seen that the consistency of éM

follows from the consistency of the IS estimate.

oF-gF T v -o8)

(1,10)

1.71)

(1.12)

(1,13}

{1.14)

{1.15)

(1.16)
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In figure 1 the configuration adapted to 1S is shown This system
v(t) = e(t) (white noise) - the filter T
and yF(t) ha
eit)
1
Alg-h
v 7 ‘
ult) Big-1) yit)
Alg-1)

ult} IF

Figure 1

Figure 2 shows the general situation corresponding to {(1.1)

Figure 3
elt) : - If R and the
obtained and
is(‘q;;) system. This
Vit ing the cons
uft) 8{g-1 yl(t}

Figure 2
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-5 shown This system can, however, also be represented by figure 3, where

the filter F(q-1) has been moved and the filtered signals uf (t)
and yF(‘t) have been introduced.

F————— =
| e(t}——:
| |
| | |
Alg-1)
l l
| l
uit) 1 ulF(t) [ BiqD) yred [y yit}
Flg™} 7 A0 I Fo g s
L - _1
ding te (1.1)
] . Figure 3 ) ’ S

- If R and then the filter F(q_1) are known, uF(t) and yF('t) are easily
obtained and it is sufficient to deal with the framed part of the
system. This part, however, is quite similar to figure 1, thus indicat-

ing the consistency of the Markov estimate.
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1.4, The generalized Least Squares methed. Two versions.

The assumption of R known is highly unrealistic, In the general least
squares (CLS) method & and R are hoth estimated in an iterative way.

1. Guess a covariance matrix Rk
2. Compute By, from {1.7) with R = Rk'

3. IDvaluate the residuals € = Y-¢Bk and use them to estimate a new

covariance matrix Rk P
4,  Put k=k+1 and'repeat® from 2 until the estimate converges.
In this report two versions of the generalized least squares method
are treated. In both versions the estimates of R are obtained by
fitting an autoregression to the residuals.

VYersion 1:

This version can be described by the following scheme.

A

. St L c =1 n
1. Guess a filter Ck(q Y=1+ Oqd Heeetoa
F 3
2, Compute yk('t} and uk(t) from
F g
yk(t) = Ck(q dy(t) (1.17)
() = G, (a” Jult)
and determine ék by applying 1S to the model

!A‘-k(q-1 )yi(t) = é]((q—1lﬁz(t) + elt)

3. Evaluate
e (1) = A
Determine

b, Put ksk+1

Clearly, this -

A(qq () = J;
with e(t) white

Version 2:

This version cc
scheme is the {

F
0. Put yo(t)
1., Guess a fi

2, Compute y}E

AORES
W) = ¢
and determ

A @ ke



2 versions.

¢, In the general least

d in an iterative way,

them to estimate a new

imate converges.

least squares method
R are obtained by

schemre,

~n

(1,173

el

3. Evaluate the residuals
(0 = A y(t) - ’Pk(q"%(tﬁ (1.18)
Determine 6k+1(q‘13 by fitting an autoregression to the residusls.
4. Tut k=k+1 and repéat from 2 until convergence,
Clearly, this version corresponds to the model

A(q_1)y(t) = }n3(q.xI ult) +

a(t) (1.19)
e h

with e{t) white noise.

Version 2:

This version coincides with Clarkes criginal proposal [8]., The iteration
scheme is the following.

0. Put yi(t) = y(o), (1) = ultd, ke
. 5 1 s et
1. Guess a filter C (g ') = 1 + qQ tialt q
Ck c{(ﬁ e ck‘n

2. Compute yP(t) and F(t) from
X Y

T 2. =1 F

vi.(8) = C (g Dy . ()

k- k k= (1.17")
F _ Ao =14F

ult) = G lg Dy ()

and determine ék by applying 1S to the model

Aty = B (g k@) + et




3. Evaluate the residuals

st = A a7y - B (ol (e (1.18")

and determine a new filter Ck " (qq) by fitting an autorepreasicn
to the residuals.

4. Put kek+1 and repeat from 2 until convergence,

With this version a successful iteration precedure ends when
ak(qh1) 1 W

The corresponding medel is

Alq Dy = g Huc) +

e(t) (1.20)

For both the versions of GLS it 15 of cowrse not necessary that the
orders of the operators A B and C are the same. Tn this report the
orders will in general be assumed to be the same, but the generali-
zation is trivial,

The second version may be better if the noise v(t) is not generated
as an autoregression, Tt will be shown, however, that both versions
may fail (give biased estimates) at high noise levels,

The GLS method has scme simdlarity with the repeated LS method as
pointed ocut in [4],

Tn the repeated LS method (1S with successively higher order of the
model) it is hoped that the A and B polynomials will have some factors
in comon. These factors are due to the correlation of the present noise.

In the GLS m
(1,19) is re

{A(q_1 3Cq

The GLS meth
that the A &

In order to «
nature of th
specified.
Some results
-1
v(t) = H(g

-1
where Hlq )

Sometimes sp
finite order

H(q_1) = —
Clq
where
_.’[ N
Clg ) =1+

has all zerc

In these cas

vit) = '—1_—1

Cla

The reason f
with the mod

It -will be
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In the GIS method there are always factors in common, To realized that,

{1,19) is rewritten in the form

¢1.181) A qn o e g g
[A(g 'JC(g My(t) = [B(q JC{q (¥ + e(t)

fitting an autcregression
The GLS methed can thus be interpreted as a LS method with the constraint

that the A and B polynomials have commen factors.

“gence.
Tn order to closer exsmine the properties of the two versions, the

nature of the noise v(t) or the covariance functicn rv{r) mst be

redure ends when specified.

Some results in.this report require only
v(t) = Hq e(t)

(1.20) where H(q—1) is a stable filter and e(t) is white noise.

Sometimes special interest will be pald to the following filter of

finite order

10t necessary that the

. B = ——
ne. In this report the 1 - c (q"1)
ame, but the generali-
where H L
v(t) i t . - - -
15 not generated B Clq 1) =1 + {:1q 1+"'+qu n

w, that both versions
» levels, . . .
has all zercs outside the unit circle.

: ted IS + .
peate method as In these cases cbvicusly

‘ V() = —— e(t) (1.21)
¥ higher order of the : Clq )

s will have some factors

ation of the pr ise, .. . . .
& present noise The reascn for a study of {1.21) is its similarity in structure

with the model (1.19),

Tt -will be shown that under suitable repularity conditions on the




le

input signal and the system dynamics the fivst version of the

6LS method will always give consistent estimates, if the signal
to noise ratio is high enough. However, if the noise level is high
encugh this version can give asymptotically biazsed estimates. It
will also be showm that the second version can give bilased esti-
mates if the signal to noise ratio is low, ALl results hold asymp-
totically when the nunber of data tends to infinity.

TI. MATHEMATI:

2.1, Ergedic -

It is the pur
of data tends

he least squ

" $
= + (=

BI_S 8 ¢

The elements
is valuable t

in case of co

The questions

nature are cc
The main resy
Thecrem 2.1:

g0y = atq™
where

Gl and H
orders.

e(t) is white
ult) = u1(f)

u, {t) determ
is a pericdic

l(.

]u1 ) -y

uz(t) = F(q
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1 give biased esti-
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1T, MATHEMATTCAL PRELIMINARIES

2.1, Freodic propepties of time series

T+ is the purpose to develop results which are valid as the number
of data tends to infinity.

The least squares estimate Brg (1.4) can be written

T T
8. = b ey e v
8ig= 0% 57 Gy )}
T¢‘ Tv
The elements of the matrices %— and 9’1\‘{_ are sample covariances, It

ig valuable to know when these sample covariances converge as Nre, and

in case of convérgence the limits too.

The questions are answered by ergodic theory, Some results of this

nature are collected in Appendix A.

The main result is the following.

Theorem 2,71: Consider the system

g(t) = 6 Dult) + Hig ) e(t)

where ¥ v

G(q—1) and H(q_1} are asymptotically stable filters of finite

orders.
olt) is white noise with finite fourth moment and independent of u(t}
u{t) = u,i(t) + u.z("c)

1 €8) deterministic and almost periodic, that is to every e> C there

is a periodic function uj(t) such that
Ju, ) - u%(t)l <e allt

uQ(‘t) = F(q"1) v{t) with 'E‘(q'q) an asymptotically stable filter of




finite order and v(%) white noise with findte fourth moment.

let further D1(q-1) and DQ'(q—q) be asymptotically stable filters
of finite orders.

Then
4 D _ 1 yit)
lim 5 (D,[(q y(t) + Dz(q u{t)
=1 ult)
> - y{t)
= E(D1 (g yit) + Dz(q Judt)) (2,1
s u(t)

with pfobabilifji one and in mean square,

n
If x(t) is deterministic, E x(t} denotes lim %— % ox(t).

e t=d

Definition &
Definmition .

1 I
i) 1im i 1
W t:

exist and
3i) the n bn

r'u(O‘

L

is positive

Scme simple

" characteriz

in [15]. In

(proved in '

Lemma 2.1:
the spectra
tion is nen

points.

If u(t) is-
sist of a
considered

Corr: let y
order n and

then y(t) 1

A simple ap
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te fourth moment. 2,92, Persistently Exciting Signals.

ically stable filters Definition 2.1: u(t) is said to be persistently exciting of order n if

N N
1) Hmg putt) =T and lin & 5 fu-Aluto-a = 7 0
e & 1=l oo t=1 ’
exist and
ii) the n by n symmetric matrix
(2.1 (v (0) 2 (1)uires 1 (n=1)
u u e u
R =
u
1)
1 n I‘u(
= ti']X(t). r'u(U)

is positive definite.

Some simple properties of persistently exciting signals and a
characterization of this concept in the frequency domain is given
in [15]. In this report the following properties will be used
(proved in [15]1).

Lemma 2.1: u(t) is persistently exciting of order n if and only if
the spectral density corresponding to the sample covariance fune-
tion is non zero (in distributive senfe) in at least n different

points.

If u(t) is periodic, the spectral density will be discrete and con-
sist of a nurber of &-functions. The distribution &(x) is here

considered as non zero in x = 0.

Corr: Let y(t) = H(q_lI ni(t), If ul¥) is persistently exciting of
order n and H{q_1) is stable and has no zeros on the unit oircle,

then y(t) is persistently exciting of order n.

A simple application of the definition is made in




20

n-1

- - -3 1
Lerma 2.2: let y(t) = H{g 1)\1(1‘) H{q 1) = % hgq * 2.3. The syst
— : i=0
1) If y(¥)} = 0 with probability one and u{t) is persistently Consider the
exciting, then hi =201 =0,,,,n1 -1
v(t) = Klg
ii) IT u(t) is not persistently exciting of order n, then e
there exists H(q_1) f 0 such that y(t) = 0 with probability Definition 2
as the 2k by
one.
R
¥
Proof'; R =
P Ruy
a ¢
rvu(O)..... ru(n-l-1) ho
2 : . —
i 0)e.e
By (1) [ho...hn_,]] r'y( )
r, (0 b4
y{t) = 0 with probability cne if and only if Eyg(t) =,
1) Ey(? = 0 and R, non singular implies h, = 01 = 0,...n-1
ii) Ru is singular, Take the vector
I.lc 1 n+i
. = 1im N I
' New & t=n+
h
n-1
in the null space of R, Then E y('t)2 = 0.
0.E.D, temma 2.1, 1
-1
y{t) = Kiq
Then

"
=3
g
1
m"S
g
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¥ h.q
i=0 1

W ul(t} is persistently

g of order n, then
'(£) = 0 with probability

1-1) h

Q
0 h_,
2@y = o0,

2.3, The system covariance matrix

21

Consider the undisturbed linear system

w0) = Ko™ )

as the 2k by 2k symmetric matrix

Definiticn 2.2: The system covariance matrix of order 2k is understood

y yu
R =
R R
uy u
i (0)... - 1) |
ry(O) ry(k 1) ryu(D) r'yu( (b
ry(O) ryu(1—k}... ryu(O)
r'u(U) ru(k—‘l)
L_ Z‘u(U) ]
_ ) y EY
y{t-1 )_‘
1 n+y
=limg » fyCt=1).. . ylt=kult-1)., . u(t-k)]
Moo t=ndl | y(t-kd ‘
ult-13
u(t=k) |

Lemma 2.1. let R be the system covariance matrix of order k of

H|

y(t) = Kig Hutt

Then

xTRx

(B}

r (0}
E
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with

e(t) = Fg Ny (e + atq” Hue)

T ) . TR
Flq Y =1 fiq y Gla )= g.q
1 1

- T
X = [f1...fkg1 gk]

Proof:  Straight forward caleulations give

T .4 N yee=n
¥R = limpx . [yCGe=1). . oult=k)1x
N trn+l Wt-k)
y{t-1)
1 n+N ylt-k) o
slims @ Uf,....5g...5.1 |utt=1)]
Moo B gm0 )
1 n+N 7
=lim-ﬁ I () =r (D)
N & tmnt €

Theorem 2.2.:
atg” iy =
be of order r
Consider the

i)  Assume 1
n+k, the

ii) Assume 1
n+k, the
null spe

£,

where T,

Fq™ ) -

G(q—1) :

L(q_:l)
iii) Assume *

corder n

Remaric: In €
sistently ex
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Thecrem 2.2.: Let the controllable, asymptptically stable system
Aq Dy = Ba Huo)

be of order n.

Consider the system covariance matrix R of order Zk.

i)  Assume that k < n. If u(t) is persistently exciting of order
n+k, then R is positive definite.

i1} Assume that k > n, If ult) is persistently exciting of order

-k)1x ntk, then R is-singular {positive semidefinite). Further the

nill space of R is spanned by vectors of the form

X = (2.2)

L™

where fi and g, fulfil the relations

Q.E.D. » k t . »

Flg D= 1 fiq = Alg ) L{g) {2.3a)
i=1 g
k

6a = 1 ga = B@ ) e (2.3b)
i=1

T B

g )= I laqg is arbitrary (2.u4)

i=1
1ii) Assume that k > n. If u(t) is not persistently exciting of

order ntk, then R is singular.

Remark: In the not described case, when k < n and u(t) is not per-

sistently exciting of order nsk, nothing general can be stated.
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Proof; Consider the equation
Rx = 0 (2.5)

or equivalently

X ERx = 0 (2.5)

With notations from and use of lemma 2.3 this is written

rE(U) =0 (2.7)
WY i
Since then r () = 0 all t, it follows that (2.7 ) is equivalent
£
to

v (0) =0 e () = AlQ et
£q
Now e, (1) = Alq”IF(a Iy(t) + Gla™Dut] =

= 17 HBta™ + stg™Hatg ) = B Huet

The original equation (2.1) is thus transformed into hTRuAh =0 or

Ruh =0 (2.8)
with
ru(U).... ru(n+k—1)
R =
u
B ru(U) ]
by
h =
h

Separate fwo

Case a): Ass

(2.8) implie

T F(q_1} ]

where the le
order k-1.

If k < n thi
is the only

If, on the ¢
form G(q—1)
k-t

L{q_1) = L
i1

The equatior

eguations
Tx = G

with x as be

. an,bq,.:., s

Trom the dis
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Separate two cases.

Case a): Assume that u(t) is persistently exciting of order n+k,

(2,8) oo ==mEes . -1
¢2,8) implies h = 0 or B{g ') = 0.
¥ F(a™) ¢ it is then concluded that
{2.6) -1 -
B{g ) _ _Glg 3 (2.9)
-1, " =1 '
: is written Alg ) Flq 1)
where the left hand side is of order n and the right hand side of
2.7 order k-1.

0, orx =20

s . T

2.7 ) is eauivalent If k < n this is a contradiction and Flq )y =8(q
is the oniy solution of (2,5) vhich proves part i),
If, on the other hand, k > n, all solutions of (2.9) are of the
form GG ) = -B(q ) g, Fq ) = ag™ ita™1y vhere
“, KP4
Wg > = I l.g is arbitrary. This preves part iil.
i=1

()
0 can be transformed to a system of linear

The equation H(qhﬂ)

equations

ad inte hTRu‘h =0 op

(2.8) T™ = 0 ¥ ?\ﬁ o

with x as before and T a {n+k) by 2k matrix, depending on Aqsenes

. an,b1 seaay bn' More explicitly T is the matrix
0 0 1 0 -|
b,1 l 8y .
T = D 1 * 1
bn b1l a, a,
0 . ! 0 .
b a
L n n

From the discussion it is clear that the null space of T N(T) = {0}




if and only if k¢ n.

Then (2.5) is equivalent to h & N(Ru). let r be an arbitrary vector
in the null space N(Ru). By transforming the equation as before

Tx=nr (2.10)

If k>ntaker =0 and x as (2.1) - (2.u4).
If k = ny, T is a square, invertible matrix and to every r # 0 there
is a non trivial soluticn of (2,10}, This proves part iii),

A 0.F.D,

V
a¥ Il

Interpretation: Consider V = rE{' 0),

e(t) = Flg Dy (t)+6tq” Hu®), Tigh = }15 .07, aa™ - :; £
The system covariance matrix of order 2k is singular §f and only if
the mininum of V #ith respect to {fi} ard {gi} is zero,

Loosely speaking the result of the thecrem is:

TF k > n, the FiltersF(q 1) and 8(g" ' )are of higher order than the
system and it is possible to get ¥=0.

If k < n it is not possible to get V = 0 if all modes of the system

are excited,

IIT. MAIN RESI

In this chapt:
it is shown (
ting the maxir
of convergence
of the likelil
guarantee a wm
3.1). As the «
caomputer the
interest, In -
mum points dej
model {theorer

The seccnd ver
this chapter !

version of GLE



r exciting of order ntk.
be an arbitrary vector

equation as before

(2.10)

d to every » # 0 there
ves part iii).
0.F.D.

K
S CRL I
7

ingular if and only if
} is zero.

.

1igher crder than the

[1 modes of the system
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IIT. MATN RESULTS

3,%1. Introduction

In this chapter the first version of GLS is closer examined. First

it is shown (theorem 3.1) that the method can be interpreted as adap-
ting the maximum likelihood technique to this problem. The question

of convergence #s then reduced to an examination of local maximum points
of the likelihcod function. It is rather easy to give conditions which
guarantee a unique global maximum of the likelihood function (lemma
3.1). As the computations of the GLS method must he carried out on a
computer the possible existence of several local maximas is of greater
interest. In thriee theorems it is shown that the nunber of local maxi-
mm points depends on the signal to noise ratio and the arder of the
model (theorems 3.2, 3.3 and 3.4).

The second version can be interpreted Lumilarity. In the end of
this chapter it is shown how to construct examples, where this

version of GLS convergesto biased estimates.
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3.2. Maximum Likelihood Interpretation

In this section it is shown how the GLS methed can be interpreted
as the maximum likelihood method. Expressicns for a corresponding
loss function are given in mairix notations and using operators.
Finally the limit of this function, as the number of samples tends
to infinity, is studied.

Thecrem 3.1: Assume that the disturbances are given by

1 e (3.1)

C(qnj)

a(t) white Gaussian fioises The first version of the GLS method is
equivalent to maximizing the likelihood function of this problem

v(t) =

by a relaxation method.
Proof ¢

The probability function of y is given by

fly) =

1 1 T,-1
exp [~ 5{¥-36) R (Y-¢621
(2 (derry 172 ?

(3.1) is written by matrix notations

Fv

o
]

o] [« B |

From (1.12) it follows that

R=Ew = (b FD)T

g

The likelihood

-log L = g(¥-4¢

Let
. 1
W(8,F) = ol¥=g
80
“log L = X wis
52

gince det F = 1

3L
302

= 0 implies

50 L is maximiz
52 = awg,B

Maximizing L is
algorithm can b
alternating bet
1. Minimize !
2. Minimize 1
which is a rela

Remark 1: Denot
IBN when the rect

(BN has nice aswy
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The 1likelihood function is given by

| can be interpreted log L = (Y 3607 1 Flrev—ge) + . 1 log detTTGAFD ™) + § 1og 20 (3.2)
for a corresponding 02
W using operators,
ber of samples tends let
W(O,F) = %-ﬁ(Y—w)T FIF(Y=46) (3.3
given hy
s0
(3.1
) N x
-lcg L = — w(e F} tw log(u + % log 2n
£ the GLS method is a?
op of this problem since det F =1
L2 = 0 dmplies wag ’;:‘) + —152— =0
3a o’} 20
so L is maximized with respect to o2 by
~2
a

= W(e,T) (3.1
D) ‘

Maximizing L is then equivalent to minimizing 1'1(6,‘1-‘“). The actual

algorithm can be interpreted as a minimization of this function by
¥

alternating between et
1. Hinimize W(ak,FkJ with respect to Oy

2. Minimize W( 8 k 1) with respect to Fk+‘|

which is a relaxation method.
0.E.D.

Remar'k 13 Denote the estimate of Byseesdy b'l"" »b 13030 0Ty by
(pN when the record length is N, It follotrs from [3] and [8] that

tpN has nice asymptotic properties:
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~

1. 0y converges with probability one to the true parameter vector o
as N increases,

2. w0y is asymptotic efficient (i.e, has minimal variance).
3. @y is asymptotic normal with the mean value @ and the covariance

matoix

LR P

pace
RAlA)
ap

N

Remar‘kQW(ék,‘i-‘k) is a decreasing, bounded sequence, which implies
convergence, Possiblé"’boﬁnded 1imits must be staticnary veints of
wee ,i:‘). They cannot be ocal maximum points. Tt is showm in Appendix
B that saddle points have not to be considered either, since they are
not "stable" points, By this concept it is meant that a start of the
iteration sufficiently closed toc a saddle point will not in general
imply convergence to the point. Since the minimization of w(é ,%‘) has
to be carried cut on a computer, rounding errors must be introdiced
in the calculations, and the probability of convergence to a saddle
point .can for practical cases be regarded as zero, Iocal minimm
points are thus the oniy "practically possible", bounded limits of
(ék,:f‘k) as low,

Remark 3 Note that the convergence of the minimization algorithm is

very siow. It is shown in Appendix B that close to a minimum point

g, will corwverge linearly. .

k

Remark 4 The second version of QLS can be interpreted in a similar
way. let W(a,F) be defined from (3.3) and put

« ~
F= 1 F,, The iteraticn procedure is a minimization with different
i=1

constraints on F. I.e. in step kK, F'i"' "Fk-1 are fixed. W(Bk,l’) is
minimized with respect to Fk' Fk+1 = Pk+2 o :11. This step corre-
sponds to the estimation of the filter Ck(q }. From this imter-
pretaticn it is clear that W(8,F) is decreased in each step. This
fact is shown by straight forward caleulations in 1181,

From the disc
can ke expres
W(;,] yeaesdy t

Fety = g

eCt) = Alg™ 1

S0

o) = g

. Aghee™
~1
Alg )

Clearly W is .
different sam
local minimum
probabilistic
totic theory s
In the follow

i)y u(t) =u
u,i(t) is
filter oi
e,{(t) is

ii) w(t) = H

H(q—q) is
eQ(t) ie

iii) 2y {t) anc
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imal variance).

lue o and the covariance

Jence, which implies
stationary points of

It is shown in Appendix
1 either, since they are
int that a start of the
1t will not in peneral
mization of W(E,%') has
xe must be introdiced
mvergence to a saddle
ero, Local minimum

", bounded limits of

mization algorithm is
e to a minimum point

erpreted in a similar

ization with different

are fixed. w(ék,i") is
.I. This step corre-
1. From this inter-
in each step. This
in f187%,
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From the discussion in 1.3 it is clear that the loss functicn WKo,F)

can be expressed as

- - n ~ 1 N p 2
!-J'(a1,...,an b,],...,bnc,],...,cn) o t;e ) (3.5)
) = Cla e = () + &qe(t=-T) 4oL te_e(tn) (3.5)
et = Alg” Dyt - Blg hue) (3.7
8¢

S N N -1

Feey = gy Aa B e RDRAC S

. Alg )

A qA
e el (- DI, (3.8)

Alg )

Clearly W is a polynomial in ;1 veee .cA:n where the ooefficients are

different sample covariances. An analysis of W and especially the

local minimm points of this function must therefore be done in a
probabilistic setting., In crder to do the amalysis reasonable asymp-

totic theory will be used.

In the following some assumptions are made

v .
..‘ "
W

g

1) uth) = u (e + &g e, (1)
u;(t} is deterministic, and almost per'iodic.G(q_1) is a stable
filter of finite order.
ey (t) is white noise.

i) v(t) = (g e, ()

H(q“1) is a stable filter of finite order

ez(t) is white noise

iii) e (t) and ez(t) (ult) and v(t)) are independent,




Under these assumptions it follows from Theorem 2.1 that

W has a limit V(a1...an by.. b, 01...cn} with probabili-

ty one, and that

V(a1...cn) = V1(a1...cn) + V2(a14..cn)

- - 1 F 2
Vi(ﬂ.I-'-Cn) =5 Eai(t)

Ty —aghee™h

A(q"1}

. =g -
ef(t) = crg™h) Al JBlg

u(t)

- A(q_1)a(qd1)h(q_1)
atg™h

er(t) e(t)

The notatien Euf(t) denotes

It is the purpeose of Sections 3.3 - 3.7 closer to exa-
mine the loss function V. The main interest will be an

(3.9)

(3.10)

£3.11)

(3.12)

investigation when the loss function has a unigue local

minimum.

In order to simplify the analysis a bit only "interesting"

values of the parameter estimates will be considered.

In many cases the following compact set in the parameter

‘space will be reasonable:

i) A(z) has 311 zeros inside the circle [2] ¢ el
ii) C(z) " tE 1 1im n 1t le s I‘<1.

iii) b, bounded.

r close to 1.

This restric

i) means
ii) is mot
finite

1ii) must b

3.3. Global

This section
ning the glo

cial case

v(t) = =7
C(g

Lemma 3.1: C
(3.13), Denc

of the syste

i) Global

Alg™

is alw
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om Theorem 2.1 that A . . s .
-~ . ] This restriction is well Jjustified by physical reasons.
¢, with probabili- ’
i) means that a stable model is required,
) {3.9) ii) is motivated by the vepresentation theorem [21 and
‘ finite variance of the output,
( iii) must be fulfilled if the model has finite gain.
3.10)
CHlp)
u(t) (3.11) . \
3.3. Gleobal properties of the loss function.
This section contains some simple considerations concer-
(3.12) ning the global minimum of the loss function in the spe-
cial case
v(t) = m#ijT— e(t) (3.13)
Clg )
Lemma 3.1: Consider the loss function (3.9) with v(t) as
(3.13). Denote the order of the model by m and the order
7 closer to exa- of the system by n. Assume m 2 n.
‘erest will be an
:as a unique local i} Global minimum points are the solution of
' .o
.o R T
Ata He™ = aa™he™ (3.14)

t only “interesting“

be considered, ~ 9 -1 i -1
1) Alq )B(g ') - Algq )B(g ) et = 0

o) = etq”

t in the parameter A(q_1)
- | with probability one.
ircle lz| ¢ r<l. . - -
N lzl e, 1i) ?1 =a; t= 1, «ox N ?i =0 i=n¥l, ... m
- bi =b; 1i-= s vee bi =0 1i=n+1, ... m (3.15)
él =ep i=1, cm c; =0 1i=n#1, ... m

is always a global minimum point.
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iii}y If u{t) is persistently exciting of order n+m, m=n,

and the system is controllable, then (3.15) is the

unigue glecbal minimum point,

iv) If u(t) is not persistently exciting of order n+m,
m=n, there may exist other global minimum points
than (3.15),

v) If u(t) is persistently exciting of order n+m, m>n,

there are in general several glcbal minimum points.
These points are equivalent in the sense that they

all satisfy.
o F ;

Bg”™)) _ Bta™h) £3.16)

1

Ay a™h

1 1

A" ey agMHew™h

Proof: Clearly inf V1 = 0. Further inf v, = % Ee?(t). To

realize that define

s g n, -1 ® .
6l 1) - A(g_1)C{9_1) -1+ 1 g i
A(q JC{a ) i=

Then

= (3.17)

i) The e«

<
n

have -
ii) The at
iii) From 1
NG

and by
the as

iv) An exe

v) Lemma

A(q_1

)
so (3.
In gen
Blq™ ™
(3.17)

Remark: The
the result.



cf order n+m, m=n,
then (3.15) is the

ting of order n+m,
1 minimum points

of order n+m, m>n,
bal minimum points.

he sense that they

(2.16)

(3.17)

i)

iv)

v)

V, = inf V

35

The equations

1

V, = inf V2

have the solutions (3.14),
The assertion follows directly from i).

From Lemma 2.2 it is concluded that

t

Aa™HBe™ = ag He™

and by arguments as in the proof of Theorem 2.1

the assertion follows,

An example for a first order system with a # o

ult) = a%, A = 21

é =, 0, ﬁ = b

Lemma 2.2 implies ) v
A(q“1)B(q_1) = A(q_1)ﬁ(q"1)

so0 (3.16) is proved. (3.17) follows from (3.14}),
In general the factor in common between A(q_1) and
B{q_1) can be chosen in several ways to satisfy

€3.17).
Q.E.D.

Remark: The assumption that (3.13) holds is essential fop
the result.




3.4, Estimates at high signal to noise ratios.

Models of correct order,

In this section a thecrem of uniqueness is given and dis-
cussed. The essential part of the procf is found in Ap-

pendix C as a series of lemmas.
Theorem 3.2: Let the system of order n
At Hye) = Bla Huce) + vy, vt = Hg Delt) (3.418)

be controllable and the input u(t) persistently exciting
of order Zn. Hsgﬁme(that the order of the model is n.
Consider parameter estimates in 2, an arbitrary compact

set.

Then there is a constant SO such that if SO £ 8 < = then
the loss function (3.9) has exactly one stationary polint
in 2. This point is a local minimum and satisfies

a; =&y + 0(1/8) i=1...n
b. = b, + 0(1/8) i =1 n {3.19)
i i
ey = eyt G(1/8) i=s A n
shere T(q 1) = 1 + o.q - + + e.q ™ and (¢ c )
where q = 14 e nq q2000Cp
is the minimum point of
. 4 2
E[C(q )v(t)} (3.20)

Proof: Intreduce the vectors x and y by

a; - a,
~ e c
a_ - a 1
n n .
X = - v =
b1 - by e
. n
Py~ bq_

Then the lo

1

Vi(x,y) = 7
with P(y) a
ata”Hy o

uF(t)
This fact £
and Theoren
all y. Furt
so that & ¢
The functic

It has a ur

positive de

‘nished.

What sense

i) The :
This
3.1)

ii) The
vate:

iii) The

cruc




» ratios,

'8 is given and dis-

f is found in Ap-

H(q_?)e(t) {3.18)

sistently exciting
the model is n.

arbitrary compact

if S, € S < = then
e stationary point

d satisfies

(3.19)

and (57,,..5 )

(3.20)

3950

Then the loss funetion (3.9} can be written

V(x,y) = % xTP(y)x + eh{x,y)

with P(y) as the covariance matrix of the system

1]

atgHyFe) = - B o

Fey = etq Huto)

11

This faect follows from Lemma 2.3, From corr of Lemma 2.7
and Theorem 2.2 follows that P(y) is non singular for
all y. Further the loss function is assumed to be scaled
so that ¢ denotes the quantity 1/5.

The function h{0,y) = 2 E[C(qg" Mv(1)1? is quadratic in y.
. 4]

It has a unique minimum point Vs which fulfils hyy(U,yO)

positive definite., Invoking Theorem C.1 the proof is fi-

nished.
Q.E.D,
What sense have the different assumptions?
s F

i) The restriction on the input signal is very natural.
This condition is necessary for the result (Lemma

3.13-

ii) The study of only parameter estimates in ¢ is moti-
vated before.

iii) The restriction on the signal to noise ratio-is

crueial as is shown in Theorem 3.3.




8

iv)  The assﬁmption of controllability is essential, If
the system is non controllable, there ig a factor
in cemmon between A(q ) and B(q . Equation (3.18)
can be divided by this factor, obtalning a controll-
able system of lower order- than the original and
with another correlation of the noise. If the sys-
+em is not controllable, it is thus equivalent to
regard the order of the model as higher than the
order of the (controllable part of the) system. This
situation is treated in Section 3.7, where it is
shown that non contrcllable systems in general will

give no unique local minimum,
2t F3

3.5. Estimates at low signal to noise ratios.

This section deals with the case of low signal to noise
ratios. It turns out that a possible property of the ncise

plays an essential role for non uniqueness.

Definition 3.2. The noise v(t) = H(q_1)e(t) fulfils the
"noise condition®™ (NC} if there ex1st at least two diffe-

rent palrs of polynomials A (q }, C (g 1} and A (q 1),
C (q ), such that

2

A, s qn, =

Vy(ay ey, qeaney) = E[A(q JClq DMl ) oc4) (3.9)
Alg )

has a local minimum point with a p051t1ve deflnlte matrix

of seCOTd orger deflvatlves in (aﬂ a4 011 ..c1n) and
e

(a21...a2n, Coqenn 2n).

Remark:
w{t) = Hig
Alq

is the mea:

interpretsa:

Corr 1: v{-

point with

Proof: Take
to another

Copr 2: If

v{t) = ——l:

Clq

it is suffi

and C(q_‘i
Aq(q-1) anc
Proof A (c
<, (q ) C2
and global)
derivatives

2%y,

= 5 2F
da.da.

13

2

3 V2

m = 2k
aaiacj
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y is essential. If Remark:
there is a factor
_1). Equation (3.18)

btaining a controll-

w(t) = 519:;l e(t)
AlCg '3

the original and

nocise, If the sys- is the measurement noise if all noise of the process is

hus equivalent to interpreted as measurement necise.

higher than the

of the) system. This

3.7, where it is

Corr 1: v(t) fulflls (NC) if there exzsts a mlnlmum

point with V positive definite, A(q h t C(q

ams in general will

Proof: Take AZ = 6, 62 = A, By symmetry this corresponds

to another point satisfying the predescribed conditions.

Coprr 2: If

‘atios.
vit) = —— e(t)
; : cta™h

r signal to noise 4
operty of the noise -1
it ig sufficient that there is a factorization of Alg )
and €(q~ ) such that A(qnj)C(q_1) = A(q )C (q" 1) where
Aq(qnq) and C1(q 1y have no factors in common.

8885,

e{t) fulfils the
t least two diffe-
1) and Az(q—1),

Proof A (q ) = A1(q_ ), 1§q i Cy (q~ ) and A (q 1y =
Cy {q~ }, ¢ 5 “1y - A1(q 1y define two different (local
and global) minimum points. The matrix of second order
-1 2 derivatives is given by
)

e(t) (3.9)

-

2
7V, —in =1 “3a 1
~—%— = 2E [q C(qg )v(t)]{q Clq )v(t)]
ve definite matrix Baiaaj .
1n? 011.,.c7n) and
2%y, Sin o _en i
—%— = 2E [q tciq )v(t)][q JAlq }v(t)] +
da. s A

+ ZE{[q"i"jvm][zi(q”)étq‘“)vct)]}
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3y

2 23[[q"iA(q‘1)vct)][q'jﬁfq'1)v(t>]J

Baiacj

With A(q_1)a{q—1) = A(q—1)C(q_1J the second term of

Bzvz/aaiacj vanishes and % V; becomes the system cova-
riance matrix of

ATyt = S hute),  ue) = Al v

From Theorem 2.1 it follows that V; is positive defi-~
nite. - '

=
.

' Q.E.D.

It would be valuable to know, when (NC) is fulfilled
in general. Hewever, (NC) is depending on the orders
of A(qu1} and a(q_1) and the correlatien of the noise.
Some results for the simple case of first crder models

are given in Section 3.5.

The concept of (NC) is now used in a theorem of non

uniqueness.

Theorem 3.3. Assume that the noise v{*) fulfils (NC).
Then there is a number S1 > 0 such that 0 < S ¢ 5, imp~
lies that the loss funection V (3.9%) has more than one

local minimum,

Remark: The result of the theorem holds only for suffi-

ciently small values of the signal to noise ratio., Si-

-mulations show, however, see Chapter 4, that the result

may be true also for reasonable values of §S.

Proof: It will be shown that V has (at least) two local

minimum points satisfying

Ag™h = 4
cg™ ) = e

It follows T
tions

v

Y - o

ab;
are a system
ters. The sy

+ a .
on ay nd o4

Put this sol

.-
aai

=0
3C.
1

where it has
x denotes th:

(NC} implies
tisfying

n -
Vz(xi) pos:;
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A(q—j)

-1
As(q) + 0(8)

)V(t)] i=1,2 (3.21)

tta™™ = cta™hy + o)

second term of It follows from the procf of Thecrem 3.2 that the equa=-

i the system cova- .
Y cova tions

Q>
<l
n
Q
=
13
-
ja

,_1)v(t)

o2
o

5 positive defi- . ‘

are a system of linear equations in the unknown parame-

Q.E.D ters. The system has always a unique solution, depending

on a. and c, but nct on 5.

i i

C) is fulfilled . .

g on the order Put this sclution into the remaining equations.
S

ion of the noise.

irst order models -0 i=1, ..., n
aai
(3.22)
theorem of non N = 0 1 =1, vass D
e, '
1
) fulfils (NC), {3.22) is now written in the form,
1t 0 < 8 ¢ 5, imp- ; ¢
15 more than one 0= VXD 571 ¢x) (3.23)
. 2 . 2 .
where it has been assumed that ¢° = Ee“(t) = 1,
ls only for suffi- x denotes the vector Ea1---an, Cq---cn]T-
noise ratio. 8i-
» that the result (NC) implies the existence of two points x, and x, sa-
of 8. tisfying
least) two local ! _
VZ(Xi} =0
121,02 (3.24)

V;(xi) positive definite




From Lemma C.,3 it follows that the solutions (2.21)

exist,

When the variables are ordered as

[a1... a  Cqveecy b1...bn]

the matrix of second order derivatives will be
1
Vz(xi + 0(3) 0(5)

0(8) REE SP
ot ¢

where P is a positive definite matrix, From Lemma B.§

it follows that V" is positive definite .and that the

obtained solutions of V' = 0 are local minimum peints.

Q.E.D.

Bohlin [5] has given results, which can be used to test
if an estimate is the true maximum likelihood estimate.
The test quantity involves sample covariances of e{(t)
and u(t)., If, however, the noise level is high this
method cannot be used successfully in the case described
here., The minimum points of the loss function will give

residuals sﬁ(t) and ez(t) satisfying 51(t) - gy(t) = 0(8)

80 also all possible test quantities will differ just a
little if S is small.

3.6, Analy:

order
The noise

first orde:

loss funct

V2(a1,c) =

where
Ty = I'wh)
wit) = Hlq

Alq
An analysis

Lemma 3.2.
if and onls

P 2 -
D% = r,](r2

Proof: See

The follow:
noise cond:
the measure



clutions (3.21)

28 will be

¢. From Lemma B.S§
.te and that the

11 minimum points.

Q.E.D.

an be used to test
Xkelihood estimate,
rariances of e(t)

1 is high this

the c¢ase described

function will give
gq(t) ~ e,(t) = 0(8)
will differ just a

437"

3.6. Analysis of 'the "noise condition" (NC) for first
order models,

The noise condition (NC) will be cleoser analysed for
first order models in this section. In this case the
loss functicn (3.9} reduces to

Vz(éq,é) = [1 + ($+5)2+ 325211‘0 +
+ {2($+é)(1+;é)]r'1 + [zéé}rz (3,25}

where
I"T = P\'.'I( T)

-1
wit) = §£3:Tl e(t)
Alg )

An analysis of this function is made in

Lemma 3.?. For models of order one (NC) is fulfilled
if and only if

.t

w oo 2o N2 2 2y,22_
p* = rilr,-r,) 4(r -ri)(ry norp) > 0 (3.28)
Proof: See Appendix D.

The following examples illustrate the fact that the
noise condition depends on the cecvariance function of

the measurement noise w(t).

wi{t) = L e(t)

(1+aq—1)(1+cq_1)




ANC) is fulfilled if and only if a # ¢ {(Corr 2 of Def.
3.17.

Then D¥ > 0 if and only if

V3
!P1% > E— Ty

W

For the speciél striucture wit) = (1 + cq_1)e(t) this is

never fulfilled.

vy o= 6]

Then D¥ = 4 rgrz and the sign of D¥ is equal to the
sign of r,. For the special structure w(t) = (1 + anz)
« a(t). D¥ > 0 if and only if v > 0, i.e. (z2 + v} has

.zeros on the imaginary axis.

Example Y4:
w(t) = L5 et)
1 %+ aq

Up to second order terms in a and c D¥ is given by
D¥ = (a - e){3a + Ta) £ ...

This expression indicates that a rather involved rela-
. tion between a and e determines if (NC) is fulfilled

oy not.

3.7. Estin
Model

Since the
practice,
the model
section it
rect order

The result
Neglecting

i) it m

ii) with

zes

If the ord
the system
one minimu
applies if

part ii).

Thecrem 3.

atg" Dy
be control

Assume tha
that u{t)

der parame
Then there



¢ (Corr 2 of Def,

ca”Me(t) this is

s equal to the
w(t) = {1 + YqHQ)
i.e. (z2 + v) has

# is given by

er inveolved rela-
C)} is fulfilled

4555

3.7. Estimates at high signal to noise ratios.

Models of too high an order.

Since the true order of a system seldom is known in
practice, it is valuable to know what will happen if
the medel has higher order than the system, In this
section it is shown how the result for models of cor-

rect order (Theorem 3,2) can be generalized,

The result of Theorem 3.2 can be described as follows.
Neglecting terms 0(1/8) the (unique) minimum satisfies

i) it minimizes V1(a1... bi... cn},
ii} with the remaining degrees of freedom it minimi-

zes Vz(a1... cn).

If the order of the model is greater than the order of
the system it will turn out that there may be more than
one minimum point, but the characterization above still

applies’ if local minimum points are concerned under
part ii).

'
Thecrem 3.4%: Let the system @

Al Dy = Bl hutt) + vird),  vit) = Hg ety (3.27)
be controllable and of order n.

Assume that the order of the model is ntk, k > 0 and
that u(t) is persistently exciting of order Intk Consi-
der parameter estimates in £, an arbitrary compact set.
Then there is a constant S, such that if Sy 585 < m,

&



All local minimum pointsof the loss funetion (3.8} number of

fulfil condition
. A " = atg g™ v o), s = (3.28) Remark 2:
property
Bla™") = BT L™ + o), 5 e (3.29)
» Py o B _ B
where L(q ') = 1 + 2,0 + ... + £, . A(q_1) A
Further L(q"1) and a(q_1) fulfil Remark 3:

general ca

L") = Wq ") +0(1), So o (3.30
[ ;
Ciq™1y = B ;1> (1) s 1 v(r) = —L
q = a + 0 y ¥ ™ {3.3. C(q
where (Ej, Cee s Ek’ 51, ches En+k) is a staticna- all points
ry point of

L(q~1}é(q—-

V3(21, cees Ips Cqa e cn+k) =

4~ . ; ar 1

= 211" Mg v 1? (3.3 ¢ global
. Vi is sing

. . R . of Def. 3.:
The matrix of second order derivatives of V3 in
lows that 1

(2 cees © ) must be positive definite or po-
1007 ik global minj

sitive semidefinite.

If the matrix of second order derivatives of V3 in
} is positive definite, then there

=8
T8
~

(8,5 vv1s C
1?2 ’ Tnik 3.8. Counte

exists a unique local minimum point of the form

(3.28) - (3,31} and the terms ¢ (1) can be replaced Jersic

by 0(1/8). Further the matrix V" is pesitive de- )
In this sec

finite in this point.

P behaviour o
The questio
Suitable co

has not bhee

Proof: See Appendix E.

Remark 1: The number of stationary points of Vg and the




: loss function (3.9)

S > @ (3'-23)'

S+ e (3,29)
+ qu'k.
il
= (3.30)
@ (3.37)

n+k} is a stationa-

(3.32)

ivatives of V3 in

ve definite or po-

derivatives of Vq in
finite, then there
point of the form
>{(1) can be replaced

V" is pesitive de-

sints of Vs and the

47

number of local minimum points of V are coupled to the
condition (NC} introduced in Section 3.5.

Remark 2: All possible local minimum points have the

property

o -1

§(q_1) - B(q_1) yol1), S =

Alg ) Alq )

Remark 3: If Vi is singular in (51, s En+k) nothing

general can be stated. In the special case

1

v(t) = — e(t)
: C{q )
all points (21, ...,'Qk, é1, e én+k) satisfying
g He™ = ce™ (3.33)

are global minimum points of V3 and for some of them
Vg is singular. This follows from the proof of Corr 2
of Def., 3.2. However, from Lemma 3.1, part i), it fol-
lows that the points satisfying (3.33) correspond to
global minimum points of the 1esE function.

3.8, Counter examples to convergence of the second

version of GLS.

In this section an example illustrating the possible
behavicur of the second version of GLS is described.
The question of convergence of this version under
suitable conditicns cannot be answered easily, and it

has not been studied by the author.



The following case will be taken into consideration. The
system and the model are both of first order. The itera-
tion is started with the LS estimate of a and b. Condi-
tions for convergence in the next step are examined. If
the estimated operator a(q"1) =1 then the following es-
timation of a and b will give the same resul+t as before.

The interesting equations are thus:

“ r (1)
= - £ = 0 (3.34)
r (0)
E ’.
e0t) = (1 + aqg” Hy(t) - bg lult) (3.35)
r (0)  -r (0)][a —r (1) :
y yu N ¥ (3.36)
b

_ryu(G) ru(O)

ryu(1)
Example: Consider the system

(1 + aq” Hyet) = ult) + vit),  v(t) = ——— e(t)

T + eq

where u(t) is white noise. There is a number S, > 0 such
that if 0 < § ¢ 8, then (3.34) has two solutions w.r.t,a,
which satisfy

a = 0(8), s + 0
a= -+ 0(38), 8 >0

In Appendix F the existence of these solutions are

proved.

Hote that
systems wi
noise rati
theless, 1t
yield Mwrce
studied ir

to uncorre

1f there i
examples ¢
signal is
are values
tem in the




o consideration. The

'st order. The itera-

+ of a and b, Condi-
‘ep are examined, If

:n the following es-

ime result as pefore,

= *——m—-jmm-_— e(t)

1+ ¢q 1

a number SO > 0 such

wo solutions w.r.t.a,

solutions are

19

Note that in this example of first order systems, only
systems with a specizl value of a and a low signal %o
noise ratio will converge to bilased estimates, Never-
theless, the examples indicate that the method may
yield "wrong" results. If the iterations procedure is
studied in more steps, several more cases of convergence

to uncorrect estimates may be detected.

If there is no restriction on the input signal, other
examples can be constructed. For example, if the input
signal is not persistently exciting of order ?, there
are values of a, independent of 5, such that the sys-
tem in the example above will yield biased estimates.




UTHMOTTOF 2y,

(1)A(L_b)o]3

(L_b)g ER L

T

o o= TD
T T
q o= otq
T

2 = -‘[E

ystys ‘uaty
) SUOTATPUOD

duexa 8ssl]

. Teusts 3nd
J2qunu sYf,

by = (3)a

(14, v

uts Y3 TIV

*8UO0TID8S 3X°U

sy3 ur poiussaad sde sSUOTIPTIUWIS 33 IO giTnsad °j

'
xTpueddy ut usaTd ST sueafoad pesn syl Jo uoTidTasssp

v ‘g0l OVAINN B UO 3INO PBfIaed SJoH suoTlRTNUTS 2YJ

sTrsn se g asideygy FO sSinsad syl BuTiBalsnTLT
sJE SUOTIBTNUTS ®5dYL 'PIsN ad=n SUOTIPTNWTS B3}EPp IO

JSqUnU ®1TUTI B JO UOTIENITE oY} JUTUEXS O3 J9pdo Uy

r suBRawW
A11oexe 28apl AT3USTOTIINS JEUM szfTeue 01 °rqrssod
Arteotzoead jou ST 3T t IaaRM0H TRU0 03 B8SOTD A3TT
-tqeqoad yiTa proy TITH E aeideu) JO S3TNSSd 9l BIEP
Jo asqunu 9BIrT ATIUSLOTIINS, ¥ JoI 3BYL suesw STUL

cfrews Adsa ST UOT1

-oUNJ SSOT 8yl JO JI230BARYD DU IO afueyo [POI1SRIp B
Jo3 KL1TTTaRqoad aul 1ng ¢3Tq 9TIITT B gyjurod WOWTUTW
sy} asow ATuc upd SITWUTT JTUL WOIT 51UdTOTIIB00 BYT
JO ucTleTABp TTPWS ATQUaTOTIINE ¥ ‘= <« N SB ¢ S59DURTA
—paco Surpuodssaxod 2U3l 03 sUO Alyqunggd yiTs 98a9a
—UcO YoTUs °SsDUBTJARACD o1dwes 1ueda;ﬁyp oJe s1U2TOTT
~J300 BYL Uy e aby Mg oeenn tbg Up caes slyp saTqe

—taea o} ﬁ; Ieymouktodve 8T (B°E) uéyqoun; ssoT 24l

splED JO JAQUNU B3TUTI ' J0J UOTIBWIXOI
—dde pooB, yiTm spioy IInsaa Y3 IT #ouy ©3 BuTisadasiut
s1 17 sesodand Teotioead a0l ‘eIRp FO ASqUNU B1TUTIUT

ue gaarnbea g aoidey)y ui pouasu 5T9 ayy Jo Adaosyl suyr

‘UoTFonpodiul ‘lL°h

*NOILVHEISNTII TVIINIWNN AT



*POTPNIS 2d9M sSwelsAs JUTMOTTOT aYyf

LLGDAC _PY0la

T
1 :

Jo 1u;od WNWTUTH 8yl o} spuodssaden (L b)o adaUn
lID.—\.-!:D

T
R

T T
B s ‘B
S9TJSTIRS UOTUs ‘UO0T:

-NTos ' ST 2J8Y} POTTTIINI 9JB 'f WaI08Y] JO SUOTITPUCD
2Y3 UsUsA 1BY} 31BJ}SUOWUSD 0} pPIpPUajUT sag saTduexs asay]

*Z7°¢ wuaaos], JO UOLIPJISNTILI '¢'h

*p* L spnitrTduwe ylIsm sgud B oses TeuldTs and
-UT 9y} puep g95EO TR UT (p§ odsm ssTdwes Jo asqunu g

(1)9(L_b)H = {(1)4A
(1)a + (3)n( B = <1)5(L_b)v

uotjlenbe syl Aq pejeasusd sasm swaisdAs paleTnuwTs 3yl ITV

T8

BY} UT pPIIUSESDI

xTpuaddy ut usald

¥ '80LL OVAINN B

‘T1em S® ¢
SJdp SUOT}BTNUTS

asquihu 93TUT] ©

AT3oexa sfaeT A
AtteoTyorvad 1
~-Tqeqoad yits pre
Jo Jequnu ,23aeT

-ounj ssol 2yl Jo
aog KrTTTaeqoad
Y3} oacw ATUO ue
JO UOTIIBTASP TR

-BA0D Butpuodsaad

~uco yoIys ‘ssoue

~Ja200o ay], o el

~TJaeas ayj ul TeT

reje
~-dde peoo8, yatm spT
sT 3T sssodand Te

ue saarnbsaa g Jel



(LS=) LS
gs
Ss
69h°0- hth*0- §6R°0 LOO'E HO0L°C SCS°L- hS
weshg o 6850 55570 500t B6L'C-] €8
T 5TaE] f . {78270 E090-{ZSE'0 L0Y'O0- €00°1 £08° G-
69h° D~ 6hh*0- goo-L €080~ 4
LG £69°0 [ER RV R hi8 " 0- LS
o st % = &
s sdo1s o 70 %oy <to (¢o) ¢to (tay “Mq (Yey “te |ueassg
jurandwod jyo _ 81 [NSHd UOTIBOIJLIUSPI - ¢'h 2142l

o3 ioadssoa
cT# Butlaeig
rsucTieloadxe oyl UYlT# 2OUBRPIOIDE
?)UA - = gP : Ut TI°o# Adaa ade s3Tnssd sYyJ ‘sdasieweded Fq a3 pue Te

8yl JO UQTIRWTIS® §7 8Y} YITM PIIIRLS Daa4 SUOTIBISLIT 2Uj

o np BBuPYD *Z'h ©TQEI UT UsAT® 24 SUOTIEOTJIIUSPT 2U3 JO S3Tnsad 8yf

TaATSs2000S ' . o
R

‘Teur Jursn) =

= 10 BIEuUA : 10°0 (,_bLro+ 1) §'0 0°L L'0 §'L-| kS
28 )ih = b Lo'o  (, PBero+ _bori-L) oL 8'0- £S
P weishs ouL L0 D ( PLro+ 1) 0l g'0~ zs
aodxe UYlTs ] brto + |
Se¥Md B UITH 0L i 0"t §70- LS
ToF @U1 J0g ‘ ,

(3),°1 (P (Cq) ‘*a (Pey e jusisdy

F8NTIT ‘€' h *SWR21SAS PalPAIUIY - | 'f S14PL

s




L_ba'o + 0l
0"l Y 0L 8'0- | {(187) LS
00001 (,_Bero + 1) 0'L 00 9s
L_bZ‘G -1
0'00l — (R 8'0- 58
(3),°8 (D bq be wolskyg

“swaysis poledsUsy - L[ SIgE]L

L]

*UCTINTOS s¥ pauTelqo ST 9 = 9

usys Jo 53TUTIOP 2aT3Tsod Jou ST A Usym sdois o ;5
sonTea SUTSESJ08p ‘jusdasIyTp d0F suoTintos Burindwoo jyo
sanpaoccad stTyy ‘enbruyoe) ucsuydey-uoimey Aq § o1 3oadssa
Y1T# PIATOS SeM (L'h) ¢ JO onTea nsu STYL qi;m Sutiaels

og

AapP(Oe) A — |, (28,4 - = 8P
M g L-- g

L

Arearewrxceadde g ur a8ueyo ®© S8SNED o jJo op afurld

v 'o aszeweaed syj o sanTea BUTSPaJ09p A[2ATSSSDONE

UYiTM (S2OURTARAOD 29Ul J0J sucTsseadxz oTiATeue BUTShH)
T

peatos Sen (1).2d = L0 pue Ugeertqeenbe] = g oasus
( )Z [ - v v L

Z
{Lth) 0 = (2%6)i4 = 1A

uoTienba syl ‘iusuwon B sagpnbea fg wa3lsAs eyl
o Jo ssnyea pajosdxs yitTs

p91Jels 2494 SUOTIPASLIT 9] 'IEL%IS ndur se gg¥d B UITH
poleasusd saswm serdues pgg SwelsAs JUuTACTTOF @4yl Jog

*E'E WeJdORYL JO UCTIBIISNTII "€°4%

. £%

B9H" 0= i

6850 5q¢

h8Z'0 £09°0-[2SE"0 L0
a9k 0- Bhi

L°0 16!

%oy <ta (Zoy ¢

ut TTan Ad2a Baw
a4y} JO UOTIBWELISS §©
*Z'4 9TGRL UT UaATB ©

10" 0 {L_ba'
100 (Z_b3'0+L
10" 0 G by
9* 1 -0
(1),°8 o




-
"0 *80USBISAUOD JI0T SUCTIBJIILT
0= 63 adont saTnbaa uoTio®s sTY} UT sofdwexes syl AUs uUoseada
syi osTe ST 10BJ STUJ 'UCTIPZTIR2d U} PU® B1RD JO a9q
- ~UMU 8Y} J0J SATITSUSS J8ULEBI 9B UOTIDUNF S807 3l Jo
T0- (sjuTod WAWTUTW TRIDA3S JO IDVUILSTXD 5P) gaTaadoad
tto- 88 syl 1By3z Argqeqoad ST AITNOTIFIP STY} J0JF uosesa ay]
*gatduexs snoTasad oyi ueyy ITNOTIITP 330w =2q 03 Joyjne
Byl 9o INO Pauany sey kg WAJOSYL JO UCTIRJISNTTT 2yl
L...
0 ‘h'g Wedsely JO UOTIBAISNLII 'h'h
0- 65
L..-
G- 180~ h#u'0 SE'0 LLL*D-  L9K°0 LEETD
L'0 gt 8°0- L6970 DLo* L ho8°' 0~ LS
a- 88
69°0- B89°0 69°0 8490~ ¥88'0 fil9'0
us3shs §9°C  89'0 69°0- | 949°0 SCL'0  949°0- 98
g0~ 0* ‘0~ L9L'0- OHL'D ehe 0~
- 9°f1 914%L L ¢ L
¢ 0- [V g0~ ggegto0-  JS0°L RLLO- §s
o o te L ! )
TOUTCS TT=n ;ovsenIEAvpa;aaﬁia ? ? ? uI3SAS
Frnssa 2yf TSIInsod UOT3POTITIUSPI - h h ST4RL
] =%
A&‘
‘peRIILSUT oJe Lo pue ‘v yo ssnTeA 3yl Pasys
0- 63 Y '
L
o-1 s8s boebge b q1e
0 = ("ot rqfFe)A )
2 wa3sAg
T G'f S1qeL uotlenba syl woal pei}

~ndwoo ST Lq J0 onTea paiosdxs syl ‘PTOY ©3 £'g WaJI09Y]
aoJ @oueTdera USTIY OTIST[ERaUn SBY 95TOU 3Y3} Jeyl AIesssd
| T pRLARLE —3Uu jou 8T 3T 3BULT SMOYUS W2a1sAsS 3IseT dYL 'S8NTeA PIISTP

{(TsnofoTeuy ~oad 2Y3l UIT# SpTIOUTCR'H'h STYERL UT pojusssad siTnsad ayj,




00°'0 ng'o 08 0- oot ze'0 0z 1-
00°0 08 0- cg-a 00" ¢ ze'o- ok'0
h9* 0~ go*o 000 0o°*L 000 0w 0- ES
000 L£9°'0 L9° 0~ 00" L 4570 Lt L-
oot o0 L9 0- L3R no° 1L he*0- gL 0~
Sh'C- 0g°0 co0"0 00*L go*a 08°0- 85
sanTeAa poloadxd
LL'o- 69°0 69°0- Lot L 5¢°0 LLT -
5070 Z8'0- 6L°0 00°L §e°0- oh"D
93°0- E0°C hoto0- L6°0 890°0 Sh*0- 68
a2 “'
GL'0- §5°0 650~ 0b" L Lh"0 BE"L-
LL0 8L'0- hi*0 o0l 08’0~ 90'0-
gh'0- LLto fil*0- 0oL kit 0 hE*0- 88
2 by Zq Lq le be walsAg
) h uo;ietnm;s &oai
"EIInssd UOTIEOIJTIUSpPI ~ 9'h 2TqRL
‘Aaoayl oy} yiTw FUIpTaulod TT3M
aJp (g'f STYRI ©2S) SUOTIBITITIUBPT 3YL JO 3IINSHA ayg,
( P80+ Ly, _bero - )

0" L [ el h*0- 63
L0"0 (;_bgro + 1) a'L 80— 8S
(3),°3 ¢,_PIH b be | weis4s

L

“SllersAs pejedeusn - G'h TR

+gsaeiauweded L) a2yy yo saniesa paioadxs o UITH pai1Jaels
ag3M SUOTIRADIT &Yl gotduwexe snotasad syl o3 ArenofoTeuy

g9

adou sarnboa w
2y} osSTe ST joeJg
-Wnu S} JI0J FATC

(sautcd wnwiuTw
oyl 3eylxr ATqe
*ga7dURXd SNOTARAC

2U} J0J 3Ino pPIuar

18°0- &f'0 Sg*
L' 0*L g
59°0- 8%°0 69"
5§90 8370 69°
8'0- 0*L z*
z'0- o'l g°*

L? Lq L
Jo soniea poaced

‘polas

-ndutco ST Lq Jo an”
a0y aDUE?JPAvq3¥q o
-9U 10U ST 1T 3By]

-%ad sy3 Y3TH BDPTOUTC



reaed ayi jo

N
Y2
. ODUPTIRAOD

aq 031 ST 31
(1A By

T=p
uTelqo STEp
siTnssa syJ

sgpadaun jou
11 fasasnol
Tnos [g] Ja8p
J ‘uorjoung
> IDUIISTXD
FLTAUSpT SY3
1 JOo poyjauw
o STYJ ufl

OaIUT 'L°§

yATdHYXT A

00 0%k 60°0 Sho'C ER0' 0 h6°0 9L'0 ZLs
0'c o' 8'0~{ SK0°0 9z0°0- 80} &L°0- LS
ora 07t ¢'0 gh0"0 L0000 ge'0 L0'0- 0Ls
L L L
? ? ? I?Q ba Lq bo wal1sig
J0 sentea ‘dxg v v M

"S3insed UOTHEROTILIUSPL - B'h STARL

sasTOU @lTiym ,uoprewTxoadde pood,, UITH ST
Teudts jndut se pesn ST Y2TUH SE¥d SUL by JO UOTIBRTASD
pAEpURLS PI1BWTLISS BY} §2I0UIP 120 -Kaoaal B} WITFUOD
Sgry 9TQRL UT USATH °sUOTIBESTITIUSPT AU JO S3TnS8d U

L_bs'o + L
z'L S co L L0- ZL5
L_b8°0 -l
0"00L ) 0"t 00 LS
l'_bts'o + L
0 oL B 0L 50~ 0Ls
()3 (, P hq b | weisfs
l_ ] 8 Py

"guslsks pojrusUln - [L°h °ldE]

{0 gajsweaed 21 JO SNIEA PIXTJ YITH PUP o aajaweaed
2yl IO SenTeA BUTSEaJIOBD J0F B O} roodsasa U3lTH DOATOS
ST (g = (DLD‘P)D AT10EX® aaow) *poAaTOs @q o1 uorienbe
Jayioue ST adasyl ‘esanod JQ ° LS welsAg 01 JABPTTIWES AvM B
Uy pe1ondaisuod ST ‘ZLS warshg ‘ardwexe patyl =yl ‘s33eUW
~T152 9y} Jo saniea ,Bucam, O3 28J8AUGD UPD G715 IO UOTS

~Jdaa DUODSS 29Uyl 1EUL 91Pa3snTlT setdwexs SUTMOITOF 2YUL

*grg UOTlDRg JO UOTIRJAISNTLI "S°h



*FuTURRW SNoTqNp SPY sojeuilss asjsuesed syl Jo

v f N
LIy

XTJIEW SOURTIRAOD

ayy jutod wnuWIuTd ,Buodm, ® J0Jy 3BYT PIjou B8q 03} ST AT
(L5 (l)a(L_b}g + (l)n(L_b)g = (1)£(L_b)y

3P
—oW pOOUTTSYTT WNWTXEBW (AJRUTPJIO, Y3l UIT# paul=iqc ST=p
~ow iy}Tm peaedwon 2aP SUOTIBDTITIUSPT BYL JO SITNS2L UL

*3TqRUOSEIAUN 30U

sae sased peilussaad syl UT STIpOW JO SI8pJO SUL ¢ I2A9M0Y
*gyopou xo1dwoo agou UT 1TNSad T[edauad ul PInOA [f] a19p

-a0 Jo 1893 e jo uotrieoTTdde paemaog YSTRJALIS ¥ ‘UOTIDUNT

ssoT ayz Jo jurtod WNUTUTW SUC UBY] 2J0W JO IDUSIEIXD

arqrssod syl 21»3T3IS2AUT 0 soM SUCTIEDTITIUSPT UL o
70 osodand uT=w syl -pajussoad aae elep TBAJI JO poyiaul ..
g9 841 BUISn SITNSSL UOTIROTITIUAPT asideyo sTUl UIL

'uoplonpoalul"t'i

‘Y1VA TYTELSNANI ¥0d SSINANOINA I0 HOVI J0 SITIHYXE A

LS

by b

;5 san{EA -dx&

*OS5TC
Teudts andut se pas
PJABPURLS PSlBWI}S:

‘g'f 9LdEL UT UDATSH

0°00L

0'o0L

(1723

[-o Jayouweard oul
8yl jo geniea BUT:
ST g = (oLo‘p)o .
dsyjoue sT aJasy} fo
UT pa3ongalsuod ST ¢
~T1s88 3yl jo saniea
~dsA pUODIS JYL JEL



IT ATuo pue JT 2Na} ST 23eWTISs @Y} :Sm
perernuacy aq uee [§] UTTYeE Aq uotdsitas ayj ‘peijord

8IR SUQTIOUNI SNOTJARAOD POETIRWAOU #°§ “E*§ saan8Tj ulx

*{3})= STENPTSad °2U} g
(1)“5 - (1A = (1)”9 J0dJ8 [3pou oyl g
(.0 - ,
(o szgjé = (1) & andjno Tspow Y3 g
ooos ayar aog
: 8yy pup TBU ‘(334 3ndano sy 'z
¢¢2yn andut =y3y Tl

ATUH JOU Bap

aandTJ wWodg
:pa1joTd oaep sTeufTs BuTMOTTOT 3Y} £°'§ “L°§ saand13 ury

2STOU 01 2NP %%
Tepow 2yl UT i TQUC 108JJ00 180l SUl ST | [2POW }PY} S8}EITPUT
- yoTys ‘gz ST ured oT1p1S @Y} JO BNTRA TBITIBI02UL Y]

STIITT sSnoys
vostTaeduod ‘ "hUg
‘ ~2ad adp s3}TInsad 8yl ‘STEpOW J2pdc Ylanoj a0y siutod wnw

- LG sean3Td puP £°§ - L'§ SIQRL U} pOLUSS

yonu Agss ST - -TuTW om3} (3S29T 1T) BARY Ol INO SUAN} UOTIDUNT SSOT 32U

eyl pejoadxs

woxy Apeadry -£1T1uEnb 382} WY} o ONTRA 1waJE

- oyl Jo 231Tds uT pedspISuce sem Jd9pdao FTUR fafqrucseaa
& GOTESNSETd : B SB f JOPJC JO TOPOW ¥ S81BOIPUT [ﬁLj &5?19313?1UQP? TH
' sy} @ouUIg '60) snrea oyl sey pue (£°z98)I ST ‘[€] ‘S
- puE § sdapdo Jo sTspou Burtaedwod I0J Artauenb 3sen oyg

o
u i ] (*5/¥¢ = x andjno ¢|g @TJI8g ST 2431 DPBSN BIEP 9UlL)
0 = (1)n 4 G o *[hl] UT u=aTd BadJde ssapoad ay3 jyo uctidraossp iJouUs © se
i TT2# Se (1'§) T@pow TN 2y} BUIsn sSITNSSX UOTIEOTITIUSDT
o puooeEs 2yl ' - *ASoToUyda], FO 83NITISUT pun ‘ToaIUo) DTIBWOINY JO AT
s _ 1v pajeool ST wolsds oYyl ‘sssooad UOTSNIITP 3BsYy (PUOTS
13 = (1) 4 L _ _usuwTp U0 B 5B $10®B UYoTym fpod aaddoo v ST weisAs oyg
0 = (l)atI : +885004d poOd 1Eey P 10 SOLWEUAD JO UOT3EOTITIUSPI *Z°§

85




rTepoll puodss a2yl JIoF
pote(addon adou ATqRJIspIsSucd 2de STENpPTsad 3U3 pUP TRU
-81s andut a8yl 'stapoﬁ‘om& 8y} Jo Aue UT ©3TYs J0U 2da2

STPNPTSad U3 3BY} U9ssS 8T 3T h'G PUB £°§ san8ty woal

*ag8Tou 0] anp

ATutew se paisadasiur, sT jndino =yl gz TIpowl SY: U

'L TepoW pUP T[HpOE 1BU} U3BAISQ IDUSIBIITP STIFLL SHMOUS
([#lL] S°8) Tepouw T 2Ul JO s1o7d Yyt uvostardwon Y

‘sTeUSTs palrord BYl Aq pswarjuco yonw Adasa ST
joe3 STYL ‘¢ T[opow o} aotasdns sT | T@pou 1=U} pajoadxa
oq ues 2T uTed OoT}Els aU]l JO SINTEA syl wWoaF Apeadly

ut

.y
L TIT® o = ()0 4
Se U2313TaM 9g OSTeR UEBD UOT1TPUED PUODSE aqm

n3
11Te 0 = (r+mm(3T = ()

0 <2

68

FE
po1eInWI0] 2q ued

2JEB SUCTISUNT SNOT

()&

{
()n R

iparjoTd aae sTeuld

*IUC 1OBIIO

yorys ‘gz p ST ured

'H'§ - L'§ 59
-aad sar s3Tnsaa syg
-TUTW OM] (3SE3T 1B}

ay3 Jo =211ds ut p
SB {1 I2pJAO0 JO Tapol
84l =0UTg *50L @
PUBR § SJIBPJIAC JO ST

(*h/ge = x and
‘[hl] ut usaTd oav s
TI®# se (|'g) Tapow
*£3oTouyss] Jo =23N1T:
12 pajecol ST wWolsAs

~USWIp suc B SB SB3C

‘8s300ad poa jeey ¢



‘poa 3esy 2y}
1o UOTIROTIJTIUSOPT §TD WOLJ SSIEUTIS3 d21dWPIRd - L'S STIRL

. * . * . . o
g 0b + 82H°0 g 0L+ ELOTL g 0L * 85970 o
,0b ¢ 680 0L ¢ ELs [0b v 9kte A
hOh0*0F4L06°0  OEEQ'OFHZEEE'Q i
940" 0F0GLZ'C  h0G0’'0FEELGE D ts
e . - . z
eTqTssoduy 8T 7230°0%8SS0°L-  89h0'0FhELZ"L °
o uostarduo) §750°0FEE59°0~  9LGO0'OFLBBE"} ko
- 775 s1qey
BELD 0FEHEL O SLLO'OTLLG6H' 0~  TZBO'OFLTLS L SOL‘hq
ured Z520°0399Lh'0-  6LLD*O0F0904°0- L97L,OFLLZHE O- SUL-EQ
o11P1g e .
HZ L0 0TLETL 0 88L0°0FSLEE 0~ EEZL'0FGZLYL0"0- 8OL-aq
0°0 #1990 0TE6E£9°0- B550°CF806HL 0 oLeta
SOIDE
§L00"0FSZ0E°0 ZEED'0FSZ4E'0 E€0E0'0¥F3L0LLD O~ e
4700 0FhELS L-  EZL0°0TL9LG C- BBBO'OTLLILE O- e
BHDO" 0FhBIZT"E 8840°0%9509°0 GLLL 0FILLE L ‘e
FoTed LL00'0FE956°%~  OLGO OThLEZ'L-  HEh0'0FLO0EH Z- e
ut apoll
%gt;uo&sgagog ¢ TePeH L T®PCH




JO UOTIEBOTITIUDPT

s g 0L - BZH'O e C
,.0b - 2870 .-

hone

98hC

zz9c

sTqrssodutr ST
*gsanodad poa jesy syl uostaedwo) 8ZGEC
Jo sTopouw 2y} yo ured OT}BIE pUB S048Z ‘83T0d -~ £'§ 9I9PIL

BELO*0F2hEL"0 SL40

. _ ) ures 23707 0%¥99Lh'0-  BLLO
0nhZ o 30107 0- 8252°0 | oilmyg
hZ L0 0FLEZL O 88L0
- 789°0-  LZ8°0 F-zhh'l
£88°L T-909°L- 680°L T-H90'0 1280 T+zhhL 00 h330
£88°L T+909'L- 680l T+ha0'0 99L* L~ | soasz
| S100'0TSZ0E 0 ZE€0
: C Toapg .
£h6'0  692°0 T-908'0 25570 (hO0 DFHELS® L= £2L0
0LB'0  692°0 T+308°0 OhL'0 T-0LB"O
hgL'0 T-209°0 249°0 T-681°C-  ORL'0 F+0L8°0 6h00°0¥hB9Z°E 8880
HELC T+Z09°0  2L9°0 T+68L°0- sen'0-|{ soT10d LLO0*0FE956°2- 0140
[hL] UT Topou : [hlL] ur pepou
Fuppuodseaao) ¢ T9POH L TSPOH _ Burpuodsaaao) ¢

9



o

)

oW - 7°G 9L

2000

00

<000

00

00!
T

S0

—

0
c0

S0

o'l

0z

"088 o ST poTaad Burrdmes syg, ( randane
Tspon iy pue jndino auy ‘andur sy3 O} pOppE BdE S3URISUCY)
o UT.USALS sde selqeTdes [Ty *sssooad pol-1esy ouy JO | TepOH ~ L°0 Bt

r

| - |
T T T H 200°0-

SIVNAaIsS3y

‘00

2000

G20 -

4O¥¥3 1300KW

Q0

—S2'0

1ndino 1300

00

|

SZ'0

L SIVANILINI ONINDWYS

Q0%
T

Lnd1ino
00t

T

002

0ol
T

00

—8¢°0

indKl

oz

9




-oes g st porad Suprdues sy (andino el

Tepou 9y} pue jndijno o ¢qndur =) O} peppe I8 SIURISUO)) 1=pol ay} pue ndine 2yl

"), UT UBATB oae SOTQRTIRA TIV «gsonord poI-3Eay =3 JO 7 TOPOK - ¢'§ 'Bid "0, UT USATE B2 seTqeraes T
—1 . | I B 2000
.: !
]
i
SIvNais3y
F . 1 T 1 1 i T
D - f
HOHY3 13d0N
r I | T T

lndin0 1300KW

SIVANALNI ONITdHYS ind 1n0 AYILNI ONFIdIYS
Oqg 00% 00t 00¢ 004
1 T
- L 1 Uul_JL 13 L_ 1. L Ju U J L b .J J
INdNI

£9



+gpotasd Burtrdwes UT usaT8 8T awTl YL
*TEA

WL
U ~J83UT 20UIPTIUOD %8 °Ud aATE sS2uTT PIUsEp UL
o1 * ] TSpow pod-iesy

oyl J0J suoTiouny soupTaeacn oTdwes pPLIZTIRWUON - E°§ 2T
on - %78 ETT Ui <403 rjoung I T po2Tl N £°9 ti




rspotaed Surrdwes Ul usATE 5T =W =YL

P TRAJSIUT 9OUSPTFUOD 4G 2ATS SaUTT P2USED SUL

+Z Tepow poa-31esU

2y} 40J SUOTIOUNI 3PUETARA02 BTdWES PBZTTPUION

mn‘"aJ

59

Y

- ol

{2)721

'spotaad 3ut

~dBJUT BLUBPTIUCD 4§

9y} J03F suoTiLUN 8D




3 (@1qrssod
I andut 8y3
Us }sSoir ade

2an38TI Woxg

OT3RIISNTTT

o siotd B8y,

sazagead agq
Tod wnwruTw
A JasHOT Byl
g 2yl sS9ATE

SanTeA 9UJ

+os8TOU 23TUM (1)2 U1TH

(L_b)sqao
(38 ———— = (14

se Tla# se
(vee, 0™ = ()4

se pe[Tepow TI9M =g URd 3STOU o1 IPU}

SUPSUW UDTYM f | [opoll dYyl o3IT AJ8A ST [Z|] Woajy Tapow ayj

*BuTysTUOlSE JOoU
ST STY1 ‘pUTW UT g°g W20yl YITH "L Tepow 3o (L_b)V SXTT
Adsa sT ¢ [opow jo (L_b)g IPYl U895 ST 1T £°§ @[UR] WodJ

$31TNSsA 2UL JO UOISSNOSTI(

*g8°G -~ §*'G s2an¥Td PUR h'§ ‘gr§ s8TdE] u;rdaA;B a2ae
UOT3EOTITIUSDT aql WOIJ SITNSDI 2L ‘PUNOT BIBM UOTIDUNT
sgoT ayyr 1o siurod wnuWIUIW OM] STBPOW J=pIe PUODSS ay]

b y F
*A1Tauent 3se1 o2yl Jo eﬁiEA jesad ayi Jo
231ds UT psJSPISUCD SEM JIPJO ST} ‘2TqRUOSEAI SB 7 JIIPI0
Jo Topow ® S81BOTPUT [ZL] UOTIBOTITIUSPT TTH ®U3 aoutg ‘'gg
antea oyl sey pue (gfoRz)d ST °[E£]1 ‘g pUeR ¢ SASPIC JO STIp
-~ow Butaedwed J0F A3Fiuenb issi} 8yl ('posn ses ‘[ZL] ‘dh
juswrigadxg) ‘uoritsoduco jonpoad doy syl st TRUBTE 3ndino
2U3 puB OI}BJ XNTIa4 8Yy3 sT Teudrs ndur =yl '[zl] UT P=3
—adodaa aJe SUOTIEOTITIUSPT POOYTTSYTT WNUIXEW IO SITNS9Y
‘UOpPUOT UT AJoieaoqe] TeoTSAlUJ TRUOTIRN WOII PIATSD8L USaq
sa®y B1PD SYJ "UNNTOD UOTIIRETTISIP AdRUTE ® ST wWalsds ayg

*UWNTOT GCTIPTLTISIP B JO SOTWRPUAD JO UOTIPOTJITIUSPT ‘'£'Q



*59an3TJ 259U WOJIF TIpow ,1sag, Yl S500Us 03 (oTqrssod
-uT JOY paBy ST 3T sueesuw 1ely] ‘L [epow soF indur eyz
UIT#A PSIBTSJLJI0OUN 1SOW PUBR 7 [2poWl JOJ 91TUA 150U DJB

STENpPISad 8yl 3Byl psjou sT 3T 8°'S§ pue [,°G§ ssandrj woag

*3o0uUsdaayIp poloadx® syl JO USTIRILSOTTT

20TU 2 2ae ‘g*§ - §'§ s8andTj ‘siTnsea 2y o siord syl

‘poaaagead aq

01 BT Tepol sTY3 Jeyl paiosdxs 9q ueo 3T ‘iutod wnwiutw
Furpuodsaaaod aYy3y 1® UOTIODUNT SSOT JO BNTRA J3M0T a8yl
wed] osTy *ssovoad syl yo uoTidraossp 31s89q 9yl S9ATE

| Tspow 3®BY} °3®OTPUT ured OI3els 23Ul JO SBNTRA 9

L9

se

SUBDW YOTUM ‘| TEpou

ST STUL “putl UT g£°¢

faea ST 7 Topow jo (

'8°6 - g§'G sBJIn
UOT1EOTITIUSPT DY} UL
§soT 2u1 1o siutod

.1{11;
21tds UT pPIJAIPTSUCD S
JO I=poW ' S31RDIPUT
antea @yl seY pue (gfQ
-ow Burtaedwod J0J A%
jusutasdxy) ‘uoritsod
Yl pUP OTIBIL XNTJaX
—dodea odae SuUCT1EOTI
‘UOpUOT UT AJ01BJ0dET]
AR BIEp Bl 'UINTOD

‘UUNTOO J0T3ETLL3SIP



-

[ - 97§ 813

oY

00Z-

002

0068

0018

00¢8
00869

0019

S50 3

(=]

0§

00E9

001

Sil

=

05¢

‘uLN[oD UOTIRTTTISTP 8yl Jo

STOpOL §75 2yl Jo uird 0T3E1S PUP OIIZ ‘SoT0d - §'§ 3TGER]

. . . uted
91 L~ Las-c LL"8BL- oT1R3g
98¢ hgs° " 0- 57 ¢ od8y
86°0 gLL"0 T~£60°0- LS50
96°0 8LL°0 T+EB0°0- 560 SaTod
z utT Tepouw
%uiéuoasgagoo Z T=*PoH L T=PCH

JO UOTIROTFTIUSPT

B1Ep UWNTOO UOTIBITTISTIR 243
g9 WOoJJ $9IRWIISS avlsuweded - £°§ 8T7qE]

LG LL

89° L4

atqrssodut

uosTtarduwoy

hlLZ0"0%6L65° 0~

06L0°0%1LG¢C°0

08L0°0F9E585°0

08L0"0%69ES" L-

gLrgl

LEThIL

LRLO*0FBSES’'O

hSLO" 079405 L~

LLEQ*OFRLLE'D

BLZ0"0F0ELE'D

6250°0%L4¢0°0-

0Z80°0+%5981L'0

SLTLL
h0'69

SSU'Ufﬁﬂﬂﬁ'G

Z90'0%EL28°0

h6L0*0%h9L9"0-

£6L0"0FLThTIT0

g88L0°0FELNS O

LBLOT0FGLES L

[z1] Ut T=pow
TH *dsaauc)

¢ [=pei

L Tepoy

aalem
—eaeg




‘oes gg sT porasd Burpdwes syl °pesn 2de Situn

Te1T8Tg ‘UUNToD UWOTIBTTIISTP 9U} JO | T¥PCH - g*g 'Brl

I 1 ] T T

$IvNaisay -

* U

sTepou g5 24} IO UTR

NONNI 13T0W ' -

gh ii~

99°¢

850 gL’
96°0 glLL"

[Z¢L] UuT T=pouw
Sutpuodssaao)

— T T I 1
1NdLN0 T3a0KN
r T T — T
STVAMILNI ONITIHYS LndLno
0S¢ o0e 0sl ?1 0!9 0
- T T

LNdNI -

69

zRi=30]
3O UCTIBOTFTIUSPT S19

L6 L1

8914
srqrssodut LRLO
uosTaedwo) hG L0
RLZ0'0F6465°0- LLED

0610° 0152270 8L20

081D 0+#SESS’0 6250

08L0"0F69€5" L~ 0280

[¢L] ut Tepow
o cdsaaac)




‘085 g6 st potrasd Suridues Iyl ‘posn ade g3 TUN
Te1181d ‘usnoo UCTIBTTIASTP Yl 30 ¢ LPPOH - 9°§ ‘813

l T T | ob-

$IVNgis3d oY

002-

[ - L'S 'E'_E,:‘[ 0
HO¥Y3 1340NW 002
— T T : T T 0069

MNP IMAAAAS WA A L MAAA AWV 0019

1

1Nd1NO 13q0W 00£9

t*‘

006G
- 009

STW\HEI.NI QN]'HNVS lﬂdino
09;
) , 08 001
" | TR
-0l | l ’ li ' I I | L | B |
{1134 v I : i Gl
1 i ] i i f
! l !
LNdNI ~ 05T

oL




‘285 gg 8T porasd Fu

TeaTdTg ‘uUWDTOD U

‘spotasd Burrdwes Ul UaATS ST LWl BYY

*TeA
~I91UT BOUSPTFUOD 4G 3Y) 2ATE SsUTT PRYSED 2YL
‘| Tepow ‘umnToD UOTIETTIISTP

9yl JoJ SucTIDuUng eaue;aéﬁoa‘e{dmps pazZTITRWION - £'§ 'BT1

ol i L ol
VIV AN
AV e e

SWAHILNI ONITHYS
[4 00g

- 07 -l -0l

)
VL I 4 w3y s

CTL



*1evl ‘I3
TITIUDDT IH

§ SsaTqe[l Ut
*JI8pPJI0 STY3L

UMETUTW GHT,

'pood
0 oJde ¢ pup
STTUM “h*LL
usys anTea

riuenb 1sag
B
1= ( b

4 STETWOUAT
(s Aq peoieuw
us1s8hs syg,

ghll d3 L
ttaedxe ayg

oaloag aox
UBUWAANSBI]
aul st and
o A1TAT1OR
w2lsAs ayJ,

Iuspr *h*§

‘spotaed FurTdwes UT USATE ST 3WTl 2YL
TeA

-Jd3]UT 90U3PTJUOD %G dU} 8aTE SIUTT PaUSEP 8YJ

r7 Tepow ‘umwnToD UOTIBRTLIISIP

af] J0J suoTjouny souslaracd oTdues pezT{RPUJON - 8°S ‘PTJ
1 0l
I sagiagt NS LIS A S
¥ , e
Lol -0l 0
{nnu‘a, 11" 3 ‘L 23 ‘L




«gpoTasd gutTd

~J2]UuT 20UIPTFUOD %5 ®
vz 1%

sty 4oy suotiouny SVUE

"[9L] ‘[¢]
SUOD Udag SBY (1*§) Topow 8yl FUTSN UOT3BOTJITIUSPT TH

‘1'% - 6'5 ssandTI pue 9§ ‘g¢'§ SITQEL UT
USATE ST SUOTIBDLITIUSDE 2U3 JO 3INS9L 8UL "J8pic STl . i o e

J0J pUROJ 2asm UOTISUNT SSHT 53Ul JO SiuTod WRWTUTW OR

*poc?d

2q 0] suess oMl Jdepdo ayjl snyy -peaedwod aJae g pue

7 SJ8pJ0 JO STapow usym L°| ST SNTea 23U} STTUH ‘H*|}
5T podedwlco 9Je 7 pu® | SI9PJAC JO STSPOU USUM BNTEA
syl '(S‘OGOQ)J 9dR JBPIO Futardwon oy saTaTiuEPNb 1s8]
bU? ot o+ Og = ﬂb}g

u- L

wIo 92Ul JO OJd38 STERTIWOUAT
~od (L_b)g pesn oy ‘teudts andut syl JurijTys AQ psiTuU

-T1s89 ATTS$R8® ST STYL '"WJI23 J02JTp B SUTRIUCO Ws3sAs suf

‘pesSn 9asM BIEP (00| ISATF 9UL ‘dhli 4T LI
NNY PeRTTI®B2 ST DU®B [gL] UT pagraosap sT juawrdadxe ayg

cAendaopN ut aoalfodg Jgoi

-oeay USPTEH (D30 WO POATSD9J USD] 9APY SIUSWSINSBOY (”nwal v
raBqueyd UoTssTI £q paansesw ‘aamod apstonu ayi st and
-3NO 3Y} pUB JUSWSAOW pOd TOJIIU0D AQ poieedd ALTATIOPR

-aJa ST 1ndu1 21 sdaUy J010BSd ARITONU B ST WalsAs aYJ,

*I030PRa Je3TOonU- B Jo SDIW?U&D FJO UOTIROTITIUBPI "h'§

€L



jge)

’d - Wﬁ‘_—
qer,
+IBnous Arozyenbope wapels 8yl sSaqTra
[
. uted Sgep (2°9) FRUT uotidumsse 3yl ol FUTpaoD0R UOTESNISTD
tosanod JO S STepou pa3oadxe ssayl}

Sgo0T Auea B ST STUR

otaemg |
ut sae UOTIEDTFTIUSPT Aq pautelqo sTepcul

‘01 ©SCTO 30EBF
syl -depdc puovas JO STIpOW juaTeaTnbs Ing IUSASIITP
oml (3SEST 1®) 9 TITa 2a843 eyl CpuTW UT RTE WAl
ganouad @2yl Jo JnoTary2qg

® 8T (2°§) 3T 1

- soasy
8800 ool YITHM poioadxa ST 3T usyl s
TeaTweudp 2y} Jo uotydraosep ajenbape U

880°Q] ssTOg
rBUC 1084

o
~I00, 1sow J0 ,3saq, Ul wsyl yo Aue TT20 031 atqissoed
T €T 3T Yonu Axoa a2IIIP 1lou op ST3pOW oM 2y adu;g
4 sropow paTITTdUIs 2Ui
wody 2TIATT B 380 sAIIILP Yo TYs Z_UL « 09997 = Y Ppu®

BZ1L000°'0 - 1

] Z_bme‘o + L_bBLE'U -l
.0 - A
704+ ¢ ) + (D0 ToRges + 96 ¢ ()
LOL*A :
:1Tnsaa 9yl 8aed TPpow 3SaTF E JO UOTAEDTFTIUBPT UY
0 s '
Lv ' , ‘pal}TWo
. "
-0 2 sqp SOJ8Z TTPWS pUE UOWUOD UE SJ030RJ saewrxoxdde IT
- [
g 9 L_ba-g -
g by (z°9) (1)@ DRESLISILNE SN (34
Z Oq
v wa1sAs J3pJAO 1SJTT B CL poryTTduTs
- A aq feu [f] uUT Topow 8yl S TT=A ge sTopouw Yjoq ‘1DBRT
. L" uj g T@poW JO (39 clp 8o ‘Lo) 01 580T® ST | T@pow
0~ z Io (33 ey e ‘L@) aeql&ni :Ttpﬁs aae sTopoW 22U} Uass
asiew -1aquaouaae;;ypveq1 1ey3 seandT] °Yl wody Ueas St 3T
+iTassd 2Uyl JO UoTSSNTETA




s1oelfoag aozoesy U2PIPH QOHI0 PUR °UODUCT

¢ AJ03BICqRT TRUOTLIERN pue uspeT of OIT U231 Aq perrddns
2d9M4 YOTUM €SIUSWRINSPSW 2yl Jo0F [NF2iedd sT Joyine oyf
*gean8TF oyl MIAPp oym ‘ITSL g °*SaW puew ‘zdraosnuew oY}
padil oym ‘UIBUSISTAYD 9 *SIW MUeY} oF sansea[d ® ST I
*SUCTSSNOSTP BUTd

—prnuTis Surw o ‘FunlT jaeuus] BUT ATD PUR UOSSABRISNY
JEAT COTT Ul ‘sonZesTTod STY UPU} ©3 SIURM vmﬁm ay
r20uUepPTINg aTqw

-nTeA STY Joj pue 1oalgqns ay3 BuTisedins o0y wpIIsy LN
s10ag ©3 @pniTiead iweaf sTY ssauadx® 01 S1URM JOUINE YT

TSINIWIDAITMONIOY “IIA

*,102aq0o0,, 1sow Jo isad, 23}
2q TITH 3Byl STepow 8yl O UDTUm 9PTOIP 03 ssaooad
IEN10F 3yl JO OFpoTMOUN DIPWTIUT INOULITM Lses sdeaTe
10U ST 3T "OI3RI STUF JO SonNTeA 9TJEUOSERI J0F OSTE
uaddey ueo 1T 20Tioead Ul *SOTIEJ ISTOU 01 TRUITS MOT
JoT ATTEOT32J409U]} umcys 2¢ ueo siutod wnuTUTW TeJIDADS
IC 2DU3STX® 2, °S5°1PWIlse Jolowesrd a2yl Fo sanTea
1a232S 9yl uc spuodop UOTIBOTITIUSPT €19 24l I0 1Insaa
2UY3 2seDd STYZ uTl -iurtoed WNWIUTW SUO UBYI aJdow 3ae(



s fFoTouyca], JO PINITISUT pun] “ToX

-3uo) OTIEWOINY JO UOTSTATI ‘LLGL “BLLL Jaoday

sutewoq Aousnbaag @yl UT LBuT3TOXT AT3IU=]STS
-394, J0 3deouc) 82Ul Jo UOTIRZTISIVBIRUD :8unlg

*ABoTouysel Fo 23N3TI
~SUT PUnT °TOoJ3UC) OTIPWORNY JO UOTSTATQ CLLBL
€1zL. aaodoy ‘ssenodd UOTSNIFTJA ITRH [PUCTSUIU

~Tg 2UQ ' JO SOTWRUAJ JO UOTIBOTITIUSDI tuape]

“ghl - Lhl SZiBL frged TOJIUOD ANy
ssueal 9I9I *S90TA3RN PRUOTIARG JO ssauanTl1ed
~2UUCY JO0J SUOTITPUOD :UOSIWE[ Y PUB IABTPUTIIN

«ABoTouuyoa]

IO ®INITISUT pUN ‘ToIjuU0) STIRWOINY IO UOTS

~TATG ‘6961 <9169 3xodey ~wWNTo) UOTIEITTIST]
B IO SOTWRUAQ JO UOTIESTITIUSPT :UOSSABISTY

cpagi ‘acxk meN ‘Auedwo) BUTYSTITANG

1

‘d

“d

T

wasTayy *AITITOROOd4 FO LI08UL SYL :OXNUSPIUD "A'H

cgggL ‘oosTsueag ueg °Aurdwol
pur uewsedi "H'M TRIGRBTY JESUTT JO SPOUISIN

TeuoTreanduo)y :eA2aDPPEI N4 DUR A22PPRI N°C

©L961 MIOX MBN °SUCSE
% K9FIM UYop °S9ssadodg OTISPUDOLS PITETSY

pue AJPUOTIRAg :42119QpPERaT C¥'W PUR JapwmAD “H'I

sL08L ‘enfeag ‘swelsdg Tod
~3U0Y OTIPWOINY UL UOTIBOTFLIUSPI UO unTsoduisg
OVAT 3S| "TOPON DTWRUAJ B JO SIVIIUBIRI U3 FO

voTiewilsy sexenbg iseeq pazIledsuy AARTD "ML

[51]

[hLl

(gLl

[zL]

[N

[oul

[5]

[gl

-£BoTouyosl FO SINITISUT
pun ¢IOJIUCH DIIPWOINY JO UOTSTATH ‘STsSayl J23
-sep -juswraadxd BIQRTARAJRTI UBRAT MTWeUApPIOIHE

~9I AP BUTISTITIUSLT DOOYTITIMNTT WHWIXEH :UOSSTIRD °§

*LLBL “ABoTounoal
pue S0ULTIDS JO PINITISUT ‘aToisayouel FO AITSAPA
—TUn oYL 9kl *ON Faoday SJ3uUs) SWILSAg TOJAJUCDH

*SWe1SAg JESUTT 2TRTJIRATITOH IO STIPOW 2TARTAL
—-EA 22P2S JO UCTIBWIIST JS8iawedel UL SIUTRD

L6l ‘oLz -
-~ BBL ¢4 BOTIRWOANY ‘UOTIBOTITIUSPI POCUTTENTT

WRWIX®N Ul $231TnSTquy FJOo waTqogd oYyl uQ urTyod "I

TLLBL fZ9L - £ZL ©L POTIRWCINY "ABAdDg ¥
- UGTIEOTITIUIPT WaisAS :IJoUAT g PUP WQRAISY

"985l “MJIOZ MaN ‘ssead wnuaTd ‘(pucwwey “H'J
“p3) swalshg Toaiucy eatidepy-ITeg JO AJdo9YL Ul
‘pupTFuUI ‘UO0IBUTDPIL “swalsdis aaTidepy-IToS
Jo Aaocesyy uo untsoduls gvir ‘aodeg <spacosy
Sutiegadp TEWION WOAF SWRISAS OTWeUAQ JeaUTT JO

UCTAEOTITIUBPT TROTIOUNN UITYCH *J PUP WRIISY

“0(6L °ssaad oTwepeoy -Aa
-0®YJ TOJ1UOD DIISEYDO3S 03 UOTIONPOIIUT WQILSY

-Ag8cTouyoal IC

2INITISUT pUunT ¢ TOIIUCD TTIBWOLNY JO UOTSTATQ

‘g95] ‘apgg 3acdey -poyisy ssaenbg lsedT 2yl -
WSTqoIJ UCTIBOTITIUSPI 2YJ UOC S9INIDOT WRAISY

“pey

A AR

AR

oA

tel

(=]

[e]

inl

gl

[z]

£l

TEIONTEIIIY "IIIA



STTJTNI UCTIOUNF SOUERTIRAOD BY3I JI "UESW Od=Z

y3Ts sspooad OTISPUDORS = ST (3)X IPUI SUNSSY :7°V PUUST

"[LL] @28 :Fyoodg

-agenbs uesw ut pur suc AFTTTqEqoxd YaTM

L=3 U
(Bxg « (¥ { ¢
u

usyl = « [1] sB 0 + AFVXH UoTIoUNT

POUBTJARAOD 2UJ JT 'eOUBTJIEA 83TUTF PUB SWTL 233J0STP

yaTs sseacoad AgeuoTiels B ST (3)X JEYI DUNSEY LY BUUAT]

sSPUUDT OM3 JO WJIOJ UT 238y
poleas =2q TTTH Swadosyl oyl ‘pajloldxe sae 282Ul noYy
MOUS 01 J8pJO UT -PISN 9q [TT# SWaJ0sU} AITOTPOBID UMOUY
~TTom 2wos suoTssaadxe ysns Jo Apnis 8yjl J0J - (9sToU
81TUM) SITIRTARA WOPURI P3FINATIISTE Arrenbs fjuepusdapul
Jo eocuanbas ® (3)2 pup JA93TTF BT4e3IS ® ST ﬁr|dum aaayM

nyvmhruwvm = (3)=

2dk1 =y3 jo sosseooad 0I3sEUYD03IS AJRUOTIEIS JO STRUBTS
OTISTUTIWAdIap Y TITH npuHN "o « U S® SITWTT JTOUI PUR
L=z3 4

(1)lz()te -

[af= e N1

odfy sux O
sucTssagdxs jo ApN3s B ST xtpuadde sTya zo @sedand ayr

*SWAMOOHI ALIOICOD¥I I0 AUVHMHAS ¥
¥ XIONIddV

*ha9g
Cessel ‘IIW ‘S59dd LIW PYL °SWaIOIYJL URTJI
-9qNE], PUR STSATRUY OTUCWARH PIZITEBIDULY :1JI2UBTM "N

“LLBL fMaox maN
‘gucg § ASTTM uyop ‘suoTiecTTddy S3T pPuUR S90TJ
-3} IO ®SJ9AUT PRZTIBJARUDY :RJAITH "M°S pue ovy ¥

spurT3uy “Ja931sSI0TET JO
*AaTUn ¢t3ug o tded ‘046 "UCTIPWIZST J930U
-BaBRg S5S300XJ UT POY}oR Saaenbg 1sesT pozZlT
~BI2UDY S5, 9IRT) FO sousfasauc) :uosdITITUL "H°d

“0L61L “Maox MEN ‘SSadad OTWSPEROY
*SaTgeTdr, TEJA24A5S UT sucTienby aesulluoy JoO
UOTINTOS SATIRJSIT :3PTOQUISYY DM “©Be3a0 WD

raeadde ol -4SoT

-ouyoal FO |INITISUT pung °Toajuo) 2TIPWOINY

JO UOTSTATO ‘3acday "SOTWRUAQ aA0l0Bey JI93BM
SuTTTOg U2DPTEH @Yl IO UCTIPDTITIUSPI :UOSSTQ 9

[oz]

[6L]

(8.1

AN

[9L1



rpaindwon 8q

1SNW UOTIOUNI STURTABRACD 9YY | 'V PUWD] 95N 03 J9PIAO UT

‘euwWaT |, ZJaeMysg pue suoTidunsse oyl Io

sousnbosucs 231VTPOWWT UPR ST WNS STY] JO 20UIZIBAUCST 3YL

yats sssooad DT3SBYDOIS AXPUCTLIEAS B ST (3)a
“(1%z - (3)'z = (3)a suTFeQ :300Ad

- 890UBRTARA 93TUTI 94U (1)°Z pu® (1)¢z 1Ey:

1snl suesw mr|dum pue nrawuw U0 UOTITPUCD OyL :MJIPWdY

-aaenbs uesw uT pue suUc A3TTTgeRqodd ylIM

8
+
o
o
4]
e
o
gr~an
"
Lad i =

L=3
(lzeayhza « (mbzantz ]
u

usy3

8
v
o el
0
B~
8
v
i
b
gL~an

{, bn

o
.
§L—~an
n

pue

{ Bis

A
1
vz
Bl
g~
1

*1 1uswom UJJNoF 93TUTF pue
POUPTIRA ITUN ‘UBRW OJASZ ULITM DSTOU 83TUM ST (1)@ adsum

(3)2¢, BYH = ()%=
(3)3¢, B9 = (1tz

Aq usaTd 8q APVNN pue
(3)'z sssssoocad o11sEYDOIS ATeuoTiels 9yl Jo gy BUWST

*STSATRUR Y3 JJaeiS 03 9Iqrssod mou $T 31T
2 ITE @ > [(3)n - (3)A]
32yl yons, ] poTaad 2ITUII ULTA

(3 TTe “L Pwos (I+3)A = {3)4 ST pR=gi iy ruwmnvu>w aousnbas
oTpoTaed ® S3STX® 2J2Ul [ < I AJoad 02 JT otpoTaad isouw

~T® 9q 03 PTPS ST wuwﬁﬁvvsw aouanbas oyl :| -y UCTITUTISQ

*SUOTIOURI SNONUTIUOD dWIZ Jo0F ueryl aTdwrs »acw

yonw 4% S3TNS9I YL 9580 SIVJAOSTP 2WTI JUL Ul -pesn
#q TITe seouandbes orporxad jsowte €[pz] @9s ‘suoTioung
orpotaed 3sowye Fo Aaowyl syj Jo poardsul -papacu OSTE
2de STRPUBTS OT1STUTMISLSP J0F SUOTITPUOD IO SPUTY IwWOg

*[8] veg :rooayg

regqenbs uesw Ut pur auc AITTTARqoad YrTm

L
0 - anK

Pl
1R

Tayz L > 9 > BZ 3 0 ‘0 < M YITM

gls-3l + ¢

S F %

S5 | (sf3ya]



pue

L b8 M = ﬁrnwuw

s gaouUeRTARA 1TUN PUR SURIW CUARE

YITH SSTOU 93.TUM Juspuadapur 2ae (31% pue ﬁpwrm adayg

(1) - (| B = (1Pz

(1abe « ¢, Bio (1te

£q usaTd =q Avumn pue

(1)"z sosseooad oTisPycols AJPUOTIRLS U 39T IV FUWET

"arItd
+pausTuTy ST Foouad syua |V BuULT JUTHOAUT
w o« 1 ose fp + |(1)%a} serTduT UoTUm ‘= « 1 ST
0=t 0=T 0=T
. DA...anl.mmwup%.me
[4 rIH ¢ o 4 o0
Ing
140 F+ﬂm Dmﬁ HQHW OMH _mln_ +
ms Z s T -
[ ¥
0=% 0= 0=t 0=T
¥ L4y 1+E 7 Ig :
* U M 23 M o4 M > M +
[}
0=% 0= o=C 0=T
14¥ 1+71 ST - . A
S O N A A

“eueT |, Zildemyog FUTSN pouTRl
~qo oae soTiTrTenbour SuTmMOTTOI 2Yl UOISs2adx® STUF WOIJ

4y

0=T
Ty Tyt TeTs T (g-1) +

SoATE YoOTUM

THICT T THCL

; 0 Tglg-t) +
..rnﬁ [ < [ £
PR A T A L
= (¥-243)9(-3)3(L-2+3)9(T-3)°1
ng
0=T
TgT -
ﬁ.m.n { w - (T=143)8(%~3)3 -
A -]

0=y 0= Q=L g=
c(fmenye(r-ner’y et T T T 1 = (n%a

"3 £



pue A = g ‘0 = » UITM PISN 8Q MOU UBD Y BUWS]
L % |s-3| 03 , [s-3[0,0 3

Z A
s |(s-3) Ng_mm s |esybzesytenbeeaybeal = | (s43) |
STLITNI (1)a JO UOTIDUNJ SOUPTIRAQD SYUL *Q ¥ Anyvrm_
Apg ‘pespuncq ST npvrm suoTrdunsse syl Ag *UBIW OJDZT YITM
ssoooad ©TISRPUDOLS B nﬁvumm . npuru = (3)a PUTIFOU :300IJg

-oxenbs uesw UuT pur U0 AFTTTOEdoad YITs

L

=3
=« U 0« (1)lz(arbz T
u

—ia

uayl

Z
rny oA> »IPUW_AFV Nﬁ_

STTZTRI (3)%2 3O uUOTIOUNZ POURTARACD Ui II

ol
g~an
o
-
00

- m = ¢  Po

o~ e

faouw

—TaeA ITUN DUB UPAW QJPZ ULTA SSTOU 23TUM ST (3)% 249ym
(133¢, B9 = (1)bz

Ag ueaT8 ‘ssavcoad oTiseyccls fAIPUOTIRIS ® nyvmm pue

souanbas popunog ‘OTISTUTWIIIDD B BY ﬁvurm 197 g 'y PuUWsT

g3t d
‘LY PUWST WOAJ SMOTTOF MOU BWWAT 33Ul IC UOTIJASSSE BYJ

0z% . 0= 0z =
X T+ T
O

@

3 | (ayfal

8
+
e
(=)
+
i

8 ~-an

uoTssaadxs sSTY3 wWoxg

0= 0=7
4 ME.MS 1 ItIglg T

@

= (rers3ylo(u-3)le -

T

B g aat i -1 S S A AR

© o0 @

0=% 6= 0=C ©
L nyu>h

1

ST (1)A JO UOTIOUNT IDUBTIRAOD Sl

‘uwvaul OIX9Z YFTM

sseooad oTiseyoozs ® f(3)%z - (230z = (23a suryeq :Tooid

-aaenbs upaw uT pur auo A3TTTdRdead UiTM

© 4+ U ‘g « nyuNNA#UvN

SE-3r
B



53

(3yx { m = Ys
u
ang
14
& . . - = x
R N I B R )
pue

9g"vgL = 3 L= =
ARSI

nttz

1}
+
~

1

[H

Los o3 1= ()X
Aq (3)x 8uT3=d JoTdwexd

*g-+y PUmaT UT UCTITRUOD
¥esm 0O} B ST pIpuncg (1)'z 3eu3 ATretoedse sUEOW STUJ

L
(33x%

*u
b

or-an

30 2ousldasauco Atdut
10U S30p papunog (3)x 31Ul smoys eTdwexs BUTMOTTOI UL

*qrItd
‘panoad sT =ousid

~I@3AUCD QUL Ys sousnbes syl J0J UQTJI21TJS 2wes oYyl FUTs)

(3)N < (ufu)uTm JT

3 L=
- (]
u

2g > [(3)n +37 3

gL~
—|g
~fe

o (em v (m - (1)a) 1
w

- ((n + (- (1a) J m < Us U
u

souanbas ayl oy uoTJaeiTao Ayome) aUl FuTsn

ing "TPTATI} ST

i

b=3
(3m
u

I0 @UﬁmMmeﬂOO 2UT,
(2 ITE) 2 > [(3)Nn - ()a]

ENCAS
yons aouanbes otporasd ' 2¢ (3)n 38 +oripoTded jsowie os
-T® ST (3)a ATaw2TD .APUNN - npurn = (3)A auTFaQg :Joodd

o+ U ST s2faeauod

L=3

(1%« (Mt

M

1R

usyy - ssousanbss
orpotasd jsowie oMl 29 ﬁvuwN pue npvrm 327 19"V BUWE]



JDTMPOJIUT

cuoTintos =2nbiun v sfeste sey

(Z°9) IPY3} sumaw STYL *POPNIoX® 2q U2 98eD STYIT Ing “Teop
-0W 2Y3 IO JSpJ0 UB YITY 00} DUR ISTOU OU JO 28ep 2U} ST

- uotideoxe Uy *(g°g) UCTIOUNI SSOT TENIOE Yl JIOF 2NaAT 3q
o3 pauwnsse aq ued sfeslr UoTUM (93TUTISD aaTiTsod aae)

0 = mmo ‘n < rro 1Byl FUTMOTTOF °2Yl UT DIunsSse ST 37

P+M%NNU ” r+UﬁKrNO

0 =
EASD
0 = thro + r+¥x¢ro

Lq usaT® sT sanpscodd UOTIPEZTWTUTW 31T
.Hmﬁolno Cres nrOIroH o1 spucdssaact A J01094
2yl pue Hmﬁn:nn R nrmlwmw om spuodssaden X J0308Aa YL
*UTILIRW OTIIWWAS B ST O 2a2ym

. £ 2 o= (A®
(Leg) HH quw (ATX)M

xl|Zhy iy
2UTFaq

sauroed AxeuecTi

-B1s ® 03 sgoro ucolzeulxoaddes pooE ' ST UYOTUM ‘wWaog 212
-2apenb B ST UOTIQUNI SSOT SYJ IBYL PRUWNSSE ST 1T HJoM
aTgrUosesd 398 o©oF "WUITIACSTE UOTIRZTWTIUTH 33Ul JO ST
—aadoad syl sutwexe o3} ST xTpusdde stTy3z yo ssodand syg

THHLI¥OOTV NOILVZIWINIW ZHI JI0 SISXTVNY
g XIONIddV

*aaenbs uesw ur pue 2uc A3TTTqEqouad UjTa

. L=3
o+ U 0« {3 [ —
a b
usu3
0=T
T L
o Nﬂh M
puw

URaW OJIBZT YITM 9S5TOU 22TUM (1)2 ©(3)8 - nr[wum = (3)a IT
*TT2m se paatnbaa st Ajasdoad

paacad ATTses BUTMOTIOI 243 2SED STUF UT -20Tm3 PaTT
-dde sxe sPuweT 2yl PUR, (1)°F + [(3)9F — (3)3] = (3)e se
us3itamad ST 1T °‘UPdW oJ8Z 30U  SBY (3)A JO/PUBR (3)@ IT

“9°V ~ £'Y SEumeT
wosF AT9IBTPaWWT SMOTTeF Jooad 2yl IBUL Smous (L"2) Ut
SUJI2} FO PUTY 2yl 3o uorioedsut uy :|7g WeAO9Y] 20 Joodg

"1z weaoay] @acad o3 stqrssod mou ST 2T

*1STX? 30U ssop Yg WIT SNyl
pue s dns WIT > U JUT WTT 3BYl SMOTTOF 3T STUL WOILI

usaA® W £ « h = U 3T Z/L- = Ys pue

u

ppo u € - n=Uu JIT  Z/L = 8 usyg



a Jo0309A

~us3Te PeJeTOOSsE Ul UITM Y SnImAUdBTE U® 3ae( wm 127

4]

52838 Z
Rid -1 =
(9€)
T O
Ri.b-I="d
ATTsE® 2ATB (5°9) PU®P (£-9)

0 < &) 5T ATuo pue FT 0 < ‘P IT ATuo pum JT 0 < D

Ualijltam o2g URD nwwo pue
rea Jo 2acqe suoTidumsse syY3l YITM) UOTIDITIAD Byl Usyg

Nrowwormo - 2

2

(878) lpiepziy - bhy = by

FoNpoIIUT

*[gL] ®°g :Fooag

‘a3TUTIopTWSS 23aTtiTsed ST rNOWWONwo - by weyn

0 < %%y pue (2ITUTFIPTWRS 24TiTsed) 0 ¢ D FT ‘aayjang

0o < rmommoNro ~
_ by pue p o< mmo IT ATuoc pue JT 93Turgep =atitscod ST

NNO rwo

mvo rro

XTJAIPW OTJALSWMAS BYJ :Z'¢g PUUST]

0 xTpuaddy Ut
pur #0Tog POSN aQ TTTHM BPUWST UMCUX-TT24 BUIMOTTOI 2yl

*SBNTERAUSETD OJ9Z-UCU BWBS 2UJ DARY ¢q pue bg T3S

qrEtd
"UOTIOTPRJIUCD 2 ‘Q = Y Uyl Q = 99 IFI
“ag JI03024
~us3T2 2Yl YITM Vg JO snTeauafra ur ST Y usylx 0 § o4 II
*agyY = @2gvg S°aT8 @y = 8gy :Jo0dg

*yg Io anTrausfTe u® osSTe ST Y U2yl
gy JO SnTrAus3T® UP ST 0 F Y JI *PIUTI2P Sav ¥g pue
gy 3BUJ Yons *S90TJlBUW OMI 3Q g PUR YV 397 :l°g RUWST

XTIIB2W 2yl
IC senTeBAUSST® 3yl 2TATPUP O3 I82J93UT 1esad JOo ST 31T

el [e g 0 b3
(n°g) =
et | g by L2,
nN.mV WoaI uUsSyfg
Thpblnheylly o Tg
L= L=
(e-g)

Hepliptiptly = ta



*SUCIINTOS
Jo ssausnbrun o souUslSIXe @9lupgend joU S8OD 3] *SUOTL
-nres Jo seTraedoad Agesseosu UTm STRID PUUST 3X2U 2y,

“[L1L] @eg :jooag

(%)% ur

mﬁxvm = X JO UOTINTOS Mw jutodxTy onbTun ' sy (x)g uayz

(£-0) ﬁoxuwmw u¥X® X n__tun - .X:d F __n:vnvm.. - n.xum__ (

iz
-3

(179) L > ® eco-1) 5 1% - (%x)g]] (T

JI “(x)3g dew B J2pTSUOC)
“{g = “_oxlx_m £x} 128 9y} =30UID onvmm 39 D BuleT

*swaTqoad TPnloe sy} JO0J POSN 24 UBL 3T MOY
MOUS JB3BT O} JIBDIC UT aday peiris ST 3T -Butddeuw uoTl

-2PIIU00 FO TdIouTad umoud-TTaM SU1 ST PUWST 1SITF oYl -

*SUOTL
~enbo yons zo uoTinTos =2y3l. jo sorigdsdoad a2yl YyiTM TeSP
seuwaT BUTmoTToF Ul JO 2WOg "JIIGUNU TTBWS B ST 3 -9J9Uym

(3)0 = (X33 ‘0 = (08 + (%1

ad&3 syz Jo suotienbe o3 preT TTIA 6§ = , A
uotrenbe oul TTrPws ST 9STOU 8Y] JO POUBTIRA 2UL UIYWM

‘poylsl g9 2Y3 JO UOTIOUNF SSOT UL S®
poisadasiur °q U2 3T 3PYL ST UOTIOUNI SIY: SUTAphis
037 uos®ad I -pIauTwexa aar siutod wnuwiuTw oTgTssod

S$3T PUP PITPNIS ST uoTiouny teroads v xTpusdde sTyj ur

: "NOILONNI
T¥IJEdS ¥ J0 SINIOd WAWINIW TVD0T ¥04 SHOILIANOO NO
0 XION3ddVY

Y swos | < Y T ATUC DU® JT 3ITUTFOPUT D (

e
-
e

Y 9UC 15E9T 1P JI07T

AytTenbs yita (Y TI®) L 3 Y JIT ATuo pue 3T 0 2 )  (TT
‘(Y TT®) L > ¥ IT ATuo puw 3T 0 < D (T

.wm JO anTeAusEIe Ue 230USP Y 387 :§'g TWwWe]

TXTIlPW DLTUTFHP

(-Twas} 2aT3Tscd B pUP XTJa3ew 93TuTI2p =2atitsed B 3o jonp

~oad e st bg eours ¢grzte CWUIL) [6L] WOIF SMOTIOI :F00I4

*5J10303AUB8TE JO STSE B SPY b1 g emwe

Lan]
fal
-

a0 L

Ve
<
I
—

saATE yoTum
Ll s 5 bCrZ85T1L - akly 5 - by o
RPN AR o1 o

i rooag

‘aaTatscd eaE g Jo senTeaus3Te TTV :£-g BUmOT

Li
El cﬁm

(L79) ¥ -1

wwﬁwm )
pue
abtoyee - 1y = sk e = mrbrWU - @

§9ATE (9°9)



1BY7 UONE (X}I IO OJDE B Bg % 137

X WwIp = 3 wIp = F wip
pUR SUOTIOUNT PTCETIUSIDIITP @O0TMIL a2dar ¥ puer I easym

(£°0) 0 = (3°%)F + (X)F = (2°%)J

uctienbe syl JIPISUC) g L PUWWS]

*({h°g) WAOF VYL FO UOTAINTOS InBTUN B JO IOUBLSTXD

J0J UCTITPUOD JUSTOTIINS T S2ATS vuwsT BUTMOTIST 2y

AT TIRZITQIE USSOUD 2 UED T 388 roedwon syl ‘uoTtioung

SMONUTIUCT B ST (3°X)Y 9a9Um (3°X)U2 = (3°X)8 FI :aae)

atIh

(h2) TTITINT (€°D) IO SUOTL
~-NTOS TTB 08 °TTRES AJRPJ}TIP USSOUD 3 UPD ;23 SJa2A2MOH

N Ox
X - x| JUuT

pu®e {,3)H2 X UBYL (§°d) FO UCTINTOS ® ST ¥ II

. z (13)H-B > X
OAﬁ_uvaﬂM_uhwﬂxum__ ugﬁ

o]

usyl "3 3 @ 3 Q 397

“3ATITS
-od AT1otays et yoruym | —i— & <bal| wrw = @2 mou surzeq
i3 L ) )
(,2)H-8 3 X
3 ~ (,3)y0 2 ||(3°%yB]]| dns
, (L2)H-B2X ((2)H~0 3 X
- dleogil e 2 | eona]| JuT

waur ta s 3 s 0 28n

.ﬁ%yaﬁm Uou ST (,3)W - u APYJ DAUNSSE ST 3T 2I2UM)

. (L3)H-B2X
0 < 13 JT B < (,3)0 = :nunu.ﬂ__ Fut

J JO A3ITRUTIUCS oY} PUP UOTIONIISUCD =24l Ag

I #%x

1% - x]|” gur x3 = (,2)K

{.3 3

Aq IN Fo pooyanoquyBTau B ¢ (,3)H 125 B SUTIDQ :JO0IJ

o IN 3 %%
(n°0) 0«2 ‘0« ||% =%} gur
usyl 0 = (3¢X)g FO UOTINTOS B ST X pue

%2 3 3 3 0 JT 3ey} uyons p < Oy JIQETU B ST JJ5U3 Uy

5o X
3 s ||(3*x)8}| dns

seTTdut Yz 3 3 s @

IBYZ UOMS w » ) DUB 0 < ‘@ S]URLISUCO adp adays (TT
Lidws uou ST IN - # (T

1Byl SuMmsSsy -3

uo pusdep ABW YOTUM ‘3195 joedumoo fATealTqar UB °q U 197
{10 = (x)3 ¢x} = zN) IN&Q T Fo soeds TINU 2yl slousg

*SUOTIDUNT SNONUTIUOD 2d® 3 pu®z I agaym

(€07 0 = (3°%)8 + (%) = (2°x)7

uotienbs syl JOPTSUC) :Z°D PO



L

5%
axaum
ay = g

£3513®5 Cp 297 '® IO onTRA B 9500
F U

v 3 aby% + 9€5%,

Pp(n-yy 3 =hp%

FT PRTITTFING @ar (g°0) PU®T (1°0) MON
.Ao@ uo 1ou 3ng § ue Burpusdap) €~ sjueysuco =uwos a0JF

ak2% + %9%5% = 2%« | (P%s - (Lo0)TE|1% s

m__.,nwﬂh.».unvvh_nm + n_._uﬁvu,.n%urlﬁo.xuu_ﬁ% - H__ =

[[ux = x|
[T(35, )8 = (23°.%X35]]

X
= ___nmo:_xu_w: 3
*,11% = X 2P pauTeEige ST unwaadns syl 1BYI BUNSSY

oy o oyt PR LU= ]
[(Pfux Gy v xa)is]] T TTGET0s - (38T

[LL] Wwoaoayl sVTeBA UBOW @Y7 JO 28T UITHM
o.. %o

(%) g uT sjutod JUSARIITP ‘AJaRJITqUR oM} 29 X pue X 387

akq®

2% s 1%z - || |1°

0TI s [P - (2¢O |

usyy -*s 3 s 3 g 197

o, X

L Oxis]] = % ang

"0 = (3°%)] FO X = ﬁunxumruﬁoxvﬁM —~ X JO UOTINTOS

ayy sT jurcdxty s3T Butddew ucTIoBPIIUCD B ST (3°X)8 II

(31, (Px)¥3 - x = (=x)g

L

‘ UQIIouUng 8yl aapIsuo)d

e 3 % >0 ZUTAFSTIPS JUPLSUCD AJPIZTQAR UR
o R
st %y sasum noxu Ya UT (£°2) IO SUOTINTOS APnlg :jooag

(50 0« 3 f(3)0 = ox

[
229

STTITInF X (Tt

(®xy%g uT x uorinfos snbrun = sey g = (25%x)1 (T

gortdwr %3 3 3 3 0 3PYL YOMS g < U9 IPQURU B ST SIBUL USYL

(%)% 2 x

aly 3 __ﬁmﬁxuwwu_ dns
(“xyfes x
aby 3 L ¢=¢x)31 | dns

satTdut bs 5 3 3 0 (Q

¢ (%)% ut (x)3 30 oasz Aruo sy sT. Ox (e

1By3 yons Oj
pue by ¢ba sjuejsuco pue ‘g < (3 o juspusdepur) ¢

urta {9 3 %% - x[| ¢x} = (°x)%& 385 ® ST ezewr (1T

ZBTRBUTS UcU ST (“x)y g {T



d0308A 28Ul pue

OU _H.mu
(L*2) =D

g3 'y3 o+ v

XTJIIPW DTJIIIUMLAS OYZ JABPTSUOD H D SWWST]

"RTJAJEW STYIL
Fo sTsATEU®R 2Y3} UT TNFesn 9q TTLM suxoy oTavapenb yitm
Te2p UoTym seuma] SUTMOTTOZ 2YJ] "WNUSJIXD Yl Jo Jd93oed
~BUD 23 BUTUTWIDISp JOF BTod TrIUsWRpUng ¥ sfe1d seaTl

~BATJIOPp J2DJIC PUOD2S JO XTJAIPW 2Yj} WNWaJIXa TRIO0T B JIBRSN

“1iE

1® soasz Tead OU SBY mxumm *(g*D) AFST3®S 0U Op 2S|UL
g ‘g = ®x 03 es0T0 scaez sSBY hxuvm T4 Nx = Axuwm
pu®R 3 - _¥X = Axurm satdwexs JPI2DS dYl IIPTSUC) "P23BIAS

Z

2q upo Tessusd BuTylou ‘aPINBUTS ST moxUMM FI :dfarway-

*qratd o
+(°x) ¥g - (%x)%g ut uorant
]
-0S5 Oou pue ﬁoxu mm ut uerinTos snbrun e sey g = (3IX)I
1eyy sacu scuc jocad =2yz yBnoays BuTtoE8 Aq uo9s ag

uEs AT 3Y = O YITM pue ©3 pue y Fo SONTEA 259UI UITH

H
A0
mlrtll n-ru nnwu UTW = Dm
o
pu®
w -l
_ Xew = Y
bog *0%

ATTERUTI 2S500UD MON

0 < mwwx:o A LIS E

cay = 9% Jassuy +@2aT31sod 29 prnoys uorssaadxe sTUL

sty - %y . %m z
Z
> % 3 X 83X
z.||¢3ex)8]| dns - ||¢x)3|] Fut 2 ||¢=ix)z|| Fur

soTTdutT
wu 3 5 g 3eyl yons :o pue wu S]1ULR]1SUO0T PJR 2JI9YL sSnylL

-(%xy%1 jo enyes amrnSurs iseITPWS By3 S2I0ULD ©

o o _ o
9o+ Tem = |Gl Te-x] o+
o o
o o, % o =] | x| ]
XX (X)NT + )T JUT =
o= | %x-x] | B
= [ Jexort] Fut = || (x)3]|Fut
ygnoua TTBWS ST Om IT
rydnous TTBWS ST 2 IT O
UT SUOTINTOS OU SPY [ = (3°X)J IPY] Umoys 2q 03 Sey 3

)
- (°x) $q - (°x)¥g = v 3@s syl asprsucc moy

*i% 3 8 3 0 IT PRITTIING @am ¢ 3 % PUB (Z°0) ‘(L D) usyl

ofo ¢ % x o
(9°0) = ‘g fTEiuTw =

usyl suTISg



(% 5 (3exyn 3} = (3%

39S 3yl JISPISUO) :JOOJI]

(21L°9) L N CAE FuT
1wyl YOMs (3 uoc jou ang O3 pu®

mx uo Burpusdep) rm JUBLEUOD B ST 243Ul 0 < NM fa=aa oF
(uayl 3 5 3 » 0 FT 2Byl yons

< % jueisuoo ® ST 2J8YJl °"S20TJIBL 21TUTIIP SaTaTsed

DUP OTJIBUNAS 24 ) PUR ¥ SXTJIIPW 2TI32umuis ° UYL w¢ YITm

O Uu ,Hmu
= (3)4 = ()0 .
ﬂu MN _.J.wm + d‘
UlTH
(LL2) (2yapx + xﬂmucwx m = (3°x)p

UoTIoUNnI 8yl JIIPTSUC) G 0 PUWHST]

*qrEth
*ATTSEO SMOTTOF (3)0 = hruo
pue (230 + ¥ =, _[Q3 + ¥l ueur ¢ > 3 JI
a3 (@ + ¥)d _0-
= 4 O

@@ (@2 + V)

[01] *Ta3ew
paxrrucTided ® Jo @SJa9AUT Y3 J0J Selnmaci 3uIisp (TT

.mri< Jo snTeausZio
3s28aeT 243 = p/| 1PY} uULIS ST 3T uotienbs sty woag

It

0= Q¥ + I PIIP(5VII®P = [(Q, ¥ + I £yev1300

£° U9311TaAMad ST ((QL°D)

(0170} 0 = [a® + v]aop

1Py} yons § J9qUNU 1SSTTRWS
SYl UBY3 JITTRPWS oq ATUC 2STW = (3 IO SUOTIoUNT
STONUTIUCD 5d® I3 + Y JO SanTeaysSTa 3yl soUTS)

9 30 sonTeA TTRUS J0F anx3i ATiuagedde sT (§°0)

. :rl
18,08 - 'v = g =zoum

") 0 < 3 + v
0 < L83, (09)€7 - Mys 4y

o3 anﬂm>WSWm ST 0 < D Z-D muweT Ag (T

0+ 32 f¢230 = a D (Tt
@3TUTIOp 3atTaTsed ST D {T

i,8,.08 - vl v
Momﬂﬂﬁ>qowﬂmvmmeMHmﬂwn Om\r w&mﬁs 1 3 3 5 o

3T uslyl ‘23}TUTFeD @2aidrsed sae [ pue y 1Byl Sunssy

{870)

H
[

J=



L0 811 ut usatd
sT oTdwexs TRUOTSUSWTP OMF B J0Z ﬁw"o>umm pue ﬁuho>urm

<%k ¢ (2¢% 8 s195 B2yl ro UCTIBIISUTTT TeOTURAT V¥

TT

[,_(*)d] 1
= A

()% ()03 7x + “az

[4

+ e s (x| fxp = 3¢n)%s

mnO

aaayds ayj ssop os puw ( A)S 198 BYL SUTRIUCD

[, _(3)D] w .
ﬁmuoxnmvommvmx + az

Z

wnO

5 _mnwuox - x| g%y o= mts

aasyds ayg
*SUOTIEBINOTED puaemaoz JyBTeals AQ pautrelqo ST

T (=]
L (2] (3°7p)e 3
(hi°D) T = [F()% - x| dns
nuu xhuuonwuHx +>m

YO TYM WOIJ
(33%%(3)0 ()% + %oz = (2% - %) () (%% - %)
T

0 = ﬁﬁmuox - %] (3)hzY + *®

Je1TdTiTne s8uraden ® FuTsn

*1y2nos sI1
(3% (1% + %az = (% - 1) ()% - %)

JUTRAISUOD 2Y3 Joapun mhwvox - xuww JO WNETXEBW 2Y3 UYL

*L ST jusucdwco Y:T UOTUM ‘do3Dda ATUN 2 230USP Ts 2o

o
T o T FfTME X
¢ TeEy Tx=rx] dns sT 3eupm

wno

¢ >ura H,hmno>uc ATaesTd

(34708 3%

{7 1Rl Feo) Ox-Fxl dns 5 | Tay%%Tx| xy = (3¢9t

ATD

198 MU ®B QUTIAQ

*x 30 Jusuodwod YT |YF |iousp Tx 3o

“I.g oag - kvl _¥ 3o enreausiTs 3seBael 9yl ST § SI9UM

L= l
2y% (3 3% & _ ¢ ©
(3)%%(2)d(3)%% & - = %
¢ » 3 > g

IT £adue uou sT (3¢%4)n

(g170) %% )0p¢)% L+ Ta s ()% - %) v (% - x)

rIN

Aq ueat® st (2°%4)8 weyg

oy, _(9d- = ()%

auTFaq



*[0L] xXTajem pejeuoriaed B JO 95JI9aUT
8Y3} aoz uorsseadxs 9yl woay SMOTTOF A1TTEnbauyr iseT =yr

€23 (3)b

2% s __ﬁwvoxnuvghmumxg_

aby s |13« |

saTTdur ©3 3 3 » g eyl yons (3 yo auspusdspurt Coq

<lycly pup g » O yrtay €5 pue %5 ¢l <% siueisuco sae pasy,
TT
) TRl T
(LL°D) L 1= (2)b
sroy [5b(02)%(20(x o>Nu@ + %[ = (3<%
z/
EReIA
o]
: (3¢ ayus=| Jx
(51°0) %A 7 (%) _mmww

fyagedoad styzr Jurdrddy

<¢(3<%ny%s = Ty pue (3¢%ay8 = by mou ang

z NEm X
(3¢%0)n  Fut = (3¢%xyp 3

L
) Hedx
2 f0aE- ¢ (%)m s rhos s oon

os

L5159 Tx(aely + (0)%%3 = bx

L L

1EUYL yons “e ? *x jutod U0 IsesT 3® ST 9IaYJ

Cle 2
(2¢x)p U = (3¢Cxy4

4

Aq Cue s x

QUT IS "UOTIDURJ X2AUOD B ST (39X)p 20UTS 2N ST STUL

e » x e s x
((3¢X)4 . FUT 3 (3°%)p FUT

usyl Nz = rz II .mzm puw

(37°% Buputeiuos ¢sies 3omdwod pue ¥aauoo omi aq Cy pue

e SaTJEpUNOg YITM pue

‘W 3o -A3rasdoad BUTMCOTTOT 3Ul sey (3°%X)jp UOTIouUny ayyg

*1°0 "B

(alop)?
(2t ls
- ™.
o~ N
-
| b xx N
(ztop -
(3 loa)t
v



SBATIRATIOD J9PIC DUODES JO XTAIRW 2y} pue

A z]Ae
Atx rS LBy
(£x)iy ﬁxﬁ L rg :
(ez+2) 0 = 3 -
(£xyy x(£yd
2q 02 3no suany p = ,j uorienbe Yl :Joodg

‘jutod wnwTUTW @Y} UT 23TUTISD
94TAT50d ST S2ATIRATASD J2PJIC DUODIS JO XTJlwW alf

(22°0) 0«3  “((2)0°(3)0) + ("A%0) = (&%)

AISTaeps 1DeJ
UT TTIs jurod 3yl pue ¢(gyz-Q) waoI =2yi O WnWTUTY
1ecoT anbTun e S3sSIX® 2a9Yl UYL VLTUTISP PATIIS

-od sT hOhnovhmﬁ PUR (LZ*D) FO UOTINTOS B ST % II {

U]
Nl

*9ITUTIOPTUSS
mbﬂpﬁwo&&ompﬁnﬂmmvm>ﬂvﬂmommﬂ ﬁOhnDu>ms pmmp

Aaesseoau 8T 1T uTod WNWTUTW TE20T ®° ST (A%x) IT

QA 0 = nhﬁoums
JO USTINTOS B ST % 2a8UM
(0z°0) 0«3 f[(10f(=0) + (PK%0) = (Afx)

STTIINF ¥ UT (3°4A*X)p Jo jutod AJeuoriezs Agsajg (T

andl ST BuTmoTIor
5]
2U3 T3 ¥ 3 > 0 FT IBYY UYONS [ < 3 JURISUOD ® ST aJ9YL

‘5 3@es joeduwco AgealTqar ue UT sjutod uMWIUTW [EOCT
dC0JF SUOTITPUSD JUDPTOTIINS PuU®T AJBSSD0BU B3R dIdyl usy]

raajeweaed XTI
B SE POJSpPISUCO ST 3 'UOTIDUNI 2TJPIIUSIRIITP I0TML
' (£*x)Y pue £ o3 1osdsad UYlTM 2TQRIIUSIASIITD 20TML
CA TTB JOJ XTJIIPW 93TUTISP 2aTiTsed ® ST (A)d 2a9Us

(6L ) (A93)us + x(A)g.x m = (FTLENYA
UOTIOUNF dY} JI2PISUC) : [0 Wedosyl

*aInlondls STYl SPY poylsuw g9

2U3 JO UOTIDUNT $80T YT 3BYJF MO Udn} I93®T TTIM 3T
‘aanjonais Teroads zo ucTiocuny © o3 parTdde sae svummeT

SuToBaxeI 2yl Jo sS3INsSsJ 2yl wsacosyl BUTMOTTOI 22Ul uf

-Q-H-U
‘poscad ST PUWST BYJ DuUe

[ Z g by o L
,N\rmﬁ 3+ YM2)Y0] + 0 = "M

u3ta shy = (Oa¢9y by usyg
% = %4 and pur AFBAITQAR ) < ©y o3I MON

(Cacaybus| x| |

®h 2 ()4 Jut

2A0QE DRQTISSAD (2°X)p 30 Alaedoad

oy woay pue (“atayby s (Yafayy wsyp %2 s 3 s o mou 3o

X z o, € ba _ O, g4l
(8L°D) 2 L7200 + TazdTol + 3to = (Cate)

3UTFOQ



satTdwT o]
o o (32°2) 0«3  f(1)0% = "4 - £
AT AT

3a2Ul :s9atE §°) Puwe] yo uoriesTrdde pawmacy 1UETRIIS ¥

3 ¥ 3 » 0 3BPYL yons oy pue by s 95 S1URLSUCD 9JdE

Aiesson
-3U ST UQTATPUCT SUTHMOTTOJ aul wu 3 3 > 0 FT 3Byl yons
o

o .
. £ - (L¢x = (3CAw)a C]
ﬁm__n 0y -« yille = ¢ ) Basys 0 < 13 J9qunu ® ST ®I9Y3 USYL -SPTOY (§Z°D) I2Y]l sumssy

C5-4 " < z]4e s
(phixya + : (A9030U = (A5x)0U + [%(L)d X —|— — = (294)3
x 5 e
0 e £E 0 vo XA &0y = (4
(TAf0) Yz (A0 ys o . - Yau o= (K2
hOhnOv%Hﬂm no.hnouunuh.@u + AO&mum _”.HA \nlkﬂu ,HVn”_-_.\.. *
8urisnd (gz-p) o aaed pucoes ayl ol Z0 PuwaT ATddy
* "1 (CA-&)  x1 = (3¢9K°0)p - (3544 x 65 (45%)
CspyFual T L __ﬁhﬂxu_zr[nhumﬁ_ dns = ¥y
TTewWs ST 3 Uuayy =R Y
. O -
(1z°9) . (230 + %4 = & (52°2) s __h%nxu«gr-hhum¥_w = | [x%]]
Aq peveldsa =2q ueo (g§z°D) 1euy sorTdws ..ww 3
" 5 UCTITPUOD AdPSS909U 2yl SPTIT4L (€z°2) 3o 3aed 3saty ayg
¥ 3 > g 3eyl yons g < ,,,3 Jd9QUNU B ST 2IDYL IPUL £°) BU
-meT W4y SMOTTOF 3T ‘83Tuigep eatatsod st (P40) 4y 11 ) i £
: X
(kz* ) (AR (L% Ty
‘panoad ST weacsyz vyl yo zjaed 3sars syg 3+

Ax x
(K™l (A iy
) A&
“( \mnOV 24 J0F UCTIITPUOD 2Wes a3yl

mMHHQEﬁ wm $ 3 » 0 3Byl yons Mm d2quniu B ST 942Ul 1Pyl % . mgmhm Lo
asyjang pue hm> 01 9NA} VY ST IWES YT IBYL SMOTTOJ .%h umﬁx T IMM Hmhﬁxumurﬂ
1T STUY wodg -23TUrrepTwes aaTiTsod Jo @3TUTIOp =aTitsod ' Ae )
ST 4A 22U} Aaessessu ST 3T ‘jurted WNWTUTW 2 ST (&%) IT ﬁ%ﬁxumulw (£)yg
o = (Amfy AR, xE
= = uwh
JO UOTINTOS 3WOS ST A axoym hﬂ> xm>




IO suoTintos syl 2uar siuted AJPUOTIRIS 2L
A L =u)uyd 3

Z-u

wlﬁ>mxu + X3

L3 + X3 + X

uoTioung sTUI I0J 0 = Ao,oumM£
pue ) = A UoTInTos ATuc 2yl sey (.z-2) uorienbs ayg

‘g % U J2¥s3jUuT =Yl DJaDYUM

Z Z %
ﬁcmm + A% + wx H.”T+ NX 3 = (&5¥)A

51 oTdwexs
DATIBIAISNTIT UV 'DPI3e}s 2q Ued [easual Butyiou (IBT
-n8UuTs) SITUTISPTWOS 2aTITsod ST AOhnouhmﬂ IT g >aeusy

‘g = x ‘auted AJPuUOTIEIS U0 SsBY axvo> aTTYM nmmuo + W =
ﬁmvmx PU® (3)0 + W - = ﬁuurx :squted AapuoTiels oMl SBy

mx:mxvm + % = hxvub ;erdwexe peI3TTdwIs v c2o0pds aTouM

2yl se U o2l o3 oTgrssod i1ou Tegsus® uTr ST 11 U Uo

Q

pueodop Aew ~2 Jo anTea =tqrssod aselesal 2y | M IPWIY

qrIth
proy siasd
TT® 3Byl U39S ST 3T. sdow souo goouad oyl yEnoayi Juton

. O ¢ 95¢0,¢ O ©5¢0,c0 _© ¢
CoqpaPion?i B pn 3t i3fetiz)uTw = 73 9S00y ATTeUuTg

s¢3)g uT jutod wnwrutw enbiun B SBY

(3CA°x)A 3PUF SMOTTCF 3T STUF Wody “PITUTISD @ariTscd ST

WA TEUY ATEWT (3)§ 3 (A°X) Pue L 03 3 3 > 0 1BU} woms

HHMm I1UR1ZUGD B ST 2d9Yl 3Byl SMOTIOF 3T °0 PuweT &g
AA
;)0 + (P& s ()0
= LA
(2)c (330 + (°Kyg

(3)8 » (Afx) usaup
{aby s (P40 ~ (ASx)|| £(ETX)) = (28

193 93 uT juToed wWnWIUTW TE2OT

0_ .0, © 3
T JO DDUDLSTX® =Yl s8TTdWT Aﬂ>un>un>ﬂuucﬁﬁ 33 > g uayl

€
2L o,
T oTIA
Oy
ng
'g < 38y - Oy 7 (2¢%£g) upyd ae3eaal ST

shy=| | (P& 0y (&%) |

e e N CLArSE ISRV ALY Jut
sy

¢ e S EGEAPRICAE ST

mm N3 (AR dns

sotTTdut

®s 5 3 » g jeys yons Ey pue O3 sjuezsuco Pae 2JaRYF INg

A

L . sby=| | (PK0)=(£5x) | |
M 2 (3CACR)A — (3°TACOIA = (3FL:)A JuT



UOTIRTOX Y} FJO SSN UITHM
-Caxs rpnwxm + L)+ ohﬁmx + XZ) = (X)F 307

0= fae o+ bagoee 4 1) + Ca( e + 7Y
(e T
2 =B
STIJITNF UOTINTOS 2Tqrssod y :(T 3885
0= [%x+ tao + 2) + Paoel[(o - )}
AN.QV z R o]
0 = 304 "I(,D + DEZ + L) + JI(_ 0B + D + ®B)
U33}TaMad 2ae Q = w> sucTienba syg
Zae 4 rhnmm + OBZ o+ L) + oano ' +0 4+ B) = w> m
(L-a3
N..HU+ranU+UmN+_.u+O,Hn0._m+‘.u.+.m.unm.DWr
v v o v v I v n

25Td suoTieinduodr 3oeatg

-E9ATIBATISE  IPDI0 "IEIAT]

g o= mb IO SuoTIMTeS 8yl pue Zp jo S9ATIBATISD
2yl Apnis ol ALxessedsu ST 1T z'g Buwe] aacad o3 aspac ur

TSTITONH
- EITE0 LSYIJ M0J (ON) NOILIUNOD ISION FHI IO SISAIVNY

"0 XIANI4dV

*sjutod

WIUTUTW OU 248 239Ul ‘Q » M pue usad® ST U FT (TITT

. = A *(3 = X pur sjutcd
?Tquluuo (®)e p Ut
WNWTUTW oMY B2 3Jd8YJ ‘(0 < H pUP U9ad ST U IT (TT

d 3 = ‘(3 = X
(gmuy 2o = £ 520
pue jutod WNWTUTW SUC ST 8J9Y3 ‘pPpo ST U 3T (T
gerTdut styg “3utod
3®Y} UT SITUTISP 3aTiTsod ST A USYLl USTINIOS B SBY

W(3+1)

JI -auted
2TPPES ® puk juTod AIRUOTIRAS B SABMIE ST {0°Q) = (A°X)

WAC3+1L)




AR Ss)
"0 < =T IT (§°Q) FO SUOTINTOS JOF
PITUTISP @2a13Tsod st m> Iyl sstTduTt jowz STUL *aeInIUTS
Hou ST selqeTdes JO SUOTIPWAOISUPA} SULl JO UBTgoDE) DUl
pue 2 $ e £I8T1e8 (g+Q) JO SUCTINTOS Y3} o < 20 usUpM

TSSOATIBATJOP JBDPIO DUODIS IO XTIIBU 23 TUTISL 2ATITSCd

B Y3Ta unwrutw snbrun ' sey ucTisung STUL "PIaZTWIUTW ST
Bep + blp 4 | = b s

;PP p+l=( B LHm, _Bala

UOTIBUNI BYl 32Ul sSuesw SITIRTIRA JO s3ueryc syg

“ISOTD PIASPTISUOD °q 03 SBY < 'xd ?5BO IYL ATUp

*SUOTY
-NTOS IUBIIIITP 99aUI SBY 0 = §A Weud 9 < kg FT (rTT

SUCT1
-1TOS JUSPTOUTOD 22dU3} SPY 0 = $p USUL 0 = xd JT  (TT
UOTINTOS 2UC SeY g = w> usyi 0 > ;xd IT (T

#®

113
IESTD ST 3T 940G STSATRUR DUl woaj :Z-§ BULET JO Joodg

o
2¢

. .+ 2.0 bayebg o © _ = Taylg -
(L@ 0% (fata - sa(gE - Jadn @ - fayla =g

pho~ D
~TWTIDSTPE 29Ul UIYM 1STXS (5°() FO SUOTINTOS paniea Teay

(9°Qq) BUTYOAUT 4o g % Opy - Juru

Z4 Zplfos  ta
(- 0 = +

b bellta °a
(§7Q) 0=C%p+ztp - 2

FOo 5300 3YI 248 O pUR B IBYL PUNOJT
ST IT 2% = mv D+ B = rU SOTgeTJIRA MOU 39Uyl FUTONpPOJIUT
ou Nﬁ + rnﬁu +mu+ Ohum

(n°aQ)
0 = rRAUw + L) + Oﬁﬁo + B)

(778883

U233 Tam 2 u=o A)TTTqrssod aeyuzoe syg

'L > |e| serzsrties yorTum ‘uoTinTos enbrun

® SRY (£°Q) IBY: pepntoues ST 3T seTiTrenbeur asayz woag

o]

b
0 < Hmﬁwh y Taxye + Awﬁ - Mﬁvulﬂ <
< ba 4+ baxg 4 oﬁnmxm +2) = (X),3
Ca
0 > mﬁra - oﬁulm - > fx o ban w %ag - o= (Lo
Ca
0 < cta s P < Ca s ban s Cap = (g

‘g a@pao Jo BurjToxe ATausistsaad ST (3)M D0UTS SPTOU YOTUM



2a9Ys

X

z
iyt te] o= ok o= ox
x

(L3} L

AQ pBUTIOP ST ,X J01094A
YL "M+Ug UOTSURUTP JO mx pu® ¥ UOTSUSWTIP JO ST wx dI2UM

=T
(s°3) Arezataze [ B{y [ = (D)1
N 3

: B B 5%z 7 B

(@) (,_By1( Byg = xMc = (D)o
o =T
thd) ¢, D)1 By = 1073 ng = (P
Uit
Ppvusg]
bg
(£°3)

AUy
- FM:

Wwacy
2Ul Jo saojosa Aq peuueds st somds TTNU a2yl z-°g WRIODYL
WodF POUTS “SNoTaqo ST STYL *4 Jo juapusdeput sT (A)g JO

aorpds TTNU 2y3 inqg faeTndutrs sAemTE ‘asammoy ‘ST (L)g
b = ¢ b - =

(10, _Brg = (M (33;0¢, _Brg (3),4¢, By

w231sAs Y} JO XTJIIBW IDUBTIRACD dU} S® (L) YITH

(273 (A0 + x(hax L= (&)

U213TJaM 2 URS UOTIDURI SSOT 3yf,

M+U

L
re <O

o

A

i
8]

var 0

X+U

I
.0

srst Q)

(v

centqg

]
t
veatmg

(z g woacayl yo goouad

Y3 UT SB) £I0109a DY} IDVNPOJIUT h g WSAOSL] JO JOOIg

TLt0 wedodyl WoX SMOTTOJ h'f WAX0aY] ‘sarqe
-Taea BurBueys Aq eyl umoys =q TTT~ 1T x1puadde STU3} uf

“hTE WIMOIHL A0 I00¥d
*d XIaN3Idav




eIty
*paysTuTs ST Fooud 8yl L 0 waxodyl BUToaU]
L, Bio, Bytla = (203
se saojeasdo Agq USATIM ST (Z°0)3 uUoTIOUNY =3YL
(EL-d) By & -0+ By o+ o= (BT
- . L= . L=
Yy Tm
- Byg = b ‘(B BYY = b
(z1L°3) €,.0)1¢ B = Be (,.Byi¢, By = ¢ By
se posseadxs ATiusTeaTnba ST ero = X usyl,
Ly
QA > i o= bx
:.
se wx aol02a ULl S1TIM
by
J0302A SUl S93I0UIP 2 2A3UM
(oL@ (z< oo+ fxezmu fx &= (2o

S® USIITd MOU ST UOTIOUNI SSOT =YJ

*£ TT® JOF ZRTNBUTS UOU ST (+UZ) x (+UZ) IIPAO IO

(6°3) “osra% = fru
¥TJaieu ay3 Byl pue

g = "bekrd

1Pyl POPOTOUCT ST 1T S10BF 959UF WOLI

Aﬁnhumuz soeds sy3} utr Juswers TeoTdAl ' ST mxwo
ﬁnhumwz soeds TTnU 2y3l UT JusweTa TEoIdAl B ST wxrd

12Ul SMOTTOI 3T UCTSSNOSTIP 2Ul woag
*uoT3eZITRUOCS0UIA0 IPTWYDS
welsn Aq PRIONILISUOD 2q IDURRSUT JICF UPD wo *aeInduTs

uou H pur ) = Nora sot1aadoad 2yl YITM XTIIBW ({+UZ) x
x (AZ+UT} mﬁmppﬂagﬁ ue ) pu®B XTJIIBW 3 x (Z+UZ) B ST ro

(§°3) —————— | = by




ATTeTO?2ds® MoU JPPTSUG)

‘UOTIOUNF BTQRTIUSASIITID ® ST (0°m)F

o o)fa
_ (34 = (30,4 —F -~ = R
S r (1)ia )
YITm
rlwm + 1 b o+

(o ey (e Hmmqm;ﬂsﬂ 3= (ofe)g

*£*0 BULST WOXT MOTTOT MOU 3
(0f®)88 + (PfE)F = (1) a = (0fe)l

(830 + 2 - =@
Aq 8 pue 3 °3 sSuoTiouny oyz DUTI2G
(8)0 = ®
- L be + | ) be + |
sSwIcI @ © SUOTINTOS JO 20UBLSIXD oY} o - Lok- _
F 2y I TInT z 18T Y3 0 # 2 3IT ()4 HMMMIHIM + m#udr:@ HMmMEHIﬂ = (3)3
(,o+L), (,o-L3 -
£ NUN = (2f0-)y3 0= {2°2-)1 UOTUM WOl
[
L =g
mnu+runusvu - . M
oY = (2°03,7F 0 = (2037 £
[ {0y a
—— e = P
A .
{1y a
JBYIANT
UOTINTOS 3yl SeY {9€°E)
Nﬁom+ruhum|vu oe + |
- i =
(5+=)o8< = (8'=)7 puw T+ B - %
*xtpuadde STYI UT pauUTWPX® ade g'g
— uoTioes jo srduexa 2Y} 07 (h9'g) - (HE'g) suoTienbs syf
bo + | T81e J0
(3@ b= 3 = (3)4a NOTISY¥IA ONOCIS FHL 01 SITIWVXI ¥WIILNNOS 40 NOIIONYLENOD

“d XIANIddVY




‘SUOTIRIDLT UOS
-udey uoimey (satimwrxoadde) swos BuTyew Aq uoTinTes ayl
saoadut o3 L37TIqTrssod v s ageyl gTsa auTInCIqns Uy

XTJAFBW OTAIDUWAS © JO SJICIDPA

~ ~u231® pur senieau2Bro soindwoj 8917
- XTILPW DTJIIDUmAS © S93ADAUT NIWASQ
8813

NIWZSQ SeTqRTJaRA PajBIdI

I7Id PUR UOTIOUNT SSOT 2yl s@1ndwop ST2A

- sTEnpISsad 2yl s2induo) qIsay

- B1RP SI2ATTI I1T1d
uoTINTOS

- gs2JaENnbs pmmmﬁ,m seaindwo) 081

08T  UOTIBOTITIUSPT §7 ® SWIOIADY S1

- 28TOU B3TYM SalRJIUBY IUCN

- SHYd ' Se3Ra2uUslgyd ‘vIsSdud

8194
arsay
I1id
ST UOTIEDTITIUSPT §T9 2UI SULOFIDg §13
IJON
g4d
v18ddd (WwS3s4s Byl senRTIRIS TOKIS
819
OIS ueJsoad uTey 5791
SPUTINOJIgNS Elog el alaloday ¥
PeIT®D @sodang a0 weaSouag

TUSATE ST 9UTINOJ

-qns AJsa® 0 uoT3drTaosep pOTIRISD sdaou ' saled FutmoT
=10F @Yz Ul -MOT®q 3TQel YL UT u2Ald ST UOTIRDTITIUSPT
ST9 243 xoz sFeyord weafoad 2yl JO aINIONAIE UTPW By

"SHVI20¥d 10 NOILJII¥OS3a
"9 XIONIddv




(LTIXT4 LTIV (02) T4 NCISNIWIO
(TILSCTYAY(TIN NCISNAWICQ

gud

v.1S8yd

IJON
Q3¥INKIY INILNOUENS

AYYD HIIM NISOMD 38 LSNW 3T 40 30TYA 3HL 17NS3y 1S538 HOd *NOILIN3LLY

d393INI Q00 NY 38 1SNk I IAON 0L S3NTYALYVLS - 31

TLTXVR I ENTIW)

HOLYYANAOGEYd IHL 304 WILSIOIULLIHS 3H4 NI SLIE 40 ¥3EwnN - 20T
N NI QINIVLINOD SI YNSIS LndNI 3HL §
(1}3 40 LNIONZdIANI 3SION ZLIMM SI TYNS1S INdNI 3HL 4
T=)l 3WIL 1Y 3S"NdWI NY SI JYNSTIS LndNI IHL ¢
Tzl HWIL LY d315 ¥ SI T¥YN2IS IndNI 3HL 2

*S8¥d ¥ SI IYNSIS LndNI 3HL T= - 10T

(0 XYW40 NIW) (IN+BN4+YN)

J 40 H30YO « IN

g 40 430¥0 - &N

¥ J0 H30M0 - ¥N

(X¥W ON4T NIW) AN 40 ¥3QEQ - ®

3S5ION 3HL 40 NOTIVIA3Q QUVANYLS - v

TIVNIIS LNGNI 3HL 30 NOILVIAAQ CGHYANYLS ¥o 30NLINdWY = “dWy

COONID* * = (T) Qe (ENYE** * (TIQ4 (UN)V* " (TIV)=L

SYALZWVEYd FHL ONINIVANOD (IN+EN+YN) ¥3QHO0 20 40123 - L

INdLno 3HL ONINIVINGD W 330¥0 Z0 NOLD3A - A

d1NdNI 3HL ONINIVINOD W ¥30M0 H0 ¥0133A - n

TO0«0T=TL6T 4WOHLSHIAOOS NILSHOL HOHLINY

*0¥3Z JYV (1)3 ANV (1IN 4C SINIVALHYLS

CON=)**D% (INID +***+ (T~)#*B*(T}D + T=(8)D

(EN=)*40% (BNID +4**+ (Tw)xx0x(1)Q ={8)g

(VN=) %kDx (YN) Y +°¢*+ {[T=)*%Dx(T)V + T=(DIV

3SION JLIHM NYISSNVYS (L33 (L33 (0I+{(LINK(BIS= (L) A%(D)Y
W3ALSAS 3HL 40 NOILYINWIS w SaLNdwWo?d

pmm.NDH.ﬂ:H.oz.mz-qz.z.q<.anq.k.>.nuqzzwm 3NILNo¥ens

r

VODULOLLULPDLLLLLLLULULLUVLLULVLULLLLOLLLLLLD

(0€)00WL (0} LSASL NOISNIWIQ
. (FT4000T)8Y4(000LILYA4(O0OTIAY(O00TIN NOISNIWIA

S91I3
GIsS3Y
1714
NIRASA
ST2A
057
57
819
IJdOoN
g¥d
¥1S58ud
RILES
Q3y¥IND3Y 3NILno¥ENns
3 40 SANVA LHVLS S 0TH8— (ONWIT=T4 (GNW+YNK+(T) 1) /2=1LINI £1/
8 ONY V 40 S3NTIVA LHYLS $*aT48 - C(ENWFYNW) IT=14 (I3 L) /T=LINT 41/
3SION 3HL dJ¢ NOILVIA3Q QYYANYLS - "V
(SENTYA 3Ndl)  YOLIAA ¥ILIAWYNYY = |
S*0T48  ~ VY ((IN+EN+YN)4T=T4 (1) L)
{L)3 40 INJONIHZANI 3SICN 3LIHM ¥ SI (1)N T=
Sgdd ¥ SI (1IN 0= WIST

LINI¥GLING LYW T=  INTHALNG ILLIT-0=  LININLY
QY3 WoMd 3 40 S3NTIVA HIIM LYYLS 2=
Q¥VD WoMd 8 ONV v 40 SINTIVA HLIM L¥YLS 1=
8 ONV ¥ 40 3Lvaliss S MLIM LNYIS 0=  LINT
YilvQ (3¥34714 ¥31I1d-1= YivQ MYNISIMC ¥3LTI4-0= 17147

SNOILVY¥ILI 40 WIEWAN XVW - W3LT
WISI+ININAI*O0T+LINI*00T+LTII*000T+¥3LI+0000T=INT
SYOLYHIHO CILVAILSE 40 ¥IAUO INWHENWX0OT+YNWA0000T=Q0W]
SUOLVYZdO 3NML 40 HICUC IN+EN*COT+YN#00D0T=LSAST

Sd01S wyYN90ud 3HL 0=W JI

(00T XvW) S3TdWYS 40 ¥IBWAN = W

0TI - ANI‘QCWI¢LSASI W

SOYVD WO QVEY BWY viYA ONISQTI0S IHL

T0-07-T.6T WONLSYAGOS NILSHOL ¥OHLINY
YAYD QALYTINWIS =0
NOILYIIAIINIOI S3uVNeS LSY3T 03ZIWYINTD YOS WYE9CHd NIVW

ST9L WVH90Hd

=€
-¢

-2

-1

UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU



(TIVT NOISNIWIQ
ZNON
034IN®3Y 3ANILNOYBNS

LT*3F*UN*3*e 39NVY 3IHL NI JE LSNW YN

YILSIOAULATIHS IHL NI SLIg A0 YIGWAN ¥N
TVINONATIOd=YOVEO33d 3HL ONINIVLNOD 4¥0L23A V7

h2-1T=0.6T HYONITl 3¥NLS ¢3SIA3N

0T=20=0L6T “HYONIT 3dWNLS <UCHLINY

SYILSIOAY LAIHS AE QALYHINID ISION WOONVE-0CN3SE NO ‘OW3ANY *W
HOLYHANIO-S88d AY NOILMNYLSNOM 4HOUON *I ONy NIYONISOY °9
S300T YNILIZHYOI-HOUYT *NOSYILId *M M ¢SAINTHIAZY

ANILNOYBNS=-8¥d 3HL <N LyYLS 01 INTLNOYENS
(YN+¥T) vLSENd ANILNOYENS

QLLVLLLLLLLLODLLOLOOL

(0S)04(09)D(05405)d*SS*A SWOIST/NOWWOD
(TIENNA(0E)LL4(0€)2L4(0€ITL NOISNIWIO

(000g)YLVQ (0GOTISIY (DQ0TIFA4 (00OT)A Q00T AN (Q0OTIN NOISNIWICQ
(814vI)EY(T)14(T)LVO NOISNIWIO

S9I3

NIWASQ
S72A

A4

Q153
Bs9

S1

03¥INB2W INTLNQHENS

Q3A04LS3C 1CN ST 1VA HOLD3A 3HL

8y 40 S¥3IL3IWvHvd NOISNZWTG gIVvI
SNOILVHMILI 40 dOLS ¥0d ALILNYNR L1S3L - 1543

U31NIY¥d 3dY SAINS3Y HonW 2= INIddI

Q3LNIY¥d 3MY S1NS3¥  WNIO3AW T= LNINdI
CALINI¥d ZHY SLTINSEY YWINIW 0z INIXAI = ANIHJI

S 40 S3ANTVA NIAI9 HLIM G3LHVIS SI NOILAVY3ILI 3HL S=1INI
g ANV ¥ 40 SANTYA N3ATO HLIIM G3LHVIS SI NOILVYELI 3IHL T=LINT
8 ONY ¥ H0 S3LYWILS3~-ST IHL HLIM Q314VES SI NOILVHZLI 3IHL O=LINI - LINT
Yiva Q3431714 ol d3IMdg¥ SI ()2 ¥3LTI4 3HL T=LNI3I -

Viv0 UYNIOIHO 0L J3IddV SI (8)3 ¥3ILTIL 3HL 0=19I4I - 17141
(XYW ONYT NIAY} STIW2-ST9A 20 HIBWNWN XYW -~ Tu3L!
(XYW ONJC NIW) SNOILYYILI 40 yIBWON X¥W - H3LT
(08 X¥WI0 NIW) (IN+BN+VUN)
*dS3Y 24g¢y 40 ¥IQHO - IN4GNIYN
(COO0T XYRW4TL NIh) (S3ENEWYS 40 HIBWNAN) A OGNV N 40 ¥30¥0 = W
ATINYILNT Q3SN (ON+EN+YN)*W Y30M0 JC XI¥LYW - 8y
(EONID =Ty evdNIg == (T)B/(YNIV " (T)V) = L
SILYWILS3
H313Wv¥¥a 3HL ONINIVLINQD NHMLIY LY (ON+EN+YN) H30HO O HOL3EA - 1
(WYIA *" "o (SIIWIL(TIAC(TIN(TITWIL
WHO4 ONIMOTMCS 2HL NI YAVGO 3HL SNINIVANQGD 4W#€ u30u0 40 ¥OLI3A - 1VO
T0=-0T~TLBT WOYLISY3IGOS NILSHOL HoHINY

(ON=) %84 (GNID +** 2+ (T-r**0%(T)20 + I=(©)2
(EN=) %0k (BNIE +***+ (T«)*xPx{(T)E ={B)g
(YN=)x®Bx{YN)Y +*=*+ (T=-)x¥0x(T)V + T2(O)Y

(133 + ()N (8)I%(B)8 = (L)A (9)Ix(0)VY

LYWILSE SIYYNYS LsvaT A3ZIVH3ENED 3Hl SALAdWOD

(GI4VILSd=E:
CANIYAIP LINT 4 LY ST/ THALT 4 W3 LT ONYEN/UNWBY I L4 170259 ANILNOWBNS



ANON
Q3wINe3E S3ANTLINCHENS

STV g3LV3Ed3y A8 G3sSN SI

HIIHM mmwmth Qo0 M3IN ¥ ONINIVLINOD J3Nwnl3¥ ST GCON
Y3SALNI Q00 NV IWNDE LSNW QQCN 4IQQON 0 MIvD LSWI4 i8— COON
(T#0IN YIAGWNN WOONYY ¥ ONINIVLILOD CaNYNLIY-SSNYT

0L6T 676 CGNNTHMI ¥ HOHLNY
.m¢0k<mm2mw HIEWNN WOONYE 4NOSNyP € 3INI¥343Y
*25N 031V3d3d ¥0d Q3LINS°(T*0IN SYIBKAN WOUNYY SZLVYINID

(5SNVYS+¢00ONYIGON AMILNQHEBNS

LoLLLLLUULLOLYL

{(TIXT* (T NOTISNAWIA

3NON
dEyIno3y ZNTLINoNENS

V158ud INILACHLEVIS ¥ NI SENTYA CINDISSY 39 hY2 V7

FUYNQIS~1NdLind d40 J0NLINgWY O3IZTIZHS oY
d3151936L4THS FHL NI SLI8 #0 HIEWAN YN
HOLYH3INAD=-SEud WOYHZ LNdLlno A

3LVYLS MYNLOY 3HL ONINIVINOD 1MOLIZA XM
IVIWONATICA=NDOVEQIZd FHL ONINIVLNGD 4¥OLI3A ¥

£2-T1=-0L6T THYGNIT 3WALS 403SIASY

0T-20=0L6T TTHVYONIT ZUNLS 4HORLNY

SHILSIO3Y LJIHS AH QFLVHINIS 3SICN WOONVH-0GNISd NO ¢OW3ONY *W
HOLYUIANIO~SEHd AV NOILANYISNOY 4HA¥ON *I ONY NIHINIS0H *€
53002 9INILO3HYOD HOHY3 INOSHIL13d "M *M 4SIOINIYILZY
YOLVYENIS-Sk¥g ¥ NI FLVIS MAN ¥ JL¥YE3ENI9 CL SNTLInowdns

(dWYIYNIA4X14yT) Bd BNTLNOYENS

LVOLOUULUULLOLDOLOULLODOLOLLLULOY



(D513 MolgnaWId
INDIB (I NI IXX (NI  KIVEY HOISNIAWIG

AMON
Q3ulnb3d¥ INTLNOBENS

*Q3A0HLS3Q ST HY ¥IMlYW HHL *NOILN3LLY

SSyALANYHEY ] NOISNIAWIA=dHI g T NI T
«lxYh ON) B 40 SHKNTILD 40 HIAWAN=drr
ekW *37% NN *{0S x¥YW) Y 40 snNWnT0d 40 23dunun=nNn
C(X¥W ON) Y 40 SKO¥ 40 H3dWNN~WH
*0y3? SY. A3uAALSNOD
ST L1 *(10 XVHwsd2 * L7 s1 B 40 Ln3W3IANT AuyY 41-543
v 3 BNINIYINGD Q3NYNLZy ‘NN ¥3Jdo¥o 40 ¥0L23p=b
"Y 40 S3INTYA WYINONIS FML *MOTLNT0S S3UVNDS
THiVH=XX
LSY¥3ET 3AML ONINIYINGD Q3Nsni3y'drreNy ¥30u0 40 X
o8 ¥lui¥W 3H. NIYLMOD SNWWNTOD d4rr LSYT ZHL *Y XTHLYW FHJ
NIYLNDD SNWNTID NN LENTJ 3IHL *{Jdrr+nN)*wi Y30HN 40 XTHLYW=-8Y

AN =90/ 1 IYHONLSHIN0S NALSHOL HOHLNY
AgND1LAR0S s3MYNLS L3¥37
-8n705 *3DN3HIJIY
ONY NOILISpdW023Q INIYA BVINDNIS*HISNIAY=8n
CNOILISOJWOI3T IR-IYA HYINOKIS
ONISN G=XeV W3ILcAS IHL 40 NOILNT0S S3WYNDS L5¥30 3H)L S3LNdKWOD

(NI dI NI WI'aPP NN HW ST B xx " BYI08T INILNOEANS

UU"JUUUUUUUUUU WU ULULD WU Y U

. (T408)XX NOISNAWIA
(0S)E4{08)24 (084051 d*S*A / KGIST/ NOWWED
(TYENI(TILA(T)LVC NCISNIAWIQ

(EI/VI)EY NQISNIWIO

057
A39INB3AY ANTLNOHENS

Q3A0¥1S30 10N ST LVA ¥OL23A 3HL

SANTYA YYINANIS FHL ONINIVLINOD 0G NOISNIWIQ 40 ¥OLD3A=H

b SELYIKILST ¥ILAWYUYL FHL

40 NOILVYIAZCQ QuVONYLS FHL -~ 0§ WNOISNIWIO 40 ¥0la3A-n
SILVYRILS3 YILIAWYYHVYS BHL

40 XIH1VW FINYIWYAOD 3HL - 05%05 NOISNIWIO 40 XIHlVk-d

3SION 3HL 40 NQILYIAAQ QuVYONVLIS 0ZMYWILS3~S

NOTILINMNA SS07 FHL-A

/WOIST, 027793 D07 NOWWOD ¥ NI 3I7 SIMEVINYA SNIMOTTCH 3HL

O31INI¥d ST S31YKILS3
Y3LAWYEYd 3HL 40 XIHLVW 3INVIEVAOD IHL + T=INI¥d] SV 2=INTYdI
G3INI¥d 3¥Y SINTIWA HYINONIS 3HL ANV NOILINAZ SSO0T SHL
SNOILVIAZQ QWVONYLS ONV SZ1YWILS3 SY2ZI3kYEVd IHL T=INT¥LI
' *Q3ANIN¥d ST ONIHLON=N=INTIHJT
*HIALANYYYL ININd=ANIHAT
8Y 40 SYILIWVYHVY NOISNINIQ - gIsve
WoPAT CNNIANT** ¢ (TN YN XYA+ (NNIGN* * 4+ {T) aN+YN
(0S XVW40 NIW) C((ANIBN®**+{TIEN+YN)
JTQH 1SN BN4ANYYN4W MO SNOTLOINISTY SNIMOTTI04 JHL
SEALINVEYd-IE 40 ¥IGWAN IHL ST (I)EN
NN ¥30¥0 40 H0123A-8N
SINdNI 40 ¥2ERNAN-NAN
*SHILIWYUYL=Y 30 UIGWNN-¥N
(XY ON) S3TdWVS 40 HIEWNN-W
ATNYZLINT -G3SN (T+INNI TGN+ "+ ( T) EN+YN) %I Y3080 40 XTHLVYW-BY
ﬁﬁnjzumzu37m...naumm.Aﬂymzvum...nﬂuﬁm.ﬁqzuq...aauquuh
CONNJEN®**+ (T)EN+YN) H30YO 40 YOLI3A-L
CWYAS CWINANNT** ¢ (n) N4 (W) TN (W) AWT L
PERO(EIAC(EINNNT T (22N (2)TN4 (2)aNTL
ERLTIAMTINNNT 4 (112N (TITR (TIINIL
WHCd ONIMOTT04 3FHL NI VIVO FHL 9NINIVINOD
(THOON)BN+* " "+ {TIEN+YN)#W ¥30QY0 40 HOLI3A-LYQ

10-0T-TL6T YWOYLSHIA0S NALSMOL 4QISTATY
£0=-C0~0LE6T “WOMLISHIQOS NZLSHCL 4¥OHLINY

(L) 2+ COINMNY EN=LINNA* { (NI BNIANE® * *+ (T~1INNA* (TIANG
PR (TIEN=L)TN*R ((TIEN) TH** *+(T=L)TN*(T) TS

STUN=L) Ak (UNIY+° 24 (T=L) A% (TIV+(L}A

T2Q0W SIYVNDS LSY3IT SILNdWOD

(INTHSI4@I4VIGNIYNNNSWBY L4 1YA)ST INTLNOYENS

UOUUUUUUUUOUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU



(12114 NOISNIWIQ
(TIXA(TISTU(TIAC{TIN NOISNIWTIQ

3ANON
GIVINDIY INILNOEENS

W *L* (ENYYN) XYW

(02 XYWI0 NIW] (8N+YN)

g d53d Vv 40 33040 - 8NYYN

(XVW ON/T NIW) S3TdWVYS 40 YIEWAN =W

((gN)B ** (T)E (YN)Ve "o (T}V )X

(EN+YN) Y3QHUO 40 HOLIAA - X

SIVNAISIY 3HL ONINIVAINODY W W3QM0 40 HOLD3A - SAY
AYNSIS INdLiN0 ZHL ONINIVLINQD 4k HIAYO A0 HOLDEA - A
TIYNOIS LINdNI 3HL ONINIVLINGD ‘W ¥AOYMC 40 HOLOZA - N

ST=0T-TL6T WOYALSYAQOS NILSHOL HOHLNY
(ENSYNIXYW ***¢4T=1 0O=(l)S3Y

(EN=A)}N*x (EN)B="*"=(T~L)N%{(T)E~

“OUN=LIAR IYNIV o+ (T-L) A* (T)¥+{L1) A= (1)S3TE
SvndISad 3HL S3LNdWOs

(ENAYNIWX4STY4A4NIAISIY SNILNOYENS

COJULOLOULLULLOUOLODULLDIVOO

{02) T4 NOISNIWIN
(TIXLTINI (1IN NOISNIWIA

3NON
UayINDEY 3NTLNOYENS

W*3T*N

(02 XVWID NIW) X 40 M3Quo - N

. (X¥k ON*T NIW) N 40 H¥3Qu0 - W

d3LI4 3HL ONINIVINGD ‘N ¥ACUO IO HOLIDIA - X

TYNOTIS 03Y3LTT4 3HL ONINIVINGD ‘W H30¥0 40 HO1J3A =dn
UIY3LI4 29 0L TYNIIS FHL ONINTYLINGD *W HIQHC 40 WOLI3A - N

ST-0T-TL6T WOYLSHIACS NIALSHOL 4HOHLINY

0¥3Z 3 0L GIKNSSY 3¥v (L)N 4C SINTYALHYLS
(MeLINE(NI X+ 22+ (T=L) N (TIX4 (LI N= (L) 50
AVNDIS QAYILIH ZHL SILNIWOD

(WX 4dNan)LTId 3NTLNOYENS

LVOLLLLLVOLVLLULOVLOLOO



(0BT (0H) B {0h)d* (YI4YIIV NOISNIWIQ
di941S3149184y NOISIZEYd 3M8N00T

ANON
Q2YINeEY aNTLINOHENS

"0ty 40 YEAHO WARIXYW

"SITINS3Y ONIGYITSIN 3AIS AYW S3DINLYK HVINONIS~-EYIN*NOILAYD
*HIL3WYHY Y NOISNIAWIO-VI

*lON 4T T

fATILO3MYHOT Q2L1MIIXI SYH INILNOYENS 3HL 47 0 CINYNLIE-TIV4T
Y 40 H3QYO-N

*Q3C3323NS SYH NMOISHIANT

3HL J1 T-¥ SNIVINOD ¥ NYNLIY NOdN°UBLYSANI 3% Ol XIHIVW-Y

*B9«hC/h0 NCSSNILHOW *M4HOHLINY

*OSTTEN STV 4 WaVI 4 YISAYHSILNY ¢ 3INFHE43Y
*SAITYULYA DTHLBWWAS H0 NOISHIANI ¥O4 3INTLNONENS
“NIWAS 3NILOCHENS 40 NOISH3A NCISIIN3¥d AT8NCa

(VATIVATAYI/NININASO ANTLNOY¥BNS

LLUVLLLVILVULLDLLLOLO O W

d NOISIJZMd 31Enod

(02)2¢(0LIAT(0E 0L ¥ (DS CLS
S(0E)LGI(0E0E I (0E40EILLAY(GEILAL(D00T) 35AY NOISNIWIQ
(TYLA(TISAYA(TIAA(TIALTIAN(TIN NOISNIWIC

$913

NImASQ

QIs3y

1914
034INB3A¥ SINTLINOMWENS

*SdALS NOSHAYY NOLMIN 40 NIBANN XYW ~ XVWLT
SFLYWILST H31AWVHYC 3HL 40 XIniVh JAINVIEVAQD QILVRTILSI 3IHL
SYCLIZANZOIZ ONV S3INIYANISIZ SLI
SEATLYAIYZO ¥y30Y0 ONOI3S 30 XIWLYRk 3HL
’ + 0=INIY¥dI Sy 2513
NOSHSYY=NOLMIN NO J3SYE SILVWILSI Y3 LIWVHVL QRLY¥04VHLIXE
3SICN AHL ONV SHILIWVHYd 3HL dJO SNOILYIAZAQ QNYQNYIS
ANITAYYY 3HL ANV NOILINNA SS67 3HL 0=LNINJI
JAINIHd 3dY S378YIWYA ONIMOTTI04 3IHL
HILAWvuVd INIHd~ ININAT
YIVC Q3¥3LI4 0L QATAdY SI (0)2 ¥3aLTId 3HL Tzl IdT--
ViVQ -VNISIYO 0L O3INddY SI (912 931112 2h) 0=17I41 - 11147
(02 XYa‘0 NIK) (SN+EN+YN)
dS3Y SHILIWYHVYE 248¢Y% 40 WIAWNN = INIENIYN
(00T XVWTE NIW) (SITJWYS 0 WIBWANY A QNV N 40 ¥IGHO-W
SAMTIYA HIALIWVHVYL TIVALIY IHL ONINIVINOD (IN+EN+VN) ¥30QHO 40 HOLJ3A - L

LINF (BB~ (L}Ax{0IV=(LISEY  STWNAISIY IHL ONINIVLINOD W H30HO 20 HOLlI3A-53Y

1NdLlnd 03431714 3HL ONINIVANCGD W H3IONO H0 YOLI3A =dL
4MdLlN0 JHL SNINIVINOD W H3IQHC 40 H¥C123pA = A

INdNI Q3E3LTI4 3HL ONINIVANCGD W ¥3(Y0 J0 HOLIZA —dn
INdNI AHL SNINIVINOD W ¥3QH0 40 ¥OL23pA = N
TO0-0T~TL6T WOYLSYZQOS NILSHOL WOHLNY

W3TH0Hd ST9 ZHL ¥0d 213 NOILINNS SS07 3L SILNGWOD

(XYWLT 4 ENTHATI Y LNIAT ONA AN YN WAL SEN A AA AN NI STI9A INTLNOUENS

VOLOLLOLUULLLULLLULOLUDLULLULLOLOULULULULDLLOYL



(TINZOVIYII NS (VT4VIDY LOISNDKIO

SO
CAMINGZY ZRTLIACHANS

THMNLZY IW0438 0 CL erel 415S AdY T HLOSUINIATZT, WLCOVICe 450 Int

3 OUNY W SEIIkLlve 3HE 40 #3080 W THYE ON IV SRIMT

SHITIND NI 4 3egV AILS M G A0 0 s30T T
CoUey SANTIY AL S 0
20C3 IMahy -aAu
npa i BRI RN
ul 3¢
CHANYC T i
3 Bl
LIRS J -
- pl
PR

LR

TET-LO-0AET ACRISTITNNT T Ak LY
L ¢ Flavi-d =R el Y ole:

J
IWLISTO ¥04 SQUHLZW yaiivairlyn FATIN LY RedSTIYY e N Fn 34T
TCORLTW IHQONVN QTOHSIERL SNISN
KIslyl J1Y13kwis I¥In v 40 SHULS3IANIOLI ONY SIOVANISIS S3LNghk0?

LA YIANSAZN4RISETIT ST INeNENS

L

KJLJ{,J'\.JLIKJL‘{_)UUU(JUU

(RS

L2430

(GRS



