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Abstract

The purpose of this document is to report the progress made in the first year of the grant
entitled "Investigation of Neural Network Dynamics” (AFOSR-87-0354). The proposed period of
the work was September 1, 1987 to August 31, 1990. The proposed three year budget was
$126,200 with a first year budget of $40,000.

The grant was closed after a single year because the principal investigator moved from
the Applied Physics Laboratory, Johns Hopkins University to the Jet Propulsion Laboratory,
California Institute of Technology. Nevertheless, many of the initial objectives were met in the
single year that the grant was in force.

The major result of this investigation is a systematic approach for exploiting the dynamics
of a general class of neurodynamical systems for the purpose of neural computation. We have
interpreted the back-propagation formalism as an adaptive algorithm for a general class of
dynamical systems. The completely continuous formalism lends itself to implementation in analog
VLSI. This can be accomplished without external synchronization.

Four papers were published which acknowledged the grant. Three were published in
refereed Joumnals, the third in a refereed conference. One student was partially supported by the
grant. The work received wide recognition and acceptance from the scientific and technical
community.
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1. Introduction

This document reports on progress made in the first year of the grant entitled
"Investigation of Neural Network Dynamics” (AFOSR-87-0354). The proposed period of the
work was September 1, 1987 to August 31, 1990. The proposed three year budget was $126,200
with a first year budget of $40,000. The term of the first year grant was extended until
January 31, 1989.

2.1 Research objectives/Statement of work

To achieve a substantial improvement in the understanding of neural network dynamics a
program based on numerical simulation and formal analysis was proposed. The investigation was
based on several broad issues which were address:

13} What are the formal relationships between the various neural network models? Models were
expected to fall into equivalence classes which displayed qualitatively similar behavior. It was of
interest to identify the minimal models in each class and to identify the most general models in each
class.

2) It was proposed to investigate the conjecture that the convergence of some networks was an
emergent property -- that is, the convergence of the system improved in the limit of very many
processing units.

3) It was proposed to investigate the storage capacity of various neural networks. A detailed
analysis of the information storage capacity of feedforward networks had been perfr-rmed by Baum
et al. [BMWS87]. We were interested in extending these results to networks with feedback.

4) It was proposed to investigate how particular models map onto particular machines and what
models lend themselves to implementation in VLSI. Ideally, a model suitable for implementation in
VLSI would keep a maximal amount of silicon busy. This means that as many units as possible
must take an active role in the computation. A desirable property is for each node to be able to
process its information asynchronously. We were interested in investigating models which possess
this property.




5) It was proposed to investigate the role of characteristic time scales in neural networks. There
are at least three time scales which play a role in neural networks. The existance of three time scales
can be inferred: 1) signal propagation time, Tp, in the brain this corresponds to the 1-10 mS which
is the time it takes signals to propagate across the cortex; 2) time of input fluctuations, 7, the brain
responds to inputs from the external environment which fluctuate with their own characteristic time
scales; 3) time scale of microscopic learning, T, in the brain the strength of a synaptic connection
changes with time.

6) It was proposed to investigate how algorithms scale in the limit of many proeessors (large-N
limit). An important field of research at the present time is the development of faster learning
algorithms which can be scaled up to networks with millions of modifiable connections.

2.2 Personnel

The investigations were carried out by the following personnel: The principal investigator for
this program was Dr. Fernando J. Pineda. During the first year of the grant he was a member of
the Senior Professional Staff in the Space Department at JHU/APL. Currently he is a member of
the Technical Staff at the Jet propulsion Laboratory, California Institute of Technology. Dr. Pineda
received his Ph.D. in Theoretical Nuclear Physics from the University of Maryland in December
1986. Part-time support was provided for a very talented undergraduate student from Johns
Hopkins University: Mr. A. David Redish. In addition, the P.I. worked with two students: Mr.
Ben Yuhas of the Deptartment of Computer and Electrical Engineering at Johns Hopkins
University, and Mr. Etienne Duprit of the Naval Research Laboratories. Mr. Duprit published his
class project in the refere~d journal Neural Networks[De89].

2.3 Status of work

This section addresses the progress made in the first year. Most of the progress was made in
the area of adaptive algorithms based on the Recurrent Backpropagation (RBP) algorithm. The
progress made during the first year was reported in the following three papers:

1)  Generalization of back-propagation to recurrent neural networks,
F. J. Pineda, Physical Review Letters, 18, pp. 2229-2232, (1987)

2)  Generalization of back-propagation to recurrent and higher-order neural networks,
F. J. Pineda, (to appear), Proceedings of [EEE Conference on Neural Information
Processing Systems, (Dana Z. Anderson, ed.), Denver Colorado, Nov. 8-12, (1987)




3) Dynamics and Architecture in neural computation,
F. J. Pineda, (to appear), Journal of Complexity, Special Issue on Neural Networks,
September , (1988)

In addition to the above, some work was reported at the "Neural Networks for Computing”
conference held in Snowbird Utah, April 6-10, (1988). Finally, after the grant had expired, the
author wrote a mini-review article entitled "Recurrent Backpropagation and the Dynamical Approach
to Neural Computation" [Pi89]. It summarized the work performed to date and its significance. It
is included in the appendix.

Some of the key results of the investigation are now summarized. The reader may refer to
the articles in the appendices for detailed information.

1)  Our investigtion into adapative algorithms was based on a formalism for constructing general
adaptive dynamical systems which obey nonlinear coupled differential equations. This formalism,
denoted Recurrent back-propagation (RBP) is a non-algorithmic continuous-time formalism for
adaptive recurrent and nonrecurrent networks in which the physical aspects of the computation are
stressed [Pi87a, Pi87b and Pi88]. The formalism is expressed in the lunguage of differential
equations so that the connection to collective physical systems is more natural. RBP can be put into
an algorithmic form to optimize the performance of the network on digital machines, nevertheless,
as shall be discussed below, the intent of the formalism is to stay as close to collective physics and
dynamics as possible.

The class of neural network models which can be trained by RBP is very general, but most
of our work has focused on a simple system given by the following differential equations:

Txdxj/dt = -xj + Z wjj f(xj) +Ij i=1,...,n . (1

J
The vector x represents the state vector of the network, I represents an external input vector and w

represents a matrix of coupling constants (weights) which represent the strengths of the interactions
between the various neurons. The relaxation time scale is Tx. By hypothesis, the vector valued
function f(x;) is differentiable and chosen so as to give the system appropriate dynamical properties.
For example, biologically motivated choices are the logistic or hyperbolic tangent functions [Co68].
When the matrix w is symmetric this system corresponds to the Hopfield model with graded neurons
[Ho84].

In general , the solutions of equation (1) exhibit oscillations, convergence onto isolated fixed
points and chaos. For our purposes, convergence onto isolated fixed points is the desired behavior,
because we use the value of the fixed point as the output of the system. When the network is loaded,




the weights are adjusted so that the output of the network is the desired output. Recurrent
Back-propagation dynamics is based on gradient descent and exploits two tricks to reduce the amount
of computation. The first trick uses the fact that, for equations of the form (1), the gradient of an
objective function E(x0) can be written as an outer-product, i.e.

VwE = yo£(x0)T . ()
Where x© is the fixed point of eqn. (1) and where the "error vector” y° is given by

yo=@h -1g (3)
where LT is the transpose of the matrix n x n matrix whose components are

Lij = §;; - wij f(x)) .

J is an external error signal which depends on the objective function and on xO. This trick reduces
the computational complexity of the gradient calculation by a factor of n because L-1 can be calculated
by direct matrix inversion in O(n3) operations and because x© can be calculated in only O(n2)
calculations. Thus the entire calculation scales like O(n3) or O(N3/2). The second trick exploits the
fact that y© can be calculated by relaxation or equivalently it is the (stable) fixed point of the following
coupled set of linear differential equation: .

Tydyi/dt = -yi +H(xp)Zwjiy;j + I C))

J

This equation was derived by [Pi87]. A discrete-time version was derived independently by Almeida
[A187].

2)  The recurrent backpropagation formalism provides a single unified approach for feed-forward
type networks and recurrent networks. This approach is very powerful and can be applied to a
variety of dynamical systems. Another consequence of the unified approach is that it is possible to
build heirarchical architectures containing both associative memory and feed-forward components
from homogenous units. This was demonstrated in [Pi88].

3)  The role of characteristic time scales in the adaptive algorithms was investigated. In many
paradigms of neural computation (e.g. conventional backpropagation) characteristic time scales do not
play a role. Therefore it is impossible to gauge how fast a "true” neural machine would perform the
same task. (For this purpose a "true” neural machine is one whose basic functional units implement
the appropriate neurodynamics directly --as typified by the analog VLSI approach taken by Mead
{Me89]. Constraints on various time scales were derived and published [Pi88].




4)  We have shown how the algorithm can be implemented as a continous-time dynamical system.
This is important because it permits the possibility of implementing the dynamical learing algorithms
in analog VLSI without the need for an internal or external clock. Our formalism has allowed us to
estimate the performance of analog VLSI implementations of backpropagation networks. Preliminary
results were presented at the Snowbird conference [Pi88]. The performance of an electronic physical
system was estimated by using electronic time scales for the characteristic time scales. For a simple
example, it was estimated that learning could be accomplished in approximately 10 milliseconds. This
compared very well to a digital simulation that required several minutes to converge.

5) We proposed to investigate how particular models map onto particular machines and what
models lend themselves to implementation in VLSI. Mr. Etienne Duprit, a student taking a course
taught by the P.I. implemented the recurrent backpropagation algorithm on a Connection Machine
[De88]. Mr. Duprit, experimented with two different implementations of the algorithm. One
implementation was based on a generalization of the implementation of Rosenberg and Blelloch
[RB88]. This implementation devoted CM processors to connections as well as neurons. The
second implementation was based on a routing algorithm developed by Tomboulian [To86] which
used processors for neurons only. Mr. Deprit concluded that the Tomboulian algorithm spends most
of it's time communicating whereas the Rosenberg and Blelloch algorithm spends most of its time
computing. Furthermore, for networks where the fan-in gets very large the the Tombolian algorithm
required processors with memory size proportional to fan-in. The most effective use is made of
hardware if the connections themselves can be made to perform computation rather than the
processors. In otherwords synapses must be "smart" memories.

6) We Investigated how the gradient calculation algorithm scales with the number of processors.
In gradient descent learning, the computational problem is to optimize an objective function whose
free parameters are the weights. Let the number of weights be denoted by "N" and let the number of
processing units be denoted by "n". Then, N is proportional to n if the fan-in/fan-out of the units is
proportional to n. In a neural network the evaluation of an objective function requires O(N) or O(n2)
operations. Accordingly, to calculate the gradient of the objective function by numerical
differentiation requires O(N2) or O(n#) calculations. For big problems, i.e. problems with lots of
connections this becomes intractable very rapidly.

To relax y (i.e. to integrate eqn. (4) until y reaches steady state) requires O(n2) operations per
time step. The number of time steps is independent of n. Therefore the calculation of y© is O(n2) or
O(N). The method is computationally efficient provided the network is sufficiently large and sparse




and provided that the fixed points are not marginally stable. These results are summarized in table 1.
Note that the two back-propagation algorithms scale like O(N), but this hides the constants of
proportionality which for feed-forward networks depends on the number of layers where as for
recurrent networks the constant of proportionality depends strongly on the eigenvalues of the L
matrix. Indeed, if the fixed points are marginally stable, the number of iterations required to converge
onto x° and y© may diverge. The relationship between various algorithms is shown in the table
below

numerical algorithm comglexity
Worst case (e.g. numerical differentiation) ON )
matrix inversion (e.g. gaussian elimination) O(N3 2)
matrix inversion by relaxation (e.g. RBP) o)
recursion (e.g. classical feed-forward back-propagation) ON)

Table 1. Scaling of gradient calculation with the number of connections

The scaling referred to here should not be confused with the number of gradient evaluations
required for convergence to a solution. Indeed, for some problems, e.g. parity, the required number
of gradient evaluations may diverge at critical training set sizes [Te87].

The O(N) scaling of the gradient calculation is arguably the single most important reason that
back-propagation algorithms have made such an impact. The idea of using gradient descent is
certainly not new, but whereas it was previously tractable on small problems only, it is now tractable
on big problems to. It is interesting to observe that a similar situation arose after the development of
the FFT algorithm. The idea of numerical fourier transforms had been around for a long time before
the FFT, but the FFT caused a computational revolution by reducing the complexity of an n-point
fourier transform, from O(n2) to O(n-log(n) ).

3.  Related funding actions

3.1 AFOSR

A proposal to continue the work in this grant has been submitted to the AFOSR through the
Jet Propulsion Laboratory, California Insititute of Technology. The new proposal is entitled:
"Adaptive Dynamics for Neural Computation.", JPL Task plan No. 80-3095




3.2 Recognition of work by the community

Recurrent Back-propagation has proven to be a rich and useful computational tool. Qian and
Sejnowski [QS88] have demonstrated that a recurrent back-propagation network can be trained to
calculate stereo disparity. This results in a network similar to that of Marr and Poggio [MP76].
Barhen et al. [BGZ89] have used the method to train networks on inverse kinematics for robotic
applications. The formalism has also been fertile soil for theoretical developements. Pearlmutter
[Pe88] has extended the technique to time dependent trajectories while Simard and Ballard [SB88]
have investigated its convergence properties.

The principal investigator has been invited to present talks based on this work at the
University of Chicago, (Depts.of Mathematics and Computer Science), The California Institute of
Technology, (Dept. of Electrical Engineering). Prof. Carver Mead at Caltech has expressed an
interest in applying these ideas to the construction of an actual analog VLSI learning chip. Most
recently, the P.I. has been invited to contribute a chapter to a book devoted to the backpropagation
algorithm ( edited by D. Rumelhart and E. Chauvin).
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Generalization of Back-Propagation to Recurrent Neural Networks

Fernando J. Pineda

Applied Physics Laboratory, Johns Hopkins University, Laurel, Maryland 20707
(Received 10 June 1987)

An adaptive neural network with asymmetric connections is introduced. This network is related to the
Hopfield network with graded neurons and uses a recurrent generalization of the & rule of Rumelhart,
Hinton, and Williams to modify adaptively the synaptic weights. The new network bears a resemblance
to the master/slave network of Lapedes and Farber, but it is architecturally simpler.

PACS numbers: 87.30.Gy

The neural network approach is a paradigm for com-
putation in which the traditional paradigm of a finite-
state machine performing sequential instructions in a
discrete state space is replaced with the paradigm of a
dynamical system, in a discrete or continuous state
space, which evolves under the control of a certain class
of dynamics (neurodynamics). Although a precise
definition of neurodynamics does not exist, it seems safe
to characterize it by at least three salient features. First,
the dynamical system has very many degrees of freedom.
At the present time, most simulations of these systems
are limited to less than 10° neurons. On the other hand,
the human brain has at least 10! neurcns. The activity
level and the time derivative of the activity of the neu-
rons are the coordinates in the phase space of the system.
This phase space plays the role of the state space in 2
" conventional computing machine. The second feature of
neurodynamics is nonlinearity. Nonlinearity is essential
to create a universal computing machine. This follows
because a network composed of linear units can always
be reduced to an equivalent single-layer network which
performs the same input/output transformation. But, as
pointed out by Minsky and Papert,’ a universal comput-
ing machine cannot be built from a single layer of finite-
order neurons. The third feature of neurodynamics is
that it is dissipative. A dissipative system is character-
ized by the convergence of the phase-space volume onto
a manifold of lower dimensionality as time increases.
Systems whose flow exhibits the property of global
asymptotic stability play a particularly important role in
neural-network modeling. Global asymptotic stability
implies that the system will ultimately settle down to a
steady state for any choice of initial condition. Systems
which minimize an energy function, such as the Hopfield
model, are guaranteed to be globally asymptoticaily
stable.

The identification of stable fixed points with computa-
tional objects, ¢.g., memories, is one of the fundamental
ideas of the paradigm. To implement this idea it is
necessary to control the locations of the fixed points of
the neural networks. A learning algorithm is a rule or
dynamical equation which changes the locations of fixed
points to encode information. One way of doing this is to
minimize, by gradient descent, some function of the sys-

tem parameters. This general approach is reviewed by
Amari? and forms the basis of many learning algorithms.
The algorithm described here is a specific case of this
general approach.

The dynamics of the network considered in this Letter
is based on the following system of coupled differeatial
equations:

dx;/dt =~ ax; + Bf; [}_‘,j w,,x,-] +1, (1)

where x; represents the activity of the ith neuron, where
the matrix element w;; denotes the connection strength,
or coupling, trom the jth to the ith neuron, and where a
and B are conveniently chosen positive constants. The
functions f; may have different forms for various popula-
tions of neurons. A commonly used form is the logistic
function,

fE)=(+e~H "L

The constant [; represents an external input bias which
may be included inside or outside f(£). I chose the
latter case arbitrarily. The fixed points of (1), which I
denote as x° are solutions of the nonlinear algebraic
equations

ax?=Bf; [Z, Wuxjo] +1; )

and are implicit functions of the weight matrix w and in-
itial state x’.

Suppose that w is lower triangular. Then it is clear
that Eq. (2) can be solved recursively since to calculate
x; one needs only x,...,x;—|. Thus, when the units are
properly labeled, this is just the forward propagation
which occurs in the widely used feedforward network of
Rumelhart, Hinton, and Williams.? I conclude that the
feedforward network simply provides a direct method of
calculating the fixed points of (1) when w is lower tri-
angular.

The & rule is a learning rule for feedforward networks.
Strictly speaking, it is restricted to feedforward networks
only. Nevertheless it has been applied to recurrent net-
works by taking advantage of the fact that for every re-
current network there exists an equivalent feedforward
network (for a finite time). The cost for this strategy is

© 1987 The American Physical Society 2229

e




VOLUME 59, NUMBER 19

PHYSICAL REVIEW LETTERS

9 NOVEMBER 1987

the manyfold duplication of the hardware for the feed-
forward version of the recurrent network.’ The algo-
rithm presented in this paper makes unnecessary the ar-
tiface of unfoiding a recurrent network into a feedfor-
ward network.

A necessary condition for the learning algorithm dis-
cussed in this Letter to exist is that system (1) reach
steady state (I will not discuss limit cycles here). Except
for some theorems concerning collective quantities, * little
is known about the stability of system (1) for arbitrary
w. However, there are special cases for which (1) can be
proved to be globally asymptotically stable. The set of
equations (1) is stable if w is symmetric because (1) can
be transformed into the equations studied by Hopfield®
under the coordinate transformation,

Ui -Zk Wik Xk.

Hopfield's equations are globally asymptotically stable if
w is symmetric and has zeros along the diagonal. Stabil-
ity in this case is proved because there exists a Liapunov
function. A general theorem concerning stability of net-
works with symmetric weights is given by Cohen and
Grossberg.® The set of equations (1) is also globally
asymptotically stabie if w is lower triangular because in
such a case the network is a pure feedforward network.
In other words the nth unit can only receive input from
the mth unit if > m. The stability of the feedforward
case follows from a recursive agreement which goes as
follows. Suppose that the activations x; (where i=1,
...,m) are constant. Then from the feedforward con-
straint the nth unit (where n=m +1) receives only con-
stant input. With constant input Egs. (1) converge ex-
ponentially to a constant value, and hence xm+ becomes
constant. Thus it is ciear that if the inputs are constant,
the activation of the entire network will ultimately be-
come constant. Equations (1) are also stable in the limit
of infinite w since if w is infinite the function f(u;) be-
comes constant and the solutions to (1) simply decay ex-
ponentially to constants.

Numerical simulations conducted by this author
strongly suggest that in practice the system is stable for
most w and initial x. Oscillatory solutions can occur
when there exists substantial self-excitation. It shail be
assumed, for the purpose of deriving the back-propaga-
tion equations, that the system ultimately settles down to
a stable state. With this caveat in mind | present the re-
current back-propagation (RBP) algorithm.

Consider a system of neurons, or units, whose dynam-
ics is determined by Egs. (1). Of all the units in the net-
work we will arbitrarily define some subset of them, A,
as input units and some other subset of them, Q, as out-
put units. Units which are neither members of 4 or 0
are denoted hidden units. A unit may be simultaneously
an input unit and an output unit. If a unit is an input
unit, the corresponding component of the vector I is
nonzero and represents an external input to the system,

2230

ie.,

[ - éil IszA,
f 0, otherwise,

where &; is an external input.

Our goal will be to find a local algorithm which ad-
justs w so that a given fixed initial state x‘ and a given
set of input values & result in a fixed point, x° whose
components along the output units have a desired set of
values, 7; (where j € Q). This will be accomplished by
our minimizing a function which measures the error be-
tween the desired fixed point and the actual fixed point.
Consider the positive definite function

N
EGD) =% ¥ J2,

i=l
where

Ji- f,-x,‘o, ifi € 0,
‘ 0, otherwise.
It is an implicit function of the weight matrix w because
the fixed point x° is implicitly dependent on the weight
matrix. E(x°) has a family of minima which exist on
the hyperplanes which satisfy x?=1t;, where i € Q.

A formal learning algorithm consists of an algorithm
which drives the fixed point towards one of these hyper-
planes. Dynamically, this is accomplished by our letting
the system evolve in the weight space along trajectories
which are antiparallel to the gradient £/dw;;. In other
words,

dw,-j/dt - —naE/aw;j, (3)

where n is a numerical constant which defines the (slow)
time scale on which w changes. n must be small so that
x is always essentially at steady state (i.e., x=x°). On
performing the differentiations in (3) one immediately
obtains

dwy/dt=n3, Ji ax2/dw,,. 4)

The derivative of x{ with respect to w,, is obtained by
our differentiating both sides of (2) with respect to w,,
and solving for the derivatives. The result is

ax2/dw. =B(L " V)i f; (4, )x2, (5)
where the matrix L is given by
Lij=ad; — Bfi(uj)wi,

and where §; is the Kronecker § symbol. On substitut-
ing (5) into (4) one immediately obtains

dw,/dt =ny,x2, 6)
where
e =B )T T (L™ e, 6]
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Equations (6) and (7) specify a formal learning rule.
Equations (7) require a matrix inversion to calculate the
error signals, y;. Direct matrix inversions are necessari-
ly nonlocal calculations and therefore this learning algo-
rithm is not suitable for implementation as a neural net-
work. A local method for the calculation of y, is ob-
tained by the introduction of an associated dynamical
system. Consider the vector z whose components are
defined in terms of the components of y according to

yr=Bfu;)z,. (8)
Equations (7) and (8) imply that z, satisfies
Z,L,,-z, -J,'. (9)

Now observe that the solutions of Egs. (9) are the
steady-state solutions of

dZ,’/dI - Zr Lnz,+J;

In terms of the explicit variables in the problem, these
equations are

dzi/dt = —az; +BY, {f; (uIwnz,} +J;. (10)
This leads to a learning rule of the form
dw,,/dt =nf'(u,)z°x2. an

Equations (1), (10), and (11) completely specify the
dynamics for an adaptive neural network, provided that
(1) and (10) are convergent. It is known that the con-
vergence of (1) is a sufficient condition for the conver-
gence of (10).” This follows from the observation that
the back-propagation network is obtained from the
forward-propagation network (linearized about a fixed
point) and that a linear network is stable in both direc-
tions if it is stable in either direction. It is quite easy for
one to obtain the § rule from the RBP algorithm by ex-
pressing Egs. (1), (10), and (11) as difference equations
with At =1 and with w lower triangular.

I have conducted preliminary numerical experiments
with exclusive OR (XOR) networks to verify the
correctness of the algorithm. These were performed by
my approximating the differential equations with first-
order finite-difference equations and requiring that Eqs.
(1) and (10) converge before taking an integration step
in Eq. (11). The XOR network is shown in Fig. 1. Each
input unit receives one digit of a two-digit binary num-
ber. The target x; for the output unit is 1 if the number
of I's in the input is odd and O otherwise. Unit § is a
threshold unit, i.e., it biases the total input to units 3 and
4 so as to provide a threshold which must be exceeded if
these units are to turn on. Unit 5 feeds back on itself so
as to stay turned on always. The feedforward exclusive
OR network used by Rumelhart, Hinton, and Williams
is completely equivalent to this network if the backward
connection from unit 4 to unit 3 is omitted and if the
feedback loop in unit 5 has an infinite positive magni-

S &)

FIG. 1. XOR network with recurrent connections.

tude. In practice I made the magnitude of the loop
merely large and was able to reproduce the behavior of
the Rumelhart network.

The network with the backward connection performed
only modestly faster than the network without this con-
nection.® The main difference in the networks was in the
distribution of final weights. Both networks had similar
attractors which could be characterized by the final root
mean square weight per connection (wme). The attrac-
tor which I denote by 4 had wm, = 3.4, while the attrac-
tor denoted by B had wem,=10.7. The network without
the backward connection converged onto attractors A4
and B approximately 85% and 15% of the trials, respec-
tively, whereas the network with the backward connec-
tion converged onto attractors 4 and B approximately
52% and 48% of the trials, respectively. Only in one trial
out of 480 did the recurrent network fail to converge
onto a global minimum. Each pattern was presented to
the recurrent network approximately 200 times. The
final solutions were insensitive to the initial value of x
which indicates that the attractors of Egs. (1) have large
basins of convergence.

It is worthwhile to compare the RBP network with the
master/slave network of Lapedes and Farber.® The slave
network corresponds to my forward-propagation net-
work. If we suppose it has N nodes then the master net-
work determines the weights of the slave network by in-
tegrating V% equations, each of which has a form similar
to Egs. (1), but with slave weight matrix elements as
dynamical variables and a rank-4 matrix as the master’s
weight matrix. The weight matrix of the master network
has a simple symmetric form with at most N(N +1)/2
nonvanishing independent components. These com-
ponents require additional storage beyond the N2 com-
ponents of the slave’s weight matrix. The RBP network,
on the other hand, requires the integration of N2+2N
equations and no additional storage. 2N of these equa-
tions correspond to Eqs. (1) and (10). The remaining
N? equations have a simple outer product form [cf. Eq.
(11)] and are quite trivial to implement. The conclusion
is that the RBP network is an architecturally simpler
network than the master/slave network and requires less
memory.
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The master/slave network directly minimizes the aver-
age of E over all input/output associations. This average
is denoted by (E). The master equations are guaranteed
to converge to at least a local minimum of (E) because
(E) is a Liapunov function for the equations.'® On the
other hand, £ is a Liapunov function for Eq. (3) of the
RBP network only in the case of a single input/output
association. For multiple associations the RBP network
is guaranteed to converge only in a probabilistic sease
and under certain technical conditions. It was noted by
Amari? that gradient-descent algorithms, such as RBP,
converge to a minimum point of (E) to within a small
fluctuating term provided that the input/output sequence
is an ergodic random sequence and provided that (E) has
a unique minimum. Experimentally it is found that
RBP, like standard back-propagation, converges robustly
albeit after very many iterations. A detailed computa-
tional comparison of RBP and master/slave has yet to be
performed.

The RBP algorithm is better suited for hardware im-
plementation than the § rule for two reasons. First, the
algorithm is expressed compietely in differential equa-
tions and therefore can be impiemented in analog very
large-scale integration. This eliminates the timing and
synchronization problems which appear in digital im-
plementations of the standard § rule. Second, the RBP
algorithm vectorizes naturally. This is because the units
are homogencous, i.c.,, the input, hidden, and output
units all obey the same differential (difference) equa-
tions— only the components of the constant vectors I and
J serve to distinguish the roles of the units.

The author wishes to acknowledge very fruitful discus-
sions with Robert Jenkins and Ben Yuhas. Liam Healy
also contributed in the early discussions. This work was
supported in part by Grant No. AFOSR-87-0354 from

223

the U.S. Air Force Office of Scientific Research.

IM. Minsky and S. Papert, Psrceptron (M.I.T. Press, Cam-
bridge, MA, 1969).

IShun-Ichi Amari, in Systems Neuroscience. edited by
Jacqueline Metzier (Academic, New York, 1977).

3D. E. Rumelhart, G. E. Hinton, and R. J. Williams, in
Parallel Distributed Processing, edited by D. E. Rumethart
and J. L. McClelland (M.L.T. Press, Cambridge, MA, 1986).

4Shun-Ichi Amari, IEEE Trans. Systems Man Cybernet. 2,
643-657 (1972).

5J. J. Hopfield, Proc. Natl. Acad. Sci. U.S.A. Bio. 81,
3085-3092 (1984).

6Michael A. Cohen and Stephen Grossberg, IEEE Trans.
Systems Man Cybernet. 13, 815-826, 1983.

TAfter this Letter was submitted, the author learned of the:
independent work of Luis B. Almeida, who derived a discrete
version of the RBP algorithm to appear in the Proceedings of
the IEEE First Annual International Conference on Neural
Networks, San Diego, California, June 1987, edited by
M. Caudil and C. Butler (to be published).

8The parameters used were Ar=1, a=1, =1, and n=0.5.
The integration was terminated when the 22 summed over all
four patterns reached 0.1. A new pattern was presented on
each iteration of Eq. (11). The difference equation corre-
sponding to (11) was modified by the inclusion of a momentum
term to accelerate the convergence.

SAlan Lapedes and Robert Farber, Physica (Amsterdam)
D22, 247-259, 1986, and in Neural Networks for Comput-
ing— 1986, edited by J. S. Denker, AIP Conference Proceed-
ings No. 151 (American Institute of Physics, New York,
1986), pp. 283-298.

19The master/slave Liapunov function. actually contains an
extra term which adds a passive decay term to the learning
equations. Our function E could be modified to include such a
term, but the inclusion of such a term is not essential to the
discussion.




(s) ‘ Viglg=T
£q uaA13 21w 301994 | 2 Jo sjuauodwiod Ay ‘UONdUNY SIY) JO SULAN U]

ENTET

) )=%g
@ joquIau e sUA YT |

Aq pauyap st D'g uonouny sy uay
FIOMI3U I UL SITUN JO 195qns Jwos wasaxdal @ 1w asoddng ‘uoNUAUOD JRUOHERIOU
B 20NpORUL 01 [NJIsN SI 1§ 351031d Ao SIY) dyeut 0F, ‘019zuou st | jo wavodwod
Suipuodsaniod syt ‘wun indus ue st jun 8 Jf [ ‘wudy 201008 2y YInoxy wnsks oy
SDUINJULR JUAUUCHIAUI [BUIANX3 Y], "Nun yndino ue pue nun induy ue Ljsnosusifnuils
3q Aew Nun y 'SHUN ¥3apPIY PIIOUSP AFe Y JOU VY JO SIOqUIAU JAYNIU B YOTym
Snup) siun ndmo se (73) WIY JO 1SQNS IO ALOS Pue SHun mduj se (y) way
JO 195qns A0S ULIP A[UERIGIE [[IM M HIOMIIU Y] Ul SN Iy [fé JO (1) uonienba

Aq pouluLIIap SI SOUUBUAP ISOYM ‘SITUN JO ‘SUCINIU N JO WINSAS B JOPISUOD)
‘utod poxyy € 01 umMOop SIS K[1ewIn|n wAsAs Y ey ‘suonenbo
uonededoadyoeq ) Surauap jo sasodind ay) 10§ ‘pawunsse 9q Jreys 11 AUOJAUDY |
"uasoyod axe s1yJram jeroads ssaqun sjutod paxiy o1 s3313Au0d wIISAS A eyl pue
woajqosd B 10U 278 SUOHIEBIJIDSO JeY) punoj si It ‘dudwid uf "UOB|1ISO O) SPEI YoIym
sIydrom Jo 135 8 unonnsuod Aq parensuowap aq ued se siy1om Areniqre 10y s1sixd
uonsunj aounder oN ‘indui a1 Jo uonounj 1o1dxa ue se passaidxa 3q ued ndino
3Y) pue JI0MIOU PIeMIo)paa) & Ajduils B8 ST }I0MIU Y] ISED B YONS Uy ISNBIAG ST SIY ],
‘suotierado 33uByoxs ULIN|Od puBr Mol AqQ XLnEW JE[NFUEBLY J2MO] B OJU] P3ULIOJSURD
aq ued m 1 3qess AfeonoidwAse Ajjeqoi8 osye si (1) uonenbs jo uonnjos ay g, "Kijiqers
1eqo{d sojurined YIOMIaU IR LY SUONIIIULOD JLNdUIAS 9] uonenbo [eonweuAp
UTES SIY) MM SHIOMIFU PIIIUU0I K[{eoLnUnuAS WoL) SILIOWI J{qessappe
UAUOD 1INASUOI O} MOY UMOYS SeY @Eucno: ‘A[1U2031 O "INCIABYIQ ]QEISIq IO
J1qEIS 1241 NQIYXI ISNLL JUALIOW PUOIIS SI PUB UONRANOR UBAW 34 0) Juipuodsaniod
SIQELIBA JATIOA[[03 JEY) PUNOJ IH "SUOTIIIUOI WOPURI Ilm SHIOMIau Ut (¢) uonenba
Jo souueudp 2y patpris (pHEWY (1) o diqeanydde am (g) jo Anpiqeis a1 Fuiwadduod
SINS31 210J219Y |, uontiwojsuen redut| ddwis v £q paiea1 are (g) pue (]) asnesdg

(
© Y+ (W3tmze+ - = 1p/fnp

uopenbo pasn Ajuowuod arow A se ures Y St ()

JO 2monns 101088 24}, “siujod paxyy 91 ‘s101ovME PaAleJos] Ijgels sassasod wsAs
3t} 1By} SI 1STXI 0} Y PAssnIsIp swyiuode Juraesf Y 10§ uONIPUOI KIessadIau

(Q)uss st Buissaooud feudss ul asn Jo aq Kewr Yoym

31045 v ‘ydurexd 104 “1aded sy ur pa1udsad WSI{RULIOY AU UT DLNS |[IM UOTIOUN]

s|qenuasagyp Aue -- uuog stys sannbar yorym aded sup jo wauod fesnEWYIRW

a1 u1 8uryiou St a5ay) 1Ryl $53.s 01 weodul ST I SIAIMOH "SUOINU [E JO

aseyd A1o10R1j21 9y} 10§ 1UNcode 01 sidwane 1t outs pateanow Afeoidojoiq st uLoj sy,

@ 192+ D=3
‘uonoung

ansi3o[ 9y s1 w0 pasn Ajuounuoo v “suonsuny padeys prowsis aq 01 suonsuny
353y} 9381 O} UCUILLOD SY 11 AINIEINI] YIOMISU [Emau ays vy '3 vo suawannbal 1ayi0
ou ayew fjeys am saded sup uj “suoinau jo m:O_E_:n_on SNOLIBA 10} SULIOJ JUSIJJIP
oaBy AW DUB IJQRNUIIIJJIP 3 O) PAUNSSE T8 T SUONOUN) YL ‘N**** [ =1 212ym
f
m 1+ (3'm)'8 + b = ip/xp

€09

8861 18dYyy jo anneu] ussswy @

suonenbo epuargip pajdnod jo 13s Juimorio)
31 01 BurpuI0d0k SIAJOAD X J0139A ABIS ISOYM WIASAS [Edjweusp ¥ 1IPISUO)

SHUN 13pI0 1534 Y uoniededoadydeq Juasanday :y Idwexy

*AJOUWINL JADNBIDOSSE IO ISAJ JUALNIAL
© A|[euy pus SUCIMAU JIPIO JYTTY {NIM JIOMIIU JUALINIAS § ‘SUCINIY SO ISIT) YIm
FOMIU UL § Joj suonenbo aandepe Sulaudp £q patensnyy 3q Jiim wsijeuLIo)
ayy, ‘suonenbo renuayyp 12p10 1831y PoIdnoo Jo sWANSAS sB passardxd are swAsAs
TeonwBuAp 953y, (,:g:c)uonededaidyoeq uo paseq are ysiym swAsAs [esnueukp
aandepe Suueiqo u&a wisireuuto 8 onponut o) st saded sig jo asodind ayy
‘yoeoadde jriouad suy) Jo ased sydads
8 ST U3Y PAQUOSIP WISIEULO] 2], “sunpode Jutures) Auew jo siseq ay) suuoj pue
(n)IBWY £q pamatada st yorosdde ferauad sy siarawered warsAs ay1 Jo uotouny
WOos JU0SIP PR Aq *sznununw o) st sip Sutop Jo Aem uO “uonEULIOjUL
9pooud 03 sjutod paxyy Jo suoneso] ap sa3uwyd yorym uonenbs jesnuruAp 3o nu B
st wipuod(e Suiures) v “stoloemie Sunejndivew ut 951195x%3 U sAL0q Junuusesdasd
‘udrpered sup vy wiipered ysomiou [rmau A jo suonEPUNO] Y} JO VO ST “SIpNI
p re sauowaw ‘33 ‘5123(qo reuvoneindwod Yim s10158118 JO UOHEIYAUIP Y|
'saqariqe
Tevon®indwod 1qRyxa Ues pue samonas Jo1eme paresndwos aaey wes sonsdosd
353Y) (uIm SwRlsAG “danedissip re souueuAp nau ‘PN PUE JEAUL{UOU U SOTwRUAP
J19Y} pU0oIs ‘Wwoplj Jo s3I Ausw A13A sassod Ao 1satg sawuadosd yuarpes
RIY IM SWANSAS [estweudp are (v'©SPWY £q patpris sypomidu 3y) 10 (z'1) SHOMIU
Temau praydoH syt £q patjidA *spom1au eanau Jo ssepd Junsalaiu aug

uoINpoI U]

ISTA W voneauwdidun Joy qenns wows yoeordde
MU 3 SOYRU UISI[BULIOJ STIONUNUOD Y|, "SUOTIAUUOD JUILINIAI YIIM SHIOMIIU
ut Aiprdes £13a mooo ues Jurures) seyy 15933ns siwounsadxa Areuwnayg
w0} 1nposd 1ano ajduns e
sey vogenbo aaudeps 1eys st swipuoB(e sandepe aq jo anieay BrUIsS? Y[ “Aowaw
[qESSAUPPE 1UNU0D B FUTUIRE 10J WIASAS [BIMURUAD POUIERSUOD B O) PUB SHHOMIU
19p10 19431y JO ISRI Y1 0) POPUSIXD $1 POYIAL A, “HIOMISU uonededaudsoeq
PIEMIOJPII) Y1 JO UONEZIRIdUIS Juatmads A 01 1 Surkjdde £q poonponut
S1 poyiaw 3y, “uonenba [enuARYIP pArvIdOsSE ue Junesdoiu £q parededordyoeq st
Jeudss 10113 3y, ‘suonenba EDUAIYIP dAnRISSIP AQ PUILLIAIP ST SIOMIIL IS4 U1
uoueanoe jo uonededoud ay], paonpanur si SI0MIau 15pI0 J9YS1Yy Pue aLMIAL TR
syiomiau Joj sunpuodpe uoneSedosdyreq Sutauap 1o poypows eIausd v

pesqy

£0L0T OW 12.mv7] “py surydoy suyor
Ansaaatup) supydoyy suyor ‘Kio.10quy sa1sdyy payddy

BpauyYy - q.ovcanu_

SHYOMLAN TVINAN YIAHO YAHOTH ANV LNFJANDAY
oL
NOILYDVdOddINOVE 4O NOLLVZI'TVHINTD

09




0
(81 olg 3=""a

S1 ZIUNURY 0} UOTIXUNJ JYI SPIOMIIYIO U “A[snotuernuis

{017 9@ [v SzRURITWE 0) ARsSIoRU ST 1 suonBIdosse IndinoAndut Spdnnw uredy

o1 13puo ug ‘sned 4,11 Y1 Jo uolouNy woydut ue st 11 20uls [9q8] sy uo puddap

OSJB ISTUW UOJSSTOSIP IA0GE Y U PIZRUTUTS S§ Yorym uonouny A31oud a1 uay],
{pL'pl} 91 *0 13qu| waned e £q pajaqeq st Jred ndinosindut yowa 18y asoddng

*JNOIABYDQ

Surusea] Juasapyip AAnBEnb 0) ped) SPoYIaW I53Y |, "PISSNISTP MOU I8 SUONBLOOSSE

3dn[nw wreay o1 ypomiau 3y Suuren 10§ spoaw oM ], suoneiaosse indinoanduy

apdnpnul Juuresq 30§ PAUTEIGO UI2q SBY WISIUBYIAL O SAYL *ARUTL YT JUeISUOD 218 |, pue
[ 12y} PAAUNSSE SBYUOISSROSIP 2:qud 3yt 1nod sup o1 dn jeip ssans o) uepsodu st )|

suoy)eosse ajdgymut Suguleary

-3(qes Aqreoo] are (1) jo siuod poxyy A 1 J|qeIs A[Teso] 3q ospe isnut (L]) Jo
siutod paxay ) 1eY) SMOJJO] M 20U ‘SINRAUIFLS oures 3y AvY , 7] pus JIng (1)
uonenbs "3 “(£1) uonenba jo uonsausp o uy sreadds ov.o%:w: asoym -] xioeuws
sures ay uo spuadap uonenbo pazuesur Sunmsas agy, urod paxy sjqes v noqe ({)
uonienba ozugaul] 01 sa0ns ¥ spp 9a03d OF (L 1) JO KAIIQRIS [BI0] IY) 10] UONTPUOD
wapYns est(1) Jo ANNQEIS [830] 31 18 () EpIAfY £Q N0 parutod sem i
"(L1) pue (1) Jo suonnjos Jjers
Apeais oy are (g1) uonenbo jo aprs puey 1ySu oyt uo saunuenb yioq 1wy popiacid
pue siujod paxy 21qeis 01 9319Au00 (1) pue (]) 1oy papracid *}I0mIdu [emdu
aandepe uw Joj sorusuip i Ly1aads £f191dwod (L1) pue (1) ‘(1) suonenby
‘wpuode uoneSedoadyoeq euonuaauod iy se U0y Jures A sey (L1) pue (g1) (1)
suonenbs Jo (1 = 1y dais awn ¥ qim) vonewrrxordde 20UARINP AU I9PIO ISIY )
18Y3 MOYS OF JNOYJIP 10U §1 1] "(BPAUY] *JD ‘suonenba [enudIdpyip paiejs ol Buipesy
sem SNOLIYA Ut vﬂEemEm 3q pInod (91) uonenba ‘anbiun jou st days 1sey sty |,

1
wn * (Tt + 0P () X8+ XK - = 1pP4Ap

£q uaa1d wNnsAs eorureudp ap jo swiod
pax1y 3 are uonenbo Jesur] SIYY JO SUOTINIOS 1 B UORBAIISQO 1) SIYBU MOU Q)

F
C1)) A+ MM} 18 4+ M- =
STINSAI YL “119A0
wins A[feuy pue 7 03 uuoj 1otdxa aq1 aiunsqns ‘(In) g £q saprs yioq Aidumw uayy,

|
(4)) * A= ((n)’3 /Y3

8 ($1) vonenba AMMaI sy waisAs eorreup Syt UrBIQO O,

."udISAS [Raruneudp PIIBIZOSSE UR JO UONOAPANUT A Aq PAULEIQO 3G ued T4 Sunejnores

JOJ poiaul [eo0] © ‘AJ91BUNnling *}I0MIAU [RINU ¥ SB uonmuAud|dun Joj Jqeuns lou

st wyiuo3[e Surures) siy AOJAIIY PuR SUONBINO[E) [BIOJUOU K[LIBSSIOOU TR SUOISIIAUL

xinew 10a] 14 speuSis sowd A iR [NOMRI 0) uoISIAAUL Xinew € sannbas (1)
uounba ‘Aja1eunuojun -apns uiurea) punoy v Aj1aads (p1) pue (1) suonenby

=)
D) - Pz (3=

arym
(€D S xS u=1pfmp

IIII] ﬁ

wuiog apdusts fiqesIEIIal A SUIEIGO U0 (6) © m:
(11) Sunmpsqns uQ (0 = fig st f=1 31 1 = Tl ) uonouny @ saxauory i st '

@n - fmcmts - fig =By
£q uaard st 7 xuaew A axym pue I3 jo sanvausp gt st 28 asaym
]
ne
an $ox()'8 T = —
Toxe

stansaz oyl Stme M xp
10§ Sunaqos Areuy pus a0 100dsas yim vonenba sy jo sapis yroq Jutrenguasayp
(
oD ety = x

Ses.vouguu_n.a!_:co:o._.&mua & vcoua._co.-om.:_o.,._
paxy o 1ep Sunou 18y £q poureiqo s1 T 01 199dsas qum ¥_x Jo aateausp ay L

s2

X
©® - - 3 T TRy
1 xe

sureIqo A[arerpaurun uo ‘(g) vonenboe uy suonenuap Ay Suruwoirad uQ
"H SIZAUIUIL Yorym SOMUBLAPD 1so1dwits i 3U13q JO SnINA Y1 Ay S0P (8)
uonenbo ‘19Aamo ‘suonedijdde rernonred ut |njasn asows aq Kew :B:oauwnaoaxoan
J9pI0 puod3s “3°3) saaneaudp adeds 19pio puos3s Lojdwd yoiym 10 ((gyPoyrow
WMUAWOW A1 “8°3) SIANBALIIP W) JIRI0 Puads Lojdwd Yyouym SHuuBuip
Juiwresy 1ayi) 201045 159q A A[LIESS20U I 1 10U *anbiun suedw ou £q st souueuip
Surures] Y1 10§ 1UI0SIP 1AIPRIT JO 201042 AP 1B SSANS 01 wewodwy s1)] C_x = ()X
31 a101s Kpvass v AJo1uUIsSS? SKDMID S1 X DY) OS JIows 3q 1snw L "s33ueyd
A YOIym uo 3eIS g (MO[S) Y1 SIUYIP UIYAM JUBISUOD [BOLIXWNY € St L 2519ym

fi
“me 1
—= Ut ~ = WM
®) 2 pfimp
‘SpIOM 19410
uf "4 Jo warpeiS ap 0 [arerednue are YoM sauoafen Suope soeds WTom gy ur
JA10AD WIANSAS AP 191 O3 s somureuAp yutm s Furysijduioose Jo Kem uQ ‘suun indino
apuoly = tx £ysnes yomym sprojrurur g spremor suod poxy s s3aup unpuode
Sunues) v “(a)_ x utod paxi) oy ySnonp as xunew wydam ayi vo spuadap g

) - Ulg(lx-n =1

aYMm
© LI
9 N._.w ..._llm

91 Jusod poxYy [erIoe o puv utod paxy pansap

P UIIMIIQ OUEISIP A} SANSBIAP YIAYM 3 oL 3uznunu 4q paysijdwosos

oq m siy g, - siun indino oy Buofe | sanfea JO 195 pansIp v daey s1uduodwiod Isoym

(°Dx =_x ‘lutod paxy v ut 3ynsas § indug uoad ¥ pue ‘(%h)x = ox Aers eI uIMS ©
1811 05 4 X{RBwW IYJ1am g sisnlpe Youym uriuode ool @ puy 01 3q M [eod MQ

JUSWUOIIAUD [BUIIXI AN AQ paurunap st ' araym




sdeyng wsqeuuo i jo AiTerausd ap Jo uonenSHY [BUY B ST PIALIP A58 (NVD)
Lioman J}qESSAPPR JUI}U0D ' Joj suonenbo aandepr ay) uonoses sip uj

A1omam 31qessIAppe JuAUod Ajdepy :¢ jdmexy
7, ‘uoneSedaid premxeq I [1im o5 s3819au00 uonededoud premso) o J1 ‘a30jaq Sy

| 0 A (Y (i3 - fg=fiq
xuew a3 Jo sanfeAausdio> a uo spuadap
mou suonwnbo uonwBedardyorq JopIo -u P Jo Ajiqers [edo] Y}, (Z :1BY) pUB SIpI0
SNOUBA Y} UIIMII SULID] SSOII IAJOAUT putt PAIedIduroo asow are suonenba sandepe
a1 ‘snouadowoy 1ou st 'n eruoukiod awp 51 (1 e patou aq pnoys 1 *K[reuny

A@Nv . &.—q_A..-vB + .t —n&.—?—v}a + —..M—.—A._—v; = —...M@A—&W

*2°'1 ‘WU A 01 SAOTPUT H B PUB XIpUl

Pu0ads oY1 JO IJURYOXI AP 01 130T YILM ILNSUIWIAS ST YOTYM JOSUS) B (1§ ST U3YM
_ u__,_: _u:_

GNV :xx..gé:..Ewn...wu..g>

01 Surpaooow ysomidu At Jo Nms NP uo spuadsp
MOU (A 33A9m0Y “dpdurexa snotaud aip 11 M Jo 3jox ay sAefd (A xinew Y|

b i
AVNV ' —x—. + ua-: hx.—A=~>NAMxv.x.:Ax=V.MM + x?vh = aﬂ\x?vhv

Jo uonn[os el Apeals I S1 .y & uLoj 1onpoxd

IO [RIALR A12A B SBY UONDUNY 9AN22IGO s jo Juarpeid oyt By ‘AjdweN ‘wuperd
® JO 9sn el Yorym sunjiuode Jepuils Jo SIuoe yuds5ap Juatpeid 1910 woy

n saysinuusip yowm vonededosdyeq Jo amied) Jofew i satensny|i (¢z) uonenby

(x4) : Axooxx.:m.ooxv.__oxs A= -v\x:._._:.v mp

uuoj A1 s8y uonenbd Juos3p

wapw3 19pI0 Yi-u L (9) uonenba 311 *‘9jdurexa 1SN ) UL PISn SEm SB Jwes

Y1 S1 9SED SH{Y UT UOTIUN] JANDfQO YL "wIAsAs sup Joj suonenbs aandepe ayy aAudp
o1 odurexa snotaaud oy jo sdais i 1eadas 03 ‘snotpat JeyMawos yInoyie noyip
jou st “sprowSs 3q 0] uasoyd oG AvLs puB IQENUARJJIP 2q Isnw I pue § pog
‘uonezifeIaudd 1yLm] B eASN{jI O) PIPPR U SBY J UOTIDUNJ JEIUL[UOU [BUOLIPPE

UB Jeyl 10N "UOLIBIALIOD ) JO 1IPI0 Y1 SALIIPUT 105U} 1yS1am ay uo ydudsiadns
ay ], '11da5x3 SIDIPUL [[B IDAC 218 SUOTEUNUNS YY) PUE SIOIPUL [+U 58 AU} AUYM pue

y f
@ oMol R ymz. g =
asym

a0 Y+ ('8 + Ix-=apfxp

uu0j A Jo wANsSks

[eotuBuAp ¥ IIPISUOD PUI SN O “WSIfeULIO} Y Jo djduwrexa we se pawuasad aq [im
shun Japio Yi-u £faund Yim 310mi3u ¢ 105 suortenba aandepe aup ‘peaisuy “soded siyy
Jo adods oy puoAaq si spomIau 13p10 13y31y o) parjdde wsipuuoy uoneSedosdyorq
Y} JO UOISSNISIP PITRIFP V' SUOTE SHUN JIPIO ISITY YHM SHIOMIIU A0

L09

saduiueApe uLjap AY Kew $I0MI1 19ps0 1ydy .Am_v._a RIYIpUR msmoulag
Kq poIpnis ua3q dAeY SWASAS J9pI0 ISR siun 19p10 1YY Yir uNshs
reonureudp e of tonsds snotaaad g Jo anbruyasy A Kdde o1 presuojiydrens st 1y

SHIOMIAU J3PI0 3Ty Judsanday :7 aydwexy

. ‘A[UIopuRL UISOYD Are SLOHIPLOD

enmn 2 J1 U9A2 A[ISnqos swIEdf WwAsAs ap sonowd up 1R 10 S0 = ©n'x 32

‘pauasaud sy usaned MU B AWM Y58 WS [RNIUT RS NP OF JIOMISU ) ZIERNNA

01 51 yorasddue 1sayes oy, “waned mau Al JO NEIS RO AP SHU0AQ waned snotaasd

oy Jo aeis [euty oy sayoeasdde oq w1 sours EoNRWAGasd wias y3nu susted

srdunw jo voneiuasaid ) oI L SWFIoM JO SINOYD UINIID J0] HQEISIq St (§)

uonenbo 181 Ajdun SINSAI (1S, LBUSY ‘PIOPU] "SAETS [eNTul ) uo pudadap *3813Au02
Ajreniuaas (£1) pue (1) m suonnjos aip Yorym o “siutod poxyy sy ydiouud uj

WOWURL §0qo;3 Ay O} (35uas [edustIeS

® ut) 2R59Au00 A[arEUMN [I1M 11 1NQ ST G R A[MOfs Js0w $I813AU0D A[feidusd

yoeoudde puosas spy |, Juieauur parenuss vy zaawred amieiadiu a 03 snodojeus

st .h::om.:»m "019z 0 Spua) Ui SB SIYSIUBA Yorym uual Juneniony [rews v urgum

o1 (a)1j0 "a wiod wawiunu 3y 01 3319Au00 M ()M (€ 1) JO UOUNOS AP 1By

sagueren3 vonewrxosdde anseysols jo K10 AN v wnwunn snbiun ¢ sey (u)]

© J1 pus Areuonws st sus3yied woptres jo 3ousnbas Hp 11 ey 100 pajulod sey (o \UBUY

(0D) <[ pL'pl ‘M) T> = (M)

‘(suraned jo uonnquISIp A 1940 pafeioae) (0] ueaw A 3q 01 (M) UTYIP UG URS
o ‘uxned 3(8urs & 10§ [0]3 sziununu o1 sHdWIRE YoIYM JO Yord sasindun wopues
Jo 95uanbas ¥ $3A19201 oA WNSAS AL, “dNs wi Yoed uo KJuopups suaned
Iy 23ueyd 01 pue (g 1) asn o1 51 swiared sdninu Swures] o) yoeosdde puoes v
‘voneredasd
Ut St Spoy1am om3 3y} Jo uosuredwod pIImIdp v "3813au0s 01 £ pue x 20§ paninbaz
sdais oum jo saquinu i pue swaned JO JIQUINY AP ST YINS IIPISUOD O} SIO)IRJ INO
are A asneaq uonesydde remonred v ut UMDY Asow 3q (M Yorasdde 10 Hp
30 5u0 Je Judumire sup Wwoly IPnPud 0 Aqissod jou s1 1] ‘suonerado (,N)O Auo
sanmbai aepdn wdem yoes yep stamsa gy, £ pus  x Aindwooad m. panmbas
are suonesado (,N)O OS[Y uLsog 1onpasd SN0 [BIALY SN JO IsneIq suonerxdo
(DO £uo uﬁ_.mvo.. uonenbo wpdn yYowo wsieuL0j vonededosdyoeq iy ui ‘puey
1o ap up (uoneindwoosad swos Fupunsse) svonriado (N)Q sannbas uonenba
Y23 puk suonenba aiepdn (,N)O I8 MY ISNEIIG ST SRL], SHUN JO IIGUINY A ST N
aym N 01 reuoruodosd s wa__aEB.- dawps/rasew 1 ut Repdn WySam sad pasmbas
m_.oamano JO IoquUnY M 18D UMOYS 3G URI 31 XJOMIU PIIdUV02 L[N} 30 Apuopur)
8104 WApw3 o Suom 0sP APOLDS 10U §1 N YInoyipe ‘o) WIPwS e sey
osfe ‘(61) uonenba se 3101 s Ap sAwid yorym ‘vonenbs sandepe nayy, ..«.Bau_
pue s3pader] Jo yoeoadde savfs/1915wU 34 O SRS ST POPAW SIY|, WinuNUTL
Tes0] 8 ut Xoms 193 Kew wasks AP ‘2AMoH ‘(61) uonenba 105 uonouny aounder]
e 5t ™% ‘uononnsuos £q ‘osnesaq 38194u00 0) porerend sy pue SUSIVIULNINP SI
wipuo3e o jo uuoj sy, “surned A [Te 3940 Judped sy Funerwunooe pue wisted
yoea 105 (£1) pue (1) Suxeras sannbas (61) Jo dars sum 363 ‘suonemuRS [EILALNY U

0
(61) oif x ol Tk = 1pfimp
‘unI0j Y sTY vonenba ISP Wwatpwsd Juipuodsanrod

31 IDUSY ‘UONBIOOSSE YIRI J0j SIuAPRIS M Jo wns ap Kidwis st %y o) warpesd
34 181 SMOYI0) 1 (1) WO “suoneroosse indinoandut (e 3940 ST UWINS 1 AIAYM

e ——————e_ ]




22d suonesado JO JqUINU oY1 18] U] HOMIDU PIFINUTOI A[UOPURS JO PIAINULOD
:_.._..__ni-n&ﬁuwoa i POTE[NOfEO 9q UBD JUAIPRIS A 19 10%) AP 30§

Jjqisuodsas Ose §1 ULIOJ N0 sIY], "swAsAs peotureudp Aq paIBInoed 3q uvd
YoIym S308334 J0 1onpoad INNO A S§ UONIUNJ 2AR3GO UR JO Judtpesd Y ssadxs 0y
apqtssod S§ 31 YRyl $1 ¥IPY A3 Y], "WISI[PULIO] ST UL MBI} [RIONID B JUIISIP Juipwid
3O 301040 AP S1JON WISI[RULIO] ST iLs PAUTNIGO 3q UED Ydiym suwipuo3[e sandepe
a1qissod JO SSR[O AP ISNRYXI SUeARW ou £q Ay payudsud sunpuodfe ayy

© uopssnIsyq

“yomiu Jo od sup w Ajprdes £39A Moo ueds Jutumay
e s19283ns siy), U Surseasout £q 19ypmy paonpal 3q UBD puk isIpows A[PARe[AL
st suraned 31 wredj 03 JpomIau M 10§ pumbas sarepdn Jo sequuinu oy
(1) vonenbo
10 sunnod Paxty 341 30J UONORINE JO SUISEq P $S0I3% 10D 01 (%)x sasnes aoeds yJiom
a y3nonp £10103fn A ISNBIQ MOIABYIQ STOUNUOISTP SUQIYXS IAB[S M J0J
*SYIOMIIU IAB]S PUT IISBW A 10} sarepdn Jo zaquinu o Jo uondunj v se My
smoys °| amIL] "suonEid0sss Jdnjnu Furures| 10§ POYIAL MSIUULIANP AP i
pounopsad sem Buturen oy, | = U pue | =1y yam suonenbs 30udyyIp AUy 1opI0
1113 £q porwwurxosdde axom suonwnbo oy, ‘6°0'S \L'S 1°0 ey 05 paisn(ps 101094 o
Jo sopmudews A PIM SI0J33A AIBUIQ LIOPURL SNOJ JO PIISISUOD 135 Buluren 2y “siun
UIppLY ¢ PUR SIUN JQISIA O] YILM JHOMIIU PAIIULOD AT © LRIM SBM UOHBIAWIS ISTIY
9y, ssaSoud ui am sy X3 JAISUAXS AIoW ING *KIPIBA TP AJUIA 0) urpiuode
st g paunojrad uaaq aaey suoneinuns 3andwiod Areunurjasd AuQo
"IN JUOP 2 10U [[IM SIY] INQ *NIOMIIU IANBIIOSSE
3opuo0 33y31y v 30j suonenba aandepe ap 2AuIp 01 qissod Os[e STI] “[[oMm SB
(9¢) pue (g¢) (1€) suonenbo o1 Kdde (L1) pue (¢1) ‘(1) suonenba sanp a1 Jo Ainqers
A 3uaou0d SUOISSNOSIP snowaasd 3y, "230Jaq 8 IN[BA Areniqre ue 51 'q aoym

(6%) Hglq+ AlglL=(%)k

*3°1 “JIOMIDU JAISTW ) JO SIVIS [BNIUT IY) S8 SILIOWIAW
Pa301s ) 95N 01 AJBSSIIAU ST 31 AIOWINUT JANBIDOSSEOING UB Iq O) YIOMIN JAB[S
IuEN O] YOMIU INSew Y Jo sonueuAp i auyyap (LE-(SE) pue ‘(] ¢) suonenby
115) A ZMEL W aaym
1

(9¢) (U1 + 'K¥mzH'g) ()1 84+ 74 - = 1pNAp

Jo uonnjos 3vs Apears A 51 £ Uoym
(s6) 2! =1pflp

st uonenba 120s3p 1ITPRIF 21 *210J3q S8 Sures AP A[ENUISSI A Ao outs
PIUNUO 3G 1M S|Te1ap [eonEwApew Y1 "s1y31om oy 1o suonenbs sandepe us sinsas

sy - ' 01 suondas snotad ug passnosip sdas ayy A|dde o) preasoniy8iens siif
o) etz =t
ayMm
. = .
(€0 T =g
N !

uonaUMy 3AR39qO 33 J9pIsuS suonenbo aandepe s IaLp o],

. .
Wy

... 5180 o uo puadap YoM SPIOYSANY) o) Aq UIALIP
S1 WASAS 121501 ) JO SOMBUAD Y1 18Y 1e3)O 5131 (7€) pue (¢) suonenbd wasy

. ) . AN '
(€43) c A Mmg-=lg
[ ' ST 82_—;

Hn
ag) o _-+A_a-xﬂx_iﬂv_u+_u-l.—<_ﬂv

Ch el ew . - SEUIMUMIIIQ URD (67) uonenbo wp sardus 7 jo uuog
1 TR NON IOMIU ARTS AP JO NY1om P BuruTen OS[E ST U0 JIOMIN INSTWI XY
30 s1y31om o Suuren £q 18U 230N PIPN[IUOD 3q e 3 (1) Jo wisod paxyy ¥ osye
st (62) Jo wiod poxy v uap *LJ, sonfea 12810 9 01 xeyal TN AQISIA ) JO 'z 1 e
05 U3s0Yd 9q URD SHYSrom N J1 3sneaq uonenba susEW © sB Injasn sy uonenbo sty
* 1 Aq pay1oads anea 198121 2 1sn[ axe s1pun 2IqIsiA A Suoe Z Jo swduodoo Ay,

(0€) : . . ~Hehs Agl =z
Aq poujop st Z 3ym

: 1=
((54) N+ (2% 3)'8 + '2- = pfzp

N
uonenba o 01 Burproso $3AIAD YHoMIAU J3ISEW M1 JO
Z J0109A VIS L PALIPOW JBYMALOS SI SONUBUADP I504M INq *YIOMIIU JAB[S U]l S
aures 3y Aj3oexa st £30[0d0) ISOYM HIOMIIU 2IISBW B AQ PAIOIS AT SILICWIN
-183s [enred SRR SUTRILOD UCDORIIR JO UISYq
asoym Kiowows paoys Ksnotaard s 01 saxeiar Wy a4 “Aremiqre ase 'q a1 araym

(80 . ‘Menla+ Mglr=Cnix

R : ST YJOMIDU P JO ANWIS [BUIN N UIY |

-1, S90[BA 9ABY 01 UMOUY ATV SIS ISOYM SHUN IAGISIA P JO ) 195qNS € SISIXD ALY

1oy asoddns *Ajasioasd asopy *Krowsw pams ¥ Inoqe woneunoyu fensed siuasasda

yorym ers rentul sepnonred € 18 yaom1au Ap Sunmis £q pounsopsad st (ed3s Aowaw
) SN AW JANUIOSSEOING UR §8 PAsN 3q []m WSS [eaurevAp ay |

. -voneddde wos vl papadu

s1 sulq induy um ssaqun 019z 2q ATersuad m | 'snyy siun indino pus ndut udamiaq

3pBUl UORIUNSIP OU 3q [[IM U], (1) SITUN UIPPIY JO [WLINUL JO 335 W1 PUB (A) sun

9IQISIA JO 195 Iy} :5195 OM1 A[UO CIUT PIPIATD T8 JUOMIU 31 UE SHUN Y|, "JIOMIdU

QAT[S ) PIAICUIP ST WIASAS PIUTRIISUOIUN Y], "JIOMIU ISR HYI PAIOUIP St

wAsAs eRursuip pouTRNSUCO AL PIUTRDSUOD si aseyd Suures) a1 us soTURRUAP Mt

TEY) ST 20UADIIP UTRU Y|, “UORIIS ISIY Y WIOLY WAIYTP IBYMAUOS 3q [[IM SoruIRUkp

1 jo uonwadinuy s *39a3mo (1) vonenbe uo paseq st LORRIIPISUOI JapUn

AV L “¥uew y3rom Xums Ap Jo 3N Iww yoeasdde Juimoyjo) 1 Jo s0MISU

JAT[S PUR IANSEUL AP O] YIOMIANL RSV NP 30) xLnRUl WB1om parerdosse 33rey A

¥5annbas YoM ‘WISTBULIO) PIVOTIUNTAIONR Y] O} ISRNSUOD U] “YJOMINI IAB[S ®

Jo siyBrom o 1snfpe 01 pasn s1 OMIU IISWU B Ry} UT 13qIR] pue sapade] jo poyaws
31 01 Pt A12501 350U S| UONIAS ST W pAusaxd ampasososd Surureay sy

‘anawufs jou are siydom Junpnsa oy vonezado Wy i suopad udap wnsks

davis sIy]. uwoj praydol M SBY Yorym wAnsks 3av]s ¢ Jo siySiam i umn o) pasn

3q Ued YoryMm wnsAS [RONUTUAP ISV ¥ IMNKUCO OF MOY PARASUOLIP IARY (11 4

pum sapade] Apu3das oy xLoww Jydiom swaunuds gt Bunuuresdosd .&._ h“..”:

9andepuuou v pasn paydoH ‘(1) P19tJdOH] AQ PISSNISIP SWIANSAS P TR INOLARYIQ

E<U.3_._Ao=o___39=2n>«. _uo._u.wc»v uOno_ﬂ:-uo%o_v:ﬁ.nongvgoﬁﬂBoz.

809




£q paupa ‘(861 dun( ‘BNUIOHE)) ‘0T UBS ‘SHHOMIIN [RININ UO I0UIIU0D)
[RUONEWAIU] [BNUUY 1S5 FHT AP JO STUTPIRIO0A] AP UT ‘BPIAWNY g s1) oD
A - :.wa: ‘TETT-6TTT BT “0] 'AdY 'sAyq ‘sysomuau
' jpmau 1u2.1m32. 01 uouD3Ddo.1dYIVY fo UOUDZIDLIUIY) “EPIUN] ‘[ OPUBWIDY (.
. . . ) . (L861) ‘3ndwo) 01 pannuqns
*YIOMIIN [DMIN [DIILfILIY UD SD POYII SMOIMIN 01 uotDunxo.iddy (4)0
joundo up Supuauidus] ;uouv8pdosdyovg 4apiO puodas ‘saxmed ‘g piaeq ®
(5861) ‘665 "d TF ‘santuBo) jo sBuipassoyd ‘UnyDIT A (;)
. T861 *3q0130 *Anssaau) paojums ‘Sursuory A3ojouyao], Jo 340
‘131 ‘p9-18S ‘woday uonuIAu] *21807-Suno] ‘xR ‘g PR (q)
. . (9861) ‘ssad "L 1
. ‘PUSIRIDON 1 °f Pus umypamny g ‘q 4q panps ‘SURSIAL]
PIMQISIY T3[EIE] w1 ‘surefiiip, *(y Pus UOWIY g "D ‘Weyjawny J°d ()
(LL61) ‘ssad onuapesy
‘@O utanboer po “TITHFCIBR SUSHAS ul ‘uswy _._“.M..:.._mv »)
. .. . L6l
‘L59-€v9 ‘T ‘son9uraqA) pun URlY SUASAS U0 SURI] HHF] ‘URWY MI[-unys ()
, 4 (¥861) ‘T60£-880¢
T8 o1 ‘VS() 19§ "PeIV I8N 201 ‘SVO.MIu 21015-0M1 Jo 250Y1 Y1) SaNUdosd
JouonvIndiuo) 2413331102 Ay asuodsas papoi8 ynm suo.man ‘praydol f 't @
: . (z861)
t ‘8SST-HSST ‘L0 “VSN ‘108 "PRIY BN 014 ‘SaNIfIqY fouonDmdwo)
24192110 suaBiausq Yim SWASKS [DISAY J SO sY10mMiIN [0.mIN ‘PIRYDOH ([ (p)

‘ , . $0UIINIY
‘sayepdn jo saquinu 2_. 30 uonounj v se ™ -1 asndy
' i
sarepdn
001 08 09 oy oz 0
000

NS o
INSEN .-

(9861) ‘90€-9L7 “TTA vishug

‘Y40MIU UOYD]2.040) 4310 4y 31y © Suisn SuniDIT JUNIDH ‘SO 3] D)
Pue 3377 "X'H "[I3MXBW WOL, ‘ung "Z'D ‘vay) "H'H ‘udjooq Aren ‘291 "5k €n

JOYInE Wy paureiqo

wiudasd yyeuQq *saunyoppy uupwizijog 43p40-13yS1 ‘DISMOuldg “f UL, @n | 002
Imuaq 's uyor £q panps d
*(9861) ‘TST ‘s3uipaasauy duanajuo) div ‘9861 .LN ‘Priqmoug

Bunnduwso)) 10J SHIOMIIN [RININ W MOIADYIG IUDIS WASKS JDS124141) reondo %o 4 o

uoupmduio)) ‘110104 K1aA1ssopy 0 Suunuw 8044 ‘osfe 238 “(9861) ‘6ST-LYT 33 .v-ﬂ,wva_. 1100 JO UORINI Sofeuv ut paruaudun 3q Aewt A ey
TLA ‘eashyq ‘voruodas usanvd pup Kiowaw 21qussappo mauod 1of $15383ns suonenbo [epuALIp sv passaudxa are surpuoS(e sy 1w 198y Ay
12u [p.mau JpI1Iunulsuou ‘Suztumdo-fjas v ‘33qie] UqoY pus sapade] uspy ( “I1am se uonoduny
m 2an0lqo SIADIBA y3
spdwrexa 15113 oy se pauasard wpuodpe N33/Q0 311 JO SIANBALRP PO 1] TBINOED OF 2ITISUT [[IM Aray PIsn spoyRu
241 JO UOISIIA NASIP © ST STYJ, Paystiqnd 3q O1) NG ) PUB [IPNED ‘W YL “HOMIU Y1 UL SUOTIIUUOD JO 1IGWINU A 0) feuoiiiodaud st epdn 1yBram
119 ) 019
S ——— — L e _____________________________________]




43 W SHIRIS JMN JO 3J0s Y} SISSNISIP £ UOKIIG “sus)jed ndinosndu
Apdnnw waeaf o1 pasn ae suonenba asay) MOY SISSNISIP 9 HoNdAg “sduw
AU SNONUNUOD YU 0) PISN S) 11 UdYM Jopots aty) Tupumm) 10) Iu
-tidoaddu 3 yaym suonenba jENUBUAP §O 138 & JO HONRALIIP ¥ SINR)U0D
¢ BoNRIG SiuAawdofaaap Juanbasgns ay) Sumunsopp 205 wIsAs 2)315u0
v Spraoid papow iy, "passnasip pur uasoys I jopowr pumdu sydads
B b Woldag up CApRpAnuiunb passudsip s1 sia)y om) asay) Jo Joaeyaq
1 £ WONDIG U} “paunuidx3 st S12NY JO SpUY OM) 1ONIISUOD 0} panodxa
1 SommuAp oy youm w Aem ay |, sonueuAp spq) jo sassedqus ase sad
-ud SHpY W PIPISU0) swsAs Y, "uaAid st sanuvuLposnou jo wonmuyap
PRSI 7 101123 U “Aum Fuimojjog oy w pazinedio s aaded siy g,
(L861)
prgeg £q pasodosd awans dmaeap aynpow oy jo apdwexa apduns
¥ St WAISAS SN -0M) ) sy, “satpunog 8Ny s ssoude gjededoad
106 op speudis 10012 pug) asuas ay) Apuapuadapur Sunueay jo opqudes
S ANYOIE ) 1 S1I)Y OM) AL |, “uoNINF0I3s wadgyed JunLzAlg O Junowe
P SHQNXI dunpvw 1) sprom 1flo uf s Apvayns ase
suonuiuiofsul) 3q) papraosd suoteuniogsunsy Knyigan Aq pardnusod uaaq
Aey ptyay swied 3wzndosss jo aqudud s1 umgon ST ARETUTTRTHT]
HoIUAEd3L uiaged Anwmuawags un 2dnposd o) PIUIQCWIOD 3 Jpm SIDNY
aatinund omy 3N 2NN 3yduns 1 Jo uonRnSHOWIp v sy
"Aowaw dan
“RID0SSEOINE 2) Ul Jolantaq Suuaea) SNONUIIODSIP UL SHASIS S}, “Sand
M3U $3juald s 11 *spulod paxy jo uotjedog ay) sadunyd £juo Jou wipodje
Buppusar ay | "musesy uunp waysAs sy munsuod 0) 2q Jitm wdqoad oy
01 HOHMOS AN, “Ppow £10wdt danmaoss adiuns  ug sutoped adngnu
uniogs jo agqedudug s wgipodje uonudedosrdyong aur Aym uneydxa o) pand
-de 3 gm voyuednsaaw WIpUSdIpUI-fapow ) Jo syNsas oy jo auQ
‘wonededowdyoug yum pajerdosse
Alunsn sppows 3w 2p21981p Ui N230 UM STONEHIISO JO Sputy umyiad
NQNIXD JOU $30P 310J2531)) puE Wy SNOMUHUOD SIS e s1wsyeso)
SNj) Jo sadeueape Ay Jo suQ) “wasAs jeonueuAp seaumuon [exsiyd e
s® oeudtuadun J0j Ieudosdde wsyewiog v M pajuIsaid aq fm stuyns
-0dje vonudedordyeq wasnoas ay ) SpPpow jEnuuApomau jo ssep
prouq v o1 Aiddu sonbiuyoa) ay) “sanamoy ‘Ppow apduns ¢ jo asud 3y 10y
PadOaAIP 34 I 230y uuuesSosd 10) sanbyyaa) uvondudordyang
“S2MM2NGIIE (UDIYINIIN PRNG UL U0 YIKM
woy $1301q 3uippng [eyuawepun) are Aay) ey asuas oy W aannud
dJe SI3Y IS, w11 dAnuIdOSSEOINE pue voheuOjsuEn feduuou
shonunuos jo suoneado ay) wiopsad yogm (1) sjuauoduwos ey
-23p2Ie dannuLd om) 03 PIIRJOSE 9 UL SWA)sAS Y1 jo A3ojouauou
-d Ay MOy umos 3q jpm i pue PISSNISIP 3 M swRsAs (edonueukp
34 Jo SO1ARY3q Judpudapur-fapour ) Ajennn “sways4s fedtweudp aap)

: 2031 winy Awe vt worIaposdas jo SR BY
..!:.vl_ ‘85219 WOV 44 9961 O whtdo )
O €5 88/X F90 <880

Ny

"ASX-(V Y 9pun K1oiesoqe’y sshyg payddy s 4q pue vn;,;.zmu.muz.h.-.c
13PUN YIILISITY JYLHUIAIG JO IDYJ() 33104 HY Y} £q nied ug papoddns sem § e .

-331§03 Jo ssepd e Jo A3ojouawouayd Sunogdxa Keatiewdisds 4q uon

2 o asodsnd a4y,
- wi0)13d 0) Moy moys o) sy saded syl §
o3 s ! _ “pajejar Apapnunuy 3¢ vopendwod

TR

) JO sunod)e ay) pue aurpuw A Jo sosAyd u.__.___u___z, ..._.“ ”.o_u.._._EE_
) 31
0} saspword vonendwo t

unndwod Jo ssupd mau e ppIs ! o
>..o.= st [, “sysel puoneindwod pwapdun Apdanp 0) _.um..__on _w_u_:o._mom.
-s4s _..«u,.m?_p_ Jo sanradosd 3a133402 Y eyl (7861 PIRYUOR .”_. ol
-Bus u__.. W) SWIIS HONEINAIVOD [EINIY UY SIIJJUE WIS Y} JO PN

NOLLONAOYIN] '}

“3u) "s530g WY gl O S HI200dH0)
aigy Jo sapunog ) ss010n edndosd you op s dis J082 duls n.._“.v :...“.:...h:-“”.u.“
SINNIN UNPI AN ) “Peas APUaNS 218 SuoIERIOPIY o._._. u __...uo,.u. —
._Em i 3Y) Jo suonranopseY Aseagie jes o) 123820 Yuim v .:wﬁs .
d _.5:._;_._ WIJIAS M) Pare ) pue Jupjdew AMjuamags ve o pIYY o
m.s!:x_._zsu anmnnd oM ) SMIPRd PINS-AY-0) A U SHOE .“".. Jw.:_u...._:u
-3 AQ WG S FAJOS URD winndje papow u g __35_73. ."._u:mws i
_._..x_. O I3 U ISUL BB YA IO SRS 4O Annnaw 3 __ ... ...:..u!...u.
.f:..u._hw_ apctuggonn Augiegs o dpedees gouesy uopededad g uainad ....._.. ..,_..._ e
L WO MBI CIUSAS Qaniusp eaeou JA1(0Y ¢ 1) .uh...:_ o wu.._.:..
-pra oy ot g panasaid 30 spunoduo3 PRI B oy Jurenme _— ....:: '.r.
1123y vonuBdoadONY I SAUFDOSININE PUR BOnEiIog e} .u ¢ ! ._: o
- Jo suointade ay) unogiad gaga savodwnd _._....uu.”._u:“:.“ .: a.u:.::u.
_.u_..a_...,._ 20t MO PKIURUAP OM | SWIsAs pronunuAp :.uu..”"._...c_u oy

-woudyd 3y Funopdxa AenpmuaisAs Aq pauniogiad aq ued uope) f)asg

(864 ‘widy paanaday

20007 pynjangy .TZ.:J. o
pooy supydopp sinjoyp *Sisioapup) supydopy sugor “Kiopriogoy snsy g poyddy

vAaNI] ‘f OANYNYT,|

Luoneindwo) [einap 10§ 81M08112IY pue solueuiq

(8861) SPT-917 ‘P ANIXTWINO) JO TVNUNOT
Lie NOILYLNIWOD TvHnaN \




$12J21 _ 131Jy,, I3} Y |, "SI3MY 19N1ISH0D 0) pajiojdxa aq ued (7°7) ‘b 4Aq
PIqUISIP WISAS Jeonueudpoindu [eiauad ) jo £AJojoudtnouayd ay|,
] puE As JO SHONDURJ 318 SAURPUNO( UISEq 3Y) pue sjuiod paxy 3y} Jo suon
820 Y |, “1uod paxy Iey) Jo uondut Jo wseq Ayl pajjed st juiod paxy
Jegnoised v 0) 3Aj0AD YY) X SJUI0d [uniu Jo Jos ) ‘| pue M u3aId e 10,]

(€2 GXMWD =0

Jo suon
-NjOS 12 ISAY Y, ", X AQ pajousp aq jjim stopeape jutod ay) aepnonaed ug
. dussiadus ¢ Aq pajouap aq imm ajes Apeajs ju pajenjeaa sannueng)
staishs jeojuizufpoinau |e1auad jo 480
-jouawoudyd ) Juigriasap 10J [Jasn Si )1 SSIJIYNIIAU ‘pauyap Kjdreys
1ou 81 1dasuod sip], "A12AH23ds3s JUIWUVORAUD [EIIIIXD Y] JO SONURUAp
Y1 10 “uniodge unneag ay) Jo sonuruAp ay) ‘wa)sAs Yl Jo sonuenip ay)
AQ PaNuad 31e YoM | pue ‘a x Jo 13s Y] UE3W O] UIYE) 3] [IMm WISAS
) Jo uordas dunusado ue Jo 1daouod ay |, uoiBas Junado,, swos ue x
SIILIS [uEIUN puE | ‘M JO SaNjRA 0] S10)deale 3tnod 01u0 3TIIAROD WD)SAS
SHEL JO SN0 JeY) pawInsse 3 [im )| “SeIq JRUIIXI 10 J0)IIA |01)
-U0d € 1371 saa)aweaed jednueudp jeuaa)xa Jo 1as ay) sjuasandas § 101294
ayy pue s1ojaueied eanueudp jeulajug Jo )as ) sjuasadar m xineur |,
tard] (X ) M)’ = appp
uonenba ) £q pauyap St WISAS ALY, "SIGULILA LIS puL ‘s1)aied
-ed eanueudp [RuaaIxa ‘siajpwered jusnseuAp jewid)ul uo aduapuadap
PAPRIdSUN ue M WSS JRDIIENAPOINAN (215U ¢ 1IPISU0d MON
"$IINS 10 *SIUNIINYS elep ‘SILOWIA
**33 *s193fqo jenonuindnod Juasaidal 0) pasn 3G LD SAINjEA 101534 )RS
Fuiptodsa110o ) asnedaq Junndwod [emau up Jueodun a1 siopene
W0 “suoHIpuod [epnn pue siajawered jo adues swos 10j siopdene juiod
0JU0 2313410 0] 51 101AR3Q AJUO ISOUYM SIIISAS O] PaUYUOI 39 M saded
SH|) UL UOISSNISIP 3|, “(S1000eAe 3ues)s) SUOISUIUIP [RUOHIRI] IM
SpPloJIIRIY 30 (SHQI0 dIPoad) Splojiueil [EUOISUWIP-U0 0JU0 3319000
Aew A3y *3jdwexa 10.f “101ARYaQ PaIRDIdWIOd PHQIYXI UBD SWI)SAS AN
-udISSIP [RIUIN) "SIA[OAD WA)SAS YY) SE A)RUOISUIUIIP JIMO] JO Plojiue
B 0JU0 MO ) JO 2U3F19AV0I 1) AQ paziIdovIeld S1 wI)sAs aanudissip
V “MOj JruoisuuNIp-N ue pajed si x Jo A1092afe1) 3y) pue jeuoisudwip
N st u)sds a1 Jo aoeds aje)s ay) uay) suduodwod N ey X pue 9 jj
a0 (X)'D = p/'xp
wiog ) Jo suonenba eRUISJJIP 13pI0-)SIY JO §)3s pajdnod
Aq paquasap A)uiauad aie swalshs eonueudp aanedissi(] -aanedissip

617 NOLLVLNAWOD TYHNIN

- ——

ate A3) 1e) S SWIISAS JEIIUIEUAPOINIY IN) JO DNISUI)IRIEYD [BUYy Y |,
“1aded spy) Jo g UG UI IFYIN) PISSNOSIP S1 3Nsst snp . swd)jed
P3I0IS OM]} UIIMIIQ YSINSULISIP O} 318 AJY) J1 SALIOWAWU IANRIDOSSE Ul £)13
-doad paunbas e sy AjueauyjuonN “suondadsiad pajjes spun proysasg) seauly
Jo syjsom)au 134e] a13uis Jo (6961) ade pue AYsui AQ sisjeue snos0du
e Jo suonesijdun ay) jo auo si sHYL "Aijige [euonenduiod 11y ul pajnuyy
103131 e pue fjuo s3uiddew Jeaun wiaog1ad ved swIsAs [eonuveuip
1eau| *£j3uiproddy “uonnjos paj e asnposd o) 194}1330) pappe aq Avw
WSS 3Y) Jo SUONN|OS om) Aue Jetf) 1) 3Y) AQ PIZIIIPIRILL]D 218 SWIISAS

[ednUEUADP JE3UI] SEIUUOU IIE SWISAS [EIMUBUAPOINIU IU)) ‘PLOIIG
"(¥861) "IV 12 uouiy| pue (7861) plydoyy 32
‘S|OpPOW YI0MIU [RIN3U I)ANDSIP 10] SISeq IY) SB PISH UIIQ Sy wWI)
-sAs siyy Aj3msudins JoN “(986] “Suno g pue saping -8°3 *22s) sseyd-uds
Yy si s)uesuod 3ndnod Aueis 124 Ae1] S20p Yoym wWIIsAs |edsiyd
pPApMms-(lam vy suondunl andeuds eapiaipu jo syiduans ayy o) puodsal
-102 s)ueisu0d 3uldnes Juaa Ip 3ssy) swalshs Juadojoiq uj "uondI)Ul
Youa 10j jueisuod Fuidnod yuasagpp B s1 13y ‘jesduad uj Csjpuegs
-u0d 3unpdnod Auew £134 £qQ pazuddeieyd ase puly 13410 YY) U0 SWI)
-SAS jedlweuApoInaN sjueisuod 3uidnod om) 10 3uo Ljuo £q pazisaroe
-RIgD 24 jje urd A9, ")133dS31 U0 UL [RIALI} DI SINI)SAS 84§ "Somenkp
P pue *Apandsnpuedsades ‘wisyaudew Juipnppw swgsAs praishyd Auew
Jo sa11adoad 3y) 10§ JUN0DIE $133)J3 ANDIHO)) “WIASAS ANY) JO SONULBAP
3AHDI|0D 3} WO S)INSIAI SWANSAS INdu Jo sappgqeded Jueido)- ey
pue somod jeuonemdwod 3y ey paadiaq Ajeiauad sy p csajquiiea e
-LRUAP 210 10 U0 £Q PIJIPOLU 3G URD SUOINAU ISIY) JO YIEBI JO )RS AN .
(PAIUN0D 31 $1133 YoM wo FWIPuadap) SUCINAU (O] puL (] UIM)IIY
Ay 0] paAdIg S *3pduwexa 10) ‘unuy uewny Ay wopadly jo sang
-3p Auews £13a aaey Ajje1auad Aay) ‘s Csansuapdeeyd R1auad da1y)
$53ss0d sWa)sAs asay |, ‘suonenba [eNUISPIP se passadxa aq uLd Yorym
UoNow jo suotienba pue $3)L)S PINRA-SNONUNUOD AR YW SWII)SAS
01 PN} aq )Im ‘PIYIdIAS ISIMIINYIO SSI[UN ‘VOISSAISIP 31U 3y |, “Jaded
SHE UL PIIFPISUOD 3¢ 0) e PIYM SWR)SAS jednueudp 3yt Jo samed)
[213133 150w ay) suyap o) nyasn si N siskjeue Jo sasodind ay) 10y juq

‘151X 10U S30p sONULUAPOINIU Jo uoINuYIP uodn-paaide Ajjesiaain v

SHALT] FJALLIWN ANY SOINYNAQOUNIN rd

‘01 UONDIIG Ul PISSNISIP pue pIzIIRWIMING
I8 5)INS31 Y “Ajjeun,] suond3s snotaaxd ay) up passnasip sjusuodinos
A uo paseq wIysds uoNudosas uayed pazivedio Ajeawdreiany spduns
€ sjuasaid ¢ uo1dag "passnasip pue pajuasaid are Aowaw Janedosse
ue 3unnel) 10y suonenba esnuendp sy g uondag uf someusdp Suured)

YQA3INIJ " OONVNYIA 8iC




Of SIAJOAUT HONENYIS 13))8] 3y} ‘puey 1o ) uQg * ‘ewy -39
{ uonenp 1?3y °p | O “(LL61

'335) 2INONI)S BISEY pUE 10)dR1)]R 31f) Ul IZUAYD SNONUHUOISIP B Ul S} NS
PMM (9861 ‘plouty) aydoyseied ¢ pajed uomisue) jeaidojodo) e Aq
PIsned sEuonen)s Jauno) sy | Jumod e oy ised 03 jou saop Aiepunog
wiseq & eyl papiaoad pue ysjuea jou s20p s0pee juiod ay) eyl papiaoid
AISNonunuod aaeyaq Jpm saddews 3, g pue A Jo uondUNy SNONUIU0D
e Ajjensn st mod paxy ay Jo wonesop s Jadden snonunuod e uj
‘s1open)e Jutod 383Yy) Jo HooUI 31} IIPISNOD
Mou $n 1277 “uoidas Junesado awos vl sAels WISAS A1 Y papia
-04d “saopee nod oo 23u2319A109 s1 (2°7) "bi] Jo uonnos Ay} Jo 10y
-ARYdQ Pantuad A[uo sy jey) pawinsse uaaq sey | ety jjeaay “paidajdou
3 [Im sjieiap 3say) 310J334 §, “eudwouayd diseq Y1 jo uvondudsap e
10§ |eNU3SSI Jou si suonuddwoed IsIY) 10§ SUNUNOIIY SIUEPUNOQ |R)dRL)
DALY PUE PIIIUVADSIP UINjO ue stseq ‘adwiexd 10,1 Ajuepd jo spsaiajul
a1 Ul paydwis aq JlIm swd)sAs pEanuvuAp seauluou Jo spadse Auew jey)
3sU3S 3N M IOIARYIY STY) JO NONAIIISIP INRWIYDS  S1 UOLIIIS SIE Ul UoY)
-eI3sald 2| “suokRIaPIsu0d WIS Woly pasnpap 3q ued A1owaw AN}
-RID0SSEOINE 3y pie 1addew snonuuod 3y) Jo J01ARYIq danuEnb 3y |

YOIAVHAG 411, 40 NOILANISI() aanvinvad v ¢

PLTRETY
31es 3yl Jo Aumunuod 3ip uo Juifal st sisjowesnd eEanueuip jeusayn ay)
sisnfpe Ajjenpesd ey wyipodie dulaea) fue IsNEIIq UOHIAPISUOD Jue)
-10dig ue sy Apnunuod sunpodpe Supuea) Jo ased ay) uj sunjode Suy
-Uae3) pue S Jo uisap sadoad ) 10 Jueriodw st soiayaq sy jo Su
~PURISIIPUN JUI|D Y “J0IABHIQ SRONUITUOISIP 10 SHONUTUOD 134113 0) SpeI)
(T°7) WAIsAs Jo SOUURUAP 341 MOY] JO UOISSTIISIP B 0) MOU UIN) SN 137]

"IS213)0 JO are Yom sdew
3y unuasaidas jo dquded s) sdoo] YoEqPa3y Yim wd)sAs [edrweulp
-04nau 3dae) APUIdYYNS & jey) pawnsse aq Jiim 1 dnewdesd s pamojjoj
3q 0) yoeoardde 3y g, 313y passaippe aq jou s pue saded siy) jo adods
3} pro£aq s1 INSst S|, ;uoNRIUISIIAIL YY) IPOD YOIYM ISIX3 SIURISUOD
3uydnod ) op *Aem 1oyjoue Jnd *aQ) “wasAs ay) 0) 3|qIssande aseds aje)s
Jo uo13a1 3y} vt ate s10)2E18 PSP A} 13YIYM S uONSanb ay) sonueu
-Ap Jo 23endue) dy) u) ‘wonsanb paramsueun Juepodun uw s Suddew
uaAid e 3z1jeas ued W) sAs [ronueudp uaald e 13yjaym Jo vonsanb ay |,

"Moys J0j saddew 10 saddew snonunuoed € pajes aq 1™ 323 Jo pmy
sigy 2aded Sy Jo s3pUIINGY 3y} 10,] VOIS Juimoyj0y 3y ur passnosip
3 | vudwouayd 35 1, “1N330 10U Op BuAWOUYd 1) 12D ny papraond
AISNONUNUOD 2AEYIQ ||IM 13))y JO PUIY PUOIIS SIY) 215138 uj -ysomiou
PIEMIOIPAIJ 3Y) Jo 134e] Woj0q 3yl oyl Jaduy sjuasadas | sel 3y) ased

122 NOILVINdWOD TV¥NIN

'

.

SIY) U “I21Y 1S5y 3Y) JO dsed Juniuy e S1 (9861) “IP 12 LeYPwIny Aq pasn
F10M)2Uu PIemIo)pad) ay) ‘pueyy 310 A|) U() “MOYS 10) £10WAU AR
-0SSE 10 A10UI3W DANEIDOSSEOINE LR PI|[ED 3G |IM |[BII1 JAIRIDOSSROINE
sunogd yoiym 1)y v saded sy jo sapiieuras ayy 10,1 “indu ) Jo uon
-JUly SHONUIIUODSIP & S| 5a){Y € §INns Jo jnd)no 3y feaauald ug ajes e

. ue se paasasd sy ‘A10wow paso)s e se awes ayY) e sjuduodisod ay)

JO 3Wos Ajuo yoiym vl 101234 ajels € *-3a *L1owdw ajdwodus ve §i £10
-WAt 2)3jdisod € 0) $3312A000 L)udidA) wasAs Y] “SaLowtY 0) puods
21102 YdIym ddeds w)s ay) m suomsod je siopene Juod 3uneso) Aq
PA10)S 1 uorEULIOJI “Y10m)3u playdo]] e ug "33 puodas Ay jo jdwexd

+ U S§ SU0IN3U ojrue Yynm A10twaur 3aNeId0sse (p861) playdop L, sy
;OM) 3saY) JO sapduiexd e SJIPOIU FIOMIIU [RINU UMOUY-[|aM OMm |,

‘sindwy

- II® 10J 101224 JUBISUOD SWIOS 0) 135 SI YIIMm | SBIQ 3Y) ST )1 pue 13) )
03 Indus 3y) sHasa1dal wa)sAs jesnueuAP ) JO X IS [RINNL YL ‘g 8]

- T, e

Ul AJjedneiuands umoys si goiym *ased puodas ay) uj ‘sindui e 10§ 101534
JURISU0D WIS 0) 12§ S| LIS [RNK Y[ 1Y Y1 0) ndu ) se s)oe
1 58Iq a1 V] "31.f ut AedNBWIYOS UMOYS ST YIIM ‘ISED IS1) Y} U] "INy
3y Jo ndino ay) se pasn st WIISAS Y)Y Jo X kIS jeuy ay) sased Yjoq uj
131[Y B WIvIqo 0) (7°7) WAASAS Jo sonueudp ay) Suntojdxa jo skem jeiauad
OM) 21 2124} *SINd)NO d4JEIS Y)Im SI31j1J O) UOISSNOSIP Y} SIFLISIE U0 )]
sindul Jo A10151y ) 0) Suiprod
-oe uonesado Suiddew sy 33ueyd ‘pasnponm ase suipiodje Junies)
UIYM pIsSNISIP aq |iIm YU M *s1a)Y 2anidepy “s1aiy paudisap Liqepns jo
Aydaerdny e se paquiasap aq ueds ujeiq ayj Jo uoneziuedso 3y 10 ‘wesdoad e
Jo udisap 2y “1apdwiod v jo anpdanyase 3y g, Indino awos oj 1ndur wos

. woyy wonesado dwddew e swioyiad yy Jusuodwod [eanaygdie ue o)

. s indw 3y) sureluod (g £q parouap)
u1seq Yorym uo uipuadap s33unyd (|xig *4).X 1NN Y [ oK 2mis [eniu 3y) 1 mdin 1211
Y (§]) A10WAW IANLIDOSSROINE BB 10, *] JO LOIDUNY SNONUNUOD € S1 (] *s), X Idino 24|, 1

A3weaed eanueudp [eusdnxa sy sy indus 1311y 3y) (v) 13ddens snonuued € s0.4 | g
oX ]
paxy = | paxy = .x -
LY n
b T,
(I oxlg‘m) ¥ ('m) _x
YAIaANId ‘f OGNYNETA (1744




Jopeine mod e jo uonedo| Ay 0 spuodsal Yoiym wyjsodje dwuses) v
i INJ0 0) pasjueiend 3q Jouued 13))e) 3t |, "A10WINU PILO}S-3q-0) B SSOIOE
gmod Lipunoq uiseq e Aq o aydonseied e ydnosg 3utod 1oyia £q suiseq
ISP OJU SILIOWAU 0Mm) 3Y) 133 mOoawIos snus ungiiodje Juwtes) ay)
SILIOWAUW 3Y) 240)S O], “I)N)S jruy wes YY) 0) 312AU0I Y)oq A3y} Isned
-3 SaLOWRW 1)0q A10}S 0] 3|qe 3q 10U Aewr wy)odje Suies) 3y ‘wa)
-SAS pautnun iy Jo uiseq v uiiim £10W3W PaIo)s-3¢-0) U0 uey) 1ow
S1 3134} 8 “udy |, “1010u0))2 Juod ai)) pur 10w pansap ay) Jo uopedo)
A uIIMAG Houedas i) Jo 2anseIW WOS 0) Isuodsat 1y M SId)Iwel
-uzd pemaapn ay) SwiBueyd Ajponequipe AQ S10)0eHE SIAOW PIYM WYl
-03je 3unues) v sey auo asoddng ¢ 1] 19pISU0OD SIY} 235 0], “SaOWIW
3101S 01 YNdYJIP aq At )i S101dRI)R JFNOUD AR JOU S0P LI0WAHU AN
-RIJOSSE PIVRLNHUND Y] J “AIOUIRNU © YIIM PIJRIDOSSE SI sUIseq ) Jo ydey]
*aduds aps ay) Jo uordas Juneaado a1 1340 PARGLISIP SUIsEq Autwr A1A
Fmavy uo $2121 L1033 ANID0SSE BY U0 A uo puadop sauepunoq
ussuq pue stopege juod ayp A|3uiproday - £)1eiauad Jo ssoj Inoyiim 01z
3G OF UINE) 3G UL N UOISSAdSIP siy) Jo sasodand 3y J0J pur JueIsuOd paxy
®SE L SIu0uanmbal Juaiapip £13)21diiod aary S3LOWAUL JANRID0SS Y
*§ pue aw paxiy 10) anbiun sy aopdene jod ay) i ased ay) st sy,
TPIIIIUNOOUD 3¢ f[IM YIUM | PUR M |2 10) SILILPUROY UISEG O SeY YOIgm
duds ais ) Jo voidar g 1 aq PNOYS WBISAS DY) JO SIS I|QIsSadIe
ayy aoeyd ayey o) 3uned 10 pue siNdiNo snonuNEOd davy 0} saddew
Y} 10) ) S1 uorsnuod auad ay g, nduy pajuasaad Asnolaaid ay)
10J UONNOS s Aped)s diY) S§ S  JeNiul,, 3t} 2IUYM FINID0 Ued SIS
e Juissord sauepunog wiseq o) anp Saninuuodsip uat)) ‘suol)
“RINNS IO DU RN JSOUE UL ISD 1) S SB *AJUIPPNS HIID0 suoIsuel)
QYD CPURE IMPO NP 0O CFE D00 urd sOydoaseied o) onp sanmuiued
=SIP AP0 UdY) AUDHEQRIPE 1IN0 SHONISWEZ YY) J “$10102A Jndul Jo )3s
SWOS UIIM I SHOHISHZI SRR PEI)SUL JING AU )¢ J0] Je)suod e 133uo|
ou s1 ey os swped spdnpnun uo wsAs ar) Juinen s1 auo Isoddns mopN
“31.IS |RUY PANSIP YY) pIeMO) A|SRONUNUOD pue fjjenpead 3a0w jjim uon
-NjOS IS Apeals 3yl 3dudNID0 ue YdNs Jupeg aIndd0 0) ydonseied
£ .10J S1 R3320 ued ANnunuodsip e Aem Ajuo 3y os uiseq s)1 apisul sfem|e
st uod paxy ay) ‘uonuiyap Ag -are)s Apeals ul sfemge st wa)sAs )
awn e Joj Jueisued e st | uay |, “Ajjesneqepe s duidueyd Aq wiapud 9jdws
e uo washs ) Suwmes) $1 duo dsoddng uoneunxoidde snequipe ay)
se umouy st sip) so1sAyd uf *(z'7) "bz Jo wonnjos ajeis £puajs ay) £q pajewu
-1xosdde 3q ued x snodurjuRIsUL 3Y) 310JAIANY Y, *X JO W VOHEXRDI YY)
0) pasedwiod Ajnops sa3ueyd 1 3s1daad asow 3q o], "Aljenpead pauea st m
14 S1.2002.03))1p Ajuo |, “ss3304d Jwuiea) ay) ur saddews snonunued ay)
Joaoiaetaq aaneyenb ) s1ap1su0d auo uaym Apdde syudumdie epung
"o 10) K1mpunog wiseq 3y apisino si suiajed 134)0 ) J0) sajugs jeuy
ay) Jo auou jerf) papracad ‘uoidar Junesado a) ug anbrun aq Jpm ,J uianed

£l NOILY.LNIWOD IVYININ

—tvan

P

J0J 2)E1S [RUY ) INd20 Jou s3op ydodiseied  Ji ‘uay |, “uidyjed pajuasasd
Ajsnoiaasd oy woij ajels Apeajs ay) ag 01 uayel sy )8 peasul Jng usaped
MU 3B 10] 13521 jJou §1 Aje)s | [ening, | aup) asoddns *astounayiin.g "waisis
ayj o1 pawasaud sy Aes ‘induy dY1dads € 12A3UIYM £juo X SouIwex?
auo asoddng ‘sindui apdnw Junuasasd sy U0 J1 1PISUOI 0) Ised Y S
SiY L ‘paxy | Jndaay apym (x 3uydueyd sapisuod pue punose jusawindse ay)
wny ued au() “uiseq siy) Jo oy Juod ay) 0y Ajsnonunuodsip sdwnf
uonnjos aje)s Apeas ay) A|3uipiodoy -uiseq JOLIIXD Y ul Ajuappns
s jutod [eniug ay) pue x agrs jeniul 3y) )sed s303 Liepunoq uiseq i,
anjea 3y) ydnoay) sa0d | sy °,] anjea 3y) saydeas § Y (HUN ASNONUIIIOD
sasown Jod paxy ay) ased suy) uf “gz "3.] JPISU0d purty 1310 A uQ) °|
uo Asnonunuod spuadap . x sny | “ox Jutod jeniul 3y ssosd L1epunoq g
S20p Ui OU e Ing ‘osje s3aow Arepunog ay |, ", ‘M), X 03 (1 ‘). X wol)
Ajsnonunuod saaow Jutod paxiy ay) ] 01 ,§ woy Ajsnonunuod sadueyd
I pue paxy St M J| "uIseq atjoue Juasasdas J0LIIXI 3Y) pUe UISeq U0 JUIS
-31d31 Aaepunoq ag) jo Jo1a)ul 3y) 1377 AJepunoq uiseq ) pue 2)e)s jeuy
3D JO JOIARIIQ INRWIYIS YY) SMOYS Y7 2In31] “S[ULI) UIIM]IY 13521 SI
s fennan 3|, sindw 3uidueys Ajjenpesd Jo 1as B 10) )e)s jeuyy ) syoer)
U0 WDIYM S{ELI) JO 22uanb3S B JIPISUOD HONENYS 13)18] DY) NSO O |
"3 [N Jo 3d0yd aemdised a1 woajy s)usal pur uoipsueay peatdojodo)

*SNONUNUOEDSIP SI 101ARY3Q Yy “Jmod e 3y Jo uonedyy
31 $3SSOID AIEPUNOQ UISRG Y] J8 Jeyl SMOYUS () PUvy 1310 3Y) U() (V) U UmOYs s} sy
110 SINPRA i 10) (gl A PAIOUIP) AIPUNOG UISRYG AY) IPISUL SABM[R S§ I)1)S it Y1 Yy
Papraosd Apnonunuod saaeiaq 1addey snonuiuad 8 i saydonseer ou gf 7 o g

RIS LU s v)/
_u [1XR"]
_o tfhee —
9 -
boowa
Lilue
S~ v

YQINI4 *f OGNYNY4A w




Jo uonreunxoiddu 5u2134)1p Ny 13p10-151 Y} eyl N0 pod 0F AYm
“YMOM S) 1] "M3J B dweu 0) *(Lg61) 1adael] pue preg pue (£861) 153410,
put RmMyoy “(£861) 14584 *(£861) BANY ‘(L861) eplaw)y **8°3 ‘Swyiodje
{eW310 MY 0 SHORBLBA dNSEYO0IS puv “15p10 1ySiy IO YPm
I MOU S) 2anjeIa Y], (ANANIIULOD AJRINGIE HM S[IPOW YI10M)U
jznau 3unnen 10§ (00 jeIduad pue njasn £1aa e s1 uonededoidyorg
(9861) “I1» 12 peylawny pue ‘(gg6l) un) 37 *(7861) 19w Aq passnd
-sip swyiodje uopedudordyaeg ay) Jo suonezieIaUId JUILINDL pue
SNONIU0D 31 Pau3satd aq o) suyiodje Julied) ay g, (1°p) waishs jo
sonuenAp oy wunwesdosd 10y anbuyoa) oy1dads e 0} wan} sn 13| moN

YAddVIN SNONNILNOD V NI ONINYVITT ¢

(zL6l
‘Hey) sa|qeuea wopura Juapuadapul sk pajeas) aq o) SUOl TAljIe Y)
pue siydam 3y smof|e sisayiodAy snoeya ay |, ‘sploy sisayiodAy snoeyd
¢ eyl papiaosd sopenie wod e o) sAemie jsowge,, 33134403 M wa)
-sAs ay) i) 1s383ns (1861) uewag £q udAI13 sJdWNTIe *paspu] *su01321
duneiado apqissod a1 Isneyxa sases ) IS ) (npgnop st

[
€y .::x?m:;\_ >mT

) papiaosd sopenie Juiod anbiun © 0} $3810A000 sfempe wajsAs ay)
) umoys sey (£861) eAny AlRung (£861 ‘U 0D) pue (p86] ‘praydopy)
siopeme juiod Auett jo au0 0) 3313Au05 )sn )1 pue uoduny Acunder)
€ ssassod wajshs A “oujaunuAs st xiew Jyom ay) uaym ‘puodIg
suonipuod et (g tog sopeme Jod anbiun ¢ 0) sa312au05 §1 pue
SdOO] 112031331 01 318 213Y) *3du[] "adA) premIogpad) aY) JO S1 yom)au
Ay semduenny 1amof st xnew ydam ay) uaym s (fp) b a1 udAld
wasAs a1 40) suoidar Juneiado [njasn 2301 Jo sume sisoyne SIy L

(¥861) prRydoty Aq uaaid si s)juauodurod

IMOL1D[D JO sund) ul uonelardiaiug ue pue (186]) Msmouldg Aq Apsig

Pamalaal st fapow siy) s0j uoleAllow [E2FOOIq Y], “S|IPOW FI0M)IU

JEIN3U JUILIND Aukw JO SISEQ 3Y) S1 PUER PIAIPNYS Jjam SI japow a)duns sy
@y “Vlnd + 1) = (M3

‘uoipoung onsido|

3 $1 3 u0NdUNJ YY) J0) WIOJ PISA A[UOWILOD V “SISEIQ |RUII)XI Juasaidal

‘1 PUE SUOMIU 31] UIIM)IIG SUOHINNUOD A JO SYI3uans ondeuks ay) Juas

Y44 NOILVINdWOD TVYNAN

...

-

-21d21 "M SHUIWIP X1NRW-1YII2M Y ], *SAPOU JO IAGWINY Y] ST A 1M N
0} | = Nwox) suny wns 3 jeq) st 1aded a1) wy suosenba 134)o jje pue siy)
Ul UONUIAUOD UONEBUILINS 4], "UIIISAS 3Y) JO JOJIIA 2ITIS A|) SI N 2I3YM

f

av “r 4 ('M)8m W 4 n— = yppup

suonenba jo wa

-sAs a) £q payidads si suoinau uaam)aq sAegap awy) uonededosd sasouds
Yolym SuoINIU N JO WI)sAs Sul1deI)u) ue 10§ |2pows Jeamjuou Jjduns v

(qL861 “epautd) sjapow 13p10

-43iy 0} jjam £jjenba £jdde saded siy) moy3nosy; passnasip sanbiuyda)

) 1ey) puiw u dady pnoys 13peas sy suonedjdwod jesnewayjew

Yum suoissnosip juanbasqns 3ty 31n2$qo 0} Jou se os japous jduns & asn
0) SI JUIJUY Y |, "Japotlt JeInau JY12ads B 0) SMOLIEU MOU HOISSNISIP AN| ],

TIAOW TYENIN UVINIINON FINIS VP

*g 1011338 W uIAIT st 11 Junuaawndnd

Jo Aum e pue 1d1guod sup jo apdwexa dy1dads v "SI YIOY YIIm s1)shs

(eINYIIRINY UIRL) pUB pling O} ST U0 §I PIAJOSII 3G SN DIPYUOd SHp|

"s10)0e1e jutod 3jdipnuw sannbas L10wau IAHEII0SSE ) SEIIYM U

unesado ay) ui j0)sespe Jutod anbiun € sannbas Jaddew snonuuod Y

‘M pue | paxy 10, ‘suawannbas JuNdIJuod ARy SILIOWIW IANRIDOSSE
pue s1addeiu SNONUNU0D Jey) Si SIsAjeue sity) JO HOISNIOU0D |e1auad ay |

‘Sauepunog wiseq ay)

1240 [05U0D 1231 ARy JoU S0P W ILIeF(e Suluied] e |ons snedaq *Ajuo

‘uiseq
W2I2)11p & g A10W1 ) 3oejd £Q213Y) puE SAIOWIRY ) JO U0 ssO1E 0F st Apunog
uIseq A1 3542 10 $1010RINE JHod JuIPP Jo suIseq ) ul I PUD SN Y] JEY) 05 SN0
snw aydonseies v 2211 *s Sunsnlpe Aq suoNEI0| 0M) 01 PIAOUI 3q JOUUED 10)IE NI WK
SIY ] (W)X 10102318 Jutod 3)3wis € Jo miseq Y) Ul 35 Iy PUB Iy SAUOWAU OM | § "I

YOIANId [ OONYNYTS | £44




}

PIIm sonueuip uuseal 19410 “(qo861) J2qie,] pue sapade] ¢33 ‘anbiun
sttt ou >£ m_ wU.-Eﬂ:hﬁ MG_:.:“U_ 0__- ._O.— :‘hv .Um_ .—G OU_Q-_U 0—_.—.
. (e
‘b Aq pamunajap s1 aseds 1a)2wesud 1) w1 LONNIOAI Y) SBAIYM (|°C)
‘b3 Aq paunuiajap si aoeds 3Ju)s Y Ul HONNJOAI Y], “(3deds 13)awesed
10 deds Jydram) sydiam jo aseds ay) ul pue (sdeds jels) suoljeajoe
JO 2duds i ul )0q SIAJ0AI WASAS Y} Jey) ssans o) Juepodu §1 )|
"lojen)e
Juad 34} JO HONIUN] B 10U S| U3Y) PIYSHES JOU ST UOKIPUOD SIY) ] “Kjjed |
-neqeipe 23unyd s)yam gy jey) os adie] aq Isnw "2 "sIJueyd M YoYMm
JIA0 IS UM} (MO]S) 3} SFUYIP YOIYM HIB)SUOD [EDLIIWNY B S§ “L IIIYM

poey

Sl

qe

(YY)

~ = Ip/Mmpte

(9] :3—
uawdpa xnetw Jydam e o) uonow jo uonenha ay) sny g, " jo udpesd
Yy sumde spuadsap Yauym  £10)33fn) 3unniesy,, e Suoje aouds j1ydiam
YY) U IAJOAI WSAS ) 13| 0) St 37 Sz Jo Aem udnuvuip v "(m) x
witad paxy a3yl ydnoay) s xujew jydiom aq) uo spuadap J uondungy ay

9°¢) ey - ) =1r

224Mm

(s°¢)

S| uonouny sy,
“1010ene iod 3y jo uoisod fenjor 3yi pue sopeae pod Yl Jo uoy ;
-1S0d PSIP M) UIIM)IG IDURISIP UEIPIONT] YY) SIUANSBIUL YIIYM 7 UOI) ¢
-ounj e wmziunupn £q paysijdwodde aq [im siy |, ‘spun indino ay) Suofe

uoliejas 3w

-mMoJ|0J 3Y) Aq A}J3s1ou0d passaidxa st sIy L ‘indul jeusa)xd ay) Jo anjea ay)

8117 223Ym *Q = "I 3SIMIYI0 '3 = I} uay) wun Indur ue SI HUN Y YY) §] |
‘w3) seiq ay) yanoay) wajss ) SIdUINPUI JUIWUOHAUD CUIIXI Y |

‘15 J0U Y JO SI3qQUIAW Sy

218 YOIYM SHUR 3Y) (B WIRUOD SHUN UIPPIY JO (Ff) 138 Y1 ‘Ajjeulg “pun

Indino ue pue pun Indul ue £JSNOURH WIS 3G UED HUN B JeY) JJON "SHun

d)no Jo (15) 13sqns ) SI puUoIIS Y |, "SHUN Indul Jo () 13squs 34 si isiy

Y, ‘snun Jo syasgns yuepodun 231y ase 213y) 1addew snonuhuod ay) uj

o
1

ISIMIYI0

Ts) e

@ JO 13qUIAW € ST Jun Yy J

Aq paugap si ¥'g uoyduUNj 138 3Y) U], “HI0MIdU Y} U SHUN JO 138

-qns awos s)uasaidal ¢ 1ey) asoddng “UHOHUIANOD [EUOHRIOU B 2dNpOsjul
0} jnyasn s1 ) suonendisein jeonewsyiew Juanbasqns ay) Ayyduns o,

AQNI-N Nun 3 uRrjim 3uiejuod st uoidas

uonesado ay) pue | s I s ( UIIMIBQ papunog sy Cuotdung dnsIdo)

3y} s1 '8 g1 ()°¢) ‘b se swes 3y st (] p) b3 Jo OIS 20)dRINE Y]

pue J}qQUIIALN S| UOTICULIOSURE) 4] JENIUISUOU ST M J] °f + XA = 0 W)

3Y) Jo uojjewiojsues) auyje ue £4q ([°¢) o)y pawojsues) st (f-p) uonenbyg

f{
A—.wv .A: + Ity WV 18+ Ix— = n\u\;s\

unoj
ay) oput suonenba 3S3Y) WIOJSURI) 0) JUIIAUOD PUROJ UIIQ SeY | (}°p)
w0y oY) Buisn uey) sy “saddew snonunuod B sB Pasn s ) uaYm (] °p)
wWR)sAs jroiuuuAp ay) Jo M siydiam ay sisnfpu sonueudp aandepe ay |
“Pamalndl

o,

AV.WV -—..QMK = N

371 *‘spun dino ay vo
‘le SINEA JO 138 PaNSIP & A DM JO SIUBU0dIN0D ) *1o)deae Jod ¢
Urnsal ‘3 sindut jo 138 UAE3 & puez X 3)R)S RN UIAIT © Jey) 08 M XDRW
131am ay) spsafpe ysym wynogje 30 B puy 0) aq jim rod Y|, palsa .
-pIsu0d sy (wded 10) vonedosse dinosmdur 3)3uis e £juo sny) ‘owy
us sjuRIsuod aie e sjndino pue ' sindug ay) jey) pawnsse 3q [jim )i Ajjeniug §

$
{
(€°5) veli =1

LT NOLLYLNJWOD TVENIN

—

Emou s1 wsyeInIo) SIYL "syJom)au 1ap1o 1ay3y Suipnjon ‘spppowr yiom

-J3U JriNdu JO ssepd amud ue o) paydde pue jr1auad 3pnb sem wysodje
ay) unqo Jo) podw ayy ey paziseydwa (q/g61) epaulg Aq 1aded

(218 VY “(£86]) vpaul] AQ padonponul SEM UOHRINDJED JO JUNOwWE N} NP

-21 0) uonudedoidydoug pasn Yaym wiyiiodje wapoy)d asow y juaipesd
ay) dupiepnojed tof anbiuysa) uonededosdyoeq ay) asn Jou pip wpuodje
si], (qYg6) ‘t9ge]) 19gie} pue sapadey Aq padnpontn 1siy sem suon
-22UU0D JUALINDA PIMO|(R YIYM (] p) Wd)sAs Suwnien 10) wyodje uy
D xipuaddy w Ayanuq passnoasip
st siy], ‘uoneunxosdde dwn )213SIP A JO SIORJNIE 218 YIIYM SuolE|
-11950 w01} J3jjns suonenbd aduR)IP 3Y) ‘)oe) Ul "uonededosdydeq yum
PRATIDOSSE UI)JO SI YDIYM [IPOW Y} JO WI0) YL S1 *) = IV yum *(|'p) 'by

vAiaNId “f OONVYNY3S 9T

a
Illl




Kq pauyap s1 L a19ym

] '

‘(Ix)'a W = 4

819
IxiK = Ip/tupts

€19

unoj ay) sey )1 3jqesedas sy uondun)

341 ji "suopienba je30] 0} pe3) 0 SI I JI MOJOq WY papunoq pue jqeiedas

3q 0} sey Ajuo ‘13A9MOY ‘u0IdOUN) 3A1)IIIQO [e1auaF JsOW Iy, -Idue)
“SIP UBIPIONT U0 PIseq SI UISOYD SEM YOIm UONHIUNJ 2AND3[QO Y],

"d X1puaddy up uaad s

ynsas siy) Jo Jooid 3y, *(£]°¢) Jo Anpige)s Jeso) ay 10) UOHIPUOD IUETRITT O

s (1°6) Jo Anpqe)s [edo] 3y ey no pajuioed sey (L861) eptaut)y ‘si0}oul)

=12 Julod 0} $3813AU00 (£]°5) Iey) papiaosd ‘Y10M)2u Jeindu aandepe us
10j sonueudp 3y £j13ads £1219)dwod (£ g) pue (1°5) ‘(1°5) suoljenby

"uonenba uonedudoid premyoeq ay) se (;|'¢) ‘bx

wioj 1onposd 1310 apdiunis ai) suieIqo 2uo (g°¢) oy
£(01°9) 3unmnsqns uQ “xew LNUIP!I 2P Jo SHUWIJI Ay e g 21ym

,(21°) Mo(Iny3 - 19 = I

Aq uoard
e 1] xinew 3y} Jo SHUIWIJI Y pue ‘3 Jo aneAuap A st ‘8 uonduny
YL "V xipuaddy ur uaaid ase (0f-5) "bil Jo uoneasap ays jo sperap vy

!
01 pus uonenbs uonededoid premio) ay) se (j-°5) "by o) 12)21 pue sysom {(11°¢) 1+ xl'm W =n
~13U PIEMIOJPII) JO AZ0JOUIILIA) 1f) MO1IOQ O) JUIIUIAUOD SI 3] “XLIjBwW B
3ui124u1 10 poy)aw uonexeal B LEY) 310W I S1 10 uiureiqo jo poyaws
SI e 37)u30d31 M sanbluydd) edLBMING YIM Jeipwe) 1apeal L ym
v (01°5) IR ) = S8
wr-s rr + v K} s + - = ippap SN =

SUIRIqO 3uo *mgslxe 10) Suiajos

Aq uaA13 waysAs wopeudp ayy jo syurod paxy atj) e sopis 1110q FunENU14p od(y

: )
uotienba 1eaur] Sl o SUONNGOS Y1 1LY} UOLEAIISGO I} SRR Mou sugy § PUE M OF 192dsar yum uonenba sup jo

= (6°9) Jx

©1°¢) ._4 + 2M¥m w_ M8+ U- =0 .? + fxm wv 3 =

]
S1 3INS3J BY ], *4 1240 Wins ‘Ajeuny od ‘ =c__a_.._.o.”_a50w_.” .“Moc__co._

"1 10) wiio) 1dxa 3y) Aimnsqns pue ()13 £q sapis Yioq Aidiygnuw uayg W AISHES 1snw Juauodwod iy 3y 3dudy pue (j-g) 4 Jo ytod paxy e
, <X 1241 Bunjou 153y Aq paueIqo sy a1 0) 153dsa1 Yam 1 JO IANEANIP Y |

(51°6) = (s g g

4(8°6) Tre

r .r.N = Ip/Hmpe

se (p1°¢) "bi] mal 151y wasAs jeonueudp sy uieiqo of,

"wRisAs jesiweudp pajeldosse ue jo uotlonposnul aY) £q paueiqo aq ues
=X 3upjenojus 10) poyp)aw je30) Y “}10M)au Je1nau e se uonejudwajd 1oy
lqenns jou st wypiedje Jutnies) supy 310j213y) pue SuoljeIndjes jesojuou
A|1usS233U 218 SUOISIIAUL XiNjew AN 24 speudis Jo113,, oY) Ijemd
“1U2 0) uoIsIAUL X1 € saNnbas (p¢) *byy ‘Aja1cuniiojun S1Iydam ayy
duAyipow 105 dpns upina) o) e Apaads (p)°6) pue (g}°5) suolenby

w19 G-D'r W @8 = K

67 NOILLYLNdWOD TVUNAN

suieiqo Ap2eipawiug duQ) *(£°5) "bg w suonenuasagpp oy 3w
-110J12d Aq widag Juaipesd ay) Sunenopes Apuay)s 10j unuode jenau
[EMURUAD € JO UOHEBALIIP 3Y) SISSNISIP UONDAS S} Jo 13puwetual 2y,

“luaped e Jo asn £q F saznunnw yaym wio) jeuondung isad
-s ay) uiaey Jo anpna A 3aey s3op (L°g) uotjenbyy “suonuuawadiug
asempiey 1o suonedidde avgnonaed ur [njasn 210w aq Aew (/g6 ‘YR y)
SIANBALIIP 30uds 1apI0-pu0das Aojdwd youm 1o (9861 Y AR LR Y TETTT)

i 1Y) poyaw wmuawow ay) **8°3 ‘saaneanap awn 13p10-puodas Kojduia

VAINId ‘f OONVYNYZJ 8T




e Lt A € (M)

ey Ajdun sdiysuonejas asay, ‘susapied Jo saquunu ayj St
213YM *drfy < "1 Juy) A1uSSID3U SI )1 SuOLEN)ONY ) Suijoel) wosy s)yom
) daay o), ‘wianed yuanbasqns youa jagio) uay) pue uied] Ajesan
1M WdsAs 3y) uay) suoneniany usajied a) Jo aw SHSLINOLITYD 3y} usy)
$$3| St SIydam a1y Jo auny uonjexeas ay) i ‘suiajjed apdnnw wieaj 0) 34qe

34 wW3shs Ay ) JUaW1Nbas ) WO SMOJ|0) IENSUOD [Ruy Y],
1 ' pasdjueaend s sy, (g xipuaddy 23s) (1°¢) b3 pazy
-1t A Jo asodsuey ay) 0) puodsanod 0y (7°L) 'by Jo opis puey ydn
YY) 10) A1uss303u s1 ) Qs £)je20) 3q 0) (7' L) "b7 Jo moy ay) 10) “)xaN 2
<€ "1 PUR 'L <€ L DAV OS2 ISINU SUO ST 46 PR X JO SN uonexe|as 3y)
0) A1R)21 A)MO)s adueyd 0) M 10§ AILSSIDIU $1 11 2)u)S Aped)s Juau djesado
OH(Z L) pue (1°L) 'shi] 10] ‘0S| “'2 < It pue 'L < 91 *°2°1 ‘1 uny) 19)sR)
UINU 3] DHSLIIILIRYD & {HIM XR]I3 UOHN|OS 3Y) Jex]) £1eSSIIIU ST )) Jje)S
Apeajs auau 3jeaado 0) (Z°L) pue (J°¢) "sby 10§ ‘v g, "en)ony susdyed

IdIno pue Indul 31 Y2IYM 1340 3[EDS 21N dNSLId)IRIRYD 3Y) 3q dL )97]
*$9|22S il
A SUIRNSHOD uoNpuod siy |, ‘Ajjeoneqeipe adueyd | pur m siajwered
WasAs ) )1 ploy [pm sy g, (Z°L) pue (§°¢) sbi jo suonnjos ajels Apeajs
) 1 £ pue x 1 £juo Juaipeid ) Jo w0y 133110 ay) s1 2’4 jey) 3jou
*ISHL] CWRISAS ) Jo $JROS Ak dNsLd)IRINYD 3Y) AQ paysnes aq )snu
Youm sdiysuoniegas ysyqeisa o) premio) Jy3iens si )| 2 s1 wajsAs ay) Jo
ajuds ) uopeidepe ay) pue *z sy uopededoid premyonq ay) Jo ajuds 3w
uonexes ay |, -2 sy uonededoad premio) i) Jo 3JEIS ) HONEXEDI AN,

{9a) I = gpyitpre

pue
o _?h\::. + ‘AVm WTE&& + Y~ = ppAp“s
-y )+ (Y8 4 'y~ = Jpixpne

21¢ suopenba ay |, ‘sajess awi) pnjdxd
qim suonenba [esnuruAp ) 3)LiM 0} [nJasn S1 1 SIY) JUNLLXD 0] "UISOYD
Ap1adoad aq 0} $31E2S U] 3Y) 10) AIESSIIIU S| I UILI| O} WI)SAS ) 10.]

ONINYVYIT ONY S3TVDQ INI], L

*S2]EIS AN JO UOISSNISIP € 0) WIN} MOU
SN 1377 “10Mm)3u 3andepe ) Uy S3JLIS W) JO 3]01 Y} JO Inss] 10T
21011 3y} JO 3L [1dads ¥ ST SIY ], J0u 10 pausea) a1k susnud 3y) 1ay)ayMm

1£2 NOILYLNIWOD TVENIN

sasuanpul awn sup Jo YP3u3| YL "W JO JUnowe UIAI3 € 10j PIJUIS
-a1d aq wiajed yoea eyl sannbas susapjed jo uonejuasaid wopues 3y |
‘pooysoqydiau (pay1dadsun)
wos unim wnwiuiw 152daap 2y puly ‘13AaMoY ‘fiim )j Ajuo eulunu
je20] Suipuy 10§ poyIa € AJjeHuassa si uonejuasasd wopues jo poyiaus
ay) as0j219y) pue jooid 5uad12au0d A jo suofidwnsse Yy Jo uo
$2)B|01A SHI0M)3U |RINdU Ul BWwiujw [eqo)3 snbiunuou Jo 25u3)s1X3 3Y) 1ey)
sisA|eue Juadal B ul PIpIIU0d sey (L861) INYM “(M)*7F Jo ewnunu jeqoid
a1y} 0) 2812AU03 0) 3qe 3q NY31w N ey SISABBnS YOIYM (M)“ JO BWILNY
|20} JO N0 SUIGIID JO) WSIVEYIAW UY J)ING B Sey uoliejuassd wopuey
‘013Z 0) SPUI) “1/| Se SAH|SIIEA
yolym wid) Sunendng fews e ulypm o) (m)“g Jo ““am jutod wnwimu
a4} 0) 38124103 [{Im uojenba ISP JUANPEIT € JO UOKIN|OS ) W) SI)E
-1en3 uoyrunxoidde d11seYd0)s Jo £103t)) YY) UIY) WINWIhY INblun e sey
(M)“7 uonduny a3y} §1 pue K1euolje)s sy susdjjed wopues jo duINbIS Y )|

a9 (olt *uF ‘M) = ()7

*+3°1 ‘susdjied Jo uonnguisIp 3y) 13a0 padesaar [p]7 10113 3y} 3q 01
(M)"g Kuenb 3y auyap ud |, “{.§ ‘ult) 310 pPqep woned ¢ Aq pajaqey
s1 aed ndnoyindug yoea ep asoddng “3umo)joy ) st judwe)s as1531d
at |, “wmuuIY [uqojd e 0juo a3u3FI13AU0D U HNSII AL SIY) SUOTHPUOD 2D
-3} W13 3apup) “widped ajduis € 10) 10013 A} Az 0) sidwdje
Yo1yMm JO 1oB2 *$3210) WIopues Jo ouanbas e 01 132Igns 1 wWIsAs ) *at0)
a1y [, -awn Ynm Ajwopues 3dueyd suiajed ay) se Ljsnoduejnuns (£]°¢)
pue “(€5°6) ‘(1°) BuAjos 0} SPUOdsasi0d SIY | “JIoMIdu ) 0} Ajuopues
susayjed ay) wasasd o) sem uonnos sIf} “(LL6]) LWewy Aq paisaddns sem
wys0dje Juadsap juaipesd e us susapud spdninw uiuies) 10) poyidtu v

SNY3LLYJ FTJILTINY ONINNYITT 9

*UOJI53S 1X3U ) Uy passaippe st susaned ad
-nntu usea] 0) moy Jo uonsanb ay |, “suoyerdosse ndyno;ndus spdainw 3ui
-UE3| 10§ PIVIRIQO U] SEY WSILEYIW OU ‘SNY L “3un) ul sjuejsuod e le
pue § Jey) pawnsse sey uoissnasIp ainud ay) wiod siy) o) dn ey eIy

"(£861)
‘wineg £Aq passnosip si A)jiqeqord uo paseq uondung 2A4133Qo njasn y

61°¢) xefae— ='r

wioj Yy sey Ajjesduad
Youym ’r Jo uohiuyap Yy us st suonenba aandepe ) 01 adueyd Ljuo ay ],

VAIANId °f OAONVYNY3IS 0¢7




3 3upuren) £q *as0)313y L, *(Z°8) Jo wtod paxy € os|e s1 (£°8) JO Juiod paxy
2 U3t} ‘SILIOWIW 1391100 3Y) O) XeJ21 SHUN IQISIA IY) Jey) os pajdepe
3q uBd siyBom Jy) J1 Isned3q *(7°8) Julures) Joj jryasn si (£°8) uonenby
‘01831 Sunesado s) ul ss0)0ee Ju0d Ajuo sey WIISAS PaUIBIISUOD
Y 1By pawnsse aq [pm )1 10J3q SV 's$330ad Suuten sy) Suumnp iad
-dew SNONUNUOD B OJU) £I0WIBW IANRIDOSSE UB WIOJSURI) O) SI 1031)3 YL,
‘susdnjed spdinw uo wIsAs ay) uer) 0) 3jqissod uiede si )1 pue sio)deI)E
3y Jo £du13u333p 2Y) s}eIIq SIY ), °J JO)IIA SEIG PIUNLISP A)BUIANXND
uv Jo suonidunj wiede se (1s1xa Aay) ) (£'8) "ba Jo sio1veme uiod ay],

Aa.”v ¥y WW- = :
a1ym
H3Y
s .? + 2o Nv 13 4 2 = Ip2p

meIqo o) (5°8) ot (9°g) b3l anpisqns siopene juiod

3y Jo Aaesauadap i uNoi1q sey WIISAs f) JuIuIRLSUOD Jey) 33s O,
‘. £q pajuasasdas s1yoym Lsowsuw
3]3uis & Jo 2Fes0s 3N JAPISUOD ISIY [[IM UOISSNISIP IY) ¢ uoIldag ul sy

98 Q7 4 Mgl = Iz

29 01 paugap st 7 a1ym
]
Aﬂ.ww .AnNﬂ-.: ”wv 18 + 2. = h\u\sNﬁ

W3)SAS pauies)suod
3Y) 13pISHOD A|JuIpInddy *x uey) J3Yied Z pajed d1e WSS pautensuod
aY) Ul sajqenIeA [uanuewAp ay) ‘uoisnjuod Jo Anpiqissod ou si 3say) ey)
s e o, “A10Wwaw Paso)s-3q-0} Yora 10j si0en e od yuasaygp
YHM washs jeonueudp e 0) speaj Sl UMOYS aq mou jjeys sy -3umuied)
3unnp xJomau 31 Juliesisuod £q PAARNIAI Iq Ued WIqoId siyf,

_ *adeasa 10)
WISIUBYIIW O sey wy03je SRR v “padjueiend 3q jouued s
nq suoneusasd Jo Jaqunu JUYINS B 138 WNILNY 3y} jo o quid
0) W3IsAs A 3qeu Jy3nu 9 vON2S Ul PassnIsIp poydw uone)uasasd
WOpuEL Y|, "uondung 3A1193fG0 3y) Jo wnumn jesoy e sy siy) Ajesp) ‘x
= (Jlt) uaym *3-3 ‘waped ndino ageraae ay) sjenba (x),x 10)se1)e Jutod
Y1 USYM SIND0 HONOUNY SIY) JO WINUNUNY Y |, “[3qE] witted B St o 1M

1374 NOILVLNJWOD TviNaN

A B

(v'8) Ay - ) T w = (w)7

1 paziunuiw uiag uoNRdUNY AY) IdUIS SALICIW
aY) |5k Jo uBawW Ay} SAW032q INdINo WIsAs Y I, "AJuo M JO UOIIdUN) € S1 10)
-oenje sy 1, “10paea))e jutod 3jesauadap a3uls B 0)uo 3313Au03 saL0)d3Mil)
YY) e pu uiseq 3j3uis 8 uj 58 $I)B)S [ENIUL HY) |V € VOIS Ul PIYIIISIP
WSIVEYOIW SY) §1 UMOPYBIIG SINY) JO) BOSEI Y | “Aum SIY) JIom)au e Buy
-utel) uj pIPIIONS 124U sty J01edNsaaul sy ] 3uniasai Jo peajsut As0
-Wa yYoed 10) X ks Y) Juy)Isas Jo uonedyipow Yl Yim 1daoxa ¢ uon
-33§ U s8 WyIo8(e JuIdSIp WAHPeId Jwes Y} Ajfenusssd Yyum Lsowaru
JAleIOSSE Y) wivy) 0} Aqissod 1 yury I oug ‘© susaed [je 10)

(€8) Ag(m)elx = Jit

AJsnes jsnws siopduae Jod
3Y) sny |, '$3a10wawl paso)s-aq-0) ) Jo SUOKIEIO| ) 1B WII)SAS [ednueulp
siy) jo ssopdenie yod ay) uotisod o) st wyiuodje Suiusea) ay) jo jeod ay |

AN.”v .Aq“!q: Wv 18 + Iy — ﬁ‘\‘h.‘

1o ay) aaey suonenba jestwreudp ) sny

*Aiesauad jo sso| moyim 013z 0y [enba 13s st )1 ABuiprordy ‘susaped
{{e J0J 101034 JueISu0d A1edjiqre ue si | seiq ndul 3y ey osfe jjeday

and K10

-waw e jo sjuduodwod e th 3y) pue SHUBISUOI AIRINQIE 218 'G IY) J1dYm

a-g \.5@..& + ?.Q.? = .“.—‘

A)duns s1 wasAs ay) Jo Ijels e 3y uonejou siy)
YA “(J1) £q pa1oudp st jas 3uipuodsaisod 3y pue spun (jeusdiur) udppiy
1B S)un 12410 Y} ||y "(A) SHUN IQISIA JO 13s AY) PIJIEd 3q [|Im SpuN
JO13s Sy |, “awies 3y pue 3uo 318 spun 1ndino Jo 1as A pue spun jndut jo
135 3Y) 210)213Y |, “Jndino ay) se 3je)s jeuy 3y) pue jndus 2y) se wid)sAs ay)
JO 1E)s jRNIUD 3Y) SISN [[EI3] IANRISOSSROING SWI0MA Yaiym Iy € jey)
11833y A10waw aanedosseoine weidoid 0} moy JapISUod sn 3] moN

AYOWI FAILVIDOSSYOLNY NV NI DNIN¥YI] °§
‘UIBIL O) WASAS Yy 10) pay
-SNIES £119115 3q 100 pIdu sdiysuoNE}aI 353Y) Jey) punoj s o1esd uj

VAINId *( OONYNYIY [A ¥4




"SUOISSNOSIP 3A0QE Y1 JO SN0 Y} UIaq sey Sunwwesdosd
PUR I0MEYIG ISOM SINY Y} 218 K121y snj) Ut SHudNOdWOd dannd
ML "WISAS [RIIY21INY AIBIUIWI|3 U ()M PIUIIIUOD S| UONIDS SIY L.

NILSAS TVIHIEVIN] IWINIS YV 6

"uolednsaAul jo 1afqns e A[uaLnd st wisiueydaur 3sHd
YL aa0qe 3 JO Y10q (g) 1o ‘101321 Junesado ) o)) y3noiq sy 10)d81)
=18 Bunsixa Apeasje ug *-3'1 ‘Aiowaw paio)s-2q-0) e jsed Juiod A1epunoq
uiseq e (7) “Jo)ouie Juiod e Jo uoneard snoduejuods ay) **a’) ‘Alowaw
P210)$-3q-0) 3Y) Jo pooyroqydiau oY) i sydonseled e (]) aq ues Aoesousd
-3p 3y Junjuaiq 10§ WSIUBYIAY 3Y |, "SILOWIW PII0IS-3G-0) INOJ ) JO
UJO©3 J0j 2)BIS JRuY U0 1 213Y) [HUN UIR0IQ AJRNUHLOD SI )u)s jeuy jFuis
3y} Jo Ade13uadap oy sk sdwnf snonunuossip sa01apun wajshs pauless
~UOSUN 34) JO UONIUN) JOLID J1) |, *PIIO)S DB SILIOWN INOJ YIIYM u) ISBD
3)duis & ut 101aeY3q SIY) SRS H 2anSL,] ‘WA Jo Aueiu 00) Jou e
2131 1Y) PIPIACI “UIN) VT SILIOUI PII0)S-3Q-0) Fuluewdl 3y) Jo yord
J0J 11330 SH [, "SALIOWIAW PAI0)S-24-0) Y] JO DUO 1RDU JOjdLN N Jutod e
o} sduinf £jsnuauejuods w3)sAs pauleiisuodun ai) awn awos e jeyy) uaas
SN Csusaped oy e unuasasd pur ) Fuipensuodun £q ssasosd dunen
Ay duunp dais aun) YorI Je PaIs3) s1 AIOWIW IANBIOSSE YY) J| “J3A0U
PUR JQENIRWIL S§ AIOWINU IANRIDOSSE S} JO JOYARYIQ Supiiea) 3y
“101E811S3AUN SIY) AQ PaAIISqO udag Jou
Seq 22U21IN330 s a3MdeId uf *£10W3W Pasos & 0) puodsaiind jou saop

"10113 PIZICULIOU JO UOINUYIP Y)
SURIUOD 0s|¢ YoM ) xipuaddy u) poyiaw nsiunialap sl Juise pawsogsad sem upses-)
60 51 S 10 1Y) 08 pasnipu 5101324 Y} jO sapMmBeu 3y Yim S10)334 Keg P3193)3s
Ateniqie oy Jo pajsisuod 19s Junnen ML suondN0d 77 pue ‘S)Hun uIppry § ‘spun
2191314 (1 PIAUITIVOD Y 10M)2U 31| “$52301d Butuaea| & u) ds AW YIES 18 PI)SI) Uk PIULIS
“UOUA 1) UM AI0INU IANRIDOSSE IY) U1 I0IARYIQ SNONUHUOISIP jedidA)  p DY

(sHun £3m130q00) 2w

(1] (1} [ 1) (14 [ 14 ]
A r'e A A —:.

Poupsiueey |
pupapee) o

Y4 NOLLV.LNJWOD TVENAN

yey) Jopoeae yutod € 31 ‘K1owaw snounds B 0) 3312Au0d pInod wa)shs
3Y) JeY) I|QEAIIDUOD OS[E SI )] “IJRIS [R1IUI SHY) SUIBLOD ORI JO tiseq
asoym £10w3tu pasols AfSnoiaasd o) 0) SaF12Au03 wA)shs ). and Aso
-waw [ensed e sjuasaidas Yongm ajels e Ul HI0MIau pamesisuodun ay) du
-pe)s AqQ pawsopad si (jed3s A1owaw ‘paunuIdIp a1e sIydam ) du()
‘l13m se suonjenba asay) 0y Ajdde sajess
aun) pue susdned ajdynw SuINI5U0d £ puk 9 SUOIIIS U) SUOISSNISIP Y |
“I1om se (Z1°8) pue ‘(§1°8) ‘(L'8) 'sby o) Kidde (£1°¢) pue *(p1°¢) *(1°¢) "sby
321Y) 3Y) Jo Anpqers o) Fuiuraduod SUOISSNISIP snotadsd ay | ‘yIom)au
PIUIRNISUOD 3Y) Jo sonueuAp 1) sunap (Z]°9) pue ‘(11°8) ‘(£°g) suonuenb;)

[/EL}
(€1'8) 4 e = ta
a1aym pue
@8 frr+ v g Q)13 + Y4~ = ippep

Jo uonnjos 3e)s >—=w0-m EUIRY) nh Hym
:_ww .MNMA - nsu\......:ss.xh

St uotjenba 132sop 2IPRIT MU Y] ¢ UOIIIG Uf SE duLs
2y} A)enuassa aue £3y) 20uIS PO 3q JPIM SHRIIP [edHuew 34 |

o1’ w-lz='r

EYETTIN

6'8) “r

-
-

uon

-ounj 3AN3IQo Mmau ) SIAPISUOD U0 1ey) 1dadxa ¢ uoNdIS Ul sdas o)
0) tejiuns .e suoljenba aandepe mau ay) 3A13p o) pannbas sdajs ay |

*AlInja1ed 10m pajedisaaul 3q o) spaau

Yo1ym anssy ue sy sIY L, “(8861 ‘prewig) ajqels awodaq simod paxy sjqejsun

USYM p310)s a1e SALIOWIW JeY) Bmoys uddQq sey )1 AJuaddyY “sjuod paxy

3[qe)s 2onpoud o) swas unuodje ay) andesd ur ‘ssIYIIGAIN WSS

paujensuooun ayy ul wiod paxy awes Yy Jo Appqels edo] ayy Adun

10U S0P WSS pauiesisuod ay) ul yutod paxy e Jo ARpQers [e50) AL, "wa)

-S4s pauteljsuodun ay) Suiuies) |snosue)nuis s1 3uo wWaysAs pautessuod

VA3aNId ‘f OONVNY3Id 1214




‘uoIssnd

-SIP JO1IQ B SIAIISIP PUE KIOWIW IAII0SSE |} JO 2INJBL JBIUIJUOU )

Jo 3ouanbasuod 1panp . s) aamea) Ja)e) S L S)snosue)jnuis pajuasasd
sued om) aendiquiesip osje {Im wWIISAs au) asowsayln,] "saBueyd
JJuds fjews pue suonejod jjews 0) 10adsar yum uvonudosas widyed
JURLIRAUL IQIYXD [ WIISAS YY) Jey) JuI)D OSju S5 ) UOISSRISIP SNojAdd
3Y) WOL] “ISIOU PUR ‘UOIIRISURI) ‘UGHBINISGO O] 103dsas (iim uoudosas
widud JurnvAul jo 23183p pajnug & ARAISH||I pue JJom|du Yy A paziu
-804 £1)531300 210 )X 283N |, *DL—V L ‘S31,] Ul UIIS S) S ISUIS [eNn)
-d212d ¢ w23y 3q ued sjuAVINASIP ISAY) SSIPYLIGAIN "SAIRPUNOG
uiseq ayY) jo aduys papeidp ay) uo spuadap ) dWIS puend o} roypp
1 JuawdRdsIp pamoje jJo Junowe 3y | uidned paso)s ay) o) ad1Au0d
(1w 1)1 L10wdu 3ateId0sse atf) pue smiseq 33ueyd jou jim wod paseyd
-SIp Y Cqprus Apuandyns sy yuswdepdsip sup Jp nnod paxy Suipuods
-2.1103 34} oY) Aemi JUNUDLISIP B se PaqLIDSIP 3G ued wid)ed palo)s
2 JO noneniojsuey Aue jy) 1) 3y) o np i aduvieaut 3y |, -adewi ndul
A Jo suoneuLojsuen L1eniqie Jpas o) 153dsar yim jueteam sioaungd
210 patHes 241 Jo Indno 3y **3°1 *uoindodas waned ENsia JueLRAY
JO Junowe papung e jo aquded si wdisAs sip) Apoydwars s apdsa(g
Juasad sy a3 Yom uo Supuadap ‘no suiny
‘D pur ‘g ‘v paiouap ‘spun Indino 22111 ) Jo U0 AU ("AHANIIUL0D
3y dmseardur Aq palois 3q ued sauun M0RW) ‘9 “31 ul umoys sadeww

*2°0 JO HONIAIP psepue)s B pue ¢°Q
Jo Ansuain paxid ueaw 8 3ary 01 S8 bs Passadosdasd sem aduim ez “spxid ny-1yd3 pz x 5§
JO S1s1s002 23w ydrz] "aunpuL Boudoads usaivd ay) £g pauwsud) saduw 3a4) 9 ‘ol

LET NOILY LNdWOD TVENIN

pazindip a1y 9y} 3ZyuB0331 0) paures) UG SeY HIOMIU SIY] “pauiel)
U324 SeY A10Wat IANEII0SSE ) 12)JE PIUIBA) 3q UED )1 10 A10WIAHL JANIELD
-OSSB 31) Y)m A|snoaue)jnuiis pautes) 3q ued saddew snonunuod ay) 210w
-1y, 1addew snonunuod ) Jo Ajjuapuadapul used] ued 10w AN
-BIDOSSE YY) 210J2131 |, "SINJY OM) YY) Jo AIepunoq ) $s015¢ pajededosd
Jou a1e sjeudis 10112 ‘piejjeg Aq pannbal sy “saddew premiopady 1a4e|
231Y) © Jo 134e) Indut 3y) pue 10w A Jo 134r) LUl Y A)Snodu
-R)nuss s1 1248} PuodIS Y L "AIOWIAW IANRIDOSSEOING UL JO 14T] IYISIA
3y} s1 J3Ae] 1521 Y], "URIBW II}[Y-OM) & JO uolejudWIdil 134e)-1n0)
® 10§ A30jodo) 3} smoys ¢ N1,y "321A3p uoINu30ds usded annund
B 1 aupyoew 13)jy-om) Bunjnsas Y| ‘uotiejuasasdas jeuIdixd dwos o) uon
-gjuasasdas sqy) dews 0) pauten 3q ued saddews siyy “1addew snonunuod
€ 0) passed S| AJOWIW IANEIDOSSE UB W) UONEIUISIIEIL [euIdiul )
asoddns aepnonsed vy -AyYyssesa1y ) ul snpow 1Yo o} passed 3 ued
suonejuasasdal jeusd)ug 3say) ‘paejjeg] 4qQ pajsadans sy SHUN UIPPIY YIIm
papiaosd uaym suonejuasadas rusdul sunio) 31 pajudsaid Loudaw
aanesosse |, ‘yseordde [edsnydsesany siy) zieasr 0} pasn aq ued saded
SH{) U1 PIQUIDSIP SIANY Y|, ‘SINpow eapiaipul o) Suiuaed) 3y duneiosy
£q 3w0313A0 3q ued WIqoid sny) 1ey) paIsadIns sey (L861) prejeg "s1a4e|
JO 13quIny 2y uey) 13)sej smosd 3upuied) 30j ) ad1AU00 Y -3
‘lIom 3jeas jou op uonededosdydeq Uo paseq SYIOMIU (eandu Adie]

(1°¢) Wi0) 3Y) Jo uonenba ue £q PIUNLINIP S IO YIed
JO 21815 Y|, “S24R]| B UIYIIM SUDIIDIULOI GU 218 1Y |, “PIIAUL0I Ajin) 318 $13Ke) Buruiewsds
Y|, SULHIFUUOI [B10) YUP'ST I8 1) 0s ‘Apnsieds ayz Apiewnxosdde ynw Apwopues
SUOIIDANP YHoQ I PILIIUV0OD 218 $33K6) 0N ISIY A ], "AI9A113d8 33 *SIILA { PUB "SHUH § “SHUN
0y “SHUN OZE] IARY SI2AE) Y |, “INIYOIU IIYY-0m] ) g0 ABOJoda) Iy smons sy Cy TOLg

e aqpie

OOO - 000

13

l.....lo-!s: .ol-u

0000

000

v

VO3INId ‘f OONVNYIS 9¢T




"aduBYd 0) anp SI SKY) JBY) AHIQ O) NUdYJIP I }] “SUONELIS Si) Jo Aue
e Suonu|1as0 jo Jasuo aty) saduaLIAAXI Afasel J0jedisaaul SiYyl *SSIIH|II
~A3N "SI} WIR)SAS YY) S8 SHUILIISUOD 3SIY) IJOIA [|BN)UIAI 0) S)yTiom
Y} 20) [UISH S )8 “FIAIMO]] “p UOIIIS U1 UIAIT S5k YoIYM SPIEHISUOD )
QRIS 3Y) JO 12YJoUR 10 JUO A)SNHES YOIYM SITIIM Y)Im YI0MIU JUIINDIS
€ Je)s o) Jnoypp jou si ) Appqers jo uonsanb oy sS4y :passasppe
3Q 0) P3asu s YOIy suoisanb yaaeasas Juipueisino jeadaas ase a1y,
uonNtudodas widned juenvaul jJo 3213ap
pamuy ¢ pajgi|xa wa)shs apduns ay ), uoiudodas usapjud 10§ Jromjau
pazivedio Ajednpaiesdny ajduns e Jo uolPNISUOD Y1 Aq pajessuowap
sem eosdde siyj, ‘syiomidu paziuedio Aediydseialy Jo UOHOINIISUOD
3y 10 yoeoidde anewa)sds e ui dajs 1s1y ¢ s1 way) Joj sanbjuysa) Sunw
-wesdod jo wawdopaasp ayy pue siajy aaniuud Jo uonesynuaps ay |,
"SALIOWAW P310)S-3¢-0) YY) 123U S)uod PIXY [RUOIIPPE SIONPOIIUL YOIYM
wyiode ue ul sYNsas siy |, 'ss3d04d Suueny ay) Suunp saddew snonuyy
U0 € 0JU1 )i SHI2AU0D A[2A11331J9 OIM A10WAL ANID0SSE 311 0] pado
-13A3p sum anbiuyda) uonudedoldyaeq y -siopuane Juiod Jo saquino Juald
YIRS uR YIM SHEIS IPIYM L1owAu dapeidosse ue y swdied spdypmu
21018 0} opri si Wwane ue vaym uonudedosdyorg LN [rUOHUIA
-110D JO un|1e) ANY) ISNED SpurwIIp FuNDIYUOD ISANY) JuI|) HMOYS sem ||
‘w0133 Sunusado a1 w s10)de1)
-1e apduyn sannbas sane) 3 seasaym umdas Sunesado ayy wy sopdel)e
anbiun ¢ sasmbas 12wW10) Y] "WIASAS RONULNAPOINDY 3Y) UO SpPULILIP
3udiuod ajew Asowdw aaneosseone 3y pue saddew  snonun
U0 3|1 JRY) UMOYS SBA ] °[[2231 DA1IRIDOSSEOINE PIuLIoIdd yoiym 19140
U PUE SUGHZULIDISUILI) JRUHUOU SNONUIUOD Patioyiad goiym auo *pay
SHHIIPE 2190 SR OM |, “SWRISAS 28I Jo sanadoad yuapuadapi-papow
i jo dwpueispun ue sem Jutod 3mes g cuonemdwiod eindu
Jo asodand 2} 10} swdisAs anueudpoinau jo ssepd [idudd v jo sonuey
-Ap 213 3umogdxa 10 yoroadde dnuwd)sAs ¢ pajussasd sey saded sy,

SNOISAIINOD ANV NOISSNISIT  "(f

((£861) mwnsMYN, | *-3-2) 3313w [m santadoad uon)
-30231 wdNed JuRLCAUL ISNGOD I0W ()M WIRISAS © *SIY JO Aydsesany
Aquuns v dn 3uipping £q 1ey) SWNSSE 0} IIGrUOSEAIN JOU S )} ‘SIDNAIP
uonudosar wped peoncnd 10 Juepodu am Yam sonsadosd sy jo
Auuiu *a313ap papung 0} *SHQIYX3 APEasje 319 PIGUISIP WAsAS djduns
A1 DU IHOULIDYLIN] “IIRPIIYIIE fINOILIdNY Junensuowdp jo asod
-and 21) PaALIS ALY JOU PINOM SH]) 13A3MOF] *2Iniid Yo |aqe) YIIYM
SHUR JIQISIA 32141 Juppe £q duoje L10waw ANEIdOSSE U AQ pIawso)
-13d 3q pinod> wasAs dydis su 4q paunojad ysey uonvdosas ayy,

6£7 NOILVLNIWOD TVENIAN

*}10m)3u [einau uonNudod3s usdied e o) sany Induy ajendosdde ue jou
S1 A10WU JANTID0SSE JEUN B Jetj) SIPNIOU0D u() "uonesado Linuaps ay)
mr:c....u._ Ajduns 161213do uondafoad 3y § 1) PaIEIULD S) 3 §I ‘puey 1Yo
ay) u() g 01 jeuodorjiio deds ay) Ul PIVILIUOD SI 3 JeY) IIXI A1 0) Ajuo
*A30WAW ,,)53.1109,, AN} 3411131 0) 3|qe 3q |Im Jojeiado sondaford at |, -9
+ "% = X *"2°) ‘3 uoneqinpiad e snjd ‘x £10WW PII0)S € JO NS IY) St AjelS
jeniul ays jeyy asoddus Mo "sanowWAW PaIols Y Aq pauueds Jers oy
Jo § adedsqns ay) 0UO (a2 A10Wdw Y1) Aels [eni ay) sidfosd Ljduns
J0je13do Jeam) siy |, “101e13do uoijddfosd € Lo paseq st [|B321 ) Isneday
sadewn om) 1) ajeredas JouUUERD AJOWSW IANRIDOSSE 1| ) ‘puey 1Yo
ay) uQ Jrews Apuayns si 10w AIEpU0IIS A} oL BONNGINUOD
ayy J1 Ajuo pajjedal 3q JiIm AI10WAW JUBUHLOP YY) PAIN|OAUOD A|12A0 dse
suiseq Yy J Alqeija1 pajjedds 3q [|im A10WIW JUCUILOP 3] PAIN|OAUND
AJ39A0 J0u 218 swiseq ay) J| “adeds INels Y1 Ul SIIOWIAW OMm) ) Juuof
uw3as aul| e uo Juod e se pajuasasdal 3q ued SILIOWIW OM) JO uolu
-1quI0d 1e3ul] Aue £1as131d 210y “[fews A[IUIDYINS ST A10WIY L12pU0dIs
3Y) WOy UOHINGUILND ) PIPIACId £I0WIW JURUINOP Y} 00 3313480
HIM £I0UWIDW [ediweuAp JE2UIUOU 3Y) ISEBD SHJ U] "SI0 PILOIS OM] JO
UOHEUIGUIOD JBUI| B JO SISISUOD IND £J0WANW ) I1IYM ISED ) JIPISUO )
(861} [PPOW S UUOROY *° 33 *£IOWIIL FANBIDOSSE 1L B {im L1011
2A1RIDOSSE [E2NUBUAP B JO J0IARYIQG 3]} $21edWOD U0 UM 1£I]D SA0D
-3q 121y K1owdw Aneidosse ) Ul fjueauquou £q paseyd dj01 Ay,

‘1 O} pappe § 07 23url A W 51N WIOYUN Sey () IFeus)
“(spaxd ) 4501 Apavewrxosdde £q 124 41 0) PANJIYs ©IIQ Sey (y) Iew| Pamasqo Ayensed
st (v) 382w ‘uonmudosal wned JuelEAUl J)esSUCWIP O pase saBew | L uId

VAa3NId 'f OONYNY3S 8t




uonudedosd premydeq Jo KNpqe)s [ed0] a4y yeyy Jeapd si M (Z'd) "bg woyy
pue 1] xujew 3y jo sanjeauadia ay) uo spuadap suotienba premioj ay)
Jo Aunqwis |e30) 3y) 1ey) 18312 S 11 (1°9) WOy ‘mON I (M)IS = 1q 13ym

(bal: )] ‘q + £,71— = Ip/hp

uioj 3y) sey (£)°¢) "bg von
-ededoud premydeq ay) 1ey) 941350 MON *(Z]°5) *bT £q uand s1 5 asaym

aa ‘3- =IpRp

(uoneiou J0)33A uf passasdxa)
wioj 3y) suy uonienba sesul) Julnsas Y, 3 + X = X **2°) 1010e4))e Juiod
wnoqe (1°¢) *bzj 10 (1°p) by azizeaul 0) sadYYNs )} ased ay) 39 Jsnw siy)
Aym 23s o], "uonededoid premydeq ay) Jo Aupqers jed0) Yy sandwip uon
-wdudoid premiog 3y Jo 25uad12au0d ay) jey) umoys sey (£861) Bpr2UIY

f XIaGN3ddY

")INSa1 PaNsap Yy st SIYL

“ne
e

v .uxﬁzxmi.xﬁ =

S$1 1INSAN Y, 7 JIA0 WINS pun - JO ISIIAUL A} JO Sjudw
-1 xtnuw 3y g 91 Y ) Aq (prV) Jo sopis ioq Kjdnjmu *£jjeuyg

sv) Nn(imys — g = 'y

Aq vaaI8 sy M7 asoym

r'v) ()8 =

sueIqo
3U0 *3pis privy 1J3] 3Y) U0 (£°Y) VY SAANEBALIP [ernsed ay) e Sunddpod uQ

ﬂs- 12}
(V) . 4%: <+ Ixg (s = 2 g <

st ynsas 3y, - fr jo
SIANEBALIIP |enired Jo X1ew ay) SN X1BW AINUIP! 3Y) Jo 1anpoad ay) se

I NOILYINIWOD IViNaN

passasdxa aq ued apis pueyy 1J3] 3y os|y {1940 uohRwwNS 1)) Junuio)sad
pue (]°y) "byg ol (7'v) b3y Junminsqns £q (1°v) "b3j jo apis puey 1ydu
aY) Apduwis ued 3uQ xiew A)HUIP! Y} Jo SIUAU| Y} e '¢ Aaym

@v) ‘e = p—

£°3°1 *IsImINY)o
013Z pue § = fpue s = ¢ 1 K|uo pue i 2u0 s1 “a10//1me aanteasap jensed oY)
1Y) SMOJ0) 1! judpuadapul 18 M XINEW Y] JO SIUNUII IY) DUIS ‘MON

0 e

L7}
av _l@?; o e W..s.u Tre

Ive e

$11INSa1 Y |, “sapis Y1oq 1o ¥a1 0) 153ds21 Yyum (61°5) "bg 3unenvasagpp 4q
wdag "udAid e (0} *¢) "b at1ap 0} pannbai sdais 3y xipuadde siy) uj

V XIONIddY

‘d1empiey aalleu uy
sjapow sy} Jwawddwn o) swAsAs [eAsAyd 341133140 Jeas jo sasadosd
AYy) NOJdX3 0) MOY pueiSIIPUN O) SI YIIBISIE JO Ul PUOdIs Y] “Aem
anewdisAs pue dpduiis € Uy swIsAs (euonendwiod (windu apoy o) 3q
-15s0d $21503q )1 12y) Juied 43 0) INANDIR pue souruAp Suikprapun
3yl pueissapun o} s “saded siy) Jo 133QNS YD S YYM ‘Yd1e3sII JO Juy
3UQ) "3313AU0D YDIBISII JO SIUN OM) UIYM PIzIfeds 3G [im uonejndwod
lesnau jo asiwoad ) jey) J01eBnsaaul syl JO JAIIQ Y st it *Buisopd uj

‘SwI)shs esweuip fedxsiyd 10) uonnjos yqe
-HSIp ® §) iy} 13Y1ym o) se uado si uolisanb ay) Inq ‘Iqised; Ajjesnaso
-3} S1 UONNIOS SIY], . %I0]I,, IPIM-WISAS 8 2INPOLIUT PIROM WISIUBYIIW
B 4ong “sayjoue Jo ndui ay) ojus 131y o jo dino 3y) Yaje| 0) suoie|
-1950 Juapuadap-21wy 35npoIU) 0) S) BOIINIOS BQ , ; AYdTeINY € JO 1ake)
PUO3S 3Y) Ul £10WIW YY) 13531 U0 SIOP MO}, :si uousanb ay) “sau
-OWAW JA1IBID0SSE OM] 1OUUOCD O] SAYSIM 0 UIYM SINDI0'ISED N NdYHIp
10w Y "uondIs snotadxd 3y ul uaAIB dpdwexd ) uy waqosd & Jou sem
SIYL "SIS[Y SNOLIBA JYy) 258)1)U) 0) MOY SI HOHISIND YI58ISIS pUod3s y
‘Aemiapun st uoi)
-53nb s1y) UO Y10 ‘SYI0MI3U PIures) Y} Jo ANpIqEIS IjqeNIRWaI ) ureyd
-X2 PINod sy |, “INd20 jouued saydossered Yoiym Japun SUoHIpUod [8aAIl
3w (1°¢) "bg jo Apmis paperap e 1BY) 31n)53fU0d 0) IjqeUOSEI) SWIIS
1 3ydonsered B yum pajeidosse aq Isnw ANjIGeISUl JO 1aSUO Y} NG

VA3NId “f OONVNYZI () 24




WG ‘Sepap-1alunds | *A103y) ydonsere),, ‘(9861) I “A ‘aTONNY
WOX MIN ‘85334 WIPEIV ‘glI-L9 "dd ‘(‘pY ‘1K ‘() ,,33u3d80IM3aN

SWaIsAg,, 4 ‘swIss [randu o) yorosdde jedNuWIIYRW Y ‘(£761) HIJ-NNHS ‘TeVIY
LS9-E¥9 T $2110142G4D uvpy “154S “suvs} FIF

*SIIWAND x1-v0IN FOjRUE O $)5U WOPULS JO SISUANDEIRYD) (ZL61) INDF-NNNS ‘NMVNY
'v3 ‘oiag
uzg ‘819-609 ‘dd ‘('spg ‘s3ing ' pue IPRED ‘W) . SHIOMIIN [EININ O ISV
jouolietadu) enuuy iS04 YA YD Jo sTuIPIDOLY,, 47 IUIUIONAUI [B1I0)BUIGUIOD

® U1 OuqPad) Yitw suosidadsad snouosyduise 10) dns Buniesp v *(186]) ‘g ‘] ‘YAIIWTY

SAONIUIAY

‘NBX-AVYI 13pun L101810qw]) S84y pAAIddy g Aq pue pge0-(8-YSOLY eI sapun
YD18I5Y MPUANIG JO NN 32104 1Y ) Aq ped uy paysoddns sem RIom SIY ) SINIUNLOD
ANINIISUOD £13A PANYUILOD OSjB $3313)31 OM) Y| "SUOISSNOSIP JANONpOId J0) seyng
udg pue ‘uyaquons wdj ‘pismoufag A113] ‘yEny woug A\ ‘epautd venp ‘SMNUI[ 11390y 0)
osje syueY | swISAS aneDISSIP JO J0IARYIq 3Y) Ol JyFisu [wIdn1d Butpiaosd 10§ pus soded
siy1 Jo uondnposd ) SuLNp du)SISSE JqRIIPISUOD 0] |BIH Wer| SyuRY) J0YINe 3|

SINTWOGTTMONNDY

210 mojaq sdoap Afjenpeld U7 ‘pawsea) ase suiayjed 3y) usom)
-3Q SUOIDUNSIP 3Y) SY | = “F 0) $303 LjrIM HIOMIIU ) 01N,
"Aipdes L1394 widnied dino a8eraae ay suseaq uniuodie uonededordyoeq
) ‘uewop wdgosd pue A3ojodo) Yromian jo yuapuadapu *asnedaq
InJasn st "7 pun Yy 3y) je sanjea 133sey ) Jo susdjjed 1940 aSeiaae
3y st ("le) 20oym pue pun Yy A s05 Indino 1a8aw) Yo ayp s1 e asaym

!

@) Aoy - w1 T m = vy
S1 %% pue susdlied v 12A0 PIWINS UONDUNY JOLID Y] S|  2194Mm
(1) vy

3q 0) pauyap s1 sSH|L, "7 ‘10113 pazi
-Jewntou 2) sy $s350.1d 3uniea) 3y) Fuunp ssarfoud jo asnseaw njosn y
‘unpiodje dupnied) ay) Jo duewiopad pasosdun
0) Spu3) pue ul-ue) 3diey yum sapou 3yl Jo uoneames sassarddus suyy,
"1015e) awnes 3y Aq paypdnpmu aq pinoys suonenba Suwaeap ay) ur Jusipesd
) TAU0p SIS g -t SIdAUE ) AQ Siy3iom e oy Apdignu
0} IRJISN 1N sul-uk) dpeaedsip APRPPIM Yim SHUD M SHI0M)oU 1]

S 44 NOLLV.LNJWOD TVENIN

*(1°¢) ‘b3 ueyy 1oyje1 SLICWIW §j€DIS 0) WIYDS Juijeduue ue pIsn YaIym
Aowaw JApePOSSE ue Ul (186]) Jadie}] pue peweS AqQ pasn wyjsodje
Suusea] ay) si ases euy siy |, "suonesd)l Aue moyim Ajjednfjeue paje|
-n3jed 29 ued uoienbs uonededosd psemydeq ay) jo siutod paxy ay) spun
UIPPIY Ou 318 213y} J1 ‘ Kjjeul.] ‘13Ke] uIPPIY I[BUIS B (iim NIOM)IU piemio]
-P32) [BUONUIAUOD B 219M WISAS IY) JI SE ‘YIud SUOLIRID) OM) Ul paje|
-ndjed 3q Aew suolienbs uonededoid premydeq pue premioj 3y jo sjuod
Paxy YL “HI0M)3u 3Y) u) suoljenbd ay) J0 Aue xe|a1 0) A1e$SID2U JOoU SI )
SHUR UIPPIY BIIM]IQ SUCIIIUUOI OU I 2IY) JI ‘PUOIIS "SHUN IQISIA N|)
10) Ajjeatifjeue pajejnojed aq ued (7|]°g) JO siujod paxy 3y) Isnedaq snun
a{qisia ayi Joj suonenbs uonededoid premydeq Jo psemIof ) J2YNI eI
0] £JBSS303U J0U S| )| “)SI "SADUNDYJR jeuolieindwiod UL 0) Sped|
uonenba 3uies] L1oWIW IANEBIDOSSE 3} JO WIO) jEdnRIUdYlew Y]
‘W
820} € 0} 3313AU0D Ajuo Aew 31 *19AIMO] 3813AU0D ||Im WIISAS Yy Jey)
saajueiend pue SHSEYD0)S URL) IRl INSINIULINAP sonueulp Suuied)
ay) sayew susanued e 1940 uoneIWINIIE Y | Huipesd ay) unenwndoe
apym swaajjed ay) Jje 10) pajeadas st SIY], Iwapesd ay) endjed o) uay)
pue *a815Au03 A3y jun suonenba uonudedosd premyouq ay) wadann
0) udy) ‘3d13au03 A3)) Jun suonenba uonededosd premiog gy ajesdaiu
o1 s) yovoudde jensn ay], Bununsuod i ApRamgniosd si uoyneidaul
sig) aonoead up -Ajwopurt pajuasaad aq susapud ) ey pue £psnoau
-ejnuis paajos aq suonenba aepdn 1ydam ayy pue ‘suonenba presyorg
3y} ‘suonenba piremio) 3y ey sannbas voneus jedRBRUAP (0} V
*suon
-e|11950 3asa) ssa1ddns 0) 0 = 1y sasn AfjeandL) soedusaam siyy | > Iy
Yum SUONEINWIS DUIIIIP Inuy Ul 10 suonenba fenuatd)p ayy m nddo
10U Op YOIYM SUONEIISO NGIYXI ued suoienbd DUIBYYIP duy sy
"S19Y10 pue ‘(7g6l) sqted ‘(L861) 153110.] pue JImyoy ‘(L861) epauny
Aq pasn suwii0) 3y) 0) 3ompas suonenbs uonededosd premroj ayy | = 1y
Jo dajs awm e ynay "uonNos ajeis Apeails 3yl 0juo 311313003 10) sadYjas
(ID2UIIIJP SNUY 13pI0-)SIY pajed osfe) PoYIdwW 12{n3] Ay} iey) o swm n
acoead ug enny-aduny Jo 9Ny 33 ‘suoljenba NI P Junesdaim
10j sanbiuyd3} [edUBWNY [enSN AY) YHM PIAJOS 3Q UERD UOIIOW JO SUOl)
-enba 3y |, ‘s13indwod [endip uo sunyinio8ie uonededosdyoeq 1110331 2y
Jo uonejudwapdun a1y 0) unejas sanssy (BIIAIS sassnosip xipuadde siyy

D X1aN3ddY

"SIPOW YI0M)IU JRIN3U 1IPI0 YTy 0] SPIoY NS sepuns
v "(L1°6) "b3 jo ymod paxy 3upuodsassod ay) sy os Iqeis st (Z]°¢) "big jo
10d paxy e ji 35Uy ‘saneANFI3 awes A} dary Yloq T Isodsuel) sj pue
J Cangl T Xnew pasodsues) 3y Jo sanjeauadia ay) uo spuadap suotjenba

VAaINId ' OONVYNY32 'd £ 4
]




'V "0321() urg 997197 “dd *¢ “JOA “(spi| “s3png

D PUR EpNE) CIN) | SYIOMIIN [RININ UO DUIIIJU0) (RUOIIEUIIIUY [enuuy IS8 3]
Ay jo s3wpaadoyy,, m uonededosd-yoeq 10§ SINS3E SHOINASE WO *(L861) 1 "H1IHM
' TUONRIMNIWOD ABALL] *(8861) 'd ‘a¥VINIS

‘IN

*AHupsiy wneqpy "71Z2~681 "dd ('SP "U0SIpuY "V ‘[ pue uoutl{ ‘g ‘D), L10wIN
SANRDOSSY JO SPPOJY PR, B TURg Y1 UL SI2NY OIS (1861) [ "I "INSMONIIS

V) oda

ung "ggl -y L) dd g oA C(sp g D pue {ipne) ) | SYIOMIIN [RININ UO D02

~13JU0) RUONRUIANUY ENBuY 1S54 ] YD JO SBuIPIIDVI,, 11 TN upIp pIzesauad
Ay Jo uenea v o 33ei0)s 300 IATD0SSY ((6]) ] ‘WIIMV]] ANV '] ‘GVHVS

"aBplIquIR)) *sS3g) LIW "TE-BIE AU "CSPH CpURd|DdfY 1 f pue

ueywny ‘3 (), Buissasosg pamqusi( Plesed,, o1 ‘vonudedosd 3053 Aq suouas

1444 NOILYANdWOD TVYNIN

-21d21 jeusdu) Buiusea ] ((9861) " 'Y ‘SWVYITIIA GNV *°g "0 "NOLNI{ *°] (] " 1¥vHIINNY
v "08ai() ueg 'g0L-10L "dd "7 "[0A “('SPT "13)Ing] *) pue ppre) ‘)
.SHIOMIIN JZININ U0 2DUIIFJUO)) BUCHBUIU] ENUUY 1SN FHF] ) Jo sBuipaadoy,,
up CSOUPOMII [RINdu ug dudpuadap awn Suuiesg ((861) @ 1SIWNO] ANY Y “wImn0Yy
‘383dde 0) *T}-8 "AON *())) '19AUS(] *(pY ‘UOSIPUY Z (]) . SWIANAS
Buis533014 UoNTUIOjU| (eMIN U0 32UV HI T JO SBUIPIOLL,, W1 ‘SYIOMIY
3p10 1343y pue uaINd1 0) uolededoidydeq Jo uoneZIRIAUN) “(Q861) [ "d ‘YUINI]
TCIT-6TTT ‘81 127 "a2Y "sSyq
*S$RIOMIN JEINDU JU21ND3S 0) uorieSedosdyoeq Jo UCHBZIBIIUIN) “(viyel) [ d YAINIG
‘KujIne wosj
poureiqo Jussdasxd )BIp *YI0OMI2U [BINIU {RIY11IE UE SB POYIAU § UOIMIN 0) uoieunxosd
-de ()0 eumdo ue Bunuawdpdwy :uonededosdydeq JIPI0 PU0IIS “(LY6]) 'Y (1 "VINVY
Ansaaatun) piojumg *Buisuadiy Adojou
4934 J0 23Y)0 *1 3t *$9-18S "Moday vonudau| ,IBof-Sulusea),, ((7861) 0 "Q NIvy
*adpisquie) ‘ssaid LIW ,.'suondadsad,, “(6961) 'S “1u3dv§ ANV I ANSNIY
‘"o
~66S ‘S8 DUNNEOD d01g *[NIOMIIU PIOYSINY) NNAuwAse ur 30) npadosd Junisedy
v| anbuawAsse pnas 8 neasas snod adussyuasaadde p 21npadosd au) “(sR61) A "N 3]
LN ‘pramous ‘g67-(87 dd [¢] "[OA s3uIpaddngy dudju0) IV (P
%03 'S ‘1) . Bunndo)) 10) SYIOMIIN [HININ,, ¥ JOIARYIY RIS (1 As (eSIdAN
uonendwod ‘pPjeied Lpassew ¢ Suuunidosd (QYS6)) Y ‘WINNV.] ANV Y SIAidv]
"6ST-LPT ‘TT (4 P NsAyg *uonudodas uidjed pur AS0MdW JGUSSIIPPE JUN0D
10§ 12U [2Nu [EdWWASUOU “SuIZNuNdo-J13s v (RYE61) "N 'WINEV.{ ANV 'V SIUAIV]
unsg
‘Fepap-198uudg  CLioudpy aanedossy pue uoleziuedI()-)I3S.. (F861) L ‘NINOHOY
“TOOE-8BOL 18 01 YS[] "1IS "PUIY DN CH04 SSUGIN JIVIS-0M) JO INO) RN SN
-doad pruonendinod 3a1331j02 2aey asuodsas papeid Yim SUOIIN (pR61) [ ' "A V111401
"BSST-HSST ‘6L "I VSI) IS prIY TPIUN 1044 “sanmiqu jeuoneindisod
241331102 WSFRWI Yum SWIISAS [BIISAYS s SHIOMIU JRININ (Z861) [ [ "GI1340)]
‘Vd "yBngsing *aoudtag ndwo)) Jo (ki) Ansiaany uopp-ad
=R "611-$8-SD-VIND "ON "d3Y "4Oa} "uIma | ey | SHIOMIIN BOIIEJSHES JUIRSIsU0 )
SANPTW VURLZYOR,, (PRA1) TI U CATINOY GNY Cf L CINSMONIIS Y CE) TNOITNIY
g §01-16 "0d () oA | s3u
-P22201d SWV-WVIS.. 4 ‘Suifjapowr jeindu uf s13quinu 3318] Jo mef 4 (18611 'S "NVIvID)
‘L66Y—SB6Y (LTWT “1d() “jddy 118331 3AnEIdOSSE pur w0
usINed [RNSIA U UONUINIE IANII|IS JO) [P0 HIOMIU [RINL Y *(1861) "N "VINIHSANN S
YIR-SIR dd CE - NS TSMINIGA Y pine tunpy sy
U0 suoidESULI] JF] SHIOMIU eIndu aamiadwod £q adesops Liowanu jajjesmd pue
uonewo) uidned jeqod jo Aniqeis Anjosqy *(€861) S ‘DN IBSSOUN) (ANY *°Y ‘[ ‘NINO)
"9L6-108 ‘8S sy} “popy "2y ‘suoysanb vado pue ‘sidad
~U02 [BI112103Y) *5)3) [BIUdWNdXY :sasse|d uldS *(9861) “d 'Y 'ONNOA UNY *Y ‘w3lanig
“Wdasd ‘sy1omiau [emdu
Aq suoninqinsip Anpqeqosd jo Buured| pasiazadng *({861) "4 *WIZINM ONY g '] ‘navg
PRT-6LT "dd *33u3Fj2)u] [EIYHIY UO DUV [RUCHEN Yi9
J0 58uIpa3d01g Y VY . '$NOMISN [RIN3N ur Butured] Seinpop.. ‘(Lg61) ‘1 ‘() ‘QuY vy
‘sexdde 0) ')
=8 "AON ‘()) *32AU3(] ("3 ‘U0sIpUY 7 () , SWINISAS BuisSIN0L] untRwIO) [RIN3N
U0 22U212JU00 JUH) JO sBUIP230LY,, M1 Y I0MIFU [R1303D B VO BuiuiedT) “(L861) 'V YAILY

VAINK “f OGNV MAS (224




Submitted to news and views section of "Neural Computation”

Recurrent back-propagation
and
the dynamical approach to adaptive neural computation

Fernando J. Pineda
Jet Propulsion Laboratory
California Institute of Technology

4800 Oak Grove Dr.
Pasadena, CA 91109

March 13, 1989

Abstract

"back-propagation” is the name given to a family of numerical techiques and adaptive models
which have had a significant impact on neural computation and optimization. The classical
numerical algorithm applies to discrete feedforward networks only. The extension of these ideas to
recurrent networks leads naturally to a continuous-time formalism which may map onto collective

physical systems.

The characteristic features of the formalism are presented without going too deeply into obscure
mathematical details. The distinctions between the physical approach and the algorithmic approach

are emphasized.

Recent developments in learning time-dependent states are discussed and finally, physical and

biological plausibility concerns are discussed.




Introduction

The problem of loading neural networks with a nonlinear map can be likened to the problem
of finding the parameters in a multidimensional nonlinear curve fit. The traditional way of
accomplishing this is to minimize a measure of the error between the actual output and the "target”
output. Many useful techniques exist, but the most common methods are methods which make use
of gradient information. In general, if there are N free parameters in the objective function, the
number of operations required to calculate the gradient numerically, is at best proportional to N2.
Neural networks are special because their mathematical form permits two tricks (to be discussed
below) which reduce the complexity of the gradient calculation. When these two tricks are
implemented, the gradient calculation scales linearly with the number of parameters (weights),
rather than quadratically. The resulting algorithm is known as a back-propagation algorithm.

Classical back-propagation was introduced to the neural network community by Rumelhart,
Hinton and Williams (1986). Essentially the same algorithm was developed independently by
Werbos (1974) and Parker (1982) in different contexts. le Cun (1988) has provided a brief
overview of back-propagation pre-history and stresses that the independent discovery of the
technique and its interpretation in the context of connectionist systems is a recent and important
development. He points out that within the framework of optimal control the essential features of
the algorithm were known as early as 1969 (Bryson and Ho, 1969).

In this paper, the term "back-propagation" will be used generically to refer to any algorithm or
dynamical system which calculates the gradient by exploiting the two tricks. Furthermore, since
one can write a back-propagation routine for evaluating the gradient and then use this routine in any
prepackaged numerical optimization package, it is reasonable to take the position that the term
"back-propagation” should be attached to the way the gradient is calculated rather than to the
particular algorithm for using the gradient (e.g. conjugate gradient, line search, etc.).

If neural networks were merely clever numerical algorithms it would be difficult to completely
account for the frenzy now associated with the field. To my mind, much of the excitement is due to
the work of Hopfield (1982) who made explicit the profound relationship between information
storage and dynamically stable configurations of collective physical systems. Hopfield nets consist
of interacting spins which together form a system known as a spin glass. Spin glasses are the
classic example of a collective physical system. The relevent physical property of spin glasses
which make them useful for computation is that the collective interactions between all the spins can
result in stable patterns which can be identified with stored memories. Although it may not be
particularly useful for practical computing, the Hopfield net serves as an explicit example of the
principle of collective computation. Digital computers, on the other hand, can compute because they




are physical realizations of finite state machines. In digital computers collective dynamics does not
play a role at the algorithm level, although it certainly plays a role at the implementation level since
the physics of transistors is collective physics. Collective computation is the idea that collective
dynamics plays an important role at the algorithm level as well as at the implementation level. The
observation that collective dynamics can play a role at both levels suggests that an efficient
approach would be to use the same collective dynamics at both levels. This is what one might call
a physical approach to computation. Therefore, rather than have machine independent algorithms,
one would have just the opposite extreme, in which the implementation medium would necessarily
influence the design of algorithms. The physical approach constrains neural network models to be
plausible as collective physical dynamical systems. The resulting "dynamical algorithms" could
then fully exploit the collective behavior of physical hardware.

Recurrent back-propagation (RBP) is a non-algorithmic continuous-time formalism for
adaptive recurrent and nonrecurrent networks in which the physical aspects of the computation are
stressed (Pineda,1987a, 1987b,1988). The formalism is expressed in the language of differential
equations so that the connection to collective physical systems is more natural. RBP can be put into
an algorithmic form to optimize the performance of the network on digital machines, nevertheless,
as shall be discussed below, the intent of the formalism is to stay as close to collective physics and
dynamics as possible.

RBP has proven to be a rich and useful computational tool. Qian and Sejnowski (1988) have
demonstrated that a recurrent back-propagation network can be trained to calculate stereo disparity.
This results in a network similar to that of Marr and Poggio (1976). Barhen et al. (1989a) have
used the method to train networks on inverse kinematics for robotic applications. The formalism
has also been fertile soil for theoretical developements. Pearlmutter (1988) has extended the
technique to time dependent trajectories while Simard and Ballard (1988) have investigated its
convergence properties.

Overview of the Formalism

The class of neural network models which can be trained by RBP is very general, but it is
useful to pick a definite system as an example, therefore consider a neural network model based on
differential equations of the form

Txdxj/dt = -xj + T wjj f(xj) +j (1)
J

The vector x represents the state vector of the network, I represents an external input vector and w
represents a matrix of coupling constants (weights) which represent the strengths of the interactions
between the various neurons. The relaxation time scale is Tx. By hypothesis, the vector valued
function f(x;) is differentiable and chosen so as to give the system appropriate dynamical properties.
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For example, biologically motivated choices are the logistic or hyperbolic tangent functions
(Cowan, 1968). When the matrix w is symmetric this system corresponds to the Hopfield model
with graded neurons (1984).

In general , the solutions of equation (1) exhibit oscillations, convergence onto isolated fixed
points and chaos. For our purposes, convergence onto isolated fixed points is the desired behavior,
because we use the value of the fixed point as the output of the system. When the network is
loaded, the weights are adjusted so that the output of the network is the desired output.

There are several ways to guarantee convergence. One way is to impose structure on the
connectivity of the networks , e.g. a lower triangular weight matrix or a symmetric weight matrix.
Symmetry, although mathematically elegant, is quite stringent because it constrains microscopic
connectivity by requiring pairs of neurons to be symmetrically connected. A less stringent
constraint is that of Guez et al. (1988) who used Gersgorin's‘ eigenvalue localization theorem to
show that asymptotic stability can be obtained by imposing constraints on the row norm of the
matrix

Lij = &;j - wyj Fx)) ¥)

where 5ij are the elements of the identity matrix and f‘(xJ') is the derivative of f(xj).

If the feedforward, symmetry or Guez stabilty conditions are imposed as initial conditions on
a network, gradient descent dynamics will typically converge onto a network which violates the
conditions. Nevertheless, this author has never observed an initially stable network becoming
unstable while undergoing simple gradient descent dynamics. This fact points out that the stability
conditions are merely sufficient conditions -- they are not necessary. This fact also motivates the
stability conjecture upon which recurrent back-propagation is based: that if the initial network is
stable, then the gradient descent dynamics will not change the stability of the network. The reader
should note the following caveat: that this conjecture is a statement about the kinds of problems
attacked by this author rather than a statement about rigourous mathematics.

In gradient descent learning, the computational problem is to optimize an objective function
whose free parameters are the weights. Let the number of weights be denoted by "N" and let the
number of processing units be denoted by "n". Then, N is proportional to n? if the fan-in/fan-out
of the units is proportional to n. In a neural network the evaluation of an objective function requires
O(N) or O(n2) operations(1). Accordingly, to calculate the gradient of the objective function by
numerical differentiation requires O(N2) or O(n#) calculations. For big problems, i.e. problems
with lots of connections this becomes intractable very rapidly. This notion of big should not be
confused with the difficulty of a problem in the sense of whether a problem is NP complete or not.

(1) The notation O(n2) means that in the large n limit the number of operations is bounded by Cn2
where C is a constant.




Furthermore, the scaling referred to here should not be confused with the number of gradient
evaluatons required for convergence to a solution. Indeed, for some problems, e.g. parity, the
required number of gradient evaluations may diverge at critical training set sizes (Tesauro, 1987).

Now, as already mentioned, back-propagation adaptive dynamics is based on gradient descent
and exploits two tricks to reduce the amount of computation. The first trick uses the fact that, for
equations of the form (1), the gradient of an objective function E(xC) can be written as an
outer-product, i.e.

VwE = yo£(x°)T . (3)
Where x9 is the fixed point of eqn. (1) and where the "error vector" y°is given by

yo=@Th) -1g ' 4
where LT is the transpose of the matrix defined eqn. (2) n x n matrix and J is an external error
signal which depends on the objective function and on xO. This trick reduces the computational
complexity of the gradient calculation by a factor of n because L~ can be calculated by direct matrix
inversion in O(n3) operations and because XO can be calculated in only O(n2) calculations. Thus
the entire calculation scales like O(n3) or O(N3/2). The second trick exploits the fact that y° can be

calculated by relaxation or equivalently it is the (stable) fixed point of the following couple set of

linear differential equation:
Tydyi/dt = -yj +Hf(xp)Zwiiy;j + Ji ®)
j

A form of this equation was derived by Pineda, (1987a). A discrete-time version was derived
independently by Almeida (1987). To relax y (i.e. to integrate eqn. (5) until y reaches steady state)
requires O(n2) operations per time step. The number of time steps is independent of n. Therefore
the calculation of y© is O(n2) or O(N). The method is computationally efficient provided the
network is sufficiently large and sparse and provided that the fixed points are not marginally stable.
These results are surnmarized in table 1. Note that the two back-propagation algorithms scale like
O(N), but this hides the constants of proportionality which for feed-forward networks depends on
the number of layers where as for recurrent networks the constant of proportionality depends
strongly on the eigenvalues of the L matrix. Indeed, if the fixed points are marginally stable, the
number of iterations required to converge onto x° and y° may diverge.

numerical algorithm comglexity
Worst case (e.g. numerical differentiation) ONN
matrix inversion (e.g. gaussian elimination) ON32)
matrix inversion by relaxation (¢.g. RBP) OMN)
recursion (e.g. classical feed-forward back-propagation) 0/(\))

Table 1. Scaling of various algorithms with the number of connections




For all its faults, back-propagation has permitted optimization to be applied to problems which
were previously considered pumerically intractable. The O(N) scaling of the gradient calculation is
arguably the single most important reason that back-propagation algorithms have made such an
impact. The idea of using gradient descent is certainly not new, but whereas it was previously
tractable on small problems only, it is now tractable on big problems to. It is interesting to observe
that a similar situation arose after the development of the FFT algorithm. The idea of numerical
fourier transforms had been around for a long time before the FFT, but the FFT cav . d a
computational revolution by reducing the complexity of an n-point fourier transform, from O(n2)
to O(n-log(n) ).

Dynamical vs Algorithmic approaches )
Back-propagation algorithms are usually viewed from an algorithmic viewpoint. For example,
the gradient descent version of the algorithm is expressed in the following pseudo-code:

rvhile(E >€)

initialize weight change Aw =0
repeat for each pattern

{
relax eqn. (1) to obtain x©
relax eqn. (4) to obtain y©
calculate gradient VE = y© f(x° yT
accumulate gradients Aw = Aw + VE

update weights w = w + Aw

}

Note that all the patterns are presented before a weight update. On the other hand, a "dynamical
algorithm” can be obtained by replacing the weight update step with a differential equation, i.e.

Twdwij/dt = yif(x;). (6)

and integrating it simultaneously with the forward-propagation and backward-propagation
equations. A constant pattern is presented through the input pattern vector I and the error signal is
presented through the error vector J. The dynamics of this system is capable of learning a single
pattern so long as the relaxation time of the forward and backward propagations ( Tx and Ty) is
much slower than the relaxation time of the weights, Ty . Since the forward and backward
equations settle rapidly after a presentation, the outer product yf(x)T is a very good approximation
for the gradient during most of the integration. To learn multiple patterns, the patterns must be
switched slowly compared to the settling time of the forward and backward equations, but rapidly
compared to Ty, the time scale over which the weights change.




The conceptual advantage of this approach is that one now has a dynamical system which can
be studied and perhaps used as a basis for models of actual physical or biological systems. This is
not to say that merely converting an algorithm into a dynamical form makes it biologically or
physically plausible. It simply provides a starting point for further development and investigation.

Intuition and formal results concerning algorithmic models do not necessarily apply to the
corresponding dynamical models. For example, consider the well known "fact" that gradient
descent is a poor algorithm compared to conjugate gradient. In fact this conventional wisdom is
incorrect when it comes to physical dynamical systems. The reason is that the disease which makes
gradient descent inefficient is a consequence of discretization. The difficulty occurs when
descending down a long narrow valley. Gradient descent can wind up taking many tiny steps
crossing and re-crossing the actual gradient direction. This is inefficient because the gradient must
be recomputed for each step and because the amount of computation required to recalculate the
gradient from one step to the next is approximately constant. Conjugate gradient is a technique
which assures that the new direction is conjugate to the previous direction and therefore avoids the
problem. Accordingly larger steps may be taken and less gradient evaluations are required.

On the other hand gradient descent is quite satisfactory in physical dynamical systems simply
because time is continuous. The "steps" are by definition infinitely small and the gradient is
evaluated continuously. No repeated crossing of the gradient direction occurs. For the same
reason, the ultimate performance of physical neural networks cannot be determined from how
quickly or how slowly a "neural” simulation runs on a digital machine. Instead one must integrate
the simultaneous equations and measure how long it takes to learn, in multiples of the fundamental
time scales of the equations. As an example, consider the following illustrative problem. Chose
input and output vectors to be randomly selected 5 digit binary vectors scaled between 0.1 and 0.9,
Use a network with two layers of five units each with connections going in both directions
(50 weights). For dimensionless time scales chose 1x =1y =1.0, Ty, =32 14 and select a new
pattern at random every 4tx. The equations may be integrated crudely, e.g. use the Euler method
with (At =0.02 Tx ). One finds that the error reaches E = (.1 in approximately 4x103 Tx O
after 103 presentations. Figure 1. shows the error as a function of time.

// INSERT FIG. 1 HERE //

To estimate the performance of an electronic physical system we can replace these time scales
with electronic time scales. Therefore, suppose patterns are presented every 10-3sec (100 kHz).
This is the performance bottleneck of the system, since the relaxation time of the circuit, Ty is then
approximately 2.5x10-6sec, which is slow compared with what can be achieved in analog VLSI.
Hence in this case the patterns would be learned in approximately 10 milliseconds.




Unlike simple feedforward networks, recurrent networks exhibit dynamical phenomena. For
example, a peculiar phenomenon can occur if a recurrent network is trained as an associative
memory to store multiple memories: it is found that the objective function can be reduced to some
very small value, yet when the network is tested for recall, the supposedly stored memory is
missing! This is due to a fundamental limitation of gradient descent. Gradient descent is capable of
moving existing fixed points only. It cannot create new fixed points. To create new fixed points
requires a technique whereby some degrees of freedom in the network are clamped during the
loading phase and released during recall phase. The analogous technique in feed-forward networks
is called teacher forcing. It can be shown that this technique causes the creation of new fixed
points. Unfortunately, after the suppressed degrees of freedom are released, there is no guarantee
- that the system is stable with respect to the suppressed degrees of freedom. Therefore the fixed
points sometimes turn out to be repellors instead of attractors. In feed-forward nets teacher forcing
causes no such difficulties because there is no dynamics in feed-forward networks and hence no
attractors or repellors.

Recent Developments

Zak, (1988) has suggested the use of fixed points with infinite stability in recurrent networks.
These fixed points, denoted "terminal attractors”, have two properties which follow from their
infinite stability. First, their stability is always gauranteed, hence the repellor problem never
occurs, and second trajectories converge onto them in a finite amount of time, rather than an infinite
amount of time. In particular, if a terminal attractor is used in the weight update equation, a
remarkable speedup in learning time occurs, see e.g. Barhen (1989a). These interesting properties
are a consequence of the fact that the attractors violate the Lipschitz condition.

Pearlmutter, (1989) has extended the recurrent formalism to include time-dependent trajectories
(time-dependent recurrent back-propagation or TDRBP). In this approach the objective function of
the fixed point is replaced with an objective functional of the trajectory. The technique is the
continous time generalization of the sequence generating network discussed by Rumelhart et al.
(1986). Like all back-propagation algorithms the amount of calculation scales like O(N) for each
gradient evaluation. However, like the Rumelhart network, it requires that the network be unfolded
in time during training. Hence the storage during training scales like O(mN) where m is the
number of unfolded time steps. Furthermore, the technique is acausal in that the back-propagation
equation must be integrated backwards in time. This merely reflects the fact that one is solving a
two-point boundary problem of the kind familiar from control theory. For problems where the
target trajectories are known apriori and on-line learning is not required, this is the technique of
choice.




On the other hand a causal algorithm has been suggested by Williams and Zipser (1989). This
algorithm does not take advantage of the back-propagation tricks and therefore the complexity
scales like O(N2) for each gradient evaluation. Nevertheless, for small problems where on-line
learning is required it is the technique of choice.

Both techniques seek to minimize a measure of the error between a target trajectory and an
actual trajectory by performing gradient descent. Only the method used for the gradient evaluatinon
differs. Therefore one expects that, to the extent that on-line training is not an issue and to the
extent that complexity is not an issue, one could use the two techniques interchangably to create
networks.

Both techniques can suffer from the repellor problem if an attempt is made to introduce
multiple attractors. As before, this problem could be solved by introducing a time dependent
terminal attractor.

Discussion

Biologically and physically plausible adaptive systems should satisfy certain constraints. 1)
They should scale well with connectivity, e.g. linearly 2) they should require no global
synchronization 3) they should use low precision components and 4) they should not impose
unreasonable structural contraints, e.g. symmetric weights or bi-directional signal propagation.
Back-propagation algorithms in general and RBP and TDRBP in particular can be considered in the
light of each of these constraints.

Linear scaling of the gradient calculation in back-propagaton algorithms is a consequence of the
local nature of the computation, i.e. that each unit only requires information from the units to which
it is connected. This notion of locality, which arises from the analysis of the numerical algorithm is
distinct from the notion of spatial locality, which is a constraint imposed by physical space on
physical networks. Spatial locality is how one avoids the O(n2) growth of wires in networks.
Both locality constraints could be satisfied by physical back-propagation networks.

Global synchronization requires global connections, therefore it is undesirable if the network is
to scale up. In one sense, the problem of synchronization has been eliminated in RBP because there
is no longer any need for separate forward , backward and update steps, indeed equations (1), (5)
and (6) are "integrated” simultaneously by the dynamical system as it evolves. There is another
sense in which synchronization causes difficulties. In physical systems and in massively parallel
digital simulations,time delays and asynchronous updates, can give rise to chaotic or exponential
stochastic behavior (Barhen, 1989b). Barhen et al. have shown that this "emergent chaos" can be
suppressed easily by the appropriate choice of dynamical parameters.




It is still an open question as to whether back-propagation algorithms require low precision or
high precision components. Formal results suggest that some problems, like parity in single layer
nets (Minsky, 1969), may lead to exponential growth of weights. In practice it appears that 16 bits
of precision for the weights and 8 bits of precision for the activations and error signals are sufficient
for many useful problems (Durbin, 1987).

Structurally, RBP and TDRBP impose no constraints on the weight matrix. Furthermore, in
RBP networks there appears to be no need to take special measures to insure the stability of the
network while undergoing training. This would help the biological plausiblity of the model were it
not for the requirement that the connections be bi-directional. Bi-directionality is arguably the
biggest plausibility problem with the algorithms based on backpropagation. Biologically, this
" requires bi-directional synapses or separate, but equal and opposite, paths for error and activation
signals. There is no evidence for either structure in biological‘ systems. The same difficulties arise
in electronic implementations where engineering solutions to this problem have been developed
(Furman and Abidi, 1988), but one would hope that a better adaptive dynamics would eliminate the
problem altogether.
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Figure 1. Error as a function of time

13




