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Abstract

With the introduction of the power systems deregulation, many classical power trans-

mission and distribution optimization tools became inadequate. Optimal Power Flow

and Unit Commitment are common computer programs used in the regulated power in-
dustry. This work is addressing the Optimal Power Flow and Unit Commitment in the
new deregulated environment. Optimal Power Flow is a high dimensional, non-linear,
and non-convex optimization problem. As such, it is even now, after forty years since
its introduction, a research topic without a widely accepted solution able to encompass
all areas of interest. Unit Commitment is a high dimensional, combinatorial problem
which should ideally include the Optimal Power Flow in its solution. The dimensional-
ity of a typical Unit Commitment problem is so great that even the enumeration of all
the combinations would take too much time for any practical purposes.

This dissertation attacks the Optimal Power Flow problem using non-traditional
tools from the Artificial Intelligence arena. Artificial Intelligence optimization meth-
ods are based on stochastic principles. Usually, stochastic optimization methods are

successful where all other classical approaches fail. We will use Genetic Programming

optimization for both Optimal Power Flow and Unit Commitment. Long processing

times will also be addressed through supervised machine learning.
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Chapter 1

Introduction

Currently, in tile U.S., there are 3,195 electric utilities capable of providing more than
776,000 megawatts of power [3]. Of these 3,195 utilities, two thirds have no generat-
ing capability. The wholesale power market can affect both the generation and retail
markets. An analysis done by the Energy Information Administration (EIA) indicates
that the market is and will continue to pay high premiums for assurance of supply [10].
The same study showed that industrial customers paid nearly wholesale price during
the period from 1992 through 1996, with a small decline in price. At the same time,
the retail customers’ price increased slightly. The U.S. government has recognized the
benefits of a free power market and the possibilities of competitive power production
and transmission. There is a number of policies introduced since the mid 1970’s to allow
non utility generators to participate in power production.

In 1978, the Public Utility Regulatory Policies Act (PURPA) was designed to en-



courage the supply of wholesale power to electric utilities from renewable energy sources.
PURPA regulations preserved the industry’s vertical structure, but it was accepted by
the utilities with mixed feelings. |

The Energy Policy Act of 1992 (EPACT) was introduced to accelerate competition
at the wholesale level. EPACT also amended the Public Utility Holding Company Act
(PUHCA) of 1935, the Federal Power Act of 1935 and PURPA provisions related to the
future of non—utility power generations and the associated power transactions. The two
main changes made by EPACT to improve competition were to create a new class of
exempt wholesale generators (EWGs) and to expand the authority of the Federal Energy
Regulatory Commission (FERC) to order open transmission access under Section 211
of the Federal Power Act. FERC was entrusted to determine the EWG status and to
ensure the availability of transmission facilities on a non—discriminatory basis.

FERC’s most important rulings are Order No. 888 and Order No. 889, issued
in April of 1996. These orders require all public utilities that own, control or operate
transmission facilities to file non-discriminatory open-access tariffs that would be applied
to all parties contracting for transmission service. After these two orders were issued,
open market forces increased on both state and federal levels.

The details of deregulation are left to the states, and therefore there is no uniform
approach, and the pace of deregulation varies across the country. It is reasonable to
address the most common problems before the specific ones. First, we will review the

most common scenario, then identify the problem of interest, review existing approaches,



and propose a better and more flexible solution.

1.1 Independent System Operators

The electric power industry is composed of power generation, power transmission grids
and distribution power grids. Power generation represents 55% of major investor owned
utilities’ plant investment, transmission represents 12%, and the distribution 29% ac-
cording to [3]. For the competitive market to function freely, the transmission grid is of
the highest importance.

The U.S. power transmission system is serviced by three of the five power grids in
North America: the Eastern Interconnected System, the Western Interconnected Sys-
tem and the Texas Interconnected System as shown in Figure 1.1 [3]. The other two
networks have limited interconnections to the U.S. Al U.S. utilities are interconnected
with at least one other utility by these major grids, except Alaska and Hawaii. The
interconnections are divided into 152 regional control areas that monitor and control
a regional transmission grid. Control areas are responsible for the reliable operation
of the transmission system, unit commitment and economic dispatch. To improve ef-
ficiency, some utilities have created regional power pools to coordinate the generation
and transmission among their members. There are 22 centrally dispatched power pools
iﬁ the United States.

Power generation has become more competitive during the last twenty years because

of the technological advances and federal and state encouragement of free competition.
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Figure 1.1: U.S. power system interconnection.

However, only after FERC’s Order 888 were the transmission owners required to pro-
vide the transmission capability to other generators 4t the same terms they provide to
themselves. To enforce this principle, a number of regulators and industry members
insisted on separation of transmission ownership and transmission control.

In 1994, two California utilities (San Diego Gas and Electric Company and Southern
California Edison Company) proposed a regional company that would have operating
control of some or all generators and all transmission facilities. This concept developed
into what is known as the Independent System Operator (ISO). Since 1994, supported
by FERC’s orders 888 and 889, ISOs are being introduced around the United States.

The ISO idea is intended to eliminate discriminatory practices and reduce self-

dealing and other power market abuses. The ISO should also be able to develop efficient



methods for pricing of transmission services, resulting in lower transmission costs to cus-
tomers. Because of its operational oversight of a large transmission system, the ISO is
also in a position to resolve congestion more efficiently than the utilities or regional
power pools. ISOs can also provide one-stop shopping for transmission services as well
as timely and objective resolutions of disputes among utilities.

The ISO concept is still in the development stage and is r;ot without criticism.
There are still industry members which believe that vertically integrated utilities can
manipulate the market and that the transmission and generation should be separate
entities. Regardless of whether or not this kind of separation will happen, ISOs’ success
depends on the fact that it is a non-profit entity that controls but does not own the
transmission facilities. Another issue is whether ISOs will have sufficient control over
the transmission system to be able to provide non-discriminatory services. FERC Order

888 provides the following guidelines for ISOs [3]:

e The ISO’s governance should be structured in a fair and non-discriminatory man-
ner.

e An ISO and its employees should have no financial interest in the economic perfor-
mance of any power market participant. An ISO should adopt and enforce strict
conflict—of-interest standards.

e An ISO should provide open access to the transmission system and all services
under its control at non—pancaked rates pursuant to a single, unbundled, grid—wide
tariff that applies to all eligible users.

e An ISO should have the primary responsibility in ensuring short—term reliability
of grid operations. Its role should be well defined and comply with applicable stan-
dards set by the North American Reliability Council and the regional reliability
council.

e An ISO should have control over the operation of interconnected transmission
facilities within its region.



An ISO should identify constraints on the system and be able to take operational
actions to relieve those constraints within the trading rules established by the
governing body. These rules should promote efficient trading.

An ISO should have appropriate incentives for efficient management and adminis-
tration and should procure the services needed for such management and admin-
istration in an open competitive market.

An ISO’s transmission and ancillary services pricing policies should promote the
efficient use of and an investment in generation, transmission, and consumption.
An ISO or an Regional Transmission Group (RTG) of which an ISO is a member
should conduct such studies as may be necessary to identify operational problems
or appropriate expansions.

An ISO should make transmission system information publicly available on a
timely basis via an Open Access Same Time Information System (OASIS)

An ISO should develop mechanisms to coordinate with neighboring control areas.

An ISO should establish an Alternative Dispute Resolution (ADR) process to
resolve disputes in the first instance.

From FERC'’s guidelines for ISOs, it follows that ISOs should create efficient trans-
mission pricing. In general, transmission cost is only 2% of a major investor-owned
utility operating cost. However, transmission pricing is important because they provide
price signals that can create efficiencies in the power generation market. Well defined
transmission prices can influence the investment in new transmission capacity, load and
new generation location. FERC has recognized the importance of the transmission

pricing principles which complement the ISO guideline principles [3]:

e Transmission pricing must meet the traditional revenue requirements of the trans-

mission owners.

e Transmission pricing must reflect comparability. Comparability means that a

transmission owner should charge itself on the same basis that it charges others
for the same service.

e Transmission pricing should promote economic efficiency.



e Transmission pricing should promote fairness.

e Transmission pricing should be practical.

ISOs face a number of new problems through the transmission pricing, one of which
is how transmission pricing can be determined on a fair and realistic basis, reflecting
the physical set—up and conditions, including power flow loops and multiple paths.
Note that FERC suggests that “Transmission pricing must meet the traditional revenue
requirements of the transmission owners”, that it should be fair and practical. This
implies that the traditional methods had to be fair and practical. If this is true, the
question is, why do we need new transmission pricing? On the other hand, if it is not
true, it is very unlikely that the ISO can make it true and at the same time satisfy the
first principle. Another problem is congestion control through transmission pricing. It
is important to note that the transmission pricing sends signals to market forces which
can easily misunderstand them.

In addition to the ISO idea, the newly developed market must provide a new way
of power trading. The two main approaches are bilateral trading and power exchange
trading. Bilateral trading is based on buyers and sellers working out the prices and
terms of the contract themselves. The power exchange pool is based on the buyers
and sellers submitting the offers and the demand to a control office, and the purchase
contracts are done through this entity. There are a few power exchanges (PX) in opera-
tion, in spiﬁe of many market participants claiming that they are unnecessary and that

the same efficiency and functionality can be achieved through the bilateral market. A



small technical complication for the ISOs is that the PX could be a part of the ISO or
a separate entity. In either case, FERC requires ISOs to monitor the market, identify
abuses by the participants and take corrective actions. This requires very close coor-
dination between the ISO and PX. If a PX is under ISO control or part of it, a very
close coordination can be achieved. However if the PX is part of the ISO, there could
be conflict of interest situations, depending on other factors.

ISO operation is highly dependent on the information provided by different utilities.
FERC requested a real-time, on-line information system to be available to transmission
providers and transmission customers, containing information on transmission capacity
reservations, ancillary services and transmission prices. To achieve these goals, an Open
Access Same-Time Information System (OASIS) is in the process of development and
testing. OASIS is an Internet based service, available to all power market participants,
providing the information described previously. OASIS is being developed in two phases.
It became operational in January of 1997. The second phase is the testing phase and
FERQC, as well as the industry, will make change requests at its end. OASIS participation
is mandatory for the utilities under FERC’s jurisdiction, which is, according to [3], about
70% of the nation’s transmission grid. At the time of this writing, OASIS is still a new
tool being developed by the industry and with a very uncertain future.

During the above discussion, a deregulation approach was described, based on the
direction in which the industry is going. This approach depends heavily on a complete

unbundling of the generation, transmission, and transmission control. The most critical



point from both technical and economical points of view is the role of the Independent

System Operator. In technical terms, the ISO role is close to an area controller’s in
the vertically integrated market. However, with the new requirements introduced with
deregulation, the ISO’s role is much more complicated. This is because of fairness
requirements as well as limited information about the behavior of the market forces and
sometimes limited control over both generation facilities and transmission owners. New
communication, analysis, control, and optimization tools are needed to cope with the
additional complexity. These would include new telecommunication tools, new market
analysis tools, and modified or completely new optimization tools. All of these tools will
be interdependent and of equal importance in a final, operational system, but at the
moment, it seems that the revision of the old optimization tools and their applicability

in the new environment is of the highest importance.

1.2 Software and Hardware Tools Required for Free

Market Implementation

As mentioned previously, there are different scenarios applicable to free market imple-
mentation. It is almost certain that the industry is opting for the so-called “maximum
ISO scenario”. In the maximum ISO scenario, the ISO has the maximum control of the
power system operations, as well as the maximal amount of information provided by all
the participants to perform its duties. All the participants submit bid curves for supply

with appropriate physical constraints and demand for various time frames. A global unit



commitment is solved by the ISO, and based on the provided information and demands,
the unit commitment decision is done one day ahead. However, in real time the ISO
might choose a different dispatch for a number of reasons. The ISO also sets the modal
prices, including the transmission congestion component. Since the ISO is also respon-
sible for system operation and security, in addition to system economy, the transactions
will only take place if the security constraints are not violated. To provide adequate
service, the ISO needs appropriate tools for transmission planning, reliability analysis,
economic dispatch and unit commitment, system control, security contingency analysis,
performance evaluation, costing, risk management and forecasting, power quality and
protection.

Transmission planning is a very sensitive issue. Existing tools for load forecasting
must be modified and extended to account for new problems. Two of the main questions
are who is responsible for the transmission infrastructure planning and development,
and who is responsible for detecting a need for additional transmission capacity. High
congestion might mean higher revenues for some generators and limited access for others.
In addition to tools capable of detecting such conflicts, an ISO will also need market
simulation tools to analyze the impact of new transmission investments on the rest of
the market. Both technical and market analysis must be done carefully so that the
transmission modifications and change in price do not result in unnecessary expense for
the public.

Reliability is an ancillary service, and as such, its expense was never really deter-

10



mined. However, in the free market economy, it will be necessary to estimate closely
the cost of almost all services provided by an ISO including the reliability. This will re-
quire new (at present, non- existing) tools to make such an estimate. Also, the industry
participants must agree upon what an acceptable level of reliability is, and how much
it is worth to every party involved.

Unit Commitment (UC) and Economic Dispatch (ED) are old tasks which must be
revised for the m;,w market environment. UC and ED are not the same in the deregulated
and the regulated power market. Utilities in the regulated market solve global UC
and ED for every generation unit based on the present and forecasted load. In the
deregulated market, both UC and ED are viewed from two different perspectives, that
of the Independent Power Producers (IPPs) and from the perspective of the ISO. An IPP
has the goal to minimize its expenses and maximize its profits. An ISO is concerned with
the stability of the system and minimizing the total cost of the presently needed power.
There are different scenarios with respect to ISO involvement in IPPs’ operations. One
possibility is that the ISO takes into account all the constraints of every generating
unit and develops needed UC and ED. This is almost equivalent to the traditional non—
deregulated approach. Another possibility is that the ISO collects available bidding
curves from all the producers and develops the UC and ED schedule over a period
of time. This is similar to the traditional approach but without the consideration
for units’ constraints and replacing the traditional power production curves with the

producers’ bidding curves. Although there are similarities between both approaches and
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the traditional OPF, there are also significant differences that could influence the final
power cost. To illustrate the complexity of the new requirements, suppose that an IPP
offers power at the lowest possible price. However, its units might be on the ISO’s “must
not run” list. In the new market, this IPP should be compensated somehow even though
it cannot sell its power and wili not incur any expenses. On the other hand, an IPP which
is on an ISO’s “must run” list might charge almost any price. Also, small distributed
generators are becoming a significant factor in providing stable, high availability power.
It is clear that the ISO should come up with the best power production and delivery
at the lowest price in spite of the IPPs’ attempts to maximize their profits. This is a
new situation which cannot be addressed with classical optimization tools due to new
multiobjective goals under new, ill-defined constraints.

System control is low level control including generation rescheduling, voltage ad-
justments, capacitor switching, etc. and is also the ISO’s responsibility. New tools
are needed to control power flows using Flexible AC Transmission System (FACTS)
devices in an ISO centralized manner. Real-time measurements require real-time com-
munication facilities for fast control of system dynamics. Area controllers had the same
problem, but now the problem is more complex, due to the increased size of the con-
trolled system and additional economic issues.

These are just a few of more important problems faced by the free market that
need new or modified tools. For this particular scenario, two types of tools can be

identified. Telecommunications and information publishing is a requirement by FERC.
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It is clear that the databases accessible by all the parties involved would be of significant
size, requiring reliable software tools for managing them, as well as reliable and fast
communication channels for their access. The second group of tools required are flexible
optimization techniques. These techniques must be able to solve constrained, highly
nonlinear, discontinuous and non convex optimization problems. Thi’s work is concerned

with the latter group of problems.

1.3 Dissertation Objective

The dissertation objective is to apply Artificial Intelligence (AI) methods to the deregu-
lated power system problems and demonstrate the ability of Al methods to successfully
address these issues. The Al solutions are compared with existing solutions if available.
The AI methods are used on problems previously not solved by classical methods as
well as some classical problems from a different perspective and a slightly different goal.

From the previous discussion of the US power industry, we recognize the importance
of optimization tools in an ISO everyday operations. Unit commitment and economic
dispatch are perhaps the most important problems in both the regulated and deregulated
power market having side effects on the entire power system operations. There are
different approaches to the economic dispatch, and it is usually implemented using
optimal power flow. Therefore, in this research, we consider the optimal power flow
and the unit commitment (UC) problem in the new deregulated market. Due to the

unbundling of power system services under deregulation, UC and economic dispatch
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(ED) are considered separately by each unbundled entity as trying to maximize its
profits or provide reliable operation in case of the ISO. Efficient UC and ED are of
interest to both power producers and ISOs but with different almost complementary
considerations. In this work we address the UC and ED from the point of view of an
ISO. Power producer considerations are addressed elsewhere [5] without consideration
for an ISO’s concerns.

There are two Al methods used in this dissertation. The first method is the Genetic
Algorithm (GA) optimization and the second method is the Decision Tree (DT) machine
learning. The Genetic Algorithm optimization is a stochastic type of optimization based
on the selection mechanism found in nature where the “fittest individual” dominates the
population and survives. The fittest individual is found through the stochastic mutation
and crossover process. Decision trees are a form of machine learning from examples.
They can be used for classification and regression. There are different types of decision
trees with different training algorithms. They can produce 100% classification accuracy
on the training set but can also be simplified (by pruning them) and lose some of their
accuracy or smooth out the noise in the training set. We use unpruned DTs for our
purposes.

Classical ED and UC methods are restricted in various ways depending on the
underlying algorithm. In this work, we will use the Optimal Power Flow (OPF) as the

basis for both ED and UC. The goal is to develop a flexible OPF which can deal with

problems impossible or difficult to solve with classical methods. Such an OPF solution
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can be used as a building block for a better ED and UC. The main problems that

we will try to solve with the AI approach are the flexibility of the objective function,
ease of defining the problem, real time operation, and load forecasting uncertainties.
The objective function and its accompanying constraints are difficult to translate into
formal mathematical terms needed for a classical optimization method, and sometimes
such a transformation is not even possible. Since the mathematical formulation of the
power system state solution is a non-linear multidimensional function, a non-linear
optimization technique must be used to locate the global optimal point. Constrained
non-linear programming is a difficult problem, and in the case of power systems, it is
of a questionable success. In addition to its nonlinearity, the objective function could
be discontinuous and non-convex. Stochastic AI optimization techniques are usually
successful when applied on problems with these characteristics. Using AI methods it
is possible to have good results with almost any type objective function. The only
restriction is that the objective function is a single valued function, but that does not
prevent us from having multiple goals. It has been reported that even the existing OPF
solutions are rarely used due to their hard to understand user interface, large amounts
of input and output data, and many computing parameters that must be adjusted
for different cases. An algorithm easy to use in research and production environment
is another goal of this dissertation. There is not much benefit from a tool that no
one knows how to use. Although a power system operation could benefit from an AI

approach, it is known that AI methods are computationally demanding. We will address
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possible ways of achieving acceptable on—line operation in the case of UC. The last area
that will be investigated in this research is how to handle load uncertainties in a power
system network. This type of uncertainty was chosen beca;use of the high likelihood of
substation distributed generation being deployed within a power system. Distributed
generation will likely be located within the distribution system invalidating at least
partially, any load forecasting efforts done by the ISO in the case of a deregulated
market, or a utility in the case of a vertically integrated market. The distributed
generation can be considered as a part of the load causing a higher or lower level of
load uncertainty. Currently, these types of problems are handled with statistics and
probability theory. Here, we will take a different route. Instead of pursuing a better
estimate of the load, we will try to estimate how close a present unit commitment is to
being invalid based on the real-time measurements. This will give a human dispatcher
an idea what kind of changes need to be made and how soon. This will be done using
Decision Tree (DT) machine learning.

The main contribution of this work depends on the point of view of the reader. A
programmer might find the flexible data structures and routines used to calculate the
power systems state to be the main contribution. An AI researcher could argue that
the working real-life AI application is a great proof of Al methods maturity. A math-
ematician might find interesting that some problems unsolvable with classical methods
are possible to solve with stochastic optimization approach. For a power engineer, the

main contribution of this work could be a tool that can be used to easily analyze new
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scenarios arising in the deregulated power system environment. We believe that in ad-

dition to all the different uses of this work, it has a value as a good starting point for
future research. There are many directions this research can take. The decision tree
use in power systems could be particularly interesting.

This dissertation incorporates a few different areas from power systems theory and
AT theory. This is not a research in new AI algorithms. This is a research in Al
applicability to hard to solve power system optimization problems. Any proven Al
algorithms and resources found useful are used to develop stable and reliable power
system solutions. Classical power system algorithms are reviewed in the appendices. Al
material is introduced in a general framework, then discussed in general power system
terms, and finally applied to OPF, UC, or both. The Power Flow theory is reviewed in
Appendix A. OPF formulation and the Sequential Quadratic Programming solution is
described in Appendix B. The theory and complexity of UC and some classical solutions

are reviewed in Appendix C. All the program listings can be found in Appendix D.
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Chapter 2

Genetic Algorithm Optimization

The genetic algorithm is a stochastic optimization method based on simplified Dar-
winian evolutionary theory. During the last forty years, a number of different genetic
algorithms were developed including, but not limited to, genetic algorithms, genetic
programming, evolutionary strategies, etc. The term genetic algorithm evolved into
evolutionary computations used to refer to all algorithms with genetic algorithm ori-
gin [22]. In addition to these derived evolutionary computational methods, there is
a number of different hybrid algorithms incorporating evolutionary computations and

optimization methods from other scientific areas such as fuzzy logic and neural networks.

2.1 Generic Genetic Algorithms

A general Genetic Algorithm (GA) has five basic components: a genetic representation |

of a problem’s solution, a solution population initialization method, a population and




individual fitness function, reproduction functions, and genetic algorithm parameters.

Genetic representation of the solution can be the same type of variable as the solu-
tion itself or there can be intermediate mapping between the two spaces. The original
genetic algorithm [12] closely mimics the natural genetics model by using binary strings
to represent the genes or equivalently the solution. For the problems with a real vari-
able solution space, mapping is done between the binary strings and real variables. In
addition to more complex computations, this introduces theoretical difficulties as well.
For example, the Hamming distance between 10000000 and 01111111 is maximal while
the Euclidean distance is minimal. This means that to make a minimal change in the
solution variable, all the bits in the gene must be changed simultaneously, effectively
introducing a discontinuity in the search space. It is much more reasonable to have
real variable genes having one-to-one mapping with the solution and avoid any unnec-
essary mapping. This requires a different crossover and mutation approach removing
the genetic algorithm even further from its origins in nature. These changes make the
GA efficient, accurate and usable for optimization of engineering systems with a large
number of variables. With respect to the type of allele encoding, the encoding methods
are classified as binary encoding, real variable encoding, integer or literal permutation
encoding, and general data structure encoding. Real variable encoding is suitable for
constrained or unconstrained function optimization since it is superior to any other
encoding for these types of problems.

A GA starts its evolution from an initial population of possible solutions and moves
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toward an optimal point based on a selection process. The initial population is chosen
randomly, and its individuals must be within the constraints defined by the problem. An
individual must represent both a feasible and legal solution of the underlying physical
problem. This means that it must.be a physically feasible solution and within the
variable const;raints. | ]gf the alleles are binary strings, the initial population is a binary
string where each bit is 0 or 1 with 0.5 probability. If the alleles are real variables, the
injtial value of an allele is a random number between the minimum and maximum limits
of the variable represented by the allele.

The population and individual fitness function represents optimality of the solution
and is the function that is being either minimized or maximized. The fitness function
used by the GA does not have to be an objective function based on the physical per-
formance of the system. The fitness function can be in some way a scaled version of
the objective function. If the objective function is a non-negative real function, and
the alleles are real variables, it is not necessary to use any scaling. The fitness function
depends on the problem and what needs to be optimized.

Reproduction functions are chosen to efficiently perform both exploration and ex-
ploitation. There are different mutation and mating schemes that can be used. The
reproduction functions are inspired by the natural genetic principles and genetic algo-
rithms include following operators:

e selection,

e recombination or crossover, and

e mutation.
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Selection is responsible for for maintaining high quality solutions to be propagated
to the next generation of solutions: Recombination is used to form a new solution from
two good solutions. Mutation provides randomness to the search by allowing alteration
in possible solutions. These three operators are sufficient to provide an adequate degree
of exploration and exploitation and allow the genetic algorithm to quickly converge
sufficiently close to a global minimum within the allele constraints.

The GA parameters control process termination, mutation probability, crossover
procedure, and fitness function scaling. The termination condition is usually the maxi-
mum number of iterations or a maximum change in the optimal point found in recent
populations. Either terminating condition is acceptable and performs well. Mutation
probability is just the probability of introducing mutations in genetic material and is a
value between zero and one. The crossover procedure is a procedure of mixing the ge-
netic material between two parents. This is highly dependent on the allele types and can
be bit flipping in the case of bit strings, or changing the real variable allele according to
some distribution in the case of real variable alleles. Fitness function scaling depends on
the range of fitness values and the crossover procedure. Non—negative fitness functions

usually do not need any scaling. Figure 2.1 shows GA steps.

2.2 Genetic Algorithms Applied to Power Systems

Variations of the genetic algorithm have been applied with various degrees of success

to different power system areas including planning, operation, and analysis. Scheduling
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Figure 2.1: Genetic algorithm steps.

~ maintenance of electrical power transmission networks using genetic programming was
reported in [34]. Environmentally constrained economic dispatch was addressed in [18].
Binary string GA was applied to the unit commitment problem in [2]. GA was also
employed to solve economic dispatch of a system with cubic cost function units [8].
An interesting application of genetic algorithms to multiple power flow solutions was
reported in [38]. Some of these applications are focused on improving the computational
speed of the GA algorithm, often at the expense of the accuracy, not realizing that
classical binary string GA is not suitable for these types of problems. Here, we will
introduce a flexible GA framework implementing both binary strings and real variable
alleles. When used properly, the GA can produce good results in acceptable time. We

opt for a fully tested GA implementation with enough features to cover areas of interest
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and consistent programming interface.

A GA is a fairly simple algorithm and there are many implementations in the form
of programming libraries and full applications. Neither a simple library nor a complete
application has enough flexibility needed for use in a real life applications but they are
usually tested and have stable implementations. In this work, we use GALIB based on
[33]. GALIB is a Genetic Algorithms library written in C++ providing the flexibility
needed to implement new algorithms, replace any part of the existing algorithm, or even
paralellize it. The existing GALIB functionality is used where appropriate or replaced
with customized functions when needed. The rest of this section describes GALIB
features in general terms relevant to Power System operations.

GALIB can be used with different allele types including floating point, integer,
binary string, or any user defined type which provides appropriate operators. A set of
alleles are stored in one, two, or three dimensional arrays representing genes. What
type of array is used depends on the problem that is being solved. For example, a
traditional UC would use a two dimensional array of binary strings to capture the
temporal dimension of the problem. An OPF would use a one dimensional array of
floating point numbers representing system’s controls at a single point in time. Genes
of a population represent the control variables of a power system and as such are real
variables. Depending on what the optimization goal is, this could include generator
outputs, voltage levels, transformer settings, and shunt capacitor values. The value

of a control variable is the value of the corresponding allele. There is no mapping
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between the solution and representation space making constraint enforcement trivial.
Alleles can be defined as continuous variables, discretized continuous variables with a
fixed discretization step, or as a set of possible values. ’_I‘he ability to have discretized
control variables is important in power systems where some of the controls change
in steps. The GA with discretized alleles also seems to be considerably faster. No
classical optimization method with discrete variables has been applied to power systems
scheduling problems.

The solution population is initialized with random values respecting the type of the
alleles as well as the range. If the variable represented by an allele is discretized, the
initial value will be from the set of discrete values and it will be between its minimum
and maximum limits. It is possible that a random population would not represent
a realistic power system state or that the Jacobian of the system would be singular.
However, this would not pose a problem since this is just the initial population. The
final solution would be feasible and have a legal solution if the system is physically
feasible and described correctly.

GALIB implements a simple GA, a steady state GA, an incremental GA, and a
deme GA. The simple GA uses non-overlapping populations and is described in [12].
The steady state GA uses overlapping populations with the overlap size defined by the
programmer. Populations are evolved in parallel, and at the end of each evolution,
predefined number of individuals are exchanged. The incremental GA is a population

overlapping algorithm with one or two individuals. The deme GA has multiple inde-
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pendent populations. The best individuals in a population are migrated into another

population. The master population contains the best individuals from each population.
The GALIB allows derivation of new GA algorithms using the inheritance property of
Object Oriented Programming (OOP). Simple and steady state GA variations seem
to give good exploration and exploitation properties for the power system problems.
Whether we use a GALIB or our own algorithm, the solution must be both feasible and
legal. Any solution found by a GA is both feasible and legal although not all solutions
are optimal. The optimality of the solution is based on the fitness function closely re-
lated to the power system cost function. Since the cost function is non-negative, no
complicated scaling is needed which allows the use of a power system cost function as
a GA fitness function. Due to the flexibility of the GA, the cost function can be a
multiobjective function. That is, optimization could be done in terms of different goals
at the same tilme. Multiobjective optimization is a complex field and a GA can benefit
from formal multiobjective research theoretical results {29] or the objective function can
simply be a sum of weighted operational and penalty costs. It is important to make
a distinction between control variable constraints and controlled variables constraints.
Control variable constraints are easy to enforce while controlled variables must be con-
strained by using exponential or polynomial penalty functions. Bus voltages must be
between predefined limits to satisfy voltage stability requirements. If the voltage ex-
ceeds the limits, a penalty is added to the cost function. The penalty function can

be exponential or polynomial. Figure 2.2 shows a typical polynomial penalty function.
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Figure 2.2: Voltage penalty function example.

Second order polynomial coefficients can be derived from the desired curve features

using the following equation:

penalty(V) = AxV24+BxV+C (2.1)
where
Penal
A = W}E
—2%x P HyxV
B — X en;vgjx nom

__ PenaltyxVnom?
C= 'A%

GALIB provides means for different allele types and implementation of new ones

through OOP. For power systems, we will use floating point alleles to represent the sys-
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tem’s control variables. Ava,ilable selection operators of interest include rank selector,
roulette wheel selector, tournament selector, and uniform selector. Rank selector selects
the best individual. Roulette wheel selector picks an individual with high fitness score
relative to the rest of the population. Each individual has a probability p where p is
the ratio of the individual’s fitness and sum of the fitnesses of the rest of the popula-
tion. The higher probability p means the higher the probability of the individual being
chosen. Tournament selector selects two individuals using roulette wheel selector and
then picks the one with a higher fitness score. The uniform selector picks an individual
randomly from its population. The roulette wheel and tournament selectors are appro-
priate selection schemes for the OPF and UC. Replacement operator replaces the worst
individual which seems to be the best policy for power system problems.

Crossover between parents is done by randomly choosing a value between parents’
values based on uniform distribution. Similarly, mutation is performed by applying
a perturbation to an allele value based on Gaussian distribution function. Different
probability distribution functions can be chosen or implemented through OOP.

GALIB parameters can be assigned from the program’s command line, from a con-
figuration file, or adaptively during the program execution. Parameters that can be
assigned include the size of a population, number of generations, termination condition,
mutation probability, the number of replacements, the number of offsprings, logging
frequency, and variables to be logged. Parameters can be divided into two groups. The

first group is the parameters that influence the GA accuracy and execution times and
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they might need to be readjusted when applied to optimization problems of significantly
different sizes. The second group of parameters define the execution logging and can be
used to fine tune the accuracy and execution times of the entire procedure. Not all of

the parameters are applicable to all of the GA algorithms.
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Chapter 3

Genetic Algorithm Based
Optimal Power Flow and Unit

Commitment

The ultimate goal of power systems operations is maintaining reliable service (keeping
the lights on), while the production cost is optimized. This formulation is general and
includes different formulations of system reliability and cost optimization. The opti-
mization procedure is significantly complicated with the introduction of deregulation.
Economic Dispatch (ED) and Unit Commitment (UC) are the basis of the steady state
operations. There is a number of different classical ED and UC solutions. While ED
and UC are discussed separately in textbooks, they are essentially two parts of a single

optimization problem. In this work, ED will be addressed as a part of UC and based on

29



optimal power flow which allows one to optimize different quantities in power system
operations. Although deregulation introduces additional constraints and requirements,
it also separates ED and UC into the resource owner’s and ISO’s side of the problem.
This dissertation recognizes the ISO’s problem as more important and considers its
point of view rather ‘than the generator or transmission owner’s problem. In general, an
ISO is not concerned with many of constraints which were a part of classical ED and
UC. For example, an ISO does not need to account for constraints such as up and down
times of a generator. However, it must consider new issues such as spot market prices,
and transmission congestion control. Classical ED and UC are not suitable to address
these types of issues. In this chapter, a GA will be applied to a classical formulation
of the OPF and UC and the results will be compared with classical results. A GA will
also be applied to a hypothetical situation in a deregulated market but for this situation

there is no benchmarking alternative.

3.1 Power Flow Implementation

The Genetic Algorithm OPF is based on an objective function which uses a power
flow to calculate power system state after a new set of control variables are applied
by the genetic algorithm. The power flow used is the familiar Newton-Raphson non-
linear equation solver. Appendix A reviews the mathematics behind the power flow
calculations. The power flow implementation is based on power flow description and

discussion found in [37, 36, 6]. There are different levels of modeling complexity that can
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Figure 3.1: Power flow data structure diagram.

be accounted for in a power flow algorithm. This implementation allows MW and MVar
limits for each generator. If a generator exceeds the MVar limit, the MVar generation
is set at the limit and the bus voltage is no‘t constant anymore. When this happens,
the structure and the calculations of the Jacobian are changed due to non-constant
voltage. Real power cost function is defined as a second order polynomial. Transformer
settings are continuous variables and if discrete step changes are desirable, they must
be assigned in discrete steps. Shunt capacitors are implemented and can be used as
control variables.

The programming interface is done in OOP manner similar to the one reported in
[17]. Figure 3.1 shows the relationship between different objects. These are not derived
classes, and there is no run time virtual function resolution overhead. Second level
objects are just encapsulated in the Net class. From the diagram, each bus knows what
generator, load, shunt capacitors, and lines are connected to it as well as what are the
neighboring buses. The generator has the information about what bus it is connected

to. Branches carry information about the impedance, whether it is a transformer or not
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and if so, which end is which side of the transformer, and the transformer setting. Any

component of the network is easily accessible and modifiable. Most of the interfaces
between the parts are implemented through pointers so that there is no information
duplication overhead. The small memory overhead is well justified by the time saved
by not searching for a component through complex data structures. The Net class
encapsulates all the components allowing for multiple Net objects. This was done for
future development which could include multiple areas and calculation of power wheeling
between neighboring areas.

The power flow solution starts by building the admittance matrix of the system,
assigning the initial solution, and calculating the initial Jacobian matrix. Since power
systems are large, sparsely connected systems, sparse matrix methods are used for the
admittance matrix and Jacobian. This requires using special sparse matrix linear equa-
tion solvers. Sparse matrix structures are encapsulated in a class. Elements are stored
in an array of Standard Template Library (STL) [16] maps. The array index is the
column index, index into the map is the row index and the map value is the matrix
entry at the row/column location. Standard template library maps are implemented
as binary trees and all the operations that need to be performed on this data struc-
ture are very fast. The maximum time needed to access an element is proportional to
logon where n is the size of the matrix. A linear search would take on average time

n

proportional to %. Note that in the first case we estimated the maximum time, while

in the second case it is average time. For example, to access an entry in a matrix of
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1,048,576 x 1,048,576 dimensions would take at most 20 comparisons while the lin-
ear search would take 524,288 comparisons on average. Traversing the above described
structure produces the exact sequence that we need for the standard Harwell-Boeing
format as described in [13]. At this point, the sparse matrix solver can be any solver
available which uses standard column compressed matrices. Switching between multiple
solvers is also possible since the solver is a class method that can be overloaded. We
had good results with both a public domain solver (SuperLU) [15] and a commercial
solver (IMSL) [32]. A nice feature of SuperLU is that the ordering does not have to be
redone if the matrix format did not change. The latest (version 4.0) IMSL version has
a memory leak for which the company e-mailed a temporary solution. IMSL was used
because of the convenience of having other library routines available. The admittance
matrix does not have the Harwell-Boeing representation since it is not involved in any
equation solution. It is used purely as a fast access container. The Jacobian matrix does
need Harwell-Boeing representation and it is recalculated at each solution iteration and
if needed, is reformatted. After the solution is obtained, line flows, losses, and charging
Vars are calculated and are available for output or for calculating the objective func-
tion. Any of the output variables can be used for the objective function calculations and
any system settings, generator outputs, voltage levels, and such are available as control

variables to be applied through the genetic algorithm.

33



3.2 Genetic Algorithm Based Optimal Power Flow

The OPF is a very important tool in system planning and operations. Optimal Power
Flow, as its name suggests, solves the power flow problem and schedules the network
controls in a way to minimize an objective function. Since its origihal formulation, the
OPF algorithm has been continuously faced with more and more challenging problems.
Frequently, it needs to include security constraints @nd it is desirable to consider market
and even environmental issues as reported in [18]. With deregulation, it was clear [30]
that the OPF will have an even more important role in future energy markets. The
OPF is presently included in a majority of Energy Management Systems (EMS) but
they are rarely used and the main reasons for this are [9]:

¢ Insufficient training

Inadequate Man Machine Interface

Very large amount of input data

Large number of tuning parameters

Pages and pages of displays for the inputs and outputs

Output too difficult to comprehend except for an OPF expert

Difficult to debug

However, the OPF needs to be applied to a number of problems such as [9]:

Security Constrained Economic Dispatch (SCED)
MW and MVAR loss minimization

Constraint Priority Optimization

Hierarchical control

Remedial actions or corrective rescheduling
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Preventive scheduling or contingency constrained dispatch
Maximum transfers capacity

Closed loop control

Capacitor and reactor placement

Switching action

MVAR cost minimization

Voltage control

Sensitivity analysis

Transaction evaluation

Dispatcher training system scenario building
Wheeling loss computation

Nodal price for power

Environmental dispatch

Constraint costing

Each of these applications has specific optimization requirements and different ways
of interfacing with the rest of the network. For example, in the case of SCED, the
dispatch is typically run every fifteen minutes while the AGC is run every two seconds
using the set points from SCED. If the OPF is used to minimize MW and MVAR losses,
this can result in substantial savings. In general, there are a number of constrained
variables that might be desirable to be included in the OPF, but if the number of
constraints exceeds the number of controls, there might not be a feasible solution. In that
case, the dispatcher can assign weights to the violated constraints and try to minimize

the weighted sum of violations squared. The OPF can also be used for corrective
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rescheduling or remedial actions. Preventive scheduling and contingency constrained
dispatch can also benefit from OPF as well as many constrained optimization problems.

The OPF is being used for many diverse problems in power systems, however it
cannot address all the problems at once. With deregulation, reliable solutions to all
the old problems are even more important since the economic constraints are likely to
lower the safety margins. A basic formulation and sequential programming solution is
reviewed in Appendix B.

A Genetic Algorithm OPF (GAOPF) can address the classical OPF problems and
extend its applicability and usability. A GAOPF can employ more flexible objective
functions. A GAOPF can successfully deal with objective function nonlinearities and
find the global optimal point. It is also much easier to define an objective function for
a GAOPF than for a classical OPF. All these benefits are significant in an environment
where the tools change frequently and the development and testing times are extensive.
The deregulated power systems market is certainly such an environment.

The Genetic Algorithm (GA) has been applied to a numerous optimization problems.
Usually, a GA is tried when all other possibilities are exhausted due to the complexity
of the optimization problem or computational inefficiency of available methods. A
GA is more likely to produce a global optimal point than classical methods. In this
chapter we will discuss benefits and drawbacks of using a GA implementation of the
OPF. Results will be compared with results obtained with other OPF packages using

a general purpose Sequential Quadratic Programming (SQP) described in Appendix B.
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Genetic algorithms used for OPF are based on [33] and reviewed in Chapter 2. The

power flow algorithm is a part of the GAOPF and is described in Appendix A.

3.3 GAOPF Operational Principles

A Genetic Algorithm OPF has the same objectives as the classical OPF but the approach

, is more flexible allowing for easy incorporation of different control variables and goals.
The possible control variables include generator outputs, transformer settings, shunt
capacitor settings, etc. The goals could be minimizing production cost, minimizing
losses, or minimizing transmission congestion, among others. All of the controls are
represented with floating point alleles limited by their minimum and maximum values.
To be able to use all of these controls, there must be fitness function parameters and
the fitness function must have a way of applying these controls to the simulated power
system. Under these conditions, the GAOPF is capable of evolving from an initial
solution to the global optimal point.

An initial solution is a random operating point satisfying predefined constraints. The
initial solution consists of a set of alleles representing controls applied to the system.
The alleles themselves can be discretized or continuous. In the following examples,
generator output levels will be controlled using continuous alleles to be able to compare
the results with the classical OPF results. The program also has command line options
to use discretized controls and discretized controls with zero included. When an allele

representing a generator output is zero, it is effectively like turning that generator off.
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This would allow an easy solution for the unit commitment problem. However, an
isolated value is hard to reach during the GA exploration. The performance of the GA
with such alleles is rather unsatisfactory.

The fitness function is evaluated from system state after controls are applied. The
state of the system is found from the power flow calculations. Power flow is coded
in an OOP manner using sparse matrix techniques. The entire system is represented
as a single object consisting of subobjects representing buses, lines, generators, and
transformers. All the components of the system are accessible through message passing
methods. This means that anything can be easily considered as a control variable. In
addition to common production and loss cosfs, penalties are added for exceeding the
limits of controlled variables. For this, a second order polynomial function is used as
described in Chapter 2.

Reproduction functions used to search for the optimal point are as described in
Chapter 2. The probability distribution function used for crossover and mutation is the

familiar Gaussian distribution.

3.4 GAOPF Examples

The following examples illustrate a GA implementation of the OPF. Different objective
functions will be discussed and compared when appropriate with Power World’s OPF
[35] or the generic Sequential Quadratic Programming (SQP) approach [32]. Power

World is a commercial package originally developed at The University of Illinois [35]

38



20 MVR
v © 14.02 $/Mwh 100 MW
100 MW 1.00 pul__%_ 0.00 §/Mvh 20 MVR

Bus 4

. 14.02 $/Mwh
Bus 1 0.00 $/MVh
1.00 pu

250 MW

22 MVR

0.97 pufBus 6 14,02 $/Mwh

Bus & 13.33 g;mhh 0.00 §/MVh
0.97 pu ' 100 MW
10 MVR

14.02 §/Mwh
0.00 $/MVh

Figure 3.2: Power World 7.0 output.

by the faculty members and students. GAOPF results are compared with two versions
of Power World, version 5.0 and version 7.0. Singlé goal and multiple goal objective
functions will be compared and different possibilities in the deregulated power systems
will be discussed. For illustration and comparison purposes, small example systems
will be used and at the end, performance issues and possible solutions will considered.
Similar results were obtained with the systems up to 513 buses and 67 generators. Figure
3.2 shows the Power Flow diagram of the power system and Table 3.1 lists the details
not displayed in the diagram. All the lines have a resistance of 0.04, a reactance of 0.08,

and a charging capacitance of 0.02 per unit.
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Table 3.1: GAOPF Optimization of the production cost.

Gen | MW | VoIt | MVar | MVar | MW | MW Cost
No | Out Max | Min | Min | Max ' Func
091 | 1.0 | 100 | -10.0 [ 10 | 250 | 105.0 +12.0 * P + 0.012 % P2
196 | 1.0 | 10.0 | -10.0 | 10 | 250 | 96.0 4+ 9.6 x P + 0.0096 * P?
0.86 | 1.0 10.0 | -10.0 10 250 | 105.0 + 13.0 x P + 0.013 % P2
237 | 1.0 10.0 | -10.0 10 250 | 94.0 + 9.4 * P + 0.0094 % P2

N IO YT

3.4.1 Power Cost Minimizing OPF

The only optimization criterion in this case is minimizing the power cost while main-

taining acceptable voltage levels:

all generators
Cost= Y a;+PB;xPi+y*P} (3.1)

i=1
subject to bus voltage limits:

Vimin < Vil < Vi Y Buses

max?

Power World 7.0 calculated the optimal point using the Linear Programming (LP)
method resulting in a total cost of $7868.40 per hour. GAOPF resulted in a slightly
lower cost of $7824.60 per hour. Power World 5.0 using the Newton—Raphson method
arrived at the same result as GAOPF. The sequential programming method failed to
converge to a solution close to either the GAOPF or Power World solution. None of
the methods enforced the line flow limits. In addition, the Power World 7.0 result had
exactly the same incremental cost for all the generators resembling A-iteration Economic
Dispatch method. The GAOPF incremental costs were close but not the same. The

GAOPF computational time was considerably longer, but acceptable, taking almost
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Figure 3.3: Power World 5.0 output.

one second. Due to the stochastic nature of the GAOPF algorithm, there was a small
difference in the resulting cost on an order of $1.00 per hour between the runs. Figure
3.4 shows the convergence rate of the GAOPF. A number of larger networks were tested
with similar convergence properties. Larger networks required considerably longer times
to minimize the power production cost. A network with 513 buses and 63 generators
required 12 minutes to find the optimal operating point. Long processing times are
certainly of great concern and will be addressed appropriately. Sequential Quadratic
Programming was consistently able to converge to the lowest observed cost when the
GAOPF optimal point was used as the starting point. If higher accuracy is desired,
SQP can be used to refine a solution found by the GAOPF. Newton—-Raphson method

from Power World 5.0 and GAOPF had very close solutions and almost exactly the
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Figure 3.4: Genetic Algorithm Convergence Rate.

the same solutions after GAOPF was refined using SQP. GAOPF solution is shown in
the table 3.2, while the Power World 7.0 and Power World 5.0 solutions are shown in
Figures 3.2 and 3.3 respectively. The SQP solution, refined from the GAOPF solution,

is shown in Table 3.3.

3.4.2 Power Losses Minimization

In this example, power losses are minimized while voltages are kept close to nominal

voltage using the penalty function described previously:

all lines
Cost= 3. IR (3.2)
i=1
subject to bus voltage limits:
Vimin S |V'1| S V;:maz’ Y Buses
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The same power system is used as in the previous example but now, the GAOPF
is compared with the SQP algorithm only. Tables 3.4 and 3.5 show respectively the
GAOPF and the SQP results.

Both the GAOPF and the SQP result in the same value of the objective function,
3.8MW of loss but with a slight difference in the generator output levels and power
factors. Voltage magnitudes are the same in both cases. It is clear that both algorithms
arrived at the same result with respect to the objective function in common. The SQP
always finished with the unique result which is to be expected since it is a deterministic
algorithm. The GAOPF resulted in almost exactly the same value for the objective
function between the runs but that is not necessarily true for other system variables.
The production cost was significantly different between runs, demonstrating the fact
that minimizing the production cost is not the same as minimizing the power losses.
Even the SQP algorithm resulted in a higher production cost ($8187.65/hr) in this
example as compared to the example in the previous section. The GAOPF had similar

convergence characteristics as the GAOPF minimizing the production cost.

3.4.3 Minimizing the Production Cost and Power Losses

Production cost and power losses can be minimized at the same time by scaling one of

the costs relative to the other one:

all generators alllines
Cost = Z o;+ Bi*x P+ =|<Pi2 + W * Z I,?R (3.3)
i=1 =1

subject to:
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Table 3.2: GAOPF Optimization of the production cost.

From | Volt. | Volt. Mw | Mvar Mw | Mvar To Mw | Mvar | Mva
Bus | Mag. | Angle | Load | Load | Gen. | Gen. Bus | Flow | Flow | Flow
1 {1.000 | 0.000 | 100.00 | 20.00 | 89.67 | 60.71
2 | -58.99 | 30.74 | 66.52
5| 48.67 9.97 | 49.68
2| 1.000 | 3.434 | 100.00 { 20.00 | 196.88 | -27.39
1 60.79 | -29.15 | 67.42
4| 36.09 | -18.24 | 40.44
3 | 1.000 | -3.887 | 100.00 | 20.00 | 89.12 | 90.74
5(-17.35 | 42.84 | 46.22
6 6.47 | 27.90 | 28.64
4 11.000 { 1.384 | 100.00 | 20.00 | 235.00 | 23.55
2 |-3545 | 17.52 | 39.54
5| 72.68 | -0.65 | 72.68
6 | 97.77 | -13.33 | 98.67
510972 | -2.036 | 100.00 | 50.00 0.00 0.00
1|-47.67 | -9.92 | 48.69
3| 18.24 | -43.01 | 46.71
4 | -70.57 2.93 | 70.63
6 { 0.974 | -3.512 | 100.00 | 10.00 0.00 0.00
3| -6.12 | -29.15 | 29.78
41-93.88 | 19.15 | 95.82
Total | MW | MVar MW | MVar I2R I2X | Charg
Gen Gen | Load | Load Loss Loss | MVar
610.7 | 147.6 | 600.0 | 140.0 10.7 21.3 13.7
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Table 3.3: SQP refinement of the GAOPF power cost optimization.

From | Volt. | Volt. Mw | Mvar Mw | Mvar To Mw | Mvar | Mva
Bus | Mag. | Angle | Load | Load | Gen. | Gen. Bus | Flow | Flow | Flow
1 {1.000 | 0.000 | 100.00 | 20.00 | 91.23 | 59.99
2 | -68.51 | 30.46 | 65.96
5| 49.74 9.53 | 50.64
21 1.000 | 3.405 | 100.00 | 20.00 { 196.29 | -27.14
1| 60.27 | -28.93 | 66.86
4| 36.02 | -18.21 | 40.36
3 | 1.000 | -4.045 | 100.00 | 20.00 | 86.44 | 92.29
5| -18.94 | 43.76 | 47.68
6 5.38 | 28.53 | 29.03
4 11.000 | 1.359 | 100.00 | 20.00 | 236.91 | 22.88
2| -35.38 | 17.49 | 39.47
5| 73.33 | -0.87 | 73.33
6 | 98.97 | -13.74 | 99.92
510.972 | -2.097 | 100.00 | 50.00 0.00 0.00
11{-48.70 { -9.41 | 49.60
3| 19.88 | -43.81 | 48.11
4] -71.18 3.22 | 71.25
6 | 0.974 | -3.603 | 100.00 | 10.00 0.00 0.00
3| -5.02-29.76 | 30.18
4(-94.98 | 19.76 | 97.02
Total | MW | MVar MW | MVar I2R 12X | Charg
Gen Gen | Load | Load Loss Loss | MVar
610.9 | 148.0 { 600.0 | 140.0 10.9 21.8 13.7
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Where the variable W, is the weight assigned to power losses and can be varied to mini-
mize the power losses at the higher production expense. When the objective function is
the sum of production cost and power losses, GAOPF arrived to an optimal point close
to the one found when only the production cost was used. This is understandable since
the power losses are normalized and as such, much smaller than the production cost
part of the objective function. The SQP algorithm failed to converge using the same
objective function as GAOPF. However, SQP was able to consistently refine the opti-
mal point found by GAOPF when the GAOPF optimal point was used as the starting
point for SQP. This example demonstrates that multiple goals cannot be simultane-
ously achieved. Obviously, a simple sum of individual objective functions is not the
best approach. Tables 3.6 and 3.7 show the GAOPF and SQP solutions minimizing the

production cost and power losses at the same time.

3.4.4 Minimizing Production Cost and Controlling Line Congestion

Under the deregulation rules, transmission must be available to every one on an equal
basis. Often this can cause line congestions not because of a lack of transmission capacity
in the system but because of the economic laws moving power from one particular
part of the system to another. Computing Available Transfer Capability (ATC) is
discussed elsewhere [1, 25]. Our goal is to control power transfer within a system with

sufficient total transfer capability. In the following example, GAOPF is used to lower
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Table 3.4: GAOPF power losses optimization.

From | Volt. | Volt. Mw | Mvar Mw | Mvar To Mw | Mvar | Mva
Bus | Mag. | Angle | Load | Load | Gen. | Gen. Bus | Flow | Flow | Flow

1| 1.000 | 0.000 | 100.00 | 20.00 | 131.75 | 35.91

2| -0.77| -0.62 | 0.98

5| 32.52 | 16.53 | 36.48

2| 1.000 | 0.044 | 100.00 | 20.00 | 100.80 | 17.60

1 0.77 | -1.38 | 1.58

4 0.03| -1.02 | 1.02

3 { 1.000 | 0.200 | 100.00 | 20.00 | 188.39 | 39.45

5| 3596 [ 14.90 | 38.92

6| 52.43 4.55 | 52.63

4 | 1.000 { 0.042 | 100.00 | 20.00 | 182.91 | 40.98

2| -0.03 1 -0.98 | 0.99

5| 33.25 | 16.18 | 36.98

6 { 49.69 5.79 | 50.02

5 (0973 | -1.119 | 100.00 | 50.00 0.00 | 0.00

1|-31.97 | -17.38 | 36.39

-35.34 | -15.61 | 38.63

4 |-32.69 | -17.01 | 36.85

6 { 0.975 | -2.134 | 100.00 | 10.00 0.00 | 0.00

3|-51.32 | -4.28 | 51.49

4| -48.68 | -5.72 | 49.02

Total | MW | MVar MW | MVar I2R 12X | Charg
Gen Gen Load | Load Loss | Loss | MVar

603.8 | 133.9 | 600.0 | 140.0 3.8 (A 13.7
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Figure 3.5: Power World 7.0 minimizing production cost while enforcing line flow limits.

the congestion on a line of our choice. As a matter of fact, we will not lower the line flow
but keep it between the lower and upper limit. This type of constraint is possible using

classical methods but is difficult to implement. In this example, the same network as in

-the previous examples is used. From the production cost minimization results in Table

3.3, we see that the highest power transfer is occurring the from bus number 4 to the
bus number 6. The power transfer of 0.98 per unit will be set to be between 0.6 and 0.7
per unit. We use the same penalty function format that we used for voltage penalty but
with different settings. The penalty function settings shown in Figure 2.2 are set for the
nominal power transfers of 0.6 and 0.7, for the power change before maximum penalty
is reached of 0.05, and the maximum penalty of 100.0. This means that the penalty is

applied if the transfer exceeds 0.7 and reaches 100.0 at 0.8 transfer. Also, the penalty
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Table 3.5: SQP refinement of GAOPF power losses optimization.

From | Volt. | Volt. Mw | Mvar Mw | Mvar To Mw | Mvar | Mva
Bus | Mag. | Angle | Load | Load | Gen. | Gen. Bus | Flow | Flow | Flow
1{1.000 | 0.000 | 100.00 | 20.00 | 133.91 | 34.87
2| -0.00| -1.00| 1.00
5| 33.91 | 15.87 | 37.43
2 | 1.000 | 0.000 | 100.00 | 20.00 | 100.00 | 18.00
1 0.00 | -1.00 | 1.00
41 -0.00| -1.00 | 1.00°
3| 1.000 | 0.000 | 100.00 | 20.00 | 184.97 | 41.03
51 33.91 | 15.87 | 37.44
6 51.06 5.16 | 51.32
4 | 1.000 | 0.000 | 100.00 | 20.00 | 184.97 | 40.03
2 0.00 | -1.00 | 1.00
5| 33.91 | 15.87 | 37.44
6| 51.06 5.16 | 51.32
510.973 | -1.200 | 100.00 | 50.00 0.00 | 0.00
1(-33.33 | -16.67 | 37.27
3|-33.33 | -16.67 | 37.27
4 |-33.33 | -16.67 | 37.27
6 | 0.975 | -2.255 | 100.00 | 10.00 0.00 | 0.00
3 | -50.00 | -5.00 | 50.25
4 | -50.00 | -5.00 | 50.25
Total | MW | MVar MW | MVar I2R | I2X | Charg
Gen Gen | Load | Load Loss | Loss | MVar
603.8 | 133.9 | 600.0 | 140.0 3.8 7.7 13.7
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is applied if the transfer is lower than 0.6 and reaches 100.0 at 0.5. Note that only the
upper or lower limit can be enforced by using one-sided penalty. Mathematically, the

objective function and the constraints are defined as:

all generators
Cost = Z o+ Bix P+ y; % Pi2 (3.4)

i=1

subject to:

Viin S|Vl £V, Y Buses and 0.6 < LineFlowsg < 0.7

maz?

From the results in Table 3.8 it is clear that line flow was shifted from the line connecting
bus 4 and bus 6 to the rest of the network. The amount of this flow which is barely
over the maximum limit at which the penalty starts indicates steep penalty function
or equivalently, that this constraint has higher priority over other constraints. The
production cost in this case is $7922.94 which is significantly higher than when only the
production cost was minimized. However, power losses did not change much. Figure
3.5 shows Power World 7.0 solution with the same line flow constraint which resulted

in production cost of $7941.53, again higher than the result obtained with the GAOPF.

3.5 Optimal Power Flow Summary

In the previous sections the GAOPF was demonstrated using different objective func-
tions and compared with classical and SQP results. Power Flow was comparable only in
the case where the power production cost was minimized and GAOPF performed slightly

better than Power Flow. The next two examples use the same network to minimize in
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Table 3.6: GAOPF power cost and losses optimization.

From | Volt. | Volt. Mw | Mvar Mw | Mvar To Mw | Mvar | Mva
Bus | Mag. | Angle | Load | Load Gen. | Gen. Bus | Flow | Flow | Flow
1{1.000 | 0.000 | 100.00 | 20.00 | 92.66 | 58.63
2 | -54.50 | 28.16 | 61.35
51 47.17 | 10.46 | 48.31
2| 1.000 | 3.168 | 100.00 | 20.00 | 190.03 | -24.39 '
1| 56.03 | -27.11 | 62.24
4| 34.00 | -17.29 | 38.14
3| 1.000 | -3.493 | 100.00 | 20.00 | 98.73 | 85.26
51-12.21 | 39.89 | 41.71
6| 10.95 | 25.37 | 27.63
4 11.000 | 1.236 | 100.00 | 20.00 | 228.05 | 25.72
2|-33.43 | 16.43 | 37.25
5| 68.60 0.92 | 68.61
6| 92.88 | -11.63 | 93.60
5 (0973 | -1.953 | 100.00 | 50.00 0.00 0.00
1| -46.22 | -10.52 | 47.41
3| 12.94 | -40.37 | 42.40
4 | -66.72 0.90 | 66.72
6 | 0.975 | -3.387 | 100.00 | 10.00 0.00 0.00
3| -10.62 | -26.67 | 28.71
4| -89.38 | 16.67 | 90.92
Total | MW | MVar MW | MVar I2R 12X | Charg
Gen Gen Load | Load Loss Loss | MVar
609.5 | 145.2 | 600.0 [ 140.0 9.5 18.9 13.7
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Table 3.7: SQP refinement of GAOPF power cost and losses optimization.
From | Volt. | Volt. Mw | Mvar Mw | Mvar To Mw | Mvar | Mva
Bus | Mag. | Angle | Load | Load | Gen. | Gen. Bus | Flow | Flow | Flow
1 1.000 | 0.000 | 100.00 | 20.00 | 92.97 | 58.50
2 |-54.14 | 27.95 | 60.93
‘ 5| 47.10 | 10.55 | 48.27
21 1.000 | 3.147 | 100.00 | 20.00 | 187.55 | -23.27
1| 55.64 | -26.94 | 61.82
4| 31.91 | -16.33 | 35.85
3 | 1.000 | -3.574 | 100.00 | 20.00 | 95.85 | 86.89
5 |-13.63 | 40.70 | 42.92
6 9.48 | 26.19 | 27.86
4| 1.000 | 1.332 | 100.00 | 20.00 | 233.27 | 23.43
2 | -31.41 | 15.33 | 34.95
5| 70.21 0.28 | 70.21
6 | 94.47 | -12.19 | 95.25
510972 | -1.948 | 100.00 | 50.00 0.00 0.00
1|-46.16 | -10.61 | 47.37
3| 14.40 | -41.10 | 43.55
4 | -68.23 1.71 | 68.26
6 | 0974 | -3.380 | 100.00 | 10.00 0.00 0.00
3| -9.15 | -27.48 | 28.96
41-90.85 | 17.48 | 92.52
Total | MW | MVar MW | MVar I2R I2X | Charg
Gen Gen | Load | Load Loss | Loss | MVar
609.6 | 145.5 | 600.0 | 140.0 9.6 19.3 13.7
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one case just the power losses and in the other case both power losses and power cost.

In these two cases, the results could not be compared with Power Flow results since
it does not provide this type of OPF. The generic Sequential Quadratic Programming
algorithm had difficulties with convergence in all the cases but when GAOPF solution is
used as a starting point, SQP is usually able to refine the GAOPF solution. Such SQP
behavior is expected considering the mathematical algorithm used as well as genetic
algorithm properties. Tables 3.9, 3.10, and 3.11 summarize the GAOPF results for the
Power World example.

When comparing these three tables, it is clear that a compromise is made between
minimizing power losses and power production cost. This is also an example of a
multiobjective genetic algorithm optimization where the value of the objective function
is a weighted sum of each objective. Scaling each objective can be used to give more
weight to a particular goal or to just have all the goals contribute approximately equally
to the final objective function value. A detailed mathematical analysis of power system
markets [11] showed that the operating cost increases as the congestion increases. The
last example minimizes the power production cost while controlling the congestion of

the most congested line in the case of production cost minimization.

The line flow in this case is at the maximum no penalty limit. The conclusion is that
the GAOPF does a good job minimizing the congestion but still keeps the line flow at
the maximum limit allowing production cost to be optimized as much as possible while

the line flow limit is obeyed. From all these examples, it seems that the GA can be
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Table 3.8: GAOPF power cost minimization and line congestion control.

From | Volt. | Volt. Mw | Mvar Mw | Mvar To Mw | Mvar | Mva
Bus | Mag. | Angle | Load | Load | Gen.| Gen. Bus | Flow | Flow | Flow

1] 1.000 | 0.000 | 100.00 | 20.00 | 86.96 | 60.37

2(-51.82 | 26.63 | 58.26

5 38.78 | 13.74 | 41.14

2 | 1.000 | 3.010 | 100.00 | 20.00 | 194.15 | -26.32

1| 53.20 | -25.87 | 59.15

4 | 40.96 | -20.45 | 45.78

3 | 1.000 | -1.524 | 100.00 | 20.00 | 144.81 | 60.55

5| 12.73 | 26.36 | 29.27

6 | 32.08 | 14.20 | 35.08

4 | 1.000 | 0.686 | 100.00 | 20.00 | 180.88 | 45.26

2| -40.13 | 20.09 | 44.88

5 | 50.61 8.29 | 51.28

6| 7041 | -3.12 | 70.48

5 | 0.973 | -1.480 | 100.00 | 50.00 0.00 0.00

1|-38.09 | -14.31 | 40.69

3 |-12.37 | -27.58 | 30.22

4 |-49.55 | -8.12 | 50.21

6 | 0.975 | -2.675 | 100.00 | 10.00 0.00 0.00

3 | -31.57 | -15.14 | 35.02

4 | -68.43 5.14 | 68.62

Total | MW | MVar MW | MVar I2R 12X | Charg
Gen Gen | Load | Load Loss Loss | MVar

606.8 | 139.9 | 600.0 | 140.0 6.8 13.6 13.7

Table 3.9: OPF Summary with Power Cost Minimization.

Production Cost | Power Loss

GAOPF $7824.57 10.668MW

sSQP $7824.36 10.875MW
Power World $7868.40 16.5MW




Table 3.10: OPF Summary with Power Losses Minimization.

Production Cost | Power Loss

GAOPF $8198.7 3.843MW

SQP $8187.63 3.83TMW
Power World N/A N/A

Table 3.11: OPF Summary with Power Cost and Power Losses Minimization.

Production Cost | Power Loss

GAOPF $7828.7 9.473MW

SQP $7827.29 9.644MW
Power World N/A N/A

successfully used to minimize (or maximize) a multiobjective function based on almost

any system variables.

3.6 Genetic Algorithm Based Unit Commitment

In this section, a Genetic Algorithm is applied to the Unit commitment problem with
simple objective functions and constraints. Figure 3.6 shows a hypothetical aggregated
daily load for a power system for which we want to develop a unit commitment schedule.
A basic genetic algorithm with binary string genes will be used to optimize the schedule
using two different objective functions for demonstration purposes. The first objective
function is very simple and its only goal is to find a combination of generating units every
hour to produce enough power for the customers. The second objective function also

takes into account minimum up—time. In this case the minimum up-time was taken to be
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Table 3.12: Units available for scheduling.

Unit Number | Unit Capacity
Unit 1 100.0
Unit 2 300.0
Unit 3 500.0
Unit 4 600.0
Unit 5 700.0

the same for all the units and equal to two hours. Genetic Algorithm unit commitment
is not restricted to these goals or with these constraints only as it is demostrated in [27).
Table 3.12 shows the capacities of the units used for the scheduling. Table 3.13 shows
the results of the optimization process with the simple objective function. Table 3.14
shows the scheduling results using objective function with up-time constraints. Note
that the only instances when the up—time is shorter than two hours is at the beginning
and possibly at the end of the 24 hour scheduling period. If the scheduling is to run
constantly, there would be no end of the 24 hour period and no violations of the minimum

up-time scheduling.

3.7 Genetic Algorithm Drawbacks and Workarounds

A Genetic Algorithm is very computationally intensive and as such hard to use in on—
line operations. In the case of an OPF, the main computational burden comes from the
repeated calculation of the system’s power flow. This implies usage of faster power flow

methods to reduce the number of computations. Rather than going with an obvious




Table 3.13: Simple unit commitment over a 24hr period.

Unit 1 | Unit 2 | Unit 3 | Unit 4 | Unit 5 | Load | Commitment
Off On off Ooff Ooff 200 300
On On off Off Off 300 400
Off off On Off Ooff 400 500
On Off On Off Ooff 500 600
Off Ooff Off Off On 600 700
Off On On Off Ooff 700 800
Off On off On off 800" 900
off On off off On 900 1000
On On Off Off On 1000 1100
On Off On Ooff On 1200 1300
Off On On Off On 1400 1500
Off On off On On 1500 1600
Off On On On | Off | 1350 1400
Off On Off On On 1500 1600
On On On On Off 1400 1500
off On On On Off 1300 1400
Off Off Off On On 1200 1300
Off Off On Off On 1100 1200
off On off Off On 900 1000
On On On Off off 800 900
On Off On Off Off 500 600
Off Off On off Off 400 500
On On Off Ooff Ooff 300 400
off On Off off Off 200 300
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Table 3.14: Unit commitment with minimum up-time over a 24hr period.

Unit 1 | Unit 2 | Unit 3 | Unit 4 | Unit 5 | Load | Commitment
Off On off Off Off 200 300
On On Off Ooff Ooff 300 400
Off Off On Off Ooff 400 500
On Off On Off Off 500 600
On Off off On Off 600 700
Off On Off On off 700 900
On On On Off off 800 900
On Off On On off 900 1200
Off Ooff On On Off 1000 1100
On Off On Off On 1200 1300
On On On off On 1400 1600
Off On Off On On 1500 1600
Off On On On | Off | 1350 1400
On On On Off On 1500 1600
On On On Off On 1400 1600
Off On On On Ooff 1300 1400
Off Off Off On On 1200 1300
Off Off On Off On 1100 1200
Off Off On On off 900 1100
Off On off On off 800 900
Off On Off On Off 500 900
Off Off On Off off 400 500
Ooff off On Off Off 300 500
Off On Off off off 200 300
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Figure 3.6: Daily load as a function of time.

solution that could quickly reach its limits and compromise accuracy, we will address
this problem through GA parallelization and machine learning approaches.

A Genetic Algorithm is inherently a parallel algorithm. Solution populations can
evolve in parallel, the fitness function for each individual can be calculated in parallel,
or even power flow as the subproblem of the fitness function can be parallelized using
standard linear algebra packages. Since the fitness function is the main computational
difficulty, it is reasonable to distribute its computation in some way. Rather than relying
on the availability of expensive parallel machines, it is assumed that a number of general
purpose computers are available on a reasonably fast network. The underlying compu-
tational protocol is based on the Parallel Virtual Machine (PVM) [4] which includes

message passing, and synchronization programming interface as well as architecture in-
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dependent communication of data. When a number of heterogeneous computers are
exchanging data, it is important to take into account little and big endian and different
floating point formats. Fortunately, PVM provides a unique representation of basic data
types and a means of converting to/from a native computer format.

Distributing fitness function computations is relatively simple. Computation time
scales linearly with the number of computers on the network. Figure 3.7 shows a space
time-graph of a GAOPF running the fitness function distributed version of GAOPF
in a master-slave mode. One computer is the master running statistical accounting,
genetic operators, and distributing the individuals to available slave computers to cal-
culate the fitness of each individual. Slave computers return the fitness value and the
individual associated with it. Machine learning methods in power system operations

will be discussed after decision tree introduction in the next chapter.
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Chapter 4

Decision Tree Theory

Genetic programming can be computationally intensive and not usable in real time if
the power system is very large and the objective function is complex. This is especially
true in the UC case. However, the optimization can be done off-line and a decision tree
can be trained to decide which units should be committed considering the predicted
load over the next few hours. Note that load prediction and estimation is a completely
different problem. In the unit commitment problem, it is assumed that the future load

is known.

4.1 Decision Tree Inductive Learning

The original decision tree algofithm was proposed by Quinlan [26] in 1982 and since
then applied to a number of artificial intelligence problems. The goal of the algorithm is

to classify sample vectors of continuous and discrete type variables into disjoint classes.




This is achieved by learning from examples. A large set of examples belonging to a
number of classes is provided as a training set. The training set is used to produce a
series of “if-then-else” tests to classify instances that have training set characteristics.
If the training set is large enough and if the samples to be classified are not significantly
different than the training set examples, the procedure can correctly classify the samples
which are not part of the training set. The type of the test (“if-then-else”) defines a
binary type tree. However, the decision trees are not limited to binary trees, but since
any multi-branch tree can be reduced to a binary tree, it is reasonable to use the binary
structure due to its simplicity.

There are different ways of processing the training set to produce a decision tree,
but different strategies produce different trees which have almost the same classification
characteristics but very different sizes. When the training set consists of thousands of
examples, the size of the tree might be impractical. The common idea is to split the
training set using “less than” in the case of continuous variables and “equal to” in the
case of categorical tests until all the examples are cl—assiﬁed correctly. It is impossible
to prove that one method results in a better decision tree than another approach. The
decision trees produced by the ID3 algorithm were compared to decision trees produced
by other algorithms and found to be of considerably smaller size. The ID3 algorithm
uses an approach from information theory to minimize the entropy after each splitting

until the final subsets belong to a single class. At this point, the entropy is equal to zero.
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The conditional entropy of classification, E(A4,q), is defined as:

n . k Ny k
B = 3 T3 Mgy (a)
r&{yes,no} =~ keC T 4

where n is the number of data objects in the sample set, C is the set of data classes,
nr is the number of objects with query result r and n,  is the number of objects with
query result r which are members of class k. It is clear that, at each node, the attribute
A; and threshold «;; that yield the minimum conditional entropy provide the largest
information gain for the query and therefore the best partitioning of the sample set.
From the description of the ID3 algorithm it should be noted that any classiﬁcatior}
function can be represented by an ID3 induced decision tree. The ID3 algorithm also
prefers shorter trees over larger ones. The ID3 always uses only one hypothesis resulting
in a locally rather than a globally optimal decision tree. ID3 has an inductive bias
toward decision trees with fewer leaves [23] which might not be a desirable feature.
After a short example in the next section, we will discuss how these ID3 features affect

its performance.

4.2 Decision Tree Example

The following simple example is generated by the ID3 algorithm as defined by Quinlan.
This example shows a training set and the decision tree derived from it. The vector

C[] denotes a continuous variable while the D[] represents a discrete variable vector. A
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quantitative test is applied to C[] vector while a logical test is performed on the variables
of the vector D[]. The input data follows the same format used by the machine learning
database repository at The University of California, Irvine [24]. In this format, each
database consists of two files, a file of variable names and description and a file of data
samples. The file of names defines the variable names and their types. If a variable
is of a discrete type, all possible values are listed. For continuous variables, a variable
type is defined with the word “continuous”. The data samples file contains the samples
associated with the classes they belong to. The next example is defined by the following

two files:

| This file was automatically generated from shortl.ts

0, 1.

disO: 0,1.

disi: 0,1.

dis2: 0,1.

con0: continuous.
conl: continuous.
con2: continuous.

and the data is given as:

» 0.169204, -0.0763336, -0.0828701, O.
-0.091528, 0.0481959, 0.0433321, 1.
0.15842, -0.077602, —-0.0808179, O.
0.156341, -0.0773795, -0.0789618, 0.
-0.342948, 0.171457, 0.171491, 1.
0.157442, -0.0795252, -0.0779168,
0.157047, -0.0801064, -0.0769403,
-0.0845121, 0.0399007, 0.0446114,
-0.0923167, 0.0430449, 0.0492717,
, 0.0333967, 0.165913, -0.19931, 1.
, 0.0330964, -0.210149, 0.177052, 0.
, 0.149832, -0.0911175, -0.0587146, O.

-
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, 0.03092563, 0.165163, -0.196088, 1.
-0.217939, -0.0865924, 0.304532, 0.
0.0338461, 0.162341, -0.196187, 1.
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and the following program is the induced decision tree from the above data:

/*
This file was produced by dit
The current date and time is Fri Jul 23 18:39:46 1999
The training file is shortl.ts

*/
int dTree(double C[ ], int D[ ])
{
if(D[1] == 0){
return 0O;

telse{
return 1;

}
} /* End of dTree() function */

The same decision tree is also represented graphically in Figure 4.1. In this particular
example, the decision tree is represented by a series of C statements. Another possibility
is to represent the decision tree as a data table. A very attractive representation for
testing and simulation purposes would be Matlab© form. The most useful representa-
tion would depend on the underlying application. There is a significant compromise in
speed and size between the executable code and tabular representation. Regardless of

the output format, this example shows that the ID3 algorithm correctly identifies the
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Figure 4.1: Decision tree induced from the training data.

most important decision variable D[1] and produces the minimal tree possible.

It is important to emphasize the difference between the decision trees and other pop-
ular artificial intelligence methods such as neural networks and fuzzy logic. The decision
trees do not suffer from false minima, exceedingly long training times or probability es-
timating problems. The decision tree approach is based on inductive learning while
neural networks and fuzzy logic are based on optimization and searching techniques.

Decision trees can also be used for regression described as Classification and Re-
gression Trees (CART) in [7]. However, there is a fundamental difference between the
CART described in that report and the ID3 algorithm. First of all, ID3 can be used
for classification only, while the CART implementation of decision trees can be used for
regression as well as classification. Secondly, the CART method is based on probability
and clustering theory. The ID3 method just partitions the sample space according to

the provided examples. The ID3 classifies the training set with 100% accuracy while
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the CART fails to perform with such accuracy even on the training set.

4.3 Decision Tree Issues

The decision trees are easy to induce from the training sets using an appropriate sample
space partitioning criteria. Decision trees are used in many technical and nontechnical
areas for data mining type applications. The requirements of each area has to be
addressed by the decision tree capabilities. There are three important decision tree
issues that need to be addressed when used in power systems. The first problem is
ID3’s over-fitting characteristic. The second issue is the accuracy of the decision tree
classifier close to the decision surface. The third issue is how to handle large amounts of
training data continuously generated on-line. These issues are identified and discussed
but not dealt with in this work.

Over-fitting property is probably the most important issue with the ID3 algorithm.
Due to its greedy optimization approach, ID3 is 100% accurate on the training set
samples. This by no means implies that it is 100% accurate on a set of true testing
samples from the same statistical distribution. In fact, ID3 performs poorly when
compared with other algorithms derived from it. ID3 in its most basic form produces
large trees overfitting the training data. A common way to deal with this problem is
to perform post training pruniﬂg. The pruning process is basically a low pass filter
smoothing out noisy data and spike samples. Usually, this process reduces the tree size

and improves its accuracy.
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The accuracy of the decision tree classifier close to the splitting surface depends on
the statistical sample space distribution and splitting criteria. The decision trees, using
an equality and threshold comparison, partition the entire sample space using stair-wise

hyperplanes. For example:

if (C1 < 0.5)
if (D1 == TRUE)
return CLASS_A;
else
return CLASS_B;
else '

This can be a problem for data points close to a hyperplane since they can be misclas-
sified due to the non-smooth partitioning surface. This type of partitioning can also
result in a large number of threshold comparisons in order to approximate a smooth
surface. Sometimes, there is a linear or nonlinear relationship among the input variables
implying that the partitioning could be much more effective and require less training

samples if the tests were of the following form:

if (€1 < £(C1,C2,C3,...))
if ((D2 && D1 && ...) == TRUE)
return CLASS_A;
else
return CLASS_B;
else

Figure 4.2 illustrates an exact but nonlinear partitioning surface and its possible decision
tree approximation. A possible partitioning surface in two dimensions based on the
above reasoning would be a smooth curve. Revealing this type of relationship is more

of an art than anything else. It is very likely that such dependences exist among power
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Figure 4.2: Decision Tree Classification Surface Approximation.

system variables but are not obvious and are difficult to incorporate in a decision tree
induction algorithm. It is worth mentioning that CART suggests using this approach
and that it is used in a simplified format in the CARTO software package. These
types of decision trees are known as oblique decision trees and a possible method for
discovering planar decision surfaces is suggested in [28].

Usually, the decision trees are induced from a training set, cross—validated with the
test sets, and then used to classify new samples. Occasionally, the training set is not
fixed and might be increasing with time. In such cases, so called incremental decision
trees could be used. The basic idea is to build a decision tree from the available training
samples and incorporate new samples as they become available without rebuilding the

tree from the beginning. This method is applicable to very large training sets and real
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time operation since in such cases, the incremental learning time is much shorter than
the time needed to rebuild the entire tree. A successful method of incremental induction
of decision trees was reported in [31].

Here we pointed out three decision trees properties that could be exploited in power
systems decision-making research. Due to their physical nature, power systems could
probably benefit from the oblique decision trees. Incremental decision trees have an
ability to continuously improve their classification accuracy with time. The state of
a power system can be sampled periodically and the new samples incorporated in the
existing tree. Both of these issues are state of the art research topics and left as a

possible further improvement to decision tree use in power systems.
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Chapter 5

GAOPF Based Unit Commitment

and Machine Learning

Unit commitment (UC) is a difficult combinatorial optimization problem due to its high
dimensionality and dependence on a nonlinear continuous optimization subproblem. As
discussed in Appendix C, unit commitment must satisfy some basic requirements such
as a unit schedule, which must be able to provide enough power for the load and sys-
tem losses and meet additional operating constraints with respect to power quality and
reliability. In addition to these requirements, some kind of optimality might be desir-
able. With the introduction of deregulation, Igeneration cost minimization and profit
maximization are becoming crucial issues. An ideal optimization algorithm would allow
an arbitrary continuous subsolution to be used within the UC scheduling solution. The

result is a set of generators supplying the load under optimal economic dispatch require-
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Figure 5.1: Genetic algorithm OPF based unit commitment.

ments. A number of different UC solutions are reviewed in the Appendix C, but none
of them allow for a very flexible objective function used in the continuous subproblem.
In this chapter, a genetic algorithm will be applied to both the combinatorial part and
continuous optimization subproblem. The GAOPF algorithm discussed in Chapter 3
will be embedded in a binary string based genetic algorithm responsible for finding an
optimal schedule. Since there are two optimization parts, a mixture of classical and Al
methods can be used. However, this research uses Al algorithms in power systems so
both parts will be addressed from an AI point of view. Since Al methods are compu-
tationally intensive, machine learning will be implemented allowing on-line use of the
optimization results. As previously discussed, both UC and ED are viewed from differ-

ent points of view in a deregulated market. As in the case of GAOPF based ED, we
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will address UC from the point of view of an ISO. This means that the traditional unit
constraints such as minimum up and down times are ignored. The following discussion

can be easily adapted to an IPP point of view if so desired.

5.1 Genetic Algorithm Unit Commitment

In Chapter 3, genetic algorithms were applied to OPF as well as UC. The developed
GAOPF can be used as a very flexible OPF for ED. The unit commitment example
demonstrated the use of GA on a UC problem considering minimum up times and a
minimum generation constraints. Now, a GAOPF and Genetic Algorithm UC (GAUC)
will be merged to produce a flexible UC algorithm which can take into account different
optimization goals and constraints. We will use the same network used in Chapter 3 to
demonstrate GAOPF principles.

GAUC uses a binary string of length equal to the number of generators in the system
minus one representing each generator being on or off. The swing bus is fixed by the
system description file, reducing the length of the binary string by one. Therefore, the
swing bus generator is a “must run” generator and it is also required that there is at
least one more generator running. It is easy to add more “must run” or “preferred”
generators effectively allowing the algorithm to decide what additional (possibly IPP)
generators a utility should use. Since deregulation is still not fegulated purely by market

forces, a typical arrangement would be to have a number of “preferred” generators

which are still regulated and supply the rest of the needed power from available but




more expensive IPPs. Whatever the number of “must run” and “preferred” generators
used, GAUC searches for the optimal combination of additional generators needed. The
optimality criteria is anything that can be optimized by GAOPF since the combinatorial
part of GAUC has GAOPF embedded in its objective function. The usual goals would
be minimizing the production cost, minimizing power losses, controlling particular line
transmission, voltage levels, etc. We will use a simple goal of minimizing the production
cost, or just power cost which is in the deregulated market a variable power/price curve
depending on supply and demand. To demonstrate GAUC, the example network from

Chapter 3 is used with bus and generator details given in the Tables 5.1 and 5.2. In this

Table 5.1: Network buses.

Bus Number | Bus Name | MW load | MVar Load | Low V | High V
1 BUS.1 0.5 0.2 0.95 1.05
2 BUS_2 0.5 0.2 0.95 1.05
4 BUS 4 0.5 0.2 0.95 1.05
3 BUS.3 0.5 0.2 0.95 1.05
5 BUS.5 0.5 0.5 0.95 1.05
6 BUS_6 0.5 0.1 0.95 1.05

example an arbitrary load was assigned to each bus. The top level genetic algorithm
searches through the binary combinations for a combination of generators which result
in a minimum generation cost while maintaining the bus voltages between the limits
as described in the discussion of GAOPF operations. For the above data, the optimal
combination is generator one (swing bus generator), generator two, and generator three.

The swing generator and generator number four have the largest overall incremental cost
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Table 5.2: Network generators.

No| P { Viem | VARpmez | VARmin Cost Prin | Pz
1 [091] 1.0 10.0 -10.0 | 0.012%2®+12.0xx 41050 | 0O 180
2 [ 1.961{ 1.0 10.0 -10.0 0.0096 * 22 + 6.0 * = + 96.0 0 180
3 (0.8 | 1.0 10.0 -10.0 | 0.013%2°+5.30*xx+105.0 | O 180
4 237 1.0 10.0 -10.0 0.0094 * 2% + 9.4 * = + 94.0 0 180

and should be expected to be excluded from a schedule under low loads. The swing
generator is included since it is a “must run” generator and generator number four is
excluded as expected. Since the GAOPF is a part of the GAUC, the optimal ED is a
byproduct of this approach. This example is focused on an ISO point of view but it
can easily be adjusted to include classical UC constraints. Table 5.3 shows a typical
scheduling in addition to the swing bus generator. It is clear that the generator number
four is on-line only after the total load éxceeds some limit. From the previous discussion,
this generator has the most expensive incremental cost and as such goes on-line last. For
clearly illustrated reasons, the objective function is based only on the production cost
and voltage limit penalties. Additional options available include minimization of power
losses, and production cost and power losses and it is almost trivial to add other types
of objective functions without any changes to the existing algorithm. The embedded
genetic algorithm performs well when applied to the Unit Commitment problem. The
only problem is that the GAUC is GAOPF embedded in another genetic algorithm
resulting in a very computationally intensive program. Even for the small example

above, running the GAUC a thousand times required almost ten hours. For systems of
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Table 5.3: Unit Commitment as Seen by an ISO.

Unit 2 | Unit 3 | Unit 4 | Load | Generation | Total Cost
On On off 2.074 2.11338 1857.99
On On Off | 2.84517 2.88223 2443.67
On On Off | 2.89719 2.96767 2485.76
On On Off 3 3.05343 2558.39
On On Off | 3.25377 3.34077 2826.97
On On Off | 3.65716 3.71709 3214.4
On On Off | 3.65677 3.72409 3272.82
On On On | 4.04054 4.14141 3752.91
On On On | 4.07843 4.12304 3801.4
On On On 4.20284 4.26573 3854.27

a few generators and a few buses, the delays might be acceptable but for large, realistic
size networks, there must be a way to improve the performance. As in the GAOPF
case, GAUC speed can be addressed using a parallel algorithm running on a network
of non—dedicated computers or machine learning can be applied. Genetic Algorithm
parallelization is a straight forward process as explained previously and will not be

discussed further.

5.2 Machine Learning of the Unit Commitment

The two main ways of dealing with very high computational demands in this research
are the use of parallel computations and machine learning. UC algorithm parallelization
is, as described, straightforward. For the machine learning approach, the decision tree
methodology is used. A training set of a thousand samples was simulated for the above

example and the unit commitment schedule was produced using a GAUC. The load
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at each bus was chosen from a uniform distribution between 0.1 and 1.1 per unit to

simulate possible load peaking and to develop acceptable scheduling. Although the
sample generation was very time consuming, decision tree induction was rather fast.
The resulting decision tree is eleven levels deep and would take at most eleven real
number comparisons to produce a scheduling decision. This is fast enough for real
time operations. Since this is the ID3 algorithm, the accuracy is 100% as it should
be when tested with the training set itself. There is no other supervised machine
learning method with such accuracy even on the training set. When using a test case of
approximately the same size as the training set and from the same uniform distribution,
the misclassification rate was found to be 20.4617%. This is still a good accuracy
compared with other machine learning methods. ID3 is not expected to perform with
very high accuracy due to its overfitting features. Although, after a closer examination
of the misclassified cases, it was obvious that almost all of the misclassified cases were
very close to the partitioning surface. This indicates three important features of the UC
problem. First, there are no “isolated points” in multidimensional space defined by the
bus loads. The second implication is that there is a well defined surface partitioning the
space in large regions. The third and final conclusion is that the accuracy of the decision
tree can be improved by increasing the training set and refining the decision surface.
Analysis of the physical problem showed that the generator controlled by this decision
tree is the one with the highest production cost and as such would probably be the last

one to be used. It became clear that the total load must be one of the most significant
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decision variables. Therefore, ti1e sum of all the loads was the decision curve which could
improve the accuracy of the tree. After including the sum of all the loads in the training
set, the misclassification dropped down to 3.6%. The critical misclassification variable
in these 3.6% of all the cases was the sum of the loads in about 90% of the cases with
very small critical distance. This behavior is exactly what should be expected from this
example. Since a good partitioning surface is found, the misclassification rate should

be much lower and all the errors involving this surface should be very small. Table 5.4

Table 5.4: Unit Commitment Schedule With Critical Loads.

Busl Bus2 Bus3 Bus4 Busb Bus6 On | Critical Load
0.46791 | 0.563381 | 0.147982 | 0.53963 | 0.971672 | 0.299345 | 0 | B[4]=0.008307
0.495119 | 0.880418 | 0.59727 | 0.723838 | 0.956885 | 0.769663 | 1 B[3]=0.149101
0.129073 | 0.741853 | 0.731735 | 0.673739 | 0.937382 | 0.98781 1 | B[3]=0.0146355
0.527415 | 0.673539 | 0.576653 | 0.214665 | 0.290406 | 0.26174 | 0 | B[1]=0.113256
0.464469 | 0.731505 | 0.814713 | 0.284804 | 0.115542 | 0.320366 | 0 | B[5]=0.0092375

shows a few examples consisting of bus loads, whether generator number four should be
on or off and the critical load on a particular bus which could cause the on/off decision
to change. If the load is changed above or below its present value by the critical load,
the decision might or might not change. This is an interesting way of dealing with the
load uncertainties. If the dispatcher decides that a particular load is approaching close
to the decision surface, he/she can rerun the load scenario with the critical load changed
by more than the critical value or it can be done automatically by the computer and a

corrective action suggested. For example, in the second case, if load on the third bus
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was changed by 0.15 per unit, it could change the status of the generator. However, a
0.15 per unit change in the bus load is a significant and probably unlikely change. On
the contrary, in the fifth example, a change of only 0.01 could require the generator to
be online. This critical value is within the load uncertainty levels and the dispatcher
should investigate further. In this example, bus loads were used as the decision tree
sample variables which are continuous quantities. There is nothing preventing the use
of discrete variables representing status of a critical transmission line, for example. In
that case, a N — 1 based OPF could be used to train a decision tree and the critical
variable would be whether the line is up or down.

In this section, three important features of the decision trees in UC are demonstrated.
First is the speed of the execution of an induced decision tree. Second is the ability of
the decision trees to estimate the most critical variable. These features make decision
trees ideal for on-line operations and studies which require a very large number of runs.
The third demonstrated featuré is the existence of non-trivial decision surfaces and
ability of the ID3 algorithm to take advantage of them when instructed to do so. Any
problem solution which can identify these surfaces and achieve accuracy better than
95% with the ID3 algorithm indicates little need to search for a better machine learning
solution. If the variable dependencies are not as obvious as in our example and sufficient
accuracy cannot be achieved, ID3 is maybe not be the best decision tree algorithm to
be used. It is used in this research as a proof of feasibility of the decision tree learning

methodology. Decision trees using statistical distribution or clustering of the samples
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as used in the CART®© package might perform with significantly higher accuracy in
some cases. Replacing ID3 with another algorithm in the GAOPF and GAUC should

be straightforward.

5.3 Analysis of Genetic Algorithm Unit Commitment

As demonstrated in the previous section, a genetic algorithm can be successfully used for
unit commitment in a complex setup. However, there are issues that must be addressed
in a non-academic environment. First of all, it was noticed that a binary string GA has
more difficulty converging requiring larger populations and a larger number of genera-
tions. This translates into a large increase of already significant computational times. A
real variable GA has a better cost descending characteristic resulting in smaller popu-
lations and number of generations. It is possible to incorporate a GAOPF in a classical
UC, such as dynamic programming based, or Lagrange relaxation based method. The
benefit would be flexible optimization goals and a reasonably fast UC using straight
forward modifications of the presented algorithm. In this research, different ways of
improving computational times have been addressed. It was noted in Chapter 3 that
there are two possible ways of increasing the speed of the genetic algorithm. One is
using a large number of general purpose computers in parallel, and the second option
is to perform off-line machine learning and exploit it in an on-line manner. The use of
parallel computers for GAOPF computations was demonstrated in the same chapter.

Exactly the same approach can be used for GAUC.
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Supervised machine learning is learning from samples. A sample consists of a set
of variables and a class to which that sample belongs. After learning is performed,
classification is very fast, the unseen instances from the same distribution should be

classified correctly, and critical decision limits are available for human examination.
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Chapter 6

Conclusions and Future Research

Recent developments in the U.S. power industry indicated that there is no clear direction
in which the deregulation should develop although the motivation and basic principles
behind the deregulation are easy to understand. The main idea introduced by the
government is to provide cheaper power through the free market competition. However,
the Independent Power Producers (IPP) have different goals which are not cheap power
but higher profit margins through power price regulated by the free economy laws of
supply and demand. To promote free competition, the government requires utilities
to unbundle their services into three independent entities: the generator owners, the
transmission owners, and the Independent System Operators (ISO). The purpose of the
unbundling is to prevent manipulating the market through the technical means. Recent
events in California exposed some serious practical problems with the implementation

of the deregulation [20]. Hopefully, a free and fair market will set the prices acceptable
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by both the producers and consumers. A part of the U.S. power industry is presently
deregulated, and it seems inevitable that the still regulated states will follow.

From the engineering point of view, the unbundling and the free market dictating
the prices made some old problems more difficult and others easier to solve. Right now
it is not clear what power system issues are the most important and how to handle them.
Transmission congestion will definitely be a problem since the transmission owners and
ISOs have limited control over bilateral contracts between the IPPs and consumers. How
much transmission owners should charge for power wheeling without pancaked charges
is another problem. Both problems are related to controlling power transmission within
and between control areas. Flexible AC Transmission Systems (FACTS) [19] should
make this problem easier to solve, but FACTS are expensive devices, still not in com-
mon use. On the other hand, the unbundling of the services separated some classical
optimization tasks into IPP and ISO perspective making them simpler and easier to
solve. For example, an IPP is not really concerned with the entire network stability.
An PP is concerned with running its generators in the most profitable way. However,
an ISO’s task is to maintain system reliability and possibly give price signals through
the transmission control. ISOs should treat equally all IPPs but it can send price sig-
nals through transmission pricing or price-dependent load models as reported in [14].
An IPP must take into account such things as generator up/down times, maintenance
schedules, and production cost curves. The ISO is more concerned with transmission

congestion, operation reliability, and maintaining realistic prices rather than profit mar-




gins. Although, there are many unknowns regarding the power system operation under

deregulation, in this dissertation some of the anticipated issues from the ISO perspec-
tive have been addressed. The ED and UC will have to be more flexible tools in the
future allowing for different optimization goals. In the past, AI methods were able to
solve many problems difficult to solve using classical methods. This work shows that

the same is possible with the problems encountered in power system operations.

6.1 Conclusions

Two problems were investigated in this report. The first problem is Optimal Power
Flow as seen by the ISO, and the second problem is Unit Commitment also as experi-
enced by the ISO. Optimal Power Flow is a high dimensional, constrained, non-linear
optimization problem. Usual solutions are based on linear optimization methods which
involve linearization of the original problem in some way. As a result, a true optimal
point might never be found or at least not the global optimal point. Here we used
genetic algorithm based stochastic optimization to implement GAOPF and to compare
it with the Newton—Raphson and LP OPF from Power World OPF software package.
The comparable results obtained from GAOPF and Newton—-Raphson were exactly the
same. LP OPF produced considerably higher production cost. However, for some rea-
son, the Newton-Raphson algorithm was discontinued in new versions of Power World
software. GAOPF flexibility allowed us to explore different objective functions in ad-

dition to minimizing the production cost. Minimization of the power losses neglecting
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the production cost produced considerably lower power losses but higher production
cost, which is to be expected since minimizing the production cost is not equivalent
to minimizing the power losses. Another cost function which is the sum of weighted
production cost and power losses, resulted in a production cost between the minimal
production cost and production cost found when only the power losses were minimized.
Similarly, the power losses were between the minimal power losses found by minimizing
the power losses only and the power losses when the production cost was minimized.
To demonstrate the flexibility of the GAOPF approach, the production cost was min-
imized while the transmission of a congested line was set to be between prespecified
limits. The production cost was higher than the minimal, but the transmission level
was also between the desired levels. It is safe to say that GAOPF has good pétential to
be used in real life situations.

A genetic algorithm was also used for UC implementations. The use was demon-
strated in two simple’ cases. In the first case, the only goal was to meet the production
levels for the current hour. In the second case, minimum up-time was taken into ac-
count. No additional constraints as defined by the classical UC were used since they are
largely ignored from the ISO perspective. The GAUC is done for a single time interval
not taking into account past and present operation. Of course, this can be coupled with
load forecasting to produce a long term UC schedule. In the deregulated environment,
an ISO can take into account available transmission, demand, and supply to determine

the unit commitment as well as other constraints imposed by the technology, available
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resources, or regulators. Finally, to incorporate different constr.aints and optimization
goals that could be raised by the deregulated environment, a GAOPF was embedded

, into the UC. This way, a UC can take into account many variables not addressed in
the classical UC. The algorithm worked as expected producing a single time period unit
commitment.

The GAOPF and GAUC perform well and allow for different constraints and goals
to be explored. Unfortunately, the price to pay for such flexibility is long processing
times. GAUC is particularly CPU time demanding because there is a genetic algorithm
embedded into another genetic algorithm. There are two ways of dealing with this
problem. The first possibility is to use more computers doing the calculations in parallel.
The second option is to do supervised machine learning off-line and use the trained
system in on-line operations. A genetic algorithm is inherently parallel algorithm and
as such was paid little attention in this research. The supervised machine learning was
explored using decision tree theory. A training set was produced off-line using GAUC
and a decision tree was trained. When using a simulator to provide the training set,
the size of the training set and the size of a test set is not an issue. Straight forward
implementation of the ID3 algorithm resulted in a decision tree with 80% accuracy. After
realizing that instead of a simple variable threshold a linear function of a combination
of variables can be used, accuracy of almost 97% was achieved using the same training

set. This is very high accuracy for any learning method.
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6.2 Future Work

Genetic Algorithm and the Decision Tree learning produced reasonably good results to
use this work for a further research. The main problem with the GAOPF and more so
with GAUC is the long processing times. There are some obvious improvements and
some not so obvious that can be investigated as noted below.

Both the GAOPF and GAUC use power flow to calculate the objective function
value. Right now, the power flow algorithm used is the familiar Newton-Raphson
method. The Newton—Raphson method results are the most accurate of all methods
and it converges rather rapidly. The drawback is that it must calculate the Jacobian
at each iteration and solve a system of non-linear equations. A decoupled power flow
algorithm could dramatically decrease the CPU times at the expense of accuracy. How
much accuracy is compromised is something that needs to be investigated on a case by
case basis. A new solver can be substituted in GAOPF with minimal effort. Genetic
Algorithm is easy to parallelize and distribute over a number of non-dedicated com-
puters on the network. Parallelizing the existing algorithm should give good processing
speed with the same computational results. In the case of GAUC, the decision tree
algorithm can be used to provide real time performance. A major future research con-
tribution could be done in this area. Most of the practically proven machine learning
and optimization methods are reviewed in [21].

Decision tree induction is easy to understand, implement, and modify to fit differ-

ent purposes. Decision trees can provide additional benefits not possible with other
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learning methods. In chapter 5, we showed how the critical variable and its value can
be estimated in the decision tree process. With minimal effort, explanatory decision
making can be provided. These two features could be used during the real-life dispatch
or for dispatcher training. For GAUC implementation, ID3 produced good results when
the idea of so called oblique decision trees was incorporated. It seems that for physical
systems using functions as splitting surfaces rather than single variable thresholds is
very important. Unfortunately, discovering these linear or non-linear hyperplanes is
largely an art and is highly problem dependent. Another possibility is using a different
splitting criteria than that used in ID3. Splitting can be done using statistics princi-

ples as demonstrated in CARTO. However, considering the results in this work using

ID3, it is questionable if an algorithm like CART© could achieve such high accuracy.
CART®© methodology could be used for load forecasting and other regression problems.
Using it for an OPF would be a significant achievement but it needs further research.
Power systems using decision trees could greatly benefit from incremental decision trees.
The incremental decision trees are induced incrementally and are equivalent to the trees
which would be induced non-incrementally but using the same training set. There are
two benefits from using incremental decision trees. First, if the training set data is ac-
cumulated with time, it can reach a point where the tree induction from the beginning
would take unacceptably long time. Adding a new sample to a tree should.take much
less time for large data sets. The second benefit is that if the data collected is increasing

with time, the accuracy of the decision tree would increase.
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Appendix A

Power Flow Review

Power flow is a steady-state analytical tool of a power system. The power flow within
a system is completely known if real or active power (P;), reactive power (Q;), voltage
magnitude (V;), and voltage phase angle (;) are known at each bus i. Only two variables
are known at each bus and the goal is to solve for the other two variables. The three
most common bus types are load bus (P, @ known), voltage controlled bus (P, |E|
known), and generator bus (P, |E| known, or P, Q if Q exceeds generator limits). A
power system is connected with lines of known complex impedance between the buses
and the ground. The system can be described with a set of equations similar to any
electrical circuit. However, since the known variables are complex power quantities, the
power system equations are nonlinear.

The following equations are the derivation of Newton—Raphson solution [37] used

in this work. The Newton—Raphson solution is based on the first order, multivariable
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Taylor series expansion which requires one time calculation of the system’s impedance
matrix and an iterative calculation of the Jacobian. If the power system’s nonlinear
equations are represented by:

F (V) = const (A.1)

we choose a starting value for the independent variable V0. The starting value will

cause an error, £ in function F":
F (VO) + € = const (A.2)

The error can be decreased using Taylor series expansion,

0
F (VO) + %AV + & = const (A.3)

solving for independent variable correction AV by setting error € to zero and reiterating

with the new value of the independent variable until the error is acceptable:

AV = (%‘Zﬁ)) i [const - F (Vo)] (A.4)

In power systems case, the independent variable is the set of complex value bus voltages,
the derivative in the Taylor series expansion is the Jacobian of the power injection

equations at each bus, and the error is the set of F; and Q; mismatches. A power
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system’s currents depend on the bus voltages in a linear manner:

L _ - -
I Yii Yi2 Yi3 Yiu Y5 Ey
I Yo Yoo Yoz You Yos E;
= (A.5)
| In ] | Ynl Yn2 Yn3 Yn4 Yn5 J i En J
where:
Yij=—yy; and Y=} yij+uyy
J
over all 4,5 connected buses and 4, g ground connections.
At each. bus, the injected complex power is given by:
P +jQ; = EI} (A.6)

where:

N

I; =% YiyFE!

k=1

then
N *
P +3jQ; = E; (kgl YikEk>

and

N
PitjQi=|BPY + 3 YiE:B]
ki
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The last equation can be expanded into:

N )
Fi+jQi = 3 |BillBl (Gix — jBix) /%)

N

= kzl |E;|| B | [Gik cos (6; — Ox) + By sin (6; — 0x)] (A7)

N
+j k;z—:l |E¢||Ek} [Gik sin (01 - ek) — Bik COS (91 - Gk)]
where

0;, 0 = the phase angles at buses i and &

|E;|, |Ex] = the bus voltage magnitudes

Gij+jBix = Yi is the 1k term in the Y matrix

The system of equations A.7 is a nonlinear system which is solved using standard first
order Taylor series approximation. The Jacobian of the Equations in A.7 is given by

the following matrix equation:

rAP1 1] ok < L 11 AB, -
AQ, %—‘g; 5[3%;[ %%1 g,%—;[ A|E|
AP, | =| S0 AR SR Ah Ab, (A-8)
AQ; W oAm e Ak Al
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To further simplify the derivatives, instead of A|E;|, we use %ﬂ which results in:

2—5,3 = |E;||Eg|[Gix sin (6; — Ok) — By, (6; — 6&))
%g‘;l = |Ez||Ek! [Gik Cos (oi - ok) + B;j sin (91; — Qk)]
- (A.9)
g_% = —|E;||Eg|[Gi cos (6; — Ox) + By sin (6; — 6x)]
(Q_E;r |) = |E;||Fx| [Gix sin (6; — 0x) — Bk, cos (6; — 6x)]
&y,
For i = k:
5 = —Qi— BiFE}
_9% _ _ p 2
(3|E.|) - Pz + GmEi
E;
% = P-GuE
_0Qi  _ Q; — B E?
) -
And in the matrix form: i ) ) ]
API A01
AQy HAE€1
AP, | =1 Ag, (A.10)

AQ: Tl

Equation A.10 is in the format used by the Newton-Raphson iterative solver. The whole
process starts by assigning an initial solution for complex voltages which is usually of

a magnitude of 1.0 per unit and 0 phase. The next step is to calculate AP; and AQ;

98



as well as the Jacobian. Using these values, Af; and AEEZZ are calculated and a new

solution for voltages is found. This is repeated until change in P and @ is sufficiently

small.
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Appendix B

Optimal Power Flow Review

The Optimal Power Flow (OPF) problem has been a topic of intense research for the
last forty years. OPF is a static power flow problem which tries to determine the opti-
mal control variables in a power network under constraint conditions. The OPF can be

mathematically formulated in general terms as in [9]:

Min f(Z), Zec®™n  f. g™ 4 gl (B.1)
zZ
subject to:
G(Z2)=0, G:R™" R (B.2)
H(Z)<0, H:R™"" 5 R®° (B.3)

where f(Z) is the objective function to be minimized, G(Z) are the nonlinear power

flow equations and H(Z) are the nonlinear inequality constraints. Vector Z = [UX]T
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is the vector of both state and control variables. State variables vector X includes bus
voltages, reference bus angle, non—controlled generator MVA and MVAR outputs and
loads, fixed bus voltages, etc. Similarly, U is the vector of control variables such as
real and reactive power generation, phase-shifter angles, net interchange, load shed-
ding, DC transmission line flows, control voltage settings, LTC settings, etc. Equality
and inequality constraints include limits on all control variables, power flow equations,
generation/load balance, power flow limits, bus voltage limits, reserve limits, MVAR
limits, etc. The optimization objective could include power cost optimization, loss min-
imization, minimum control-shift, minimum number of controls rescheduled, etc. With
the introduction of the free market, a different set of constraints and different objectives
are being introduced depending on the deregulation model.

OPF solutions are based on both linear and nonlinear numerical methods. Linear
programming methods are based on different variants of Linear Programming (LP) while
the nonlinear methods include Sequential Quadratic Programming, Augmented La-
grangian Methods, Generalized Reduced Gradient, Projected Augmented Lagrangian,
Successive Linear Pfogramming, Interior Point Methods, among others. The number of

the different solutions and variants is a clear indication of the complexity of the prob-
lem. We will review the Sequential Quadratic Programming (SQP) method which is
a modified Newton—Raphson method. All of the OPF algorithms in use in some way

simplify the original problem.
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B.1 Sequential Quadratic Programming Optimal Power

Flow

Nonlinear optimization is based on various gradient approaches. The best known is the
steepest descent method which requires determining the descent direction by solving
a multidimensional equation based on the gradient matrix of the objective function.
Another approach which resulted in many variations is based on the Newton—Raphson
method. In the multidimensional minimization problems, we are looking for a root of

Vf(Z)=0. The Taylor series expansion applied to to finding a root of Vf (Z) gives:
0=Vf (2" ~ vf (2*) D" + V25 (2%) Db (B.4)
which finds the descent direction (D* = Z*+1 — Z*) from the following equation:
V2f (2%) Dk = -v £ (2¥) (B.5)

where V2f (Z’C) is the Hessian matrix evaluated at Z*. Calculating the Hessian is
difficult and error prone task and the Hessian might not be positive—definite as required
by the Newton method. The quasi-Newton method calculates an approximation of
the Hessian from Z* and gradient information from previous iterations resulting in the
solution for D*:

B*D* = -V (2*) (B.6)
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e

where BF is the Hessian approximation matrix. In addition to descent direction, a step
length o in the given direction must be found as well. The usual method of finding o*

is from the one dimensional minimization:
. k k
Min f (2% + aD¥) (B.7)
To handle the constraints from equation B.1, a Lagrangian must be used:
a b
L(Z,A)=f(Z) =D _Mgi+ > Ajrahj (B.8)
i=1 j=1

where A € Rt is the vector of Lagrangian multipliers and h; and g; are elements of
H (Z) and G (Z).

Sequential Quadratic Programing extends the quasi-Newton method by approxi-
mating the objective function and non-linear constraints using Taylor’s series expan-
sion and solving the resulting Quadratic Programming Problem. SQP approximates the

objective function with a positive definite quadratic approximation:
1
¢ (D)=Vf(2") D+ 5DTV% 2L (2%, X%) D (B.9)
and D* is calculated by solving the quadratic programming subproblem:

Min ¢* (D) (B.10)
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subject to:

G(z%)+J(2*) D=0 (B.11)
H(z")+1(2*)D <0 (B.12)

where J and I are Jacobians of the constraint vectors G and H. The next step Z**! is
updated as Z**! = Z* + o* D¥ where o is the step length that needs to be determined.
Unlike in the unconstrained non-linear optimization, determination of the step length
is a rather difficult task since in addition to choosing an optimal step it must also
minimize constraint violations. The so called “merit function” is used to express the
relative importance of these two goals. A good choice for a merit function is described

in [9] but it is by no means the best one:

a b
P(Z,v) = f(Z)+)_vilgil + Y_ vatj max [hy,0] (B.13)
i=1 j:l

where v € Rt is the vector of positive penalty parameters and g;, h; are elements
of the constraint vectors G (Z) and H (Z) respectively. Additionally, v; > |X\;|, 7 =

1,2,...,a,...,a + b and finally, the step length is chosen to minimize P; (Z"c + aD*, V).
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Appendix C

Unit Commitment

Unit commitment is a task in power systems operations where a decision has to be
made regarding which power units need to be online at any point in time to be able
to supply the current power demand. In the monopolistic market, it is sufficient to
ensure that the load demand is covered. All the production and transmission cost is
eventually recovered by the utility regardless of the production efficiency. In the new,
deregulated market, this is not necessarily true. If a power producer fails to be price
competitive it will sooner or later go out of business. Therefore, it is important that
the unit commitment incorporates both the technical and economical constraints.
Technical constraints are the constraints that need to be obeyed to be able to produce
enough power while providing good voltage and frequency stability, system integrity,
and taking in account units’ minimum up and down times. On "cop of these copstraints,

each power system, power pool, the reliability council and so forth may impose a set of
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additional rules on scheduling of the units.
The main economic goal is profit maximization. Profit maximization is related to
production cost minimization, but they are not equivalent. Minimizing the production

cost is necessary but not sufficient to maximize the profits.

C.1 Classical Methods

There are a few popular approaches to the unit commitment problem. However, most
of them are applicable to power networks with simplified power generation and loss
models[37]. Usually, the model used is an infinite bus with the generators and a load
connected to it. The goal is to find an optimal unit commitment schedule for a number
of hours in advance that will minimize the generation cost. Unit commitment is not
intended to minimize the losses taking into account the topology of the power system.
As a consequence of this, it cannot cope with transmission line overléading, power
wheeling and similar problems. However, even this simplified model should take into
account the economic dispatch and include it in its objective function.

To illustrate the combinatorial complexity of the unit commitment problem, consider
a power system with N units [37]. The following equations show the number of unit

combinations that must be examined in a brute force approach to find the best unit

combination for a particular load:
C(N,1) + C(N,2) + C(N,8) + ... + C(N,N -~ 1) + C(N,N).=2N — 1 (C.1)
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Table C.1: Number of possible Unit Commitment combinations over 24 hours period.

Number of Units N | Number of Possible Combinations
5 6.2 x 10%
10 1.73 x 107
20 3.12 x 10144
40 Too large

where C(N, 7) is the number of N items taken j at a time:
C’(N,j):_—',.j. Jl=1%x2x%x..%Xj (C.2)

For a period of M intervals, the number of combinations is:
@N — 1M (C.3)

Table C.1 shows a number of possible unit commitment combinations over a period of

24 hours.

At this point, it should be clear that an exhaustive search is not a solution for a
unit commitment problem of any realistic size. Even if a very simplistic cost function
is used, just enumerating all the combinations is too demanding for today’s computers.
The following sections will introduce existing optimization methods as applied to the

unit commitment problem.
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C.1.1 Priority-List Method

The priority list method is the simplest unit commitment solution and as such can ad-
dress only the most basic scenarios. The priority list method can solve simple problems
where it is needed to determine the unit commitment based on the current measured
or estimated load and on the predicted future load. The main idea is to have a priority
list of power units and when the load changes, to activate or deactivate the next units
on the list until the power demand is met. If the future load can be predicted, it can
be incorporated in the algorithm by making simple decisions whether it is economically
justifiable to change a unit status due to start up and shut down costs. This is about
the only situation that the priority list approach can handle. It is very simple and needs
very low computational resources.

The priority list approach can be described as follows assuming that the unit commit-

ment is in a correct state [3]:

e At each period determine if dropping the next unit on the list would satisfy the
load demand and other reserves. If not, continue with the present commitment.

Otherwise go to the next step.

o If the unit to be dropped will be needed again in less than its minimum down

time, continue with the present commitment. If not, go to the next step.

e If shutting down the unit and restarting it when needed later on is less costly then

keeping it on line, shut it down. If not, keep it on line.
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e Repeat the procedure for the next unit on the list.

C.1.2 Dynamic Programming Solution

Dynamic programming was introduced in the late 1950’s to address various (NP) com-
plete (non—-polynomial complex) optimization problems. Its theoretical background is
based on the calculus of variations and is rather complex. Software implementation of
a dynamic programming algorithm is relatively simple once the problem is defined in
terms suitable for dynamic programming. The basic idea behind the dynamic program-
ming is to solve an N-dimensional problem as N one-dimensional problems. This is
done in stages with the notion that the optimal solution at stage N must contain the
optimal solution at stage N — 1. In a sense, there are two boundary conditions, and
the solution can start from either one. These approaches can be described as backward
and forward solution. The unit commitment problem can be formulated in a way to
be able to solve it using dynamic programming, and it makes more sense to do it in a
forward manner since the system progresses forward in time. Usual assumptions made

in dynamic programming solutions are as follows {37]:

e A state consists of an array of units with specified units operating and the rest

off-line.

e The start-up cost of a unit is independent of the time it has been off-line.

e There are no costs for shutting down the units.
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e There is a strict priority order, and in each interval a specified minimum amount

of capacity must be operating.

There are at least two issues which make dynamic programming of limited use for most
power system optimization problems. First of all, the cost function used in the dynamic
programming must be separable in terms of optimizing variables. This immediately
rules out use of power flow as a part of the cost function where each generation unit
is a variable whose optimal production level needs to be found. Secondly, the cost
function has a number of constraints. Each constraint increases the state dimension of
the dynamic programming problem. A similar situation is if there are multiple decision
variables at each stage.

Dynamic programming also suffers from “the curse of dimensionality” since at each
stage, all possible unit combinations are examined:. To reduce the computational com-
plexity, dynamic programming can be implemented using priority lists. For example, a
system with four units would have sixteen combinations at each stage. Using priority
lists, this number is reduced to only four combinations per stage. Another simplification
would be to consider only a number of combinations in a previous and current stage.
Of course, this could result in a suboptimal unit commitment policy.

A typical unit commitment cost function to be minimized by the dynamic program-

ming could look like the following one reported in [37]:
Fcost = IFLi?[Pcost(K; I) + Scost(K - ].,L H K, I) + Fcost(K - ]-aL)]
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where I and L are possible states at the time period K and

Feost (K, I) = least total cost to arrive to state (K, I)

Peost(K, I) = production cost for state (K, I)

Scost(K — 1, L : K, I) = transition cost from state (K — 1, L) to state (K, I)

The transition cost function used in dynamic programming can be very flexible. The
cost function used in [5], includes non—utility generation price in a stochastic environ-
ment. The next section introduces Lagrange Relaxation method which uses dynamic
programming of a trivial size and consequently does not have the same problems as the

dynamic programming but introduces new problems of its own.

C.1.3 The Lagrange Relaxation Solution

The dynamic programming method has a problem with large systems due to its enu-
meration approach at each stage. Frequently, to make the calculations possible in real®
time, the number of states searched is reduced according to some criteria. This means
that the probability of finding the global optimal operating point is reduced.

The Lagrange relaxation technique does not suffer from this problem, but there are
new problems typical for this method. The Lagrange relaxation method is based on
a dual optimization approach. However, the Lagrange relaxation method has scaled
down dynamic programming and various gradient methods as a part of it. In this case,
dynamic programming is not a problem. Gradient methods pose serious problems for
cost functions since the cost function is usually discontinuous. This is especially true

for a unit’s operational state described with only zero or one. Following the notation
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and discussion of the Lagrange Relaxation method in [37], the constraints are:

0 if unit ¢ is off-line during period ¢

1 if unit ¢ is on-line during period ¢

N
Ploq— > P! Uf =0for t=1,...,T (C.5)
=1
Uf P™™ < P} < Uf P™for i=1,...,N and t=1,...,T (C.6)

and the objective function is:

T N
> D IFi(PF) x Start up costiy] Uf = F(Pf,UY) . (€
t=1i=1

Equations C.5, C.6, and C.7 result in the following Lagrange equation:

T N
L(P,UX) = F(P,, U+ N (Pﬁ,ad - P Uf) (C.8)

t=1 1=

Where P! is generator i output at time ¢, F; is the production cost function of the
generator F; and A is the Lagrange multiplier.

Equation C.8 has to be minimized for the unit commitment solution. Constraint C.6
is separable over the units while constraint C.5 is not. Lagrange Relaxation technique

relazes the constraints by temporarily ignoring the non-separable constraint and solving
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the rest of the problem using the dual optimization procedure. For this purpose

¢" (A) = max ¢(}) (C.9)
and
g(\) = Ir;;uUnt L(P,U, ) (C.10)

As formulated, this problem is manageable. ¢* (\) is maximized using standard gradient
techniques, or if gradient techniques are not possible due to the nature of the Lagrange
function, some kind of a search procedure could be used. However, in this case ) is a
vector. A number of local minima are possible and even convergence is questionable.
g(A) in this form is decoupled meaning that the minimization can be done in terms of
each P} individually. U} is accounted for by using a single variable dynamic program-
ming. Since U} can be zero or one only, the dynamic programming solution is simple.
This iterative process is terminated when the duality gap is close or equal to zero. The

duality gap is defined as:
J* — q*
q*

(C.11)

where J* is the primal value or the minimal value of the Lagrangian function.

" There are a couple of problems with this method. Although the duality gap usually
becomes small for large size systems, the process might never come to a stable ending.
This is an indication that one or more generators are switched in and out between the

iterative steps. The second problem is that there is no guarentee that the process will
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converge to a feasible solution. Due to these problems, this method will not be discussed
any further and a completely different optimization approach will be introduced in the

next chapters.

C.1.4 Unit Commitment in the Deregulated Market

The unit commitment is a nontrivial optimization problem. However, with the introduc-
tion of the deregulated markets, the unit commitment must be done by all unbundled
entities separately. This makes the optimization problem simpler since each entity in-
volved must consider only the issues of its own interest. Producer issues are addressed in
(5] regarding profits maximization and cost reduction considering market uncertainties
over finite and infinite time horizons. Power producers must take into account start—up
and shut-down costs, probable demand as well as the projected power price on the open
market and almost completely ignore technical issues of the entire power system or the
area to which they belong, just to mention a few issues. ISOs must address the same
problem from a different point of view. ISOs are not concerned with the unit shut-down
and start—up costs and such as used to be the case under the regulated power market.
The ISOs concerns are system reliability, transmission control and its influence on power
pricing, and price of the power supplied to the end users. Transmission owners must
consider projected long term unit commitment and power demand as well as installation
of new units to provide adequate transmission facilities.

It is clear that with the unbundling of the functionality, responsibilities and opera-~

tional constraints are also unbundled. This will very likely make old optimization tools
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obsolete. New, separate optimization tools are needed for each party involved. There
are some opinions in the power system community that an ISO would not need to do
unit commitment in the deregulated market and rely on the market prices. As indi-
cated above, we do not support this opinion since the price is not the only variable that
should influence ISO’s decisions. It would be possible to provide a fictitious system and
situation based on deregulation and market laws which could lead a price only decisions

to a system collapse due to congestions and artificial power shortages.

115




Appendix D

Programs Code

This Appendix contains the programs used to produce the examples. Genetic Algorithm
OPF and Decision Tree inducer programs are completely included while the section on
Genetic Algorithm OPF based Unit commitment contains only the files which differ
from the files used for Genetic Algorithm OPF.

Each section starts with Makefile and dependency files. These files can be used to
determine ’program building, rules and library and source dependencies. In general,
programs depend on GALIB and IMSL libraries. GALIB is public domain while IMSL

is a commercial product.

116



\ ddo-'youezg dd>-zozexzsusy ddo-sung
\ ddo-suotado ddo-a1dgien ddo-qsy dd>-urem=DYSYXD

I3y SOTTIF 90INOS JISSUTL #

0$ o~ >$ °- (QONI)$ (SOYVTIXXD)$ (XXD)$
7% (0)$%

>$ 9% o- (S4ID$

\ (@EIT$ (IONID$ (SOVIAXXDI$ (XXD)$
7% 2 (@84

0$ o~ >§ o~ (QONId$ (SDVTIXXD)$ (XXD)$
0% 1 (8%

0% o- >$ o- (AONI)$ (SHYIIXXD)$ (XXD)$
A AR (1)1 7

9$ o- >$ °- (ADNI)$ (SHVTIAXXD)$ (XXD)$
22°%  (0)$%

0% o- >§ o- (GONI)$ (SOHVIIXAD)$ (XXO0)$
dda-3 : (0)$%

0§ o- >$ °- (QONId$ (SOHVIAXXD)$ (XXD)$
XX0°% : (0)$%

>$ 0$ o- (SAIT$ (adIT$ (AONI)$ (SHYTAXXD)$ (XXD)$
XX0h (8%

>$ 0% o- (SEID$ (QEIT$ (IONI)$ (SHYTAXXDI$ (XXD)$
0% (@Y

>$ 9% o- (S4ID$ (QEID$ (AONII$ (SHYIIXXDI$ (XXD)$
o°h + (D$h

>$ 0% o- (SEID$ (EITD$ (IONI)$ (SHYTAXXO)$ (XXD)$
229 ¢+ (DL

>$ 0§ ©

(s9ID$ (A9IT)$ (AONI)$ (SHYIINXD)$ (XXD)$
ddo-% = ()$%

(0)$ XX0° 00" 9° ddo” o ddo- :gEXIJLINS®

Itpus

qTT°ZgIesn qIT ZEToUILY

\ qr1-e8 qIT°s"yzewd> [qo-usBdsp=5gIT
ou: HMPﬂwEUHU.ﬂ..n\

\ orosuod:wessksqus/ oJorou/

\ qIT'2qTIT:qII3INesepou/ Yurl/=agI'1
=QONI

wCENIM G/ 2O/ IW/ 99/ ©080Tou/=SHYTAXD
«CENIM. a/ T0/

\ X9/ 99/ LW/ ¥9/ dl/ oBoTou/=SHYTIXXD
To=XD

To=XXD

axar =y

qo-=g

(IN"smoputy “(S0)$) bezr

£x3st8a1 03 LVd TESHYADA WOIF SoUO BY3 #
1Te Surpnioutr serqeTres HANTIONI #

pue gI7 T[T oA0W LN SMODUTH IOF #

e87- wr- 958 310dr3ST- (QEYVHS IND MNIT) $=841I1
qrT/Te°0T/IsN/T- qTT/(IWOH)$T-=09IT
apnTour/1eso1/Isn/I-

\ 3z0d{3s/epnTout/>TTT/(INOH) $I-

\ epurout/(IHOH) $I-

\ @pMIoUT/Q°ELLD/TUA/TRI0T/IST/I~=QDNI
oxduntqusadu- GQ-=SDHYIIND

oxdmrtauedm- §O-=SHYIINXD

© 228=xp

++8=X%0
o°=0
uesTd : ANOHd"

&

$S01% #

000z 12 xdy TIi %

Wo> " esNe3ay3poTTE STTI UeAOL -- STTFSNEH #
000Z (9) 3uStxidop %

Ad0YD Ioy STTIONeH #

AdO WYIIoS[Y dPeuay) 1

117




FTpUSE

{(y-az1s)eO0[[R* PIOA
asTag

<Y°o0TTeW>> SPNTOUTH
(zeNIM)Pauyep IT#

<Y 8uriys> SpUIOUTH
<Y°0TPaS> opnTouUTH

1 y1dQ1ey)™ suryep#

3dQIeD”™ FePUITH

. \*
*
j1ybufidod NND 3y 2042590 Y AND S SWL *
o 96:70°82 ¥8/T0/6661 0°0 uowsWaY *
$ yr3doab :boTg
<npa-yn-L6ua -Ailoyonypoie> *
§66T 9T vl 105 *
Y59y oudafur/ony/:0 oI L — *
*/

ddy-suzegxs ddy-qgqsxtigen ddy-youexg

\ ddy-zojexsusp

\ ddy-sng ddy-spys ddy-zey ddo-asoppoxg :0-3soppoxd
ddy- suzeyxe ddy-gggxtasey ddy-ysuwexg

\ ddq-zojexeusy ddy-sng

\ ddy-spas ddy-3ey ddo-3sopismoq :0-3sopramod

ddy- suzegxe ddy-qdSxrazel

\ ddy-youwexzg ddy-zo3ersuen ddy-sng

\ ddy-sp3s ddy-zey ddo°smoTgour] :0°SMOTJ9UI]

ddy- suzsgxae

\ ddy-gdsxrxaey ddy-yowexg ddy-xojexsusy

\ ddy-sng ddy-spas ddq-3sy ddo-aaoSdd :0°9AT0SId

ddy- suxejxe

\ ddy-qgggxrasey ddy-yowexrg ddy-zogexausp

\ ddy-sng ddy-spss ddg-isy ddo-oeraxyey :o0-oeraiey
ddyg- suzegxe ddy-gdSxTIzey

\ ddy-youeag ddy-zogerausy

\ ddy-sng ddy-spas ddy-3sy ddo-gpeyen :o-gheyel

ddy-qdgxragey ddo-qdSXTIIBH :0°(QdSXTIIEl

ddy-spas ddy-youexag dds‘youeag :o-youeag

ddy-spas ddyq-xojersussy ddo-I103exsuss :0°I03eISUSH

ddy-youezg ddy-xojexsusy

\ ddy-sp3s ddy-sng ddo-sng :o-sng
ddy- suzagxe y-3dgasn
\ ddy-spas ddo-suotido t0*suotsdo
y-adgaen ddo-adpgasy :o0-adpgsen
ddy* suzegxoe ddy-qdsxraszey
\ ddy-youexg ddy-zogexsusp
\ ddy-sng ddy-sp3s ddg-gey ddo-gsy :0°33N
ddy- qgsxtx3el
\ ddy-youexg ddg-xzojexausy ddy-sng ddy-jeny
\ ddy-suzeixs y-3dgiep ddy-spis ddo-urem :o-urem

4IITAA ION 0a #
out -puadap spnrouUT
3T op TTIa ,oUT puadap Yomos, #

‘oyem Suruunx 5I03aq 3STX9 03 SPISU OTTF STUZ #

sur-puadep < (DUSXD)$ (DUSO)$ (AONID$ HW- 2250
: puadep

(rgo)$ oy
: oyoe

(@) ¢3doserep/- (ra0)$ wx
tueaTd

(s9IT)$ (a9IM$ (raod$

\ o-ua8dsp/qIT/oTTI/3WOY/ B$ O~ (XXD)$

(rd0)$ : ()$3dosesep/-

(D ¢3doseep/: : TTe

(s)ae81eq ay3 surgep #

((OUSXX0)$ ‘(0)$% ‘ddo-y

\ 2squsaed)$ ((D¥SD)$ ‘(0)$% ‘o'% 3squszed)§ =: rd0
=DUSD

dds-qsogpoxg

\ dds'3sopIamod ddo-smogaur] ddo-eaToSdd
\ ddo-oereyey ddo-gpeyel dds-gdSxrizey

118




$59)pavbas buruuvos-uorpdo fo pus uv sa040f ,—, udwWnbLD J0133ds T,

‘{areydo quy

“uoynsado fo apous siy) ssonbau
/* suondo paziuboraiun sof $14220040Y2 uopdo fo 151 2y fo 4a30v40YD P542f Y)Y $D -, Bursp
abvssows 10142 Y] NQIYUL 0F 242Y 0422 24038 SUIJIDY) */ "049Z 2p00 4330VLDYD Ym uondo uv fo udwnbiv 2y3 249m 1 fi SO
UBUWII-A HY Y u013d0-uou Yoo 3q1L083p 941 "om] 2y fo buisapio ay)

‘punpdo gur N0V 2412
1Y) puv 49ps0 Auv Ul SJUPWII-A DY Y oY10 puv suodo 302dza 03

/* “4pf 08 pouuvds U39 VY AHYVY fo yonuL moy UM
JTIU Y} 07 1j02 U0 WoLf $2VIUNWULOD putpdo, BSIMUIYID a1am oy3 swosbosd 03 2)qupvav uondo uv St YFAYO NI NYALTY
‘UDOS f1a831 PINOYS 43]JVD Y] VY] SJUIWIP uondo-uou *s1y3 902dTo
ay3 fo su1f ayg fo zapur ayy st sy ‘GO Susnias 3dogab, uaym 07 UM J0U 2L2M JDY] Swvsbosd ypm used ‘4apLo Auv ur usnib a9 03
suondo smojp sy, ‘pua ayz v a.4v suospdo ayy jv fiyppnyusas vy os

azuoIIUL £1]00 184 Y7 St STy} SuVIUL 043z ¢,3d033b, 01 Auqus up ‘upos
+,2d033b, 07 $1]D0 2015S00NS UFIM)FQ UOVIIUNULULOD LOf PUD am sv ,abuv, fo syuaguod oy amwuad 3 “ynOfap oY) S ALAWHAL

431700 Y3 WOLf PUD 0] UOLDIIUNULULOD LOf PISH St Sty
‘PPUUDIS 99 0] JUIWRID 1TIU Y] Jo ADYVY U TIpuJ */ *§20p T[] IOYM ST ST,
‘u22s st uonpdo-uou 54y ayy usym buissaoosd uondo doyg
{Srejdox xeyo suoypdo sv way] Iz1ubooas Juop suvdw YIAYO THINOTY
[* 242y pouingas s1 JUPWRI-A DY Y U0Ldo-uou 1ovs asumLoy30 FINWYAd ‘PouYop st LSYIA SNOILIO™
‘YIAYONI'NYALTY St buriaplo, uaym ‘ospy 2]qUr4Da JuIWUOLAUD Y] o YAAHO HHINOAY vy} st ynofap 23
241 PIULNIIL 5T INIDO JUIWNbID Y] fbusyfiun Afioads Jou pip 437100 2Y) suvIW THIATOHJISNNA
‘quawnbin uv sayny 0y} uondo uv spuyf 1do3ab, uayM
"d2]100 Y3 03 ,3d0926, WoLf U0VIIURWULOD 4O */ SIUBWIII-A DY Y
orqnd uoyndo-uou mojjof joy; suondo yum (V3P 07 MOY 3Q1LISA(T */
‘{(aS1esk aBYD) 9SURYIXS PIOA
‘1douoturgse[ jur {IeDIXaUx Jeyd

‘gdouou 981y gux
[* "quawape-A HYY 1wou 243 03 buouvapv fiq

/* “wayy fo 9sv] 2y 422 v TIpUL Y} St JdOUOUISD), UDIS Y] FWNSIL SUDIUL 2 ‘BULLS JJnU D 40 ‘0437 St Sy} fT
‘fwayy fo 54y Y3 fo AHYY W zapus ayg st dououyssyf, -paddiys usag
200y 0Y) suorydo-uou suvu0d WY} AHYY fo 14vd 2y} 2quLasaq */ ffo 3fa) am ataym uvos Yy dn yord 03 sn smoyw sy,
‘Punof sDM pauLniaL m 4339040Y0 u0do 1$v] Y] YIIYM UL
[* *spuawnbuv fo uoyvynuwsad ajpuvE «/ Juwa9-u01do Y] UL PIUUDIS 39 0] LDYD JTIU YT, */

:ogearxd

{Burrepo }

{ ¥E@YO NI NUNLHY ‘ALNANYEd ‘“HAAHO dYINDTY } wnua 1do1ep ssepp

/* DOUV =i pundo, ypm JOF uingas 03 ,3dogab, 9snvd uvo ,—, <Y qITPas> opuyour#

fijuo “YFAYO NI'NUYNLTY fo 2500 oyp uf  bursapso, fo ana ay3 fo

119



{!p = yurmopeuriq} (J oajqnop ISUOCI)PWITMO[JOUTTIH PIOA
{fyrurgmorgeuryiq uangaa} gsuod (JWrIMoloUrTIg S[qnop

{f5q = desgiq} (oq a1qnop 3suod)desgig proa
{{deogiq uanjaa} gsuod ()deogig sjqnop

{!x = x1q} (x o[qnop 3suod)xig proa
{!x1q ungea} gsuod ()xig sjqnop

{¢1 = g1q} (1 siqnop gsuod)yig proa
{41q uangaa} 3suod ()yig sjqnop

{*q = sngdeyuoNiq} (q jur 3suod)sngdelUoNIg pPIoa
{!sngdeguoN1q uangaa} gsuood ()sngdeyuoNig jur

{{q = sngdera1q } (q jur gsuod)sngdeyig proa
{!sngde1,1q uanjaa} ysuoo ()sngderig gur

{!a = 9119} (q yur 3suod)gL1g proa
{!g11q uanyaa} ysuod ()gig jur

{ta = ga1q} (q yur 3suod)gg1g proa
{!g11q uangeaa} gsuod ()gJ1g jur

{SIyg3x uanjaa t
{(JedAreurTig-q = adATeurTIq
{Ooryeyderig-q = oiyeyderiq
{0 TMOOUrTIg q = HUWITMOLJIUITIq
{()deogag-q = deogaq
{)xig'a = x1q
{wrgra = 91q
{()sngdejuonig-q = sngdeuonNiq
{()sngder1g-q = sngdeiq
‘0grg-q = 4119
‘0gaig-q = ga1q
to3vaado = papoojusno [/ }(qz youelg jsuod)=ioyesadozy ysuelg

{()edAreurig-q = edALpurTiq ﬁ
{(orreyderig-q = oryeyderiq
{)uurpmolouryig-q = HWITMOLIAUITIq
{()deogag-q = deogiq

{)x1d'9 = X1q
‘0gag-q = Hi1q
{()sngdeguoN1g-q = sngdefuoNiq
{()sngder1g-q = sngdey,iq
()grig-q = 9119
{0gaig-q = ga1q
so30n43su00 fidoo [/ }(qzy youeig gsuod)ypuerg

twadfpou,, = adA1suryiq ¢
‘0’1 = oneydeliq = jruramoffaurTiq = deogiq = Xiq = Hiq
{1- = sngdeuoNq = sngdeliq = g11q = g419
J0on35u09 ynofap [/ H)youerg
saaqueaws oyqnd [/ :orpqnd

suaquiaus pagoazosd [/ :pajoegoad

‘adL1puryaq Surns
‘oneyder1q ‘yurmolgaurTiq ‘deogiq “Xiq “4iq s|qnop
‘sngdeuonNiq ‘sngderiq ‘9149 ‘d.41q pul
ynofop Aq 3541 51 1u0d 2pvarsd Joy] 40370 ayvws [/ eyearad
} youerg ssepo

«ddq- sp3s, epuroutT#

ddH HONVYL™ euryap#
ddH HONVYHL FoPuIT#

/%

gboTg *

$LOPVIG *

*

0008 ¢ dag anf wod vsnoPYPOY oYJ uonop — ddyyouvig */
ke D %= [/

Frpus

13
3
{(proa) () aogeaado jur
{(Burysydox xeyd ‘ASrexx xeyo ‘o81e jur) 1dQlen

{Burrgsydoux Jeys
{ASIRUK* JEyD
o8reu juy

120




'TINN = udd
0°0 = ywrrrepb
{0'0 = [urgaNb = lurrsNd

‘0T =4
'86°0 = A
‘G0°'T = TUA

{0°0 = prorIb = peod
{,0uou, — awreNsnq = adAIsnq

‘avo1 = 2d4y
{1- = oNSnq
‘00 = us4

toponysuod ynofap [/ }()sng
ssaquiawe oyqnd [/ :orqqnd

suaquiaw pagoagosd [/ :pajoagoad

spuvysuod ppuwmouhijod yybis [/ ‘ulryo ‘yBryq ‘yySrye siqnop
sypupgsuod rwoufijod 3fa) // ‘13oT0 ‘YorIq ‘JorTe SIqnop

{AD  AWONYOT ‘AWONIYSIL ‘Aj[eus JxXewl ajqnop

suaowvsnd figpouad abv30a [/

‘sngnlpe ‘sssnglpe <jur>i0300a

fisowaws uz 2 dasy o3 payfusnl s1 //

2 013 Ayuanbauf os papasu s1 sasnq juaovlpo [/
Jo 151 a3 nq sayouvseq buzposuuod fo 15y [/

aYy3 woLf paonpap 3q uvo sasnq u00fpo fo 153 [/

‘youergpe <* Youerg: >I0joaA
sayounsq burgosuuod fo 151 [/

‘ua8x J07RIOULY)
snq $1Y7 10 U0 §1 Y] f2 L07DL9UIB v Yooy [/

“ruryrepb ajqnop
sadfiz snq ay3 sv jom sv [/
SUNLIL UIIMIIQ 0452 07 198 3q 03 5paau puLTsoAb [/

(MO JoU]] < <B[qnOpP>>xa[duwod>103034
*sasnq Juadolpo uvamaq moyf samog [/
{fupjeND ‘furieNd aqnop

‘A <3[qnop>xeidwod

-saourpL002 Lvjod Ul 51 0 "ouabianuod [/

143380/ L0f suns uaamyaq abojjoa 21y abuvyd jou op //

‘ys4 aiqnop

‘IIA ‘TYA ‘peoIb ‘peord s[qnop

‘awreNsnq ‘edL1snq Surs

*sabupyd 1 2502 ur winud wouf adhy snq // tadfy quu
‘foNsnq jur

{ONIMS

‘DHYNAD “UVAMOT NAD “UVAHDIH NAD ‘AVOT ‘T = NHD} wmus
$255D)0 L2110 Ypm wnud swyp oufis //

ynofop fiq 3543 s2 jund apvarsd 07yp 40210 ayvuwe [/ ayearad
} sng sserd

«ddye yowezg,, spurouts
(ddy* z03eI8URY epnTIUTH

«ddq-sp3s,, spnrouts

ddH SNd™ 2uriep#
ddH SNd ¥opust#

/*
gbogg *
$LOPVIHG *
*
0002 § dag anJ, w00 DSNDPYIPIW oy] uvaoL — ddy'sng */
-+ 4D -+ //
FTpusj

o
‘(29 yourlg 3suod ‘7 WEIIJS0)>>Io3ersdozy WRIIISO PuUSLYy
do0gonagsap pryse [/ {}()uouerg~ rengaia

{¢31 = adA1purtaq} (31 Surrys 3suod)edLsuryig proa
{tod£1urT1q uangea} ysuod (JedAyouryig Suriys

{13 = oryeyderiq } (19 ayqnop j3suodjonyeydelig pioa
{torreygder,1q uingax } gsuod ()oneygderig siqnop

121



{4d = peor1d } (1d e1qnop 3suod)peo]d proa
{pror1d uanges} jsuod ()peod s[qnop

{{uq = sureNsnq} (uq Suriys gsuod)sweNsng ProA
{towreNsnq uangea} gsuod ()awrensng Suuys

{
‘1 = odfy
((oNIMS => 1) 7 (NID =< 1)1
} (3 gur 9suos)odL, proa
{fad£y uangyax } gsuod (JodAT, gur

{{3q = odA1snq } (1q Suwys gsuod)edLysng proa
{ted£1snq uingax} gsuoo ()odA1sng Surns

{tuq = oNsnq} (uq gur 3suod)oNsng proa
{‘oNsnq uangaa} jsuood (JoNsng gut

{ ‘ys& = ygL } (ys£ a[qnop 3suod)ysx proa
{ ‘ys£ uangaa } 3suod (Jysx srqnop

so0gonugsap jongun [/ {}()sng~ rengaia

{

{SIY93* uINjol

{(Oreroufio JL3reuagruy
{0aqq = ap

{)AmONISIY'q = AWONIYSU
{)AWONYOTq = AWONTOY

‘O LreusgxeN-q = Ajfeusgxewr

{()snglpy-(q)<7g sng>3seo-jsuod = sasnglpe
{Oyoueaglpy-(q)<zy sng>1sed-4suod = youeigfpe
suaguzod fo 4o0poan  s1 youvsglpo :a30u [/

{uenq = ual
{)yurpreAd q = JurTIeAD
{()fur1eNDq = [upieNd
{OluneNd-q = fuprend

‘0Aq=a
OTIAG =TA
{O)THA'Q = TUA

{()peoT q = peoh
{()peo1dq = peod
{()oureNsng-q = swreNsnq
{()adA1sng-q = adA1snq
{()odL1,q = adLy
‘{(Jonsnd-q = oNsnq
‘QusA-q = ysk

+ogoeado = papwopsane [/ }(qzg sng jsuod)=tojeradozy sng

() rerwouk[ogA3reus 31Uy
0aaq = ap

{)AmONYIrY q = AWONIYSU
{)AwoNYeT q = AWONYA]
{(fareusdxeN'q = Kreusgxewa

{()snglpy-(q)<z sng>3seo-suod = sssnglpe
{Oypuerglpy-(q)<2p sng>1se07)suod = 1oueigpe
-suaquzod fo 403990 D 51 youvuglpy 230u [/

{(Jueny'q = uald
{)nurgread-q = yunrprepb
{()fur3eN’q = lupzeND
{()fureNd-a = furseNd

‘0aa=a
01IA9 =TA
‘0THAA = TUA

{(Jpeor1d'q = peod
{()peor1d'q = peogd
{()owreNSngrq = swreNsnq
{()edA1sng-q = adAIsnq
{(JodAy q = 2dKy
{()oNsndg-q = onsnq
{0usA'qa = ys4

{

dogonaysuod fidoo [/ }(qzg sng gsuod)sng

{(rerwroufjo JLyreus J3rug
qg0°0 = AP

{826'0 = AWONIYIu

‘620°T = AWONYO[

‘0’1 = Lqreusgxewr

asod up gsnf suyy szyvpur //

{

122




{{AwoNYo[ uInjea} jsuod ()AWONYOT [qnop

‘du = £reusgxew } (dw ejqnop jsuod)Ljjeusgxe I0A
1 N Pt
{{fyeungxew uanyax } jsuod ()Leudsgxe]N S[qnop

{‘morgour] uangax } ()mojgauryzy < <o[qnop>xo[duwod>I0303A

‘Ab = qmurrTrepab } (ab ajqnop 3suod)jurIieAd) proa
P !
{ “ruurTrepb uangaa } 3suod ()yrurreA® aiqnop

{()snglpyenbiun proa
{ !sngnlpe uangyaa } ()sngnlpyzy <Iur>IojdeA 3suod
{ ‘(sqn)xoeq-ysnd-sngnlpe} (sqn jur)sng(py proa

{ ‘sesnglpe uangaax } ()snglpyzy <ur>103994 3suod
{ ‘(sq)yoeq-ysnd-sesngfpe } (sq jur)snglpy proa

{ ‘youerglpe uanjgaax } (Jyouerglpyzy <+ youelg: >I03I0A JSUOD
{ {(xq)speq-ysnd-puergipe } (1q+ youesg)youeiglpy proa

{

‘A uanjaa
as[e
{)AueD+—ueld uangax
(Na@D == 2dfy) || (DNIMS == 2dA3))3
-anyoa adfiy snq (pubiio/Papusiut Y] SaLLIDO L0JVSIUBD [[
-adfig snq (9n1OD Y} SILLDD S0IDLIUID Y} jou sng [/
} 3suod (J)Auen <srqnop>xsjdurod

{4 = A } (oA <oIqnOp>x3[duIod 3SU0D)A PIOA
{!a wangaa} gsuod ()p <erqnop>xerdwod

{

‘{(peorIb - jrurrepb)urnjea
} Opaudgd siqnop

{(peor1d-)uangax {
asyo
(peord - ()Juen+ued)ianjex
(TINN =i ues)t
} Opeudsd spqnop

{
{(8)<* 103RIBUL) >15LI7ISU0D = UdB
} (8 109e19U8D) gsUOO)ULY) proA
{us3 uangaz } 3suod (Jusn* IojeIeULD

{!b = [up3anND } (b ajqnop 3suoo)(upioNd proa
{:fursaND uangaa } gsuod ()fupjeN® ajqnop

{ ‘d = (upzaNd } (d ajgqnop 3suod)lurleNdg proa
{¢fursoNd uangaax } 3suod (Ylupendg o[qnop

{*1a = 1A} (1A s1qnop 3suod)TTA proa
{{1A uanjax} 3suod ()TIA slqnop

{*1ua = A } (1ys 21gnop 3suod)THA ploAa
{{[UA uanjaa} gsuod ()THA SIqnop

{ {(peor1b + [urteNb) uangaa } gsuod (Juendy sjqnop
{

{0 wangox
as[a
{()dquen+us8 uangaax
(TION =i ue8 )51
} asuoo (Juan g sjqnop

{
{fugeNb uangea
as[e
{xeNDUsD+uad uingaa
(T10ON =i ued)j
} (xeWuend siqnop

{furjeNb uanjeax ¢
as[e
Ounndusn+—usld uangaa
(TINN =i wes)j
} Qunuend s1qnop

{!{b = peor1b} (1b s[qnop 3suU0d)peoTd pPIOA
{‘peor1b wangei} 3suod ()pro®H) e[qnop

123



{xeNdusn 9 = xepOHues
{)AULD'S = AuaB
{()quan '8 = gques
{()edA1,8 =dy
{()oNsnguany'8 = oNsnguas
£039on435u00 fidoo [/ }(873 10yRI9USY) 3SUOD)I0TRIDULY)

{

{00 = Xe]NJuas = urNyJuald
‘0°0 = unNBued = xeNOUS = AudB = Juel
NED = d3y
{I- = oNsSnguald
4039435102 ynofap [/ }()iorersusy

seaquiaws 23qnd [/ :orqnd
s4aqusaws pagoajosd [/ :pajoajoad

sprusy) uonvsoudlb [/ ixepJueld ‘unNJues aiqnop

19pL0 BursvaLour ul spualofaoo fijod [/ {A[0J31500 <3[qNOP>I0109A
uondiiosap juawbas suy v 3q oso pnod swy [/

SUOIPPD UO0DIND UoIUnf 3500 [/

‘UGl ‘xeNDUaS ‘Ausl ‘qJual ajqnop

{dy ‘oNsngua8 qur
{ONIMS

‘DT NID “UVAMOT NED “UVAHDIH NED ‘AVOT ‘2 = NID} wnue
ynofop fq sy s1 uvd apvad 3oy) 4030 yow [/ 9yearad
} zo1eI8U0Y) Sserd

<Y°yjem> apnrouts
«ddy- spas, epnrout#

ddH HOLVHINHD™ surysps#
ddHHOLVHIANHD™ FoPUIT#

/*

gborg *

$4opUIH G *

*
0002 § dag an] w0 vsnpPRYIPIYL Y uvaol — ddy-L030iUIL) */

-+ % //
FTpuay

YAA DS~ [/ zrpusy
998SCE6.68GEG9T6S TR E Id N 2UTFoD#

HYIATDOSIN FoPITH
fioads ++pA Hosowoipy [/

(3 xeyD ‘pur)suond(ipn) ProA UIIIXe
{(*x reyd ‘qur)dpisuolyd(isn proa ulajxs

{01971 ‘SNONUIFUCD ‘[RAIDIUI JUI UIIFJXD

sy osiIy ‘13157InQsAg ‘assureJyo) Sulils uaagxa
‘171010 ‘1S yHINQ ‘1359 Indu] Surys uzajxe

ddH SNYHLXH™ 9urFop
ddH SNYH.LXH™ FoPuIT#

/*

gboTg *

$42pVIHG *

*
6667 ¥ 190 uoy woo psnoy)pIYe oy uvsor — ddy susars x/
- 4D - [/
FTpuag

o

{(zy sng 9suo0o ‘zp wrea13so) >10resodozy WeaI}so puaLIy

{()freuagadesop a1qnop
{(OrermoukjogAyreus Jimuy proa

{‘p1 = ap } (p1 ajqnop 3su0d)A(] pioa
{tap uangaa} gsuod ()Aq o[qnop

{81 = AwoNIySu} (81 s[qnop 3su0d) AWONIYIIY proa
{!AwoNy81I uangaa} jsuod () AWONIYSIY s[qnop

{451 = AwoNwe1} (31 91qnOp 3SUOD)AWONHOT Ploa

124




{!{dy uangea } gsuod ()odL g, qur {d8 = urnyque3} (dS sqnop 3suod)UIN JUsD PIoA
{{urN ques uangaa} gsuod (JuryJuer) sjqnop

{ {{d8 = xepqua3 } (d3 sjqnop jsuod)xeNJued) proa
O uInjax {{xeNJual uanjea } 9suod ()xeNJUSD) Iqnop
{((1 - n<arqnop>jsesoue)s ‘d)mod * 1 x [1]A[041500 =+ 2
(441 {()az1s"AT0g43500 > 1 {1 = 1 JuI)a0] { b8 = uryHuel } (b3 aqnop 3suod)UINHULD ploA
{furduasd uanjax } gsuod JuindHusy ayqnop
{(xeN quas)ouisop uanjaa
(xedue8 < d)jr {:b8 = xepHuad} (b3 sjqnop jsucd)xe]NHUD pIoA
{(urn ques)ouison) uanjea { xeNOUua8 uanjax} jsuod ()xeNPHULD a[qnop
(i dque8 > d)jt
‘0°0 = 2 a[qnop {{aA3 = Aue3 } (a3 sqnop 3suod)Ausn proa
} (d arqnop)ourisopn aiqnop {{Aua8 uangoaax } 3suod ()Auer) ajqnop
{ {!{d8 = que8} (d8 ajqnop jsuoo)Jusn) proa
£ uanjaa {{que8 uangaa } 3suod ()Juay 2[qnop
{((1)<arqnop>1ses-onress ‘dymod * [1]£[0J1800 =+ 2
(41 {()ozis"A10J3500 > 1 ‘g = I jur)a0] {:8 = oNsngua8} (8 jur 3suod)oNSNgUa) proa
{‘oNsnguae$ uanjea} gsuod (JoNsnguar) jur
{(xeINJUal)31s0D*F :.Sww.- dogonugsap oniue [/ {}()IoreIeUen~ [engaia Q
(xepuques8 < d)zr —
{(xeIN Juad)1s0D*(°g wInjax SIY9* UANGDX {
(urpdues > d)xx
} (00 =; dpn {)AL104350D°(8)< 29 107RIBURD>1SEI"}SU0D = K[0JISOD -
*snq buims 2y} fo 2snv0aq fAjuo ausy auv sy U0VLIUIL [/ {OxepJuen'8 = xepJued
‘0°0 = > a[qnop Ounguen s = unyJuad
} (d srqnop)ysop siqnop {upduen 8 = mpNdHued
Pa]0s 10U 0S)D 2D TOW Judb puv uipyJuab // {OxeNdUsD 3 = xeHUal
+amod nd-uou aq pinoys d o Juab puv wpJuab [/ {OAUD 8 = Auad
u2am3aq 99 prnoys juawwnbin ‘()ourrson puvo ()sop sof // {(dquan'3 = quad
{(edA1,8 = dy
{!o = 1041505 } (028 <3IqNOP>I10309A 3SU02)L[0JISOD PIOA {()oNsnguan)'3 = oNsnguad

{ ‘A10d1500 uangaax } (J)ALI043150D78 <B[GNOP>I0I00A JSUOD +0jv49do = papvoojsano [/ }(37p 107RI9ULD) JSUOD)=10jeI2d02y I0JRISUAY)
10024350 pup JuUdWUbISSD 403030 3500 dp0yMm. [/
{

{
{(Jo00)yoeq-ysnd-£[0 1502 ‘) ALI0d150D ()< 73 I03RIBUSN>15BITISU0D = K[0JIS0D
} (3000 a1qnop 3suod)L[0J31s0D proa {(xepquen)'8 = xeNJuad
qua20fJo00 3500 prwoufijod v (LapLo ui) aavs [/ Ounnguen 8 = unp Jues

{OuINDUeD '8 = mNDHULS




L03on435u00 Ynofap [/ {()QJISXLIIRIN

{110 a[qnop
aqfivw — Avm pybui oy3 a9 pnom suoydaoza buisp [/
MOYIWOS §40LLD TIPUY 3]puvy 07 padu [/

suaqupws oyqnd [/ o1 qnd

s4aquiaus pagarjosd [/ pajoejoad

‘Ogueyepdn proa

‘zuu ‘u ‘w Jul

SJUIWI]D 0.42ZUOU PUD ‘SUWNI0D ‘smo. fo uaqunu [/
fex ‘quse <Jur>I0309A

‘e <2[qNOP>10309A

s103990 TG ut 3day shvuin bursog-jjomungy //

‘adfye 1rad AN
NT4adng yum asn sof adfy pwsof sruow [/

‘pireAgH 100q
‘Heng(as) //

2q 03 paau sfivuuv g sacausym 2sof s1 pyvagmy [/

{1ep < < <JurI>ss9| ‘efqnop ‘Jui>deur>I0309A
uLiof D3op buzsog-jpamuvyy o1 youms//
07 42152 32 SIYDUL SUWNJ0D fo 403020 [ ]

ynofap Aq 354 sz uod apvared 3oy) 4vapo dyvw [/ :eyearad
} adsxuyey ssed

“radfaq {
/* 2)dutod ayqnop x/ 7~
* zapdwod apburs x/ ‘O
1 1 0]
/* 219nop */ ‘@
[* 91buss x/ ‘g

} wmues jopadAg

‘rad Ay {
/* fioy saddn au03s ‘uvpwady */ NAH

/* fioy 4amoj 21098 ‘uvippwaafy */ “TAH
/* fioy saddn ai03s Orsppunhfis x/ ‘N AS
/* fioy samoq au03s ‘Orugpususfis x/ ‘TXS
/* uonbuvseyy saddn x/ ‘nY.1,
/* avpnbuviey 4omoy */ ‘THI,
/* ppuobvip pun ‘uvmbuviay saddn =/ ‘NNUT,
/* puobvip pun ‘uonbuviyy samoj */ ‘(N THI,
/* 1osuab x/ ‘gD
} wnmua japad4j
swnua ) TLadng yogow suorpulfsp adfiy swr //

FTpuUSH

{pgs doedsoureu Suisn

esTag

i1.§" @oedssureu Sursn
(IO LIS IDS ~)pauyep 3T#

<Y’ TSWI> apnTOUTH#
<dem> apnrout#
<X0398A>> OPMTOUTH
<WeaI}SOT> IPNIOUTH

ddH AdSXTdLVIN SutFeps
ddH ddSXTELVINT FoPusts

/*

gborg *

GLIPVIFIG *

. *

0002 62 92(] W4 W02 DSNVIYIPIYL oY] uvaopy — ddy qISTUIDW */
-+ 44D - //
FIpusg

q
{(73 101eI9UBL) JSUOD ‘73 WEDI)S0)>>Jojesodozy WEsl}so puaLyy

{

9 =ds

((NgD =< 1) 7% (DNIMS => Nt
} (3 qur 3suod)adL ], proa

126




{ONIMS ‘DAL NID

“UYAMOTNID “UVAHDIH NID ‘AVOT ‘NID ‘NVEL ‘NI'T} wnua

ynofop fig 5.y s1 uvd 23v014d F0Y; 4vapD yows [/ :eyearad
} 19N sserd

(ddy- suzagxa  spurout#
44U @dSxT IRy, SPNTOUTH
«ddy-youexg, , spnroutrs
«ddy- z0qexausy, spurout
«ddy-sng, spurour#
«ddy-spas, epnyoury

ddH LUN °utysp#
ddH LUN" Fopuyt#

/
$007$
$43pvoH§

0008 ¢ dag anJ woo vsnvYPIYE oy[ uvaof — ddy1aN
—k=- ++D -%-

FTpusy

{(ajgqnop 3suod ‘jur jsuod ‘qur 3suod)1y ajqno
[qnop I I Iy a[qnop
¢ gsu0d (jur ‘qur)lry sjqnop

{(73 <oIqnOP>10373A ‘79 <B[GTLOP>>I10308A)0AJ0G [00q
sawey maf D LPQUIDUL S1Y] PDOLBA0 07 Juvm ybuw [/

‘(79 QJSXLIIRIN 3SUOD ‘79 WRaI)So) >J10jeradorzy WLaISO pUSLE
z % 7z pustry

{(7g ureajso)gHIULLJ ploa
{(73 ureaxzyso)deNjuLIg proa

{(100q 9suod)pirRAGH PloA
f3suod ()pIRAFH [00q

*/
/1

q

{(aur ‘29 < <guI>ssa ‘orgnop ‘qur>deur 3su0d)[0) pPloA
{4su0d (Jur)[0D7y < <JUI>sss| ‘o[qnop ‘gur>dews 3suUOd
sdows uwinjod g $s2290 //

Yo = qur ‘yadf3N

29 <JUI>I0JOA ‘29 <JUI>I0J09A ‘23 <IIGNOP>I0JI9A) Y9G [00q
‘(yedfyN‘7

<JUL>I009A‘79 <JUIS>IO0JIA' 79 <B[NOP>I0IIBA JUI‘UT JUT) YIRS [00q

{{zu = zuu}(zu gur 3sUCD)ZNN PIoA
$.403020 [puLagus 3snlpo 03 snvy ybrw sm 243y [/
{ ‘zuu uanjex } 3suod ()ZNN 3ut

{tsu = u } (su gur 3suod)N proa
{{u uangea} 3suod ()N ur

{!sw = w } (sw gur 3suod)jN pP1oA
{fw wangaa} gsuod (YN gur

{
{X)<7p <JUID>I0JBA>ISLI JSU0D = BX } (X729 <JUIS>I0J09A JSUOD)eY PIOA
'l I 73 ! X Pt
{¥ex uanjgax } 9suod (Jeyxzy <FUI>JI0}09A JSUOD

{(se)<z
<JUI>I009A>1SeI ISU0D = qNSe } (Sezp <JUI>I0JIPA JSUOD)NSY PIOA
{ ‘quse uanjax } 9suod (Jqusyzp <Jur>103094 3SUOD

{ (ee)<z
<a[qnop>>J0)09A>1SLIISU0d = ® } (BRZp <IIqNOP>I0JI9A 3SUOD)Y PIOA
{‘e uangax } 9suo0d ()yzy <9[qnOp >I0jd0A JSUOD

{fywx = ad4ye } (1 y-odA3py 3suod)edLyy proa
{‘od£ye uangyaa } ysuod (JodAyy yadL3N

(:é 24nd) aoonugsap jongue [/ H{}()qdSxuTRN~ [engIIA

403042d0
= papwoano [/ (29 JSx1teIN jsuod)=tojeradozry qJISXIIRN

dogonugsuod fidod [/ (13 QJISXMIYRIN 3SUOD)(J JSXMICI

{(gur ‘qur ‘qur) ISXUTRN
SUOISUIWIP YRM L0ONLsu0d [/ H(Fur ‘ur)qJSXLIYRIN

127




{()goN-u = xgou
{(JuenoN'u = usnou
{()sngoN'u = sngou
{()esegd u = ssegd

403onu3su0o fidoo [/ }(uzg 19N 9su0d)joN

{
{0°0 = Surdreypreoy = XgIre10) = UIRI0}
{0°0 = resoLusHb = rejorusnd = fejoy,peoTb = rejorpeod
{0 = JUNODHDA = JUNODAJ = WnoNdHJ
‘es[ey = jrurIeA
YN = 8y
{0g = J9jIxewW
{0°0 = yoyewstNb = yotrewstiyd
‘1000°0 = yoyewSIAXRND = yorewsIyxeNd
fujusmmo) oN, = ZONILL, = TOIHL
{1- = depou = ueirou = SngIUIMS = IGOU = UIH)OU = sngou
*0°00T = asegd
dogonagsuod ynofap [/ }()18N

seaquaws oyqnd [/ :diiqnd

suaquiaws pagoagosd [/ :pejosoad

{0snuITaYAN9YD 1009
sjuawigsnipo
HVA Snq sayows puv spwl) YYA 6upaanzs tof sioyosouab syosyy [/

{()bded 100q
su01303lur 4omod PavINoILd puv PaIRPaYds Ay} usPmaq uiq //

{()fupgeN 1o0q
sabv3j00 pa3ojnowo ApuaLino Yy uo pasvq uodlur Lomod [/

{Burdreynresoy ‘XgIelos “Ygleloy sjqnop
‘rerouanb ‘ejoruenyd ‘rejorpeoIb ‘rejoypeo1d aiqnop
§91qo1400 ndano [/

{SIJIYSMOT < JUI>I000A

HQUNODDA ‘UNODAJ ‘WunopPHd ul
IDULLOS UDIQODDL 1054400 UIDIUIDUL OF PIPIAU §3]qDIsva [/

‘Odep <a[qnop>10309a
suo01onowd moy Lamod ui pasn $3)qvILDA JPUOEPPD [/

‘oelx ‘qnsoef <gur>I0109A

toel <o[qnop>>10139A

't aAdsxyeN

$403990 T1LDW UDLQOIDL Issvds [/

{qx ‘qnsq <JUI>I0JI0A

19x ‘qns8 <jur>103094

q ‘3 <e[qnop>101504a

g ‘D adsxe

5403090 TLLPOUL PUVWPD 254ods [/

‘sded ‘sueq; <pur>I0309A

*$9200puL 5.103290dv0 puv SudULIOfSUDLT [/
‘sapuelq <YOURIE>IOIOA

{Sua8 <I0JRIURL) >I0)I9A

{sesnq <sng>I0309A

{uuurrjrea [00q
*pagvjoIn SPLULY) OU SUDAWL SIDS ‘spusy) LDa L0JDLIUIb burpuvy [/

{90€] TRYD
2938 ) T4adng sof pasn [/

{Iojrxewr Jui

‘yoyewastNb ‘yoyewsiNd syqnop
‘yorewrsipyxe b ‘yogewsiyxend ajqnop
sajquisnn buspruyy moyf samod [/

{ZOMILL ‘TerILL, Surxys
apf ogop wouf souy oy //

ss0p200dvo ypm sasng fo saqunu [/ (depou jur
suaussofsuvsy fo saqunu [/ ‘uelyou jur

3y v3op wouf Tapuz snq buims [/ ‘sngSuims jur
a)yf vyop woif sayouviq fo aquinu [/ agou jur
3y vyop wouf suoypiausb fo usqunu [/ ‘uanou gqur
a1y 0Iop wouf sasnq fo saqunu // ‘sngou qur

‘osegd sqnop

128



‘OAansD (u) <79 19N >ISBITISU0D = (Nsq
‘08X (u)<23 1PN >9580™ISU0D = Sx
‘{OAqnsD () <29 19N >158I-15U0D = qnsS
OAG (u)<27g 19N >958079sU0D = q

OAD (u)<z3 JoN>IsEISUO0D = 3

Zu30W 20uDIPWPY 3Y] fo suuod g puv H [/

Y Aseypuelg (u)<zp 19N >ISEIISUOD = SBYIURIQ
‘) Asueny (u)<2p J9N>15€07ISUOD = SuUS3
{()Asesng (u)<zy 19N>ISEI"ISUOD = SISN(

{()3unopHa‘u = UNOHDA
{Oaumopad-u = qunopa g
{(Jaunoppd-u = JunoHH J

() 3wyTres u = Huryrea

{()roe g u = joug

(xRN U = I9TXRUX
{OysyewsIN D u = yoyewsib
{uoyewsiN g u = yoyewsyd

‘() upyewISINXING U = YdyewsiNxeNb
‘OuorewSINXRINJ U = YdyewsyAxeNd
{()zensu = ZanuL,

{()To1M U = TAIT,

{()depoN-u = depou

{uearoN u = ueiyou

mszMmEMwmd = sng3uims

‘{()agoN'u = agou

{(JuapoN"u = usnou

{()sngoN'u = sngou

{()ssegd u = asegd

doppuddo = papvorsano [/ }(uzg 19N suod)=iogeradozy j1oN

{()8mdreynreloy, = SurdreynHrelon
{()xzIreIol = Xalreso
{)gzrresor, = Welreson

{OresoLuendy = rejorusnb
{OreroLuend = rejorusnd
{(resorLpeo1d = rejoLpeotb
{Oresorpeod = resoLpeod

{

{0 AsyISMoy- (u) <7 10N >15807ISUOD = SYIISMOI
‘OADJRA (u)<7y PN>I5807ISU0D = DJIPP

{@o ‘oelx ‘qnsvel ‘vel)yieg r
uDQ00vp L0f 109(q0 () Tiadngq 2yow [/

‘O Avelx (u)<23 JoN>15€9715U0d = Jelx
‘)Aqusoer-(u)<zg 12N >I5€9715U00 = qnsoel
‘O Aver (@)<zp 19N>15BO™3SU0D = O®f
zgow’ 9ssvds uviqoovr [/

{(1AS ‘qx ‘qnsq ‘q}yIes’d
{(1AS ‘Sx ‘qns3 ‘8)y1e8'D
s20140W 9s4vds g PUD O 40f 5399690 ) TLedngq dyows [/

{OAGX (@)<2p 39N >1S€979SU0D = gX
{OAqRSD" (u) <79 JON>ISBOISU0d = qnsq
{OASY (u)<23 1ON>188O-ISU0D = 3x

() AqusD(u)<7g JON>3IS€d71SU0D = qnsd
{OAL (U)<2g $9N>158073SU0D = q

{)AD (u)<zg JoN>158o-ISU0d = 3

Tegow PUVIUPY 2y} fo suvd g puv o [/

‘) Aseypuerg-(u) <7y 1ON>ISBI"ISUOD = SIYOURI]
{)AsueD (u) <29 19N >1S8O"1SU0D = SUSS
‘) Asesng (u)<7p J9N>ISBO"ISUO0D = SIST(

{()aunopHa‘u = JUNODDA
{()aunopad-u = JUNODAJ
Ounoppd-u = junopdd
{()NWITIRA U = PWITIRA

{()1oegu = 300

{()a03 XN U = I9gIXBW
{OyorewstAd u = yoyewstNb
{OuyarewsiN g u = yoyewsiNd
{OuprewtsgxeN G U = YdrewrsInXeIND
{OpyewsiXeNJ U = YorewsixeNd
{()geriau = goTLL

H()1en U = TOIILL

{()depoN'u = depou

{(Jueil,ON'U = URLL0U

{(sngSumg u = sng3uims

129



{ to0a = qunopOA } (904 jur gsuod)junoHHA proa
{ 4yunopHA uangaa } 3suod (junonoa gur

{ foad = qunoppd } (oad 3ur 3suod)junopad proa
{ ‘qunopA J uangax } gsuod ()junopad Jur

{ %obd = qunonpHd } (9bd ur gsuod)junondyd proa
{ ‘gunopdHd uangaa } gsuod ()junonHpHd qur

{ {1a = yuurgrea } (1A [0oq 9suod)jruryIes proa
{ ‘yrurrea wangaa } ysuos ()ywrrres jooq

{4 = 101 } (3 xeyo 9suod)joe proa
{ ‘9083 uanjaa } gsuod ()10eg JeyD

{ ‘i = syxewr } (rur gur 4SUOD)IIXCIN PIOA
{{1937xewr uangaa } gsuod ()asyrxeN JuUI

{ ‘mb = yoyewsyb } (wb srgnop gsuod)ydrewsING ploa
{ ‘yorewrstyb uangex } 3suod ()yorewsiNgG ajgnop

{ ‘wrd = yorewsyyd } (wd a[qnop 3suod)ydjewsiNg Proa
{ ‘yoyewsiNd uanged } 3suod ()yosewsiy g ajqnop

{fwrx = yorewsixeNdb } (ww ajqnop 3su0d)YdIBWSINXENY PIoOA
{ ‘yorewsiyxeNb uangax } gsuod ()ydrewsiNXeNd) ajqnop

{fwrr = yoyewsixeNd } (ww ayqnop 3suod)ysjewisINXeNJ proa
{ ‘ypyewsippreNd uangaa } 3suod (JYojewWSIAXEN J 2]qNOP

{1 = gorL } (13 Buns 3suod)ze[yy proa
{ ‘gony, uangea } ysuood ()zaqiry Surrgs

{13 = 1o11L } (13 Surr3s ysuwod)Te13i3 Proa
{ ‘197311, wangaa } 3suod ()1a1313 Suiags

{ ‘ou = depou } (ou jur 3suos)depoN proa
{ {depou uangaa } gsuos ()depop gurt

{ ‘130u = ueirou } (130u Jur 3sUOI)uRII,ON PloA
{ fwesrou uangax } 3suod (JueipoN jur

{ ‘ms = sngSuims } (ms gur 3suod)sng3umg proa

{ ‘sng8umms uangaa } gsuod ()sng3uimg jur

{ ‘qu = agou } (qu gur 3suos)1goN pIoa
{ tagou uangaa} gsuoo ()agoN ut

{ {8u = wanou } (Su jur 3suod)usnoN proa
{ ‘uanou uangaa } gsuod (Juenopn jut

{ ‘qu = sngou } (qu jur 3suod)sngoN proa
{ ‘sngou uangax } 3suod ()sngop jur

{!qd = asegd} (qd ajqnop jsuod)aseqgd proa
{{esegd uwangaa} ysuoo ()esegd sjqnop

d03onu3s9p jongasa [/ H{}()BN~ TENIIIA

{

{SIYg* uaIngod

{)3wsreypreso], = Surdreyprejor
{()XzIeI0L = XcIreiod
{()azireIoL = Yelrerol
‘OresoLuenHd) = reroLuenb
{OresoLuend = rejorusnd
‘()resoLpeoTd = rejoLpeoIb
{Oresorpro1d = rejor,peotd

{) ASHIYSMOY(U) <79 JON>ISEI ISUOD = SHIYSMOT
{OADARA (U)<7p 19N >15807ISU0d = DJPP

=D ‘oefx ‘qusoel ‘el)yieg'r
uD1qodDs 10f 399Lq0 1) TLadng g yows [/

‘O Avely (u) <23 19N >9SBI™ISU0D = 2B[X
{)Aqnsoer:(u)<zg 19N >1858073sU0D = qusoel
{)Aoer (u)<79 19N >9S€0"9SU00 = def
zwgow assods uviqoonr [/

{(1AS ‘qx ‘qnsq ‘q)Veg g
(1A ‘8x ‘qns8 ‘8)y1e8'D
s90190W 540ds g puv O Jof sp03fqo ) uedngq ayow [/

‘)Aqx (1)<zp 19N>38BI™ISUOD = qX

130




{()pareogisoppoid ajqnop

{()asoppo1d o[iqnop

{()smorgaur 00q

{()aat084ad 100q

{!sesnq uangex } 3suod ()sesngzy <sng>>10309A 3SUOD
{()sesngesay j00q

{()rorenay 100q

suoponbs 2y buinjos udym payomowIaL [/

3Q 07 SpaauU 1 INQ JPULIOf JWDS Y] SULDYAL UDLqodDf [/
‘() rayeIn T00q

{QAoeN [00q

{(so2y Urea1Iso)IMOAVIULIJ [00q

‘(79 UreaI}so) MyIULLJ [00q

(29 Sulrys 3su0d) Y PEIY [00q

{ ‘o3 = Buireyprelos } (93 o[qnop jsuos)SuiSreyHrelo], proa
{ ‘SurSreyHrejoy uangea } 3suod ()SudreynHrejor, syqnop

{¥x1 = xzIreI01 } (X3 9]gqnoOp 3su0d)XZI[eI0T, PIOA
{ ‘XzIresoy uangex } 3suoo ()XgIeI0L, 2ignop

{t13 = gzIresos } (13 ayqnop 3suU0d)YZIreIOL PloA
{ fvzIresor uangaa } 3suod ()yzIrelol ejqnop

{!3b = rejo,uanb } (8b ojqnop 3suod)[ejoluend) proa
{{reroLuenb uangaa } gsuod ()rejopuenHt) argnop

{8d = 1ejorusnd } (8d sjqnop 3suod)rejoLuend pioa
{ Yresor,mend uangea } 3suod ()jejoLuend oyqnop

{ ‘ab = rejor,peogb } (3b s[qnop 3suoo)ejo],peold) pPloa
{ Tero1,prOTb HaNgaa } 3suod ()[ejolpeod S[qnop

{ ‘ad = 1ejo1,prOTd } (3d @[qNOP 3SUOI)[RIOI,PROTJ PloA
{ ‘rero1,peo1d uangax} jsuod ()rejol,peod ajqnop

{ {s1 = syyygmoa } (s1zg <JUI>I0300A JSUOD)SPIYSMOY PIOA
{ ‘spysmor uangax } gsuod (Y)ASYIYSMoyzy <JuUI>I09A 3SUOD

{ bdp = BdPp } (bdpzy <a[qnop>10329a JsU0I)ABJPRJ PIOA
{ ‘Odrep uangex } gsuod JAHJRAZR <3[qNOP>I0}I0A JSUOD

{{fx = oelx } ([xzp <juI>I0792A 3sUOD)ADE[X pPlOA
{ ‘oefx uangaa } gsuoo (JAoe[¥29 <IUI>I0300A JSUOD

{ = qnsoe( } ([ <quI>10120A JSUOI)AQUSIEL PIOA
{ ‘qnsoel uangaax } 9suod (Jpqnsoerzy <FUI>I0300A JSUOD

{if = oel } (29 <oIqnopP:>>10309A JSUOI)ADRL PIOA
{ ‘el uangaa } 3suod (Jpoerzy <9[qnoOp>I03dea JsUOD

{ 188 = qx } (937 <3uI>I10309A JSUOD)AQYX PIOA
{ ‘gx uanyea } 3suod (J)AqQX <JUI>I103094 3SUOD

{ 83 = qusq } (8829 <jur>10300A JsUOD)AQNSH PIOA
{ ‘qnsq uangeax } 3suod ()Aqnsgzy <Fur>I0}00A 3SUOD

{188 = 8x } (8873 <gur>10399A 3sUOI)ASY proa
{{8x uangaa } 3suod (J)ASX7® <IUI>10309A }SUOD

{ {88 = qus3 } (8979 <juUI>I0399A JSUOI)AQNSH) PIOA
{!{qns3 uanjaa } 3suod (Y)AqnsHzy <IUI>I03I9A JSUOD

{taq = q } (aq7y <a[qnop>10700A JSUOD)A{ PlOA
{!q uangaax } 3suod ()Agzy <9[qNOP>I0199A JSUOD

{ a8 =3 } (a923 <e[qnOpP>10300A JSUOI)AL) PIOA
{8 uanjox } 9suod (J)AH2® <I[QNOP>>I0A JSUOD

{{q = seyoureiq } (qzg <YoURIG>I030aA }SUOI)ASIYOURIG PIOA
{ ‘seayourelq uangaa } 3suod ()Asayouergzy <youURIg>I0)00A JSUOD

{ 8 = sual } (829 <109BISULY)>I01D9A JSUOD) ASUSL) PlOA
{ {suel uangax } 3suod ()ASUsH7y <I0JRIOUSL)>I0JIRA JSUOD

{{q = sosnq } (qzg <sng>10399A 3SUOD)ASeSNY PIOA
{ ‘sesnq uangaa } 9suod ()Asesngzy <sug>I0j09A 3SUOD

131




Yu w > adA7euryIqriq > so
w > JwITMoJourTIqriq > (y)uolsoardyes 3> (6)MmI9s > 0
Laow > desgiqraq 3> (9)uorsmaidies 3> (g)myes > so
ta 0 > XIQ1q > (p)uoiswardies 3> (9)myes 3> so
Yhow > HIQIq > (p)uoispardias 3> (9)mies 3> so
faon D> E1IqIq > (F)mIes > 50
faow > gJ19719 > (F)MIes > S0
{(preyasnlpe::sol “3Jaf::s01)J195°S0
{()sBepso = sergplo sSeygjwy::sor
} (1q7p yourg 3suoo ‘sozy wrearlso)’>aoyeradory ureal}so

«ddy - youezg,, spnoutT#

FTpua
{a$I9PEOHS, = PISII* TeYD OIje)s
Jul] FopuyT#

/*

gboTg *

*

000¢ § d25 3N wod DsnDIYIPIN Y uvaor — ddr-youveg */
-+ 4D -+ [/
JTpusf

FTpUSH
{xopdwroo::p3s Suisn
‘urear)si)s::pys uisn
yo0[o::p)s Sursn
{9108::p9s Juisn
{107eI93I UIeaI)so::p3s Jursn
{sor::pgs Suisn
‘yoeys:ipys Juisn
‘ureaa)so::p3s Suisn
{ssa1::p3s Suisn
‘deur::pys Susn
‘ureaxysy::pys Suisn
{Jurags::pys Suisn
{[pua::p3s Suisn
{1190::p3s Sursn
{4n02::p3s Suisn
$109994A::p3s Suisn
‘uorsroaxdjes::pys Susn
{myas::pys Sursn

(ZENIM)PoUYRp FT#

FTpuS#

‘p3s adedsawreu Suisn

asTo#

i11.S odedsewreu Juisn
(IMOd T1S 1DS ~)pouyep It

<Y qrIp3is> apuidut#

<xa1dmos> apuTout#
<BWI3d> SpuIIUTH
<I04eI931> SPOTOUTH
<uqatIo8Te>> SpNTOUTH
<dew> spnTOUTH
<I0358A> SPUTOUTH
<wWesI3sy> IpnToOUTH
<¥oe3s> opnIdur#
<8utrIys> epnrouUTH
<druewor> 8pNTOUTH
<LWedI}SIFSD> IPNIOUTH
<WesI3soT> SPUIOUTH

ddH SA.LS™ °utryep#
ddH SALS™ FoPuIT#

/*

gborg *

GUIPDIIG *

*

0002 80 fiopy uopy wod vsnopayio Y1 uvaor — ddy-spis */
-+ 40 %= [/
FTpusi

q
{

‘duns uangaua
() LyreusgoSerfoA [1]sesnq =+ dwns
(441 {()ozis'sasng > 1 ) = I Jur)d0}
(0’0 = dwns aqnop
}()KyreuagaSesop siqnop

132



{([tsesnglpe)yoeq-ysnd-sng [pe
as[@
‘fenurjuod
((puersngnlpe =i ([1Jsesnglpe ‘()puasngnlpe ‘(Judeq-sngn pe)puy)ss
H++1 {()ozts-sesngifpe > 1 {0 = [ JuT)I03
¢(()ezis'sesng pe)asiesar-sng [pe
{((puersngnlpe ‘()uideq sngp (pe)eserssngnlpe
} (sngfpyenbiup::sng proa

{
{(ap * ap)/(AwoONIYSU * AWONIYSW * fyeUsgxewr) = ySryd
{(ap * Ap)/(AWONBLxAeUdgXeW*('g)- = FYIIH]
{(Ap*ap)/Kyreus Jxemr = JySrye
{(ap * AP)/(AWONIIS] * AWONYO] * Aj[eusgxewr) = 3301
{(ap * Ap)/(AWONA] * L)eusXBW*(°Z)- = 1J9Tq
{(ApxAp)/Lfeungxew = JJaTe
‘AP + [[A = AWONYe]
‘AP - [YA = AWONIYIL
‘pazypigIUL S 200D 3y LYo swyp 1w [/ }()rerwoukogAeUegiiul:sng proa

{0°0 uInjax {
‘d wanjaa t
{(mSBrygo + wa * Jy3rgq + (wa * wa) x ydryge) = d
}AawoNyS =< wa)y
‘d uangaa t
{(goTo + wA * YJorfq + (WA * wA) x JorTe) = d
HAwoNyer => waa)gr
{0°0 uInjax
(oFY NED == 2d4} || DNIMS == 2dA || NgD == odAis)z1
‘d ‘(A)[es1 = wa ajqnop
} ()fareuaga8ejjon::isng aqnop

{
{((QoNsng-gq > (JoNsng-1q) wingax
} (zaz sng 3suod ‘1qzp sng 3suo2)sngssa| [00q

{

{s0 uanjyax
{(sBer,ypro)sfeyso
‘pua > (JodLIsngrsng > so

Yo w > (THA'SN]Q >> (g)uoispaidyes > (01)mI98 > so
S oa > OTIASNG 3> (g)uoiswaidyes > (QT)Mm1e8 > S0
ta w > (OpeoTdsnqg) >> (g)uorspaidyes > (OT)Mm3es > so
faw > ((peo1drsnq) 3> (g)uoiswaidies 3> (0T)MmI9s > SO
> so

(++{ ¢()ozis (Jourensng snq - 6 > [ ‘g = [ jur)aoy
“quawgsnipo buris oy 0 //
m: > O@EdZwa—m.wﬁn > nown > OOZmEmH.wﬂ—Q > vagaom > so
‘(preyasnlpe::sor “1J91::501)]195°SO
{()sSey-so = sSefIpJo sepiwy::sol

} (snqzp sng gsuoo ‘sozy urearjso)diogeradory WesI)so

ddy-sng,, epnyours

FTpUSH
{1$TOPEAHS, = PISOIx Jeyo dIje)s
Jul] FOPUFTH

/*

$bo7g *

*
0002 ¢ dag anJ, wod vsnvRYIYINL oyl uvaor — ddo-sng */
-+ -+ [/

{
{0grigza > (9119 1q) uingag
} (zqze youeg 3suod ‘1qzp youeIlg 9sU0d)d,],889] [00q

{
{Oaargza > (Jgad1q) umzal
} (gq7p youeag 9suod ‘1qzp youelg 3sSU0D)gISS] [00q

{

‘S0 uaInjaJg
{(sBergpio)sdey so
‘Ipud > so
{
‘oryegde1q-iq 3> ()uoispaidies 3> (9)myes > so
Ya w > sngdepuoNiqrIq 3> (L)mIes 3> so
Yo o0 > sngderiqraq 3> (F)mI9s 3> so
} (anvul, == adAypuryaq-aq)zr
f > so
(44 t(ezisadATourTIq1q - 9 > [ {0 = [ Jur)a0]

133




azis~sydouou qur
}
(ASresx xeyd) afueyoxa::1doren
Umo\r
{
HMILNWYHEd = Suuepio
os[e
MATHO FYINDIY = Sunapio
(0 =i (WHIQYO NOIIOXISOd ) AUSIRS) JI os@
"MATYO NI NYNLHY = Suuspio
(c-c == [o]Bumsado) 31

/* -suonpdouou puv suowndo fo buwiapio Iy} )puvy 03 MOY FULULLIIBT */

{0 = reyoixou = Jiedo

{1 = punndo = jdouougse] = ydouou3s1y
{Bulngsido = Buinysydou

{ASxe = ASreu

{08x1e = o31eu

/% “Adwa s1 suswspe-A DYy uoydo-uou
paddiys fysnoinasd fo souanbas ayy f(swou wosbosd avy) 52

JUIWII-A DYV 20ULS) [ UdWI-A DY Y yum suoydo burssasosd uvis

9POUL ST J]U0 §S4Y BY] UBYM DIDP IDULIIUL DY) FZYDIPUT */

}

(1) 1199do :(Surnsidox xeyd ‘ASrexx xeyo ‘ofre jur) 1dOren::1dQ1eD

/*
<npa-ypn-1bua -ALoyorypoi> *
8661 7T 900 pPoM *

20-suoydo/ousafur/od /o /2 oyr'r — */

‘(()onsnguen g8 > (JoNsnguen 18) uangaz

{

} (g873 I03eI9ULY) 3SUOD ‘19279 I03BIOULL) JSUOD)USN)SSA] [00q

S0 uangag

{(sergpro)sdey so
‘Ipud >> so

Y > []A10d3s00°uaS > (p)uoisoaidies S (1)mies > so

(41 {()oz1s'A[0g3500 U8l > 1 = 1)I0}

fa o > xeNJuaS-uad 3> (F)uorsmexdies > (L)myes > so
fa o > U Juad-ual > (F)uoisardies 3> (9)mles > so
fa w > WNDUS ua8 > (F)uorsoaadias > (2)mles *> so
‘e n > XeNDOUS uad > (F)uotsoardias 3> (L)m3es > so
fu w > AUS-ual 3> (g)uorsaidyes > (9)mias > so
‘a0 > Juaduel 3> (y)uorseidyes > (g)mies > so
Yaon > oNsngueS-uad 3> (9)m3as > so

‘{(peyasnlpe::sor ‘4ya[::501)J398°S0

¢{()s8ep'so = sSe[qplo sSeyjuiy::sol

‘1 gur

{

134

} (ua823 1oteIoUBY) JSUOD ‘sO7p Uresl}so) >aojesadory WELSIISO
«4°3dpasy, epnroutTH

<Y°qrTp3s> apurouT# (ddy- z03e10U8D, SPNTOUTH

JTpUSH FTpue#
Cfag o1TT dxy {W$I5pRAH$, = PISOIx Jeyd diyels
STTT 1S:6T:6T ST/T0/666T 0°0 22-3do3e8 :pIg$, = PISII+ Jeyo d1yess uI[ FOPUFTH
juip yFepuyt
/*
// $bo7g *
b1ifidod N ND Y3 2a43sqO "uoyounf 1doyab fo [/ *
uonwuawaldwe NND fo uoisson jouf puv ysuyf st swf // 0002 ¢ dag o, wod vsnvYPows Y uvaor — ddr-101o49usp */
o IG:6T°6T §I/10/8661 0°0 uowsiaay [/ - 40 % [/

¢ 00-3doyab :borg [/ {

{




/* ‘uoydo-uou v 23y aspp buryifieana diys usyy
‘uorpdo uv a.4om 1 fi 9 suondo-uou snowasd ypm 6uDYITI UMY}
‘uozpdo qjnu v o3y 1 diys

-suowdo fo pus aunyowaLld suvdwsL —, JUIWII-A DYV [9192dG =/

{
‘purgdo = jdouou-yse]
+-+pupdo
((0 == [1][pursdo]asreu ||
¢~ =i [0][pundo]a3zeun) 737y
98reu > purydo) aprym
/* ‘paddiys Rysnoinasd suordo-uou fo abuvs 2y3 puajirs puv

suoydo-uou jpuowppo Aiuv diys mon */

‘punndo = jdouou-jsiy
(pursdo =; 3dououyser) J1 as[d@
{(a8reu) a3ueyoxe
(pundo =; jdouou-yser 7373 douou-yse] =j jdououysiy) I
[* "1s0yf awoo suondo a1y} oy} 0s way] 26UVYITI
‘suoydo-uou
2wos fuimoqjof suodo awos passazosd 3snl aavy am fI */

}
(FLNWYEAJ == Sutiepio) 1 ,
(0 == reyoxoux || 0 == reyoxou) Jr
}
(proa) () aogerado::3dpten
qu1

[* 30090 ‘UFAYO NI'NHNLAH
INOQD SJUIWLULOD Y] 3G "SIUIWB]I-A DY Y uondo-uou
a1y busppuvy
Jo poyyows quasaffip v sysonbas 1 ¢, -, ypm s0IS ONIYILSIIO 1

- Buvydo, uz pauaniass 51 12
“QUIWINI-A DY Y 1U4n0 Y] UL 1397 ST L2y ft [buv ppuondo uv sjuvm
101y} uondo uv uvsw Suoyod omJ, -bivido, ur PauINIAL ST ‘YUIWIP-ADY Y
buwmojjof
3y fo 1323 2y} 40 “WIWII-A HY Y 2wDs ay] uz 3233 buimojjof ayp 0s
‘bup
up SpuoM 33 sULIW oY} “‘u0j0d v fq pamojiof sL HNTHLSLIIO ©t L0Y2 ? J]

" é. UINIDL 11138 am g passasddns s1 26DSSIUL LOLLD DY) ‘0422

07 (4121d0o, 395 nofi I "abvssaws sous9 uD burguied LAYV 5, ULNIL
‘ONIYLSLJO Ut pajsy j0u s1 oY) udas §1 1230vI0Yd uondo uv ff

- Buvzdo, ur pausnias puv

“Quawala-A HY Y bumnoqjof oy wosf 10 UIWIP-ADYY IULIND

21y fo 1594 2Yy3 wosf uayv] s Juawnbiv 1Y ‘JUaWNLID UD SUDM VY]
©023d0 UD $1 4230DLDYD SNOWDLA Y} J0Y) SUVIW ONIYLSLJO Ut U0j0d
*$.4230040Y0 uoydo pvuwsbas) oy Surunjuod 6uys v st ONIYLSLJO

(-150] 2wo03 mou suondo 0U 2.V VY] 350Y} VY] 0§
pagnuisad U3aq 30DY SJUIWII-A DYV Y L) ‘uondo uv jou s joy)
WowdP-A DYV 154y 941 Jo ADYY we zoput ay3 st purrdo, uy[

" JOT, Susngas 3d03ab, ‘542300.40y0 u013do 210w OU 34D 243Y] [T

UBUWI-A HY Y L0 4270040y u013do buimo)jof ayy ypm uDdS 3Y) JWNSaL
uvo 3d0326, 07 1100 1TIU Y] DY} 05 LDY2ITIU, puv ,purpdo, buigopdn
‘4910D4DYD J0YY SULRYOL J3 “4230040YD uoydo sayjoun spuyf 1doab, [r

SUUWId u013do Y] fo yIDI wosf

$4230040Y> ©0YdodYy] fo yov3 A)an18s300ns suLnas 32 ‘fiypagvadas paywo si
(1d0336, I *S4939040Y0 u031d0 340 (|-, DI Y} WO.Lf 3PISD)

JUdUWI]D S1Y] JO SUIDVLDYD Y JudWId u01do UD ST 3 USY)

“ama 40 4 fi]0DTD J0U 51 puD -, YRM SIS ADYY fo juawap uv JI

‘ONJYLSIJO ut usarb
$4930040Yy2 uondo sof (HDOYY st YIbusy asoym) ADYY fo spuawape uvdg */

{
‘purgdo = jdouou-ise]
{(1douougse[ - punydo) =+ jdouou-3siy
1-P

/* “fidnooo mou suowpdo-uou 2y s30)s 3y} of spiodas aopdp */

{(sz15757dOUOU
‘[sdouourysey - purdo + jdououysiyjadrezy ‘durey) Adowew
{((x xeyo) joazis * (3douougse| - purdo)
‘[3dououysiy]aBxery ‘[3douou-gyser|adresy) Adowaw
{(az1s~s3douou ‘dwsy ‘[1douou-gsigladrezy) Adowew

/* abio uz vyop fo syo01q omy Iy abuvYILIUL */

{(oz15~s3douou) eoo[[e (#* Jeys) = duwelxx Ieyd
{(x xeyo) joozis * (1douourisiy - jdouowgser) =

135



‘bup
UuD SV s34 Yy buryy Aq JudWIP-ADY Y Syp pud am I */ J

‘reyogxau = Sreydo . /* “420040y0-uordo 1T 2y} IIPUDY PUD 0 YOOT %/
(0 =i reydyxoux) 31 {
/* “quownbio uv saunbas joyy uondo uv s sy */ ‘1 + [purpdo]aSreu = reyoyxau
}
as[e /* 542300400 §71 6UIP0IIP 1DIG
{ uaWI-A HY V-u013do L3Yjoun punof anvy ap */
3
{0 = TeYDIXU
{0 = Sregdo {
| as[o {0 uangax
, . { {[++purrdo]adreu = 3rerdo
{4++punydo {JOH uanjea
{reypixau = Jreydo ) (MIqyo - gyINdAY == Sulapio) Ji )
(0 =i Teyoyxoux) Ju (0 == [1][pundo]asreu || -, =; [o]{purydo]aBreu) j1
[+ *fppuorrdo quswnbin uv s3daoov oy uonndo uv s SIYJ * / /* “fiq 12 ssod puv 431p2 Y3 03 1 9QLIDSIP L0 UVIS Y] dOJS LBYYD
} ‘n amusad jou pip puv uondo-uou v 03 IW0D aVY Im [T */
A.n. == _”N_QEQ.C 3
} {
(::c == [1]duuay) 31 {JOH uangad
{ “ydouourysiy = punpdo
{ . uInjax (1douotryse; =j sdouou9siy) Ju
A_H [* ‘way} 35961p 1pm 43)jvd 2y} 05 ‘paddiys figsnownasd am oy
(o ‘[0]a8reu suoydo-uou ay; v Jutod 03 ToPu-64D-9TIU Y] 138 */
‘yu\(2%-, uorado pszrudoosrun :sY, ‘Iropis) jyurdy }
as[o (981eu == purydo) jt
(o ‘[0]a8reu /% ‘panwsad puv paddiys am oy suoydo-uou fiuv Ls00 Yovq puv
‘au\oY0 opod uvs Yy} dojs ‘SpuAWII-A DYV Y1 10 2U0Op 2avY am fI */
Isjoereys ‘wotido pezruBoosexun :sy,, ‘IIopys) Jurrdy
(2210 =<2 0v0 > o) 1t {
: ; W 981eu = pupdo
0 =;j 1193do) Jx
} o8reu = jdouougser
(¢ ==0o|| 0 == dwey) J1 ‘punndo = jdouourgsiy
(1douou—yse] == jdouou3sIy) Jr as[e
‘++pundo {(a8reu) s3ueyoxe
(0 == reyodsxoux) Ju (punndo =j 1douou-gse] zgzp jdouou-ise] =i jdouou-3s1y) It
/* ~4230040Yd 38D] $311 $59004d 07 14078 Pm uPYM  Ppurydo, UIWALOUT */
‘++pundo
(o ‘Sulpsydou) 1yoags = durayk xeyd }

{4 IRYDIXAUK = O JBYD ((4=-u ‘[purrdo]a8reu) dumoays; zpzg o8reu =; punydo) J1

136



‘gge * ampaur = [{x

{(ampsur}fuod = 1nHaur

‘ampsurf - anHSuidreyd = 1Inyaur]

. SuiSrep x g9 = rmHSurdreyd
{(()deogag+[[Jxagdury ‘g-p)<aiqnop>xardwod = Jurdreyd

{(ampoury)urrou % Yaur =+ xwwﬁoa
{{ampour)uriou * Yaul] =+ YgI[e101
{(A)uurou/()Fewr X = Kaui
{(X)urrou/()esr x - = yaurj

} < ann

‘X * JIge = 1ampaur

‘gIs - g0 = BIae

{((Sue)uis+3ewr ‘(Sue)sor+Fewr)<orqnop>xaidwiod = g1
{(Oresr()A-[qilsesnq = Sew

{()8ewr()A-[qy)sesnq = Sue
H((@nfry-g'(arnfiv-n)<eiqnop>xoidwod = X

{(gae)uioux()deogrg«[(|ligdury =+ SuiSreyprejos

‘1 - [[Jsngdury = q3
Y+ ((pzsrsngduay > [ tp = [)aog
{()moygeury-ijsasng = Jj73 < <2IqNOP>X[dWIOI>I0FI0A
{youerglpy-[i)sesnq = agdunzy <+ youeIg>>I0}IA }SUOD
{()snglpy-[isesnq = sngdurjzy <ur>I10309A $SUOD
{((8ue)urs+Sew ‘(Sue)sodxSewr)<arqnop>xeidwiod = g4
‘Orear()A[1)sesnq = Sew
{()Bewtrr()A[1]sesnq = Sue

{()peoTd[t]sesnq =+ TejorpeoTh
{()peog-[yJsesnq =+ rejorpeord

} (41 t(Jozis'sesnq > 1 !0 = 1)a0y

{
{()uendy[jsesng =+ reoLusnb
{Ouend-[d]sesnq =+ Tejorusnd
‘1 - (JoNsnguen [1]susl = 3y

} (41 {()ozs'suad > 1 {0 = 1)aog

{0°0 = rezo],peob = rejog,projd

{0°0 = TeloLuanb = rejoruend
‘0’0 = SuiBreydHreloy
'0°0 = YeIrelol = XeIeiod

LanyBurreyo ‘Suidreyd ‘rnpaul ‘Yo ‘dre ‘dJde ‘A <a1qnop>xaduod
‘Few ‘Sue s[qnop
‘wenb ‘uanyd ‘yaur ‘yaui] sjqnop
fqy o T ‘1 gur
} ()smorgeury::3eN [0oq

«ddy- 38N, epniouTH

JTpuaH
W$IoPROHE, = PISOIx JBYD DIJEe)S
I FepuFTH

/*
gborg *

*

0008 62 1P0 UNG wWod vsnvdil@e 23 uvaor — ddo-smojJaury */
sk 4D % /[

{

{
O uangax
{
{
{0 = Jeyojxau
{[++purgdo]alreu = Srejdo

/* ‘puawnbiv
$D NN9-AHY Y 1wou buwyny uaym urvbv 1 JULUWILIUL
‘aouo pundo, pajuswasouz fipvasyp a4 */
osjo
{
-»M-n =9
¢(d ‘[0]a81eu
¢ u\uotgdo

¢d%-, Toy juemnBie ou :s¥, ‘LOPIS) Jpurid;
(0 =j 1193do) 1
}
(o8reu == purydo) J1 as[a
{
‘++-pundo
[* ‘mou quswia)a jTaU 2y} 01 PIUVAPD ISNUL IM

137



} (s5y D8
{(ur::sor ‘()1ys o nyssurre Jy o Jusdo sy yH 8o
} (wowom, =j 15 swrRq VD)3

{
{
: {(1-)Ixe
‘Ipud 3> ,Sutitas Iox , > 1157INOSAS >, :uedo jouwe),, > 119D
} (symosdsi
{(no::sor ()ags o 15 InQOsAg)uadorsyrnQsAs
} (wowou, =j 1357 IMOSAS)I

{
{
‘(1-)3x0
‘[pus 3> ,Surpesi Ioz , 3> 1S[OLINQ > ., :uedo joumep, > 113D
} (sriornop)z
¢(3no::sot ()13579°1357101,9n Q) uado sy oL 30
} (aouou, =j 15 1OLINO)N

{
{
{(1-)3xe
‘Ipud
>  Burpesz 1oy , > 1soqinduy > ,, uedo gou prnoY, > 113D
Heranginduz)zr
{(ur:isor ¢()xysmo-19s-aqrandur)uado-syaprgindur
-Yosta{
H(1-)3mxo
{(a81e ‘o8re)deysuoizdpien
}usuow, == ns-eqaindur)yt

{(aS1e ‘o8re)suonydren)

‘syoftgindur ‘SF[0,4N0 uresissy
ISFYDSI1IB ‘Syy D80 ‘sFInQsAs ‘s HINo urea)sy

{41e3s <BIqMIOP>I0J09A
{0 = 01971 = SNONUIIUOD = [RAIdUL

fyouou, = IJSSULIeJyH
¢ ouou,, = IISIQOSAg

fyouou, = IIST[0LIN0
f,euon, = 115y HIN0
{yeuou,, = 195~oJinduy

‘1 qul
} (a81exx reyo ‘o3re jur)urewr jur

{(x a[quop ‘* S[GNOP ‘JUI)UIN[O],}SODIBMO] PIOA ,0, UISJXD
{(29 swoOUBH YD) YHISODIaMod 30 UIIIX

983 19N
«ddu- 38N, spnrouT#
<Y TSWI> 2puLouTH#

UJI99Xo Fopunp
ddy- suzagxa  spuiouty
UJII9XO JUTIopH

«u-adpaen,, spuroury
«ddq-spas, epnrout#

<9-swmousyTesyyn/ed> spurouTs
<Y-ewoushTREYYH/LI> OPNTOUTH
<y-e8/e3> spnroury

FTpua#
‘u$IopERSal$, = PISOIx Jeyd dIje)s
JUI] FOPUFTH#

/*

$b07g *

*
0002 12 44V 4] 102 DSNOPYIPILL U] uvaor — ddo-urow */
-x 4D -+ /]

{

fani) uanjax

{
{

138



{(purousnysAg J)ensASd ¥H1eISApesIgyo
{(surered)siajaurere J3neja(193513a.1:: v 097e1GAPRIIS YO
‘surered jsryIejewered Vo

{128 SuredgIRdUITY D

*sawoudb ayy fo 1o puv swyjLobo 2130uab 2y3 fo 1o [/
+0f pasn
39 1pm 0y} 158 4239wwend D 230240 ‘sawoudl ayy vy am oy} moy [/

{(VD180D19MO0 ] ‘SIRI[VSASJ)oWOUD)SASJ SUIOUsD)[BIH VD)

{
{

{(o1re .Sv%d.msoﬁimnm
*0°0002/(()mn duaD [f]sud
- (xepnduen:[1)sus)+(1-0) + 0°001/()urnduen [1jsus = [[|ierre
H++E 1 > [i1 = [ yur)aoy
ta u 2> [0]E1re > 000 {0 = [o]ioTe
{1g]yeoy mou = [oqre
H()sngSuimg-is3 =; (JoNsnguas)-[1]sul)sx
} (+41{()szts'sus > 1 ip = 1)aoy

{

{[oIrex yeoy
} (omdz1)31

{

{ AAISNTONIPPRIV VO HAISNTONIRPRIV YD
‘(Josedd 183/ ()xeW duap - [f)sus
‘(Jeseg d-189/ (Jurnquen - [1]sus)ppesepysAsd
H()sngSuimgisy =; (JoNsnguen-[1]sus)jr
} (441 {()9zIs'su8 > 1 {9 = 1)a03
} (snonurguoo)zr

{
{

H{ IAISNTONE PRIV VO EAISATONI PRIV VD

‘0'01/(()esead 151/ Jum guen[r]susd
- (Jesedd 181/ (xep quopny[1]su3)
‘(Jesegd 183/ ()xeNduen [r]sul
‘(oseg 183/ (JurndueD - [1Jsul) ppe-ssplIysASd
H()sngS8ummg1s3 =; (JoNsngueny*[1]sus)z1
w (++1 mOwNmm.maw > 1{p =1)10}
} (reazegun)y

iso[RIlysAgd AelIyI0GAPIIVIEIUVD

{()sngluimgysy = Jums jur
(O AsuaD187) <73
<I0JRIBUSL) > 103994 >1S8I"ISU0D = SUF7 <I0JRISUID)>I0J09A

{
{(1-)mxe
{[pUd 3> ,"pesn 8q 3snm [2Z-|>-|p-] Fo euwo L{uo pue sug, > 1183
Y1 =i sydodury)pr
‘01971 + snonurjuod + rearejut = sydodury jur
} (aemou, =j s yHINO)N

{

{) KoqeIn 98y

{(ns-aprqIndur) My pesy 159
}ospe {

(1-)axa

{(a8re ‘381e)dpysuonidOien

‘Ipua > ,pexinbex s1 suorido 8- 10 3- Jo auo 3seLT 3V, S>> 1IN
}(4ouou,, == 1S[OTINQ 2§79 4OUOU, == IIS"YOHIMO)J!

{
{
{(1-)3xa
:usdo jouue),, > II9D
} (srvosmopy
{(3no::sor ()13570" 135y HINQ)usdo sy H3No
} (wowou, =i 11" yHMO)H

{
{

‘Ipus

Ipue 3> ,Suritam I03 , > USYHINO D 4

{(1-)3mxe

> ,Burpesx 103 , > nSSWIRIYO >, :uedo jouuwe), > 110D

139



‘1 ‘0 = punoyg3ums qur

{[reau]ajqnop msu = qnxx sjqnop
{[reaulajqnop mau = qix* sjqnop

{0 = uodu guy
spunoq ajdwss fijuo a4v 243Yyy [/
Spuzn.ps100 fo saqunu [/

{pud > Jeau > ,, = IeAq, >> 113D

‘1 - ()oz1s*sul8 = reau jur
sajqowina fo uaquunu [/

-~

(=]

]
1l

[ lq s1qnop
[ ]e s1gnop
suoyonbs [/

~

o

-
Il

{0 = bau jur
suoggonba fo woqunu [/

{()sngSumg9sy = Sums pur
{(OAsueD383) <73
< I0YRIDUSL)>> 101094 >|SBOISUOD = SuT7p <IOJeIOUSL)>I0)I0A
} (wouou, =j 13S[OLINO)H
Suswwosbosd o1300poRb [/
Buzsn gurod ppwydo awos ayy apvnowy) [/

{
{()asopr sy y s
((Juedorsrsyypsie)z

{
{()eso sy yoImo
{SFVDIM0)IMO MY UL 153
}((uedorsr sy o)

{Ipus > nod

N\ > (0001*() quan[1]sud)ouriso) [1jsud > jnoo
(41 {()ezis'suld > 1 {0 = 1)10}

¢

‘ipua 3> ()1S0OPOIJ IS) >\ = 350D Pold, > JNod

¢{()smorgaury sy
“()oA1084d 953
{()sesng 1059y 153

{
{
{((xpupioeq-T)ouad-3) quen [isul
¢{((xpuroeq-1)ousd-3)req-ysnd-1reis
NIWTOL +of yusod buyavys [/
} ospe
{1 = xpuppeq
(Osng8umg-is; == (Jonsnguan-[1jsud)sx
} (++1£()ezs'sul > 1 ¢p = 1)a0§
{0 = xpupyoeq jur

{(()puarqreys ‘()uidaq-jress)osers-jae)s

{()renpiarpuriseq()sonsnyeisensAS J(poWOTLD[RY VD)
= 3 Zgawioudn)[RoY YD)
uoynjos uorwLauslb  jowndo, ayz sang [/

{()eatonaensigd
{(soue8raauopuod ) orBUTIIST,: 1 WYILI0S [y I1JOULL) Y H) )} I0JeUTULI) e D)SAS I
{(()8urreogoN VD) 3urressensigd

{(swered)siojourered-enysAS g

{(w31d edsdgd, ‘eurenayyjarodsnesd)esensiSd ¢
4(1- ‘rxewruruzNed)jes-swered
{(S9I00G[V::8o13S1 RIS VD ‘$8100G109[9sNe3)res surered
(01 ‘AouanbazjysnyNes)res-surered
‘(1 ‘Aousnbexgaiodsped)jes swrered
{(0g ‘aztguoryerndodnesd)ies-surered
{(0g ‘suoryerouanuNed)jes-surered
} o510 {
(s o s surre Jy o) Jpess-surered
} (wouou, = nssurregyo)

140



{((pusrqx ()uraq-qx)esers-qx
{(()pue8x *(Jurdaq-Sx)asera3x
§9209puz uwngod sof firowadws 330200 [/
{Sngauop <JUI>I0)00A
‘ys£ ‘g8erp ‘oderp ‘desq ‘1 ‘x aggnop
xpuyepq ‘xpurions o I ‘1 gur
} O xeqen:geN 100q
‘1q 2y v uoyonyus ayy 3ywoyduos [/
SAPULLOfSUDLY PUD SIUI] 13)j04Dd g Ppuv H squduoduiod [/
T10U DUDIPUPD Y] SV () gD YoNIBN 1009 []

«ddu- 38N, spnTIUTHE

FTPUSH
{a$IOPRSHS, = PISOIk Jeyd d1je)s
U] FOPUITH

/*

gboTg *

*
0002 ST 10 ung wod-vsNvIRYIPoYs I uvaor — ddo"goyoy */
- 4D -x [/

{

‘{0 uInjax

{

{()asoro sy nQsAs
{(sT M OSAS) MV IULI 953
HQuedosrsyinQsAs)y

{

‘qnx [ ] ajerep
‘qix [ ] @3019p

{
¢{()asoro sy or,Ino
(SJ1OLMO)IMO MY UL 153
H()uadosrsyioano)z

‘[pus >> Nod

N > (0'001*()quen[1sul)ourisoy [1)sus > Inoo
(++1 {()ozis'sul > 1 {g = 1)a03

‘ipue > ()1S0DPOIJ 181 3> = 350D PoOId, > M0

{()smorJour9s)
{()ont08d 353
{()sesngyesay-4s1

{
{
{1 = punog3ums
}oste{
{([punog8ums - 1Jx) quan-[1]suld
} (()sngSuimgys1 = (JoNsnguan)-[tJsud)j
} (441 treau > 1 ég = 1)a0g

{0 = puno,3ums
{(0 ‘x ‘reau ‘1 ¢,moTINTOS,, )XIJRUI I LIM P [STUL

{
£(0 ‘0000T ‘NOJI XVINTSINI ‘X
“YASN"NYNILIAY TSI ‘qux ‘q[x ‘q ‘e ‘bau
‘UOdU ‘XeAU ‘UrI]OT IS0 IdMO] ) U U8 U0 U p-{suul
} ospa {
‘(0 “[0]arerszy ‘SSHNDX TSI
‘0000T ‘NOA XV ISINI ‘X
“gASA"NYNLIW TSWI ‘qux ‘qx ‘q “e ‘bau
‘UOOU ‘IBAU ‘UTW[OT,3S0DIIMOJ U USS UOI UTUr p[SUIL

(0 ‘[0]aresszy ‘aeau ‘1 ¢, 3IB3IS WOTINTOS, )XLIJEU d}IM~P[SUIL
}ueuon, =j 1S"YDINO)H

{[reau] a[qnop mau = xx syqnop

{
{
snq buims ayp sof asffo [/ ‘1 = punojSums
}osre {
t()oseg d-1s1/ xeNJuen [1jsud = [punog3ums - 1jqnx
{eseg d-1s1/ uinJuen) [1]susd = [punogBums - fqx
H()sngSummg sy =; (JoNsnguen [t]susd)z
} (41 {()ezissuld > 1 ig = 1)aoy

141




{onyeyderrg«[q)igdur; = e agqnop
}unvuz, == (JedAzeuriag «[]1gdur)z
SXkX 4 IxI = 2
{()deogag+[y)agdug = deoq
Ouage[qjagduy = 1
{Oxgpilagdus = x
saug) posnd oYy o dn wns [/ } ([H]sngdws == [(Jsngdu)zt
} (31 {(Jezissngdur > 3 i = 3 jur)I0}
{([(]sngdury)®oeq-ysnd-sngauop
au 1a11040d L0f Pajun0dIv Apoayv [/ ‘enurpuod

(()pua-sngauop

=i ([Jsngdury ‘()pue-sngouop ‘()uidsq sngoucp)puy)yt
901m} $2YOUDLQ JUN0D Fuop [/ ‘onurjuod
(T + 1> [(sngdury)s
‘00 = aullq a[qnop
{00 = aur[3 ajqnop
{0°0 = z a[qnop
} (441 {()pz1s7agdury > [ ig = [)aog
jpuobvip Y3 mojaq $PWIYD 2.403s Puv 33PN [/
{
‘+4xpujjons
{(1)yoeq-ysnd-qns3
{(n8erp)sioeqysnd-8
}Y(o=i om@@w_
+-+xpuriopq
{(usk + gaewp)ypeq-ysnd-q
{(1)oeqysnd-qnsq
} (00 =i a8erp)
payasyd 3q 1118 ppoys g [/
ouszuou sfivmp 240 syudwapd uoboip [/
’ Juawaps jouobvip ayy aLo3s [/
{
{
{deoq + aurq =+ g3lerp
four[8 =+ HJeip

}osp {
{

‘owrq * (e)/(0°1 - ®) =+ glerp

four(3 * (¥)/(0'1 - &) =+ DIerp
}ospe {

‘our(q * (exe)/(e - 0'1) =+ gferp

tour3 * (exe)/(e - 0'1) =+ DHIep

}( == (sngderag«[(rgdun)z
‘deoq + e/ourq =+ glerp
‘e four[8 =+ nH3erp
‘Ooneyderig«(flagdmy = & sjqnop
} (unvdr, == (Jod&ysurtrg«[flagdur)yr
idvog ou soy auy NVHL //
{usA-[sesnq = ys4
‘z/x- = sulq ayqnop
‘z/1 = au13 ayqnop
X#X + I*1 = Z a[qnop
{()deogag«[llagdur) = desq
Oyrge[(ligdun = 1
Oxag[lagdun = x
} (+41 Qpzisragduny > [ {g = xog
Juawia)s uobvp 2y; 2o 354y [/
{(()puersngauop ‘()urdaq-sngsuop)ssels sngauop
{()snglpy-[t]sesnq = sngduryzy <JUI>I0300A JSUOD
{)uoueaglpy-ijsesnq = 1gdunzy < YouweIg:>Iojd9A JSU0OD
‘0°0 = gSe1p = pierp
} (++1¢()azis'sasng > 1 {0 = 1)I0§

{(xpuriopq)oeq ysnd-qx
(xpurjop8)yoeqysnd-8x
‘0 = xpurionq = xpur[on3
{(Naarasarqnsq
{(D)an1es01°qns3
{(Dantasorq
{(Noarssor3
{()azis'sesnq =+ [
{
R,
(1+1 > [y]sngdus)y
(441 £()ozi1s'sngdury > ¥ {0 = q)aoz
{Osnglpy-[isesng = sngdury <9ur>103594
Ha+1 ¢()ozis-sosng > 140 = 1)aoy
Y ()puerqnsq ‘()urdeq-qusq)esers-qnsq
{(()pusrqnss ‘()urdeq-qns3)esers-qns3
Y()pua-q ‘()urBaq-q)esera'q
{(()puar3 ‘(Yurdeq-3)asers 3
DIDP puv $2192pur Mos Lof Aiowaw a7v00i0 [/
(1 + sngou)eatssarqx
(1 + sngou)aarasarSx

142



112 $D 2.2y paoUWYS? 39 [/
PImod uv1qodvy 3y} 4of spuswasunbas Rrowow [/
{0-0)oeqysnd-HJrep
(441 {((unopAd - 1 - (Jezis'sesnq) + T - ()ezis'sesng) > 1 {g = 1)J0]
H((aunoHAd - 1 - ()ezis'sasnq) + 1 - ()ozis sesnq)astasar P Jep
Y(Jpueddrep ,oﬁde%Eo@md%m
{(Mpeqysnd-syrygmor
Gt
(DNIMS == (JodA1, [sesnq || NED == (JedAL [1]sesnq)zt
} (++1¢()ems'sasnq > 1 {p = [ ‘0 = 1)a08
{(()oz15"s95Nq )2A 181" SYTYSMOI
{(()puesyrygmon ‘(JurBoq syIYSMOI)osers SIS MOI
"TIPUL MOL JUILIND 240f3Q PAIIJUNOIUI SISNQ L07DLUIS fo saquunu 213 [/
uo puadap 1pm 1ys gp/Op puv Lp/Op -sngbwims ay3 uvy) 4270246 [/
sz zapui mot fi | Aiq dn poyfays aq qybuus smosr gp/dp puv Lp/dp //
{(()puoroelx ‘()urSeq-oelx)osera-oelx
{((pua-qnsoel ‘()uraq-gnsoel)ssess-qnsoel
{((puoaroel ‘()urSaq-oef)asers-oel
{
{
yeaaq
snq DNIMS v firquqosd /]
: jnejap
eaaq
{++4+iunopA d
1 NAD ased
* DHY NHD osed
‘yeaaq
“G+4unonHd
FHVAMOT NHD 9sed
P AVAHDIH NHD 9sed
1 @VQ' oses
} ((JedA1, [Y]sesnq) yoims
H(4+1 ¢()ezis'sesng > 1 {0 = 1)x0§
{0=1UNoDOA ‘0=1N0JAd ‘0=1unoddJ
'sasnqg Dd puv ‘Ad ‘BOd fo sunoo [/
o T qu
} Oroyen::1oN [00q
*pagonoyoias [/
9q 0} paau 8403024 JuLIJ1p sof spudwasinbas Aiowow [/

«ddu- 1oy, spnTouUTH

FTpUSH
¢ ,$I0pEBKHS, = PISOI* Jeyd dIje)s
Jul] FSPUFTH

/*

gbo1g *

*
0008 I PO ung wod-vsnoidy1poy: 23 uovaor — ddo-ovpayopy */
- 40 -+ /]

foni) uangax
‘(1AS ‘qx ‘qnsq ‘Q)vIes'd
“(1XS ‘3x ‘qus3 ‘B)y198'D
{
{(xpuropq)soeqysnd-qx
{(xpugrop8)yoeqysnd-Sx
2u0 3sv3] v £q pasvasous satoaput [/
{
{
++xpupons
t(oun8-)yoeq ysnd-3
(1 - [([sngdurg)soeqysnd-qns3
} (00 =i qumwﬁ_
*+-+xpurionq
{(ourq-)poeq ysnd-q
(1 - [[[sngdun)soeq-ysnd-qnsq
} (00 =i eumg)n
Wiy 2UWDS DY) IV Y10Q 0U JNq 049Z 39 uvD IuYb 1o duyq [/

{
{
{
‘z/x- =+ aurq
‘z/1 =+ ouy3
} ospo {

‘e/(z/x-) =+ auyq
te/(z/x) =+ oun3

143



{4+quno)e
{(3rygmour - qy)yoeq ysnd-qnsoel
00 :1 ¢ (1 - sngdums) < qf = yrygmor
{(19p)soeq-ysnd-oel
{((()8ewr () A [ag]sesng - (JFewr () A*[q1]sesng)uts+(qz'qy) 1y g
\ - (()8ewr (A [qz]sesnq - (JFewrr () A"[qa]sesnq)soox(q3‘qs) 1y D)
\ *Qreer() A faglsesnqx(Jreor ()A"[as)sosng = s0p
fonuIjuod
( ONIMS == ()odA 1L [aj]sesnq)yr
‘1 - [aadus = g
£0f paqunooov fipvaup youvsq sy [/ ‘enuijuod
(Maadunzy =i ([Jgadus [Jgaduizy ‘(Judsq-ggdwy)pug)sr
} (41 (et gaduny > 1ép = 1)aog
i laV/lalp/dap //
{4++qunopa
{(yrysmor - qp)soeq-ysnd-qnsoel
0 : 1 ¢ (1 - sngBums) < q3 = Prygmoa
{(aap)yoeq-ysnd-oel
{Oteox () A "[aslsesnax()reer () A" [a3]sasnas(aran) fryd
+ (furpNd-[qs]sesng = 10p
w.tdy jouoboip ayy apvmowa [/
{Osnglpy-[]sesng = ggdury <pur>I10390a
H=q
‘fenurjuod
((ONIMS == (J2dAL []sesnq) || (NE@D == (JodA1 [1]sesnq));r
} (+431 £(Jezis'sesnq > ¥ ‘g = ¥)a03
{
{(3unopie)yoeq-ysnd-oelx
{
{4++qunone
‘([q3]sygrgsmon - 1 - ()ezis'sesng + qj)xoeq-ysnd-qnsoel
¢(19p)3oeq ysnd-oel
*(((Bewr()A[qg]sesnq - (JFewr () A [sesnq)uis«(qr‘qs)lry g
\ - (3wt ()A [ag]sesnq - (JFewrr () A [q3]sesnq)soox(qx'qs)lrv"D)
\ *(rear ) A'[aglsesnqx(rear () A'[qy]sesnq- = 1op -
‘enuijuod
(N"gD == ()odA1, [qy]sesnq || DNIMS == ()odA1,[qj]sesnq)zt
0 : 1 ¢ (1 - sngSumms) < qj = yrygmos
4 - [gadus = g
£0f pajunoodn fipvasw youveq swyy [/ ‘enurguod
(gaduyzy =; ([gadws [Jgadunzy ‘(Judeq-ggdws)puy)st
} (441 {()ezts gaduny > 1 ig = 1)a08
Zp/op [/

{
‘++junopie
{([qy)sygrugmonr - q3 + 1 - ()ezis'sesnq)soeq-ysnd-qnsoel
{(19p)yorq-ysnd-oel
‘0reaxr ()A-[q3]sesnqx()rear () A-[q3]sasnax(q3qa)fry D
- (fur3oNd-[qy]sesnq = 1op
} ((N@D =i (JodA1[qa]sesnq) 7379 (DNIMS =i (JodA1 [q3]sesnq))yr
uawags puobvip ay3 ayvmowo “suif [/

{
{(1ap)3oeqysnd-oel
H((()Bewr () A-[qg]sesnq - ()3eur() A*[qy)sesnq)soo+(qy‘qa)lry-g
\ - (O8ewr ()A-[qz]sesnq - ()Sewr () A [qysesnq)wis«(qz‘qa) 1y D)
\ *Qresx () A-[qz]sesngx()resx () A°[q3]sesnq = 18p
{++qunope
{(ymgmor - qy)yoeq-ysnd-gnsoel
0 : 1 i (1 -sngSumms) < q3 = PYrygmou
‘anurjuod
(DNIMS == (JodAy, [qs]sesnq)st
‘1 - Mlggdus = g
<of pajunosoo fiprasw youvsq suyp [/ tenuruod
(Maaduszy =; ([Jggdus [gadunzy ‘(Jussq-ggdun)puy)zt
} (1 (ezs gaduny > 1 {0 = 1)aog
Lp/dp [/
{(snglpy-[qi)sesnq = ggduryzy <jJur>I0909A Jsuod
‘2 §1Q 03 PaOIUU0I $950q anbiun fo 351 v 196 [/
{(4+qunopre
{(aap)>eq-ysnd-oel
{(yysmonr - qa)ppeq-ysnd-qnsoel
0 : 1§ (1 - sngSumms) < q1 = YIygmor
{()reax (YA [qa]sesnqx()resr () A [qa)sesng*(q1‘qi) iy g
- (fupeNDd'[q3]sesng- = 1op
wiag jpuoboip ay) oMo [/
M=
‘enurjuod
(DNIMS == (JodAL [3]sesnq)zt
} (+43 {(Jezis'sesnq > 3 fo = ¥)10F
1s4yf quod \[p/dp @10 [/
‘a3 ‘q3 gut
{(yunoye)soeq ysnd-oelx
{Iop erqnop
0 = Hrysmor jug
{0 = JunoHie ur
1em sv (Jfuran sagopmopy [/ {()OJRA

144



N

‘anurjuod
(N"D == ()adA1, [1]sesnq || DNIMS == ()adA 1, [1]sesnq)jt
H++1 ¢()ezis'sasnq > 140 = 1)a03
{
{++4-xpuimos
‘yoyewstb ¢ ([xpurmoi]thJrep)sqey
i yorewsiNb < ([xpurmol] J1ep)sqey = yoyewsiab
‘yogewsyNd : ([xpupmor]t) Jiop)sqey
; yorewstyNd < ([xpuimor]pJep)sqe; = yorewsiyd
fonurjuod
(ONIMS == (JedA1,[1jsesnq)sr
}(+-+1 {0pmssasng > 10 = 1aog
{0 = xpurmoI
£0°0 = yoyewsiNb = yorewsynd
{
{()fursaN®[1]sesng - ()payost)-[ilsesnq = [++xpuimoi]OJrep
‘onurjuod
(ONIMS == (JodA1’[i]sesnq || NED == (JodAL [1]sesnq)yr
HA+1 {()ezissasng > 1 i = 1)a03
{
*()furseNd [i]sesnq - (ypaypsd-[Ysesnq = [++xpurmor]O J1ep
‘enurjucd
(ONIMS == ()odA1, [t]sesnq)3t
} (++1 ¥()ezis'sasng > 1 {0 = )03
{0 = XpumouI jur
{()furseN
Iy qur
} Qddreqa::1eN 100q
oo st ()rayvp 4a3fo pajywd a9 piroys [/

{

‘aniy uanjaa

{(lunteNg[1 - sngSums]sasnq
+ ()peo1d 1 - sng3uims]sasnq)Jueny«—()ueD [T - sng3uims]sasnq
u0vLouab sp1 spoym snq buwms 327 //

{(b)furjeNd [1]sesnq ﬁ
{(d){urse Zm.Emwmzm
*((()Bewr () A-[]sesnq - ()3ewr() A [1]sesnq)soox(1'Diry-g
\ - (()8ewr (A [q]sesnq - (JFewr () A [1sesng)us« (‘1) (1y-H)

\ *(Qreaxr ()A-[q]sesng*()rear () A [1]sasng =+ b
H(O8ewr () A-[ijsesnq - (JBewr () A-[f]sesnq)urs«(‘ Ny a
\ + (()Beur (A [i)sosnq - (8ewr () Ar[f]sesnq)soox(‘Dity D)
\ * (Oreaxr (YA [iJsesngx()rear (Y A-[f]sesnq =+ d
‘1 - [[]sngduny = j
20f pa7un020v fipvayp yYouvsq sy [/ ‘enurjuod
([Jsngdunyzg =; ([(Jsngdun ‘[[Jsngdunzy ‘()urdeq-sngduy)puy)sy
} (++0¢()ozts'sngdury > [ {9 = [ )xoy
{()snglpy-[ijsesnq = sngdurjzy <Jur>Ii0109A 3SUOD
ity g * Orear (A [fJsesnax()reex () A [fsesnq- = b
{rolry o * (rear () A-[Jsssngx()rear()A[1]sesnq = d
} (+41 ¢()emsrsasng > 1fp = 1)101
fuoub puv furpaNd s3omop) [/
‘b ‘d @ygnop
o [y guy

} QlureN::19N 1009

fani) uanjox
I- fiym saquiawas Juop [/ H(ao ‘oelx ‘qnsoel ‘oel)yiegf

(D ‘ovlz ‘qusovnl ‘ovf ‘()azis-ovl ‘I-()azis-ovlz‘r-()ozis ovlx) V198 [ [/

{
{(aunoH(e)yoeq-ysnd-oelx
{
‘+4qunonie
{([qg]syygmor - 1 - ()az1s'sasnq + qj)xoeq-ysnd-qnsoel
{(10p)oeqysnd-oel
{((QBeur () A-[ag]sesnq - ()3ewr() A-[qs)sesnq)soox(qr'an)lrv-g
\ - ((8ewr ()A-[qz]sesnq - ()Seun()A-[qa)sesnq)uis+(qy'qa) i1y D)
\ *()reax () A’ [qz}sesnqx()rear () A [q1]sesnq = 1op
‘enurjuod
(NaD == ()odA1, [qz]sesnq || DNIMS == ()od4y, [az]sesnq)st
1 - flgadun = q3
Lof pa3uno2dv fipvayp youviq s1yp // ‘enuiguod
([Maadunzy =i ([lgadun ‘[]gaduyzy ‘()udeq gadury)puy)ss
} (41 (Qezis g aduy > 1 g = r)aog
{++3unonre
‘([qs]syyrygmor - q3 + T - (Jozis'sesnq)yoeq-ysnd-qnsoel
‘(19p)soeq-ysnd-oefl

{

*Oreazr () Ar[as]sesngx()rear (YA [q3]sasnqx(q3'q3)ty g

- (fupeN D" [q3]sesng = 1ap
lal/lale/op \M

145




{SIyg* uInjax
(pdswzp == spys)p

} (pdswzgy qgsxtiyeIy 3suod)=aoyerado::qISXIITCNZS JJSXLITEIA

‘{OpireagH pdsw = preagy
(D10 pdsw)soeq-ysnd-yep

(++1fu > 10 = 1 gur)a0}

’ {(u)oa1asar-yep

{(()pusyep ‘()urdoq-yep)asero-jep

{(Oex-pdsw = ex

{(qnsy-pdswt = qnse

(()y-pdsw =

{)ZNN"pdswt = zuu

{ON'pdswt = u

OWrpdsw = w

{(YodLyy pdswt = adAye
fuanjax

(pdswzy == spys)p1

} (pdswzy (qdSXMIEN ISUOD)IISXIEIN A dSKHIRIN

{
‘esrey = pireadHq
()< <ur>ssa| ‘aiqnop ‘qur>dewr)yoeq-ysnd-jep
(++31 L > 91 {0 = n)a03
{((Ypua-rep ‘()ureq-yep)ssers-rep
dow v3op (795 0u) 2zyvrniur //
{(zu)ortasare
{(zu)oAtesar-qnse
{(1+[)arI0s01eX
{(()pus-e ‘()uiBeq-e)oserse
{(()pue-qnse ‘()uiSaq-quse)eserorqnse
{(()pueex *()urdaq-ex)ssers-ex
sfioeso gy s0f firowaws 2043834 puv azzwinus [/
‘2u = zuu
m_. =u
f=w
‘g5 = adfye
4l 31 qur
} (zu gur ¢ guy ‘1 JUDQISXHIRN: QISR

{

‘as[ey = pleAgH
{(()< <3ur>ssa] ‘ajqnop ‘qur>dew)yoeq-ysnd-yep
(4314 > 31 fg = )0y
{((pua‘yep ‘()uiSaq-yep)ossera-jep
{(Manresarex
{(()puee ‘(yuiSaq-e)eseroe
{(()puergnse ‘()urdoq-quse)sseio-qnse
{()puorex ‘()urBaq ex)oseia-ex
‘0 = zuu
m_, =u
mm = I
‘oo = adAye
9 ‘91 quy
} (0 qur ‘1 qun) @ SxUre A SXUYe I

{
‘as[ey = PIRAGH
{0 = zuu
‘o=u
o =w
‘o = adfye
} Qadsxryen::qdsxuyen

ddq - qdSXTIe}, 9pPNTOUTH

FTpus#
L $I9PEBHS,, = PISOI* IeyDd DIje3s
Jul] FopurIf

/*
gborg *
*

0003 68 970 14 W00 DSROPYIINL OYf uvaof — 4dd " JJGTLION */

4 440 % [/
{

‘ani) uanged
{
{++xpurmor
‘yoyewsstb : ([xpurmol]t)Jiep)sqe;

¢ yorewrsinb < ([xpurmoa]trJiep)sqe; = ysrewsinb

‘yorewsiiyd : ([xpurmorjd J1ep)sqe;

¢ wrewsind < ([xpupmor]dy Jiep)sqey = yorewsipyd

146




Hu <1l u< O
{
f1 = durg
H(E> 1) B3 (TAS == &bﬁwm
MQEu = —.
1 = duny
H(E < 1) 373 (nAS == adfre))
Hl = [t =1 ‘duny qux
} 9suoo (If qur ‘u qur)(ty: qJSXUIRN S|qnop

‘p uangex
‘es[e} = plreagH
‘p = puodas+(1)puy-[(jrep
ase
‘p = [{][{Jsep
(Opue[flyep == (puy-[frep)s

{
‘0’0 uanjoeg
Ho==p|lw<t| u<Dsn
} (p e1anop 3suod { Jur 3su0d ‘1 Jur 3s5U0d)[1y::IISXMIEN S[qnop
“U0YNY0S 133729 D SPau oYy} J4vd fiyoruy v st swyy [/

fana) uanjad
‘(0 ‘[o]x7 “gESN"NYNLAY "ISII
‘[0]ezs ‘[o]qnsezy ‘[o]exzy
‘IVINIOA OSOISINI ‘[0]q7 “ee ‘Zuu ‘U)91BUIpI00d-UsS [0S Ul (Sl
{()gmeyepdn
‘9s[e] uIngox
(Qezis'x < (Jozis'q)p
Ho'0‘0} =[ Jee woare-osreds prisuip
} (x73 <ajqnop>103094 ‘qzy <BINOP>>101994)9A[0S::J JSXIIIRIN [00G

{

‘anJy uanjgaax

foniy = pieadH
{
{
(++unHmoa
[rupmorle = [[supmoi]qnse][1-1]3eP
HA+I f[r-tlex - [ifex > [ fp = [ 3un)ao0z
} (441 {Qezisex > 141 = 1)aoy
{0 = JuDMOI JuI
()< <qur>ssa] ‘erqnop ‘jur>dewr)yoeq-ysnd-jep
(++1tu > 10 = 1)I08
{(uw)ortasargep
{{(Ypua-gep *()uiSsq-yep)esero-yep
sdow 2y3 398 [/

‘djoo = ex
‘dmos = qnse
mv =®
{(ozis'p = 2uu
‘u=w
as[a
D1 =w
(0 =i 2x)31

1 - (Jozisdioo = u
*249Y umouy fiyjoas Jou s1 smou fo saquiny [/

‘dy = adfye
5407990 sbvuvw TS 191 om 243y [/
1 qut

}(ox gur ‘dy y-ed gy ‘djoo2zg <JuUI>I0909A
\ ‘dmoIzgy <3uI>10309A ‘p2y <AIQNOP >I0303A) Y198 (I JSXIIIRIN [00q

{
{s1ygx uInjaa
‘OpireagH pdsw = pieagH

{(D1op pdsm)speqysnd-yep

(441 ftu > 140 = 1 gur)a0]
{(u)ontesaxyep
{((Opuoryep ‘()utdaq-yep)oses yep
{Oey pdsw = ex
{()qnsy-pdswmxt = quse
Ovpdswt =
{()ZNN-pdsw = zuu
‘ON'pdst = u
O pdsw = w
{(JedLyy pdsw = adfye

147



gboTg *

*
0002 G @95 an], woo-vsuDIPRYIPNL oY uveor — ddo-anN =/
-+ 4D % //

{
{
{
{(puooses«+dp)ypeq-ysnd-e
{(3s1y<—dp)3oeq-ysnd-qnse
}(++dp {()puer[1]rep = dp {()urSeq-[1]yep = dp)aoy
} (++1 {()azis'gep > 1 ip = 1)aog
‘(f)oaesaxqnse ‘([)oatesaie
{
=+
{(31)oeq-ysnd-ex
{()ezis t]rep = ¥
H+1 {()pzis 1ep > 140 = )10y
{(0)soeqysnd-ex
‘(1 + u)sAtesarex
{(()puerquse ‘()urdaq-qnse)esera-qnse
{((puerex ‘()uiSoq-ex)sseraex
{((puere ‘()uiSoq-e)osero-e
{dp 107e193: < <QUIS>SSI] ‘ejqnop ‘yur>dewr
ST gur
. ‘uangaa
(prreAgH )3t
} (gHerepdn::qdsxuyeN ploa

{

S0 uaIngaa
‘Ipua >> so {
L\, > (F)fry-dsur > so
(++0 {QN-dsw > [ {p = [)aog

Ht+1{Qmrdsw > 1 g = 1)aog

4 gur
} (dswzp qQJSXIIgeIN 3SUOD ‘S073 WEAIISO) >10resadory WedIso
fiomfAuv sa01430w 26.40) YyPM PIsn 9q j0u PMOYS B ‘TwuwL © fo [/
pousLof asuap v no spuwd 1 20uIs g WYY fuan jou //

{

‘Ipua > so
fa oo > [le > s0
(4+1 {()ozi1s™e > 1ig = )0y
‘[pus > so
‘w u > [fqnse > so
(++1 ¢{()ozis'qnse > 1 ‘g = 1)aog
‘[pus >> so
fh w > [ex > so
(++1 ¢()ozIs™exX > 1 {0 = 1)a03
‘Odguerepdn
N1 g
} (sozg wreaxyso)gHIULIJ: : AISXIICN PIOA

{
{
{[pue 3> puooes (durx) 3> ,, = (,, > sag(dw*) > > 1> ) > so
(++dwu {()puar[i)zep =i dur {()urBaq-[1j3ep = dur)aog
HA+1 t()ezsyep > 1 i = 1)103
‘dur 107eI991::< <JUI>SSI] ‘@jqnop ‘jur>dewr
€ 41 qur
} (sozg wrearjso)depyruLig::qJSXIIIRIN PIoA

{!qu = prreagH } (qy [00q 1su0d)pEAGH: AJISXUIEN Ploa
{ ‘pireagH uingax } 3suod ()preAgH::AdSXMIRIN [00q

{
{
‘es[ey = pIRAgH
‘wil = fif]yep
Hox > th)p
} (if qur fwilzp < <gur>sse] ‘siqnop ‘qur>dewr 3suo0)[0):: (JJSXLIIRIN PIoA
{{[>(]rep uangaa
} 3suoo (of qur)jop::qSXUTeNZY < <JUI>SSI ‘Djqnop ‘pur>deur 3suUod
sdow vwnjos gy ssa00 [/

{
{
{(puoses+(1)puy-[{]yep)uingax
Yosio(
{0°'0 uanjox
H Opuer[{lyep == %é.aw%wm

‘0’0 uInjax

148



}unveL, == (JodApeurag [yseyoueiq)yr
Y(urgdury)adA 1 purgrg-[1]seyoureq ‘updun & sj
{(qduny)ymrmolgeurligijseypuelq {qdury < s
{(qdwuy)deogag-[1]seyouelq ‘qdury < sy
‘(aduny)xag-[1]soyouelq ‘qdun < s
{(qdury)gag-[fjseyoueiq ‘qdun & sj
{(1dun)g.1.1g-{1]seyoueq {[duwy < sj
{(1dury) g2 [1soyoueq qdury K sj
{(()youerg)syoeq ysnd-seypueiq

} (41 tagou > 1 ¢ = 1)aog

{(()puersuery ‘()urdeq-suery)osess-suery

{0 = werou

DIDp $2YoUVLq U pvaL [/

{(()AueD [1]sual) A" [xpusnqg]sesng ¢
snq 03 4oyvupuab yooyw [/ i([1]susSzy)uen)[xpursng]sesng
‘1 - (JoNsnguan-[1]sual = xpugsnq
‘xpuysnqg jut

Y1 {()ezis'sual > 1 g = 1)aoy

fsuab buzyLos 423fv 2uop aq snws sy [/

¢{(wansso] ‘()puesusld ‘()urdaq-suad)iios

H{HONIMS)dA T [1-sngBumms]sasnq

‘(wONINS . )odATsng[1-sngBuims]sasnq

{
{

{(qdury)Lfog3so) [1jsual

(1ngdu)zt
‘qduy < 1ygdung

}(ussdus)ariym
{(updury)aygdury urearysiys
{(g1g ‘ugdun)sured-sy
42ps0 Gursvasour uz sjuaroyffaoo [/
7500 surDIu0d Yorym uy Y3 fo 1594 9y 3ab //
{(qdury)xep Juany [1Jsusf ‘qdury K sy
H{qdug)uipy Juey)y:[1]susd {qdury < sf
{(gduny)urnpuen [fjsuad {gdur) « sy
{qduy)xeOuan [1]suald {qdury K sy
{(qduny) Aueny-[1]sual {qdury < sg
{(qdury)Jueny[t)sual ‘{qdury K sy
{(NED)2dA1, [1-1dury)sesnq {(,NTD.)odL T sng [1-Jdury]sesng
{(1durg)oNsnguan) -[1]susl {1dury K s3
{(()royeIousy )xoeq-ysnd-suad

} (4++1 tuepou > 1 g = 1)a03

D30p LojDsouU2l L pvIL [/

{(sngsss[ ‘()pusrsesnq ‘()urdoq-sasnq)jios

{
unofop [/ {(@voT)edAL []sesnq
ynofap [/ (,av0T,)odATsng [l]sesnqg
{(qduy)THA [[sesnq {qduny < 3
{{qdury)TIA {f|sesng ‘qdwy < sj
{qduny)peordy [1sesnq {qdury K s3
{(gdury)peod-[t]sesnq {qdury < s}
{(xygduny)eure Nsng-[1]sesnq ‘ajgduny K sy
{(1dury)oNsng-[(]sesnq {1durg &K 3
{(()sng)speq-ysnd-sesnq

} (++1 isngou > 1 !p = 1)103

00p snq poas [/

{depou K snglums < 1gou K usHou K sngou K sj

Joquinu snq buims puv ‘sayouniq fo usquinu [/

S40IDLoUIS fo saquunu ‘sasng fo saquinu pvas [/

‘updury = gerl, ‘(g1g ‘urrduuy)sur(yes sy

tupdury = oY, ‘(g1 ‘urydury)aurfyed sy

saus) apzp omy P [/

{

(1-)3mxe

‘[pud 3> ,-Burpesx 10y , > I >, :usado 30U pINOY, > 1IN

} (sm
¢(ur::sor ‘()13s23)s] ureaissy
t19gduny Burxys
{qdug syqnop
‘1dury ‘1 gur
‘[g1gluTdury xeyo
} (37 Suinys 9suod) Wy peIY:iION [00q

‘(79 sng 3suo0d ‘7p Sng JsUOD)SNGSSI| [00q UIDJXD

(7 103RIDULY) JSUOD ‘7§ JOJBIFUIL) JSUODI)UINSSI [00] UIIFXD
‘(29 yourelg 9suod ‘zp YPurRIg }SU0D)HISSS[ [00] UIDJXD

‘(23 youe1g JSUOD ‘2P YPoURIG JSU0D),],SSI] [00] UIDIXD

«ddu - 12N, apuTouUTH
FTpuss
Lu$xopEOH$, = PISOIx Jeyod oIjels

W FIpuTH

/*

149




{PUd 3> URITOU > ,2\, > , = SISWIOFSURIL yo Toquuy , 3> SO

‘[pud > usnou > ..p/.. >, = SI0jeIsusy Jo Iaqumy , > SO
‘Ipue > agou > 43\3\u >, = seur] yo Iequmy , > SO
‘Ipus > sngou > ,3\3\, > ., = sesng Fo xaqumy , > SO

{Ipue > ZoNILL > so
{Ipus > I9MLL, > SO
‘Ipus > [pud

> pue > ns-orginduy >, :euwey o1td andui, > pus > [pue > so

¢()sey-so = sFefgplo sSeyjuy::sor
T qur
} (sozp wrearyso) vy IuLIg::30N [00q

‘anx) uanjax t
{uorewsgAXeND +0°Z) UOTRWSING
{(()yorewIsAXRIN J*0°) YOYe WS A

{
{
(n@v0Ta)odA1sng: tJsosnq
{(@voT)edAL [tsesnq
(0" 0) I TreA D [1]sesng
Ho'T) A [ilsesnq
} oste {
¢(wNED. )odA T sng [1]S98NQ
{(NTD)edLT, [1]sesnq
{0°0)HmrTIeA B 1]sesnq
{()Auen+(Jusp-[rsasng) A" [1]sesng
H11nN =i (uep[tjsesnq)z
(ONIMS =i ()odAT [1]sesnq)gr
} (41 ¢()ez1s'sasnq > 1 g = 1 Jup)aoy

} ()sesngioesay::poN 1009
{

‘anIy uanjox
{
{
¢(0)xoeq ysnd- ()moy goury:[1]sesnq
{Ogarg+[agdun)snglpy-[i]sesnq
as[e
(O arig«[{lzgdun)snglpy-[i)sesnq
(T+1 == (ga1g+[Jagdun)z
HA+ {(Jozisragdury >  {g = [ gug)aoy

{Oyouerg(py-[1jsesnq = 1gdur) <* youelg>I0339A
441 t()emis'sesng > 1 i0 = )07
~s2jdwrs uorsuodoxa aunynf puo 4aisva /[
fipoas bugwwoibosd ayows ppnoys sasng Jusdvlpo ayy buwovdy //

{

{([r]seypuerqzy)youerg py-[1-() g.1.1g " [1]seyouerq]sasnq
H([r]seyouresqzy)yourrglpy[1-()g419 - [t]soyoueiq]sesng
} (++1 {()ozis seypuerq > 1 {9 = 1)d03
“fpuo suswiofsuvsy doy yum ansst uv fquqoud st suyg, [/
(1 + 42qunu snq, ==) snq Juasnd 213 sz suo yowym [/
yowym uo bupuadop ()g.r4g::youveg 10 ()gg4g::youvag [/
L2Y119 ST Youvsg D wouf pas snq uovunsap YL [/
1843f 2.43Y pasvad aq pjoys youviglpv::sng [/
Yyouvtglpo::sng azyouyf 03 200)d poob si suyy [/
{(()puersdes ()urleq-sdeo)sros
{
(qdw)ysx [1 - 1dunslsesnq
{(1duxg)yoeq-ysnd-sdeo
‘qduns < durg < sj
HA+1 tdepou > 1ég = 1)a03
{(depou)esiesarsdes
{(()pua-sdeo ‘()urdaq-sdes)esero-sdeo
‘v3op snq syg ur suopovdvo 2y 1Y [/
{
{
{ano = 9ot
{(g.1ss91 “Ind “3397)3108
HOgag (o) =; (aaaa (1orx) )31
}(++1no {()puarseyouriq > o ({()urBeq soyouelq = Ind)Ioy
‘. 2pou 03, 03 buipiosv uay) [/
{(uiSeq-saydureIq = 1391
{9391 “and IojeIoI: < YOURIG > 109994
{(gusser ‘()pusrseypuelq ‘()urSeq-ssyouelq)ios
e psayf ,apou wiouf, 03 6urpuoddD sayouvLg SapLo [/
{((Ypuasueny ‘(yurBoqsuery)iios
{
{
{(qduny)orregderig-[iseyouelq ‘qduny < sy
¢(1dwy)sngdey,uonag-[1]seyduelq {[dury < sj
{(1dury)sngderag-[f]seypueiq ‘Idury < sy
{(1duxy)spoeqysnd-suer)
‘++ueirou

150



‘Ipus > so
{
‘a w 3> 00 > (g)uorswordyes 3> (1)m3es > so
fa w > 070 > (g)uorsaadyes 3> (L)m3es > so
} ospo {
fa o > (Quend [1jsesngrasegd) > (z)uoisaidyss > (1)mies > so
‘a0 > (Quand-ilsesngresegd) > (g)uoiswoardyes >> (1)m3ss > so
HTInN =i (Juen [1]sesnq)zt
L n > (OpeoTd[1]sesngxesegd) > (g)uoiswoaidies > (2)myes > so
‘o n > ((Opeo1d-[i]sesngxesegd) > (g)uoiswaidies 3> (L)m3as > 50
ta w > (()Beurr()A-[1]sesnqxpga) > (g)uoiswaidyes 3> (1)mies > so
fa n 2> (rear()A-[1]sesng 3> (g)uoisioardges > (g)myes > so
e > (141D > (p)mres > so

‘Ipus > so
} (++1:(Jezs'sesng > 1 {0 = 1)a0§
‘Ipus > so
‘IpuL >
—_——— TTTTa > s0
‘Ipus >

‘uan "uap peoT peo] OHmﬂ< .WMZ sng,, VV SO
"3TOA  "3TOA mWoxg, > SO
‘Ipue > so

‘[pue 3> ZANLL, >> so

‘IPUS 3> TeILL, 3> so

{[pus > so
1eTTF, > so
{[pua > so
{[pud 3> ,:UOTIUTOS MOTI PeOT, > SO
‘Ipus > so

n ROTJ MOTJ MOTJ sug
‘[PUd > ,, BAR Xeal A[ ol Ieal AW Ieal Ay

‘pus 3> xs-oqrgandug 3>

‘pus >

> so

VV SO
{pus > ,3ndang worsnyog, > SO

‘Ipud >

> so

> so

‘(preyyeoy::sol ‘PaxIy::sor1)J1as S0
{(proyasnlpe::sor “pySi1::s071)1395°50
¢()sSey-so = sdefIp[o sTeyiuy::sor

JN/0°08T = P 21qnop
‘qy‘qysylr qur
v AmOuM Ed@humvaDO\,\r{aﬁmhmﬁawz 100q

fanJ} uangax {
{(sBefgpro)sSey so
{
‘pue 3> (Jys A -[1-[1]sded]sesng
> w a > [1sdes > (g)uoiswerdies 3> (0T)Mm9e8 3> SO
} (4+1 tdepou > 1 ¢p = 1)a03
m‘—ﬂv:w Vv n n VV L} n vv wo
{[pus > ,eurep T031o0de), > , Iaqumy sng,, > SO
‘Ipua > [pud > ,3sTT sxojzroede), > [pud > SO
"3y §2109pUL SNQ YpMm $L02190dvo fo 3517 [/
{(proggsnfpe::sor ‘4ye[::501)J395°S0
{[1]seyoureiq > so
(++1 tagou > 1 {0 = 1)x0¥

e I
e e e mmmmmeee mmme—e —ememe e ———— n > SO
‘Ipua > ,, otgey sng sng adAl jruwr] eay Surdrey) y ¥ sng sung, > SO
‘Ipus >
w del del-uoy dey youexg youeig oUIT youelg YoueIg O] WOIJ, > SO
{[pue > so
{pus > ,eieq Youelg, 3> so
f[pud > so

{[1]suad > so
(4++1 fwanyou > 1 {9 = 1)a0}
qPUB > ymmmmmmm —memmee
n > SO

[Pue > , 3ITWIT 3TWIT ITWLT ITWLT °3TOA "USH Iequmu, 3> SO
‘Ipue 3> ,, ¥ g 0 d uSTH d 40T IeAW T IBAN H PAYIS M| Sng, 3> SO
‘Ipus >> [pus > ,e3e([ I03RISUIY, > SO
‘Ipud > so

{[]sesnq > so
(++1 ‘sngou > 1 {0 = 1)I10§

n > SO
‘Ipue >> ,, ad4L

4TWIT Mo 2TwIT YSTH peo] IeAl peo] AY owej sug Iaqumy, > SO

‘Ipud > , sng a8earop afearop sng, > SO

{pua > [pus > ,e3eq sng, >> [Pua > SO

‘Ipue > sng3uims 3> 43\, 3> ., Iaqumu suq 3e sng 3urag , 3> SO

151




}

(ASrex* aeydp O8re jur)suoridpisn proa
papaau $a4n3on3s viop [/
2Y] $aZYVIPUL PUD UL PUDWU0D Y] sasund ()suondoivn [/

‘
q
‘Ipue > ,-o8essew STY3 SIUTId Y- IO -, > ,u/n > 1190
{[PUS 3> ,*SOTSTTE SUOMUTIUOD S$ST ¥H 9-, > F\ > 1190
{Ipus >
u"0IsZ SurjTeis ® YITA SOTATT® TBAISIUT SOSU VP Z-, 3> A\, > 1190
{[pUa > ,,*SOTSTT® TeAIL3UT sosu yH p-, > L/. > 1190
‘[pud
> 4" S9TTF wyzTIolTe oT30wed <aseq saTT¥ ¥9> I-, > 1\, > 119D
‘[pus > ,"9T1TF gndino
uwotgnyos BurmmezSoxd b ag3 sT <aTTF Soxd P> 3-, > A\ > 1190
‘Ipus > ,, "uorgeIndTyu0d
JNIomjau ayjq gno sjurid <OTIF WAgsLs> S-, > I\ > 1180
‘Ipud 3> ,*9TTF andur ay3 ST <ATTF 3ndur> T-, > I\, > 1100
‘Ipue >, :sT Sutwesm ayj
pue 199387 Teirtdes I0 TTews IaY3Te oq ued Sery ® SIOUM, > 119D
{[pua > 1180
‘{w[sauoumSze Tewotrzdo] <oTrF sndur> 1- , > [p]aSre > 110
‘ipue > ,, :e8esp, >> 1190
‘Ipue > 1130
(a8r1ex* xeyd ‘ofre jur)dpysuonndOien Eow
sabvssaws [/
buguaom s0/puv (- uonpdo) dppy no syuwd suomounf bwimopjof ayy, //

ddy- suzagxs , epniouT#
«U"3d03ep, epnroutry
«ddy- spas, epurours
FTPUSH
{uPI$n = PISOIx JeYD DIje)s
Jul] FopuyTH
$bo78 //

/*

<NPPIULDUL DIID “DSLOWPIUL> *

3661 JT 120 Papm *
22-suondo/pyoads /uud/uu/ap/:3 2yr°L ~ x/
fanig uanj}ax A

‘(sBergpro)sdey so
‘Ipua >

> s0

> so
‘Ipue 3> , anding jyo pug , > SO
‘Ipue >

> so

> so
‘lpud > (SurSreypyejoyxosegd)

> (g)uoisaxdyas > (L)m1es 3> ,, = Teay Surdzeyd Tezol, 3> SO
fIpue > (XzIresorasegd)

> (g)uoisioazdyes 3> (L)M9s 3>, = sessoT Teay XTI TeI0Ly > €0
‘Ipue > (gglreioyrosegd)

> (g)uorsaidyes > (L)m3as > ,, = sassol s ¥HZI TeIOL, > SO
‘ipud >> (rejo,peobxesegd)

> (g)uorsaidias 3> (L)m1es > ,, = peoT Ieaj, > SO
‘Ipus >

(resor,peortd=eseqd) 3> (g)uoisioazdias > (L)m3es 3>, = PROT AW, > SO
‘Ipue >

(resoruanbxasegd) > (g)uoiswoardjas 3> (L)mees 3> , = uwal xeal, > S0
‘Ipus >

(reroyuandxesegd) >> (g)uoisoardyes > (L)mies > , = uel ay, > SO
{pus > [pua > so
{
{
:.Ew > (([fsr)sqesesegd) > (g)uoisoardyes > (L)m3as >> so
u > (()8ewr[()y+esegd) >> (g)uorsaidies > (L)m3es > so
w > (Oreax[(jyresegd) > (g)uoiswaidiaes > (2)m3es 3> 50
fa u > [(sngdury > (F)mies > so
o> 80
(- 1 => 3 41 = ¥) 10§
} (4L ¢()ozissngdwy > [ {9 = [)aoy
{()morgauryfi]sesng = J173 < <I[qnoOp>xd[dUI0D>I0J09A JSUOD
{()snglpy-[1sasng = sngduyzy <Jur>103004 ISUOD

152




()8ewrr (YA -[1]sesnq ‘(Jreax () A {1]sesng) <arqnop>xaidurod) A *[1]sesnq

‘fanurjuoo
(DNIMS == ()odA 1 [1]sosnq)z
} (441 {()oz1s'sasng > 1 ¢p = 1)a0]
sasoyd ayp 1snlpo [/
‘0 = xpur
‘xpur ‘1 yut
{
(X ‘©Odrep)eatog
‘) roren
} @s1e {
fonIy = juurrgrea
{(X ‘Odep)earos'r
‘0roren
} ((Osyurravadoeyd
7379 yorRWSINxeNd*0 0T > yoyewsnb) || (0 == 1em))p
} ((soryxen > 1091)
2329 (yoyewISINXeNb < yojeurstgb
|| gogewsipxeNd < yogewsyyd))arym
{(0°0 ‘sngouxz)X <a[qnop>>1039A
UOYNIOS Y- N L0f 9215 WARUNTOW Y} I04aSaL [/
{0 = 1091 jur
{(Jompyorisun = 14 ‘g3 @[qnop
} (Jeal0g4d::99N [009q

<Y°TSWI> SpRIOUT#
«ddq-1eN, epnrouT#

FTPUS}#
{.$IopeRald$, = PISOIk Jeyd dIye)s
JUI] FoPUFTH#

/*

gb07¢ *

*
0003 8T PO P2 w02 0sno12y292Y 24 uvaor — ddo-aejogdd */
R \M

¢

{
H{AINTIVA LIXH) X0
{(a81e ‘o8re)degsuonnd(ieD

Hueiiurizoig:

: Y, 9sed
1 OSED
‘eaaq
{1 = snonuijuod
1D, 9sEd
2D, 9sed
‘yeaaq
‘T = o171
' 2, 9SeD
7, 9sed
yeaaq
{1 = rearajur
: P, @sed
1, @seo
yeaaq
Lu3n08t, =+ 1ISTYOHINQ
{S1reydo-1dosad = 135y HINO
$.830°e8-,, =+ nssmIRgVvoH
‘Sreydo-jdosa8 = x5 swreJvo
13, esed
1,5, @sed
sapf vo [/
yyesaq
‘Sreydor9do1s8 = 135~InQOs4g
: S, @sed
'S, 9sed
usiof poopy uagy ur ndno waishg [/
yyesaq
fa3mog,, =+ I9ST[OLINO
‘Srejdo-9doye8 = 1810 ANO
13, osed
L ©@sed
apyf ndyno burunuvsbosd 21yvipond //
{ yeaaq
{31eydo-ydoje8 = xys-oqrginduy
11, @sed
: I, @sed
w.iof poogy ualy us pIwp yiompu [/
}(aeyo-uondo)yozims
(10@ =i (()1do3ed = reyo-uondo))ariysm
{reyo-uorjdo qur
tpr:q:i0::9:8:nisigiar1iTiT, ‘ASre ‘081e)ydoga8 1dO1en

153




‘1 = xpurdums
HQsngSuimg sy == (JoNsngueny [1]s8)J1
}(++1¢()ozis's8 > 1 g = 1)a03
{0 = xpujSums Jur

{()morqourT[glsq = FI73 < <OIqNOp>Xa[dWOI>I0190A
{(()Asosng151) <79 <SNE>I0109A>1SBI™ISUOD = 5q29 <SNG>I0J00A
sy s //

buyovos 99 03 swsds 9 snq 03  snq woif moyy semod [/

1 - ()sngSumg-1sy = snqs Juy

{()Asuen isy) <7y
<I07eI9UBL) >I03I9A>)SRIISU0D = §379 <I0JRIFUIL)>>I0JOIA

*SUODVINIIVD UOIPPUNS 203392[Q0 2y UL PIST 3Q ISNUL I INq PajjoLuU0d Jou /]
s snq

bwimg sppaa) gndino 260300 puv uoYVLIUIL IpniouUr UDI puv SIqvon [/
1049100

oY o4 91910 Y[, “302Lqo wayshis uamod 3y} 03 sanva 23)2))0 safsuvsy, [/

{8(zpowousnRIY YD) = SWIOUSS 7FOWOUI[BIY YD)

‘0°0 = 9n[eAJO 3E0P

- o ‘1 gur
} (823 swousnyH)yHIisopremod yeoy

{981 JoN UI9IXO

«ddy-asy,, epnyouty

<D awousnwIy yH /06> apnpur# [/
<Y-omouayTeeyyn/ed> apnoury
<y-e8/e8> spnyourg

<y-uvu> apnpur# [/

FTpusf
{n$IopesH$, = DISOIx Jeyo oljes)s
U] JOPUITH

/*

gborg *

*

0002 I& 120 °N], wod nsnopylgoye oyf uvaor — ddo-isopsamoq */

ke D % [/
{

‘QuItA uanjea
{
{
fanag = qwirA
{(wavo1a)2dA1sng 1]sasnq
H{avoT)edAy, isesnq
{QurnusHty-[1)sesnq)yrwrres ) [1)sesng
HQumnuendy [tJsesnq
> (ureND [isesng 773 NAD == ()odA 1, [fsasnq)s1
{
fanuay = JuA
MA..QG.D.H:V@Q%—HWSMH. Hm“_ sasnq
{(avoT)edAy, [isesnq
{((xeNuen ty [1i]sesng )yrurrTres & [1]sesng
HOxenuend[1]sesnq
< OfupieN®d[fsesnq %7 NaD == (JodAL [t]sesnq)st
} (441 ¢()ozis'sesng > 140 = 1)a0g
‘os[ey = JuIfA [00q
LT gur
} (OsnurTg vAReyD:1eN [00q
adfiy gy 0T 01 snq ay3 sabuoyd [/
puv (ybyy 40 moy) puuy 9yoredosddn 2yy 03 pvoj snq [/
aY} 395 ‘papasaza fi puv spusy] 4o L030Ludb sysayyH /[

{
fani) uanjaa
{()furseN
sfivaan fuppaNb puv fuprand 23opdn //
{
48y

{

{4++xpur
{((()Beurr() A [dsosnq (xpuilx
*()reox () A"[1)sesnq)+()eax () A" [1]sesnq) <ajqnop>xa[duwiod) A *[1]sesng
‘enuIjuod

(Ng@D == (JedA1, [tJsesnq || DNIMS == (JodA1[]sesnq)st

} (41 {(Jezis'sesng > 1 {p = r)aog

sapnysubow 213 3snfpo [/

{
{4+xput
“((pepugx +

154



} (J3soppoig::1aN @1qnop
«ddq- 38N, spnIouTH#

FTPUS}
{u$IopEOlS, = PISOIx Jeyd JIjesgs
JUI] FopuiTH

/*
gbogg =
*
0008 & 93 ung W02 vsNDIRYIPIL 2y uvaor — ddo-1sonposd */
Sk 4D *- \M
‘0'00g*()yeIreIoL s + ()Areuadadesfon 181 + ()IS0OPOId I8} = J*
‘Ousnmior 151 + ()hiyousgaboon 351 = f+ //
() Rapouagaboyjon ‘151 + ()1s00posg 151 = f* [/
Papaau JuswduYas JPHS fr s15u00 352y} fo auo asooyn [/

{()smorgourrsy
*()eatr084d 53
¢()sesngresey 151

{
{([xpurBums - f]x)queny[1]s3
{
‘enurguod
‘1 = xpujSums
HQsng8umg3s3 == (JoNsnguap[1]s3)3t
HA+1 {()ozis's8 > 1 {0 = 1)aoz
{0 = xpurBums guir

‘T - ()sngSuimg9sy = sngs jut
() Asuen 153) <79
<I07RIOUSD) >I0IDIA>ISEI™ISU0) = $829 <IOJRIBUDL)>I03I0A

*sU01DINII0 uotoUnS 201902(0 Y} UL Pasn 29 ISNW 2 NG Pa)10L U0 0u [/
sz snq

bummg -s1a03) Indno 26v3j00 puv UOKVLIUIS IpROUL UVD puD $I)qDILDA [/

1043100 Y] 24D Y], "192[q0 wayshis uomod 2y} 03 sanjoa Lafsuvsy, [/

'0°0 = an[BAJO Y20l
L1

} (3* arqnop ‘x* ayqnop ‘u Jur)urmo],1s001M0J PIOA D, UIIIXO

{(d 4+ ()A3reusgaselon-1st + ()Is0DPoIJ 153) UINgeL

{(0°008*()HenvIoL 151 + ()Anousgaboijon 151 + ()1500P0sd 151) usngas [/
{(Oyenmior 151 + ()fgpouagobogiop 1s3) uangous //

() fiapoua Ja6v310A 151 + ()1500P0IJ 151 Uangas [/

youms auy puovwuod [/

D YPMm PajjoLIuU0d 3q PIOYS S 53502 283y fo auo asooyy [/

{
H(3USTEo + MO * WBrYq + (MOLIMD * MOLIID) * jysrye) = d
HouoNyBu =< mo[J3110)31

{
(13910 + MOLIIID * POTq + (MO[JILID * MOJILID) * 3jorTe) = d
}(pwoNe] => MO[JII0)H1

‘d syqnop

{(Op * DP)/(HWONIYBU * DWONIYSU * LHeUsIXEW) = JYIrYd dIqnop
{op * HP)/(owoNS1+ L[S IXRW()"Z)- = 1SrYq 2qnop
{(op * Dp)/LiEusdxewt = JySrye s|qnop

Il

{(op * HP)/(HwWONYS] * DUWONR] * ARUSIXEW) = 1] d[qnop
{(DP * DP)/(DWONYS] * LHRUOXRWH('G)- = PYITq d[qnROP
{(op * pp)/Lieusdxewr = yjoTe a[qnop

8°0 puv 90 v fgpousd zvws 3yp yovas [/ {g0°0 = DP AIqnoP
anpoa s1y7 uDY 4a3waLb sof puv [/ 0L 0 = DWONIYSU e[qnop
suyy upyy $s9) sof burzypuad 4035 [/ {09°0 = DHWONIJS] [qNIOP
{0'001 = Ljeus Jxeur ayqnop

{(()bous-(g]7-f1)s00 * [/ (reer[g]y 5 = mop3d B[qnop

{()smorgaury9sy
{)enrt08ad 181
{()sesng19sa°15}

{

{((xpurBums - 1)ousS-ourousl) Juas) - [1)s8

{

‘fanuIquod

{

155




>$ 0¢ o-

>$ 9¢ o-

>$ 0% o-

>$ 0§ o-

>$ 0§ o-

0% o- >$ o°- (AONI)$ (SHVIIXXO)I$ (XXD)$
2274 ¢+ (0)$%

9% o- > o- (AONI)$ (SHVIIXXD)$ (XXD)$
dds+y : (0)$%

0% o- >§ o- (AONI)$ (SOHVIINXD)$ (XAD)$
Xxo°% ¢ (0)$%

(sIT)$ (QdIT)$ (AONID$ (SHVTIIXXD)$ (XXD)$
XX0°% : (D%

(SEIT$ (QdIT$ (AONID$ (SHVIAXXD)$ (XXD)$
2074 (@

(s€1D$ (QgIT$ (AONI$ (SHVTIXXD)$ (XXD)$
074 2 ($U

(SEIT)$ (@9IT)$ (AONI)$ (SOHVTIIXXD)$ (XXD)$
99°% + (D$L

(s9ID)$ (a9I1)$ (QONID$ (SHYTIXXD)$ (XXD)$
dda-y : (2)$Y
(0)$ XXD° 290° O ddd° o° ddo* :gEYIJANS”

FTpUe

qIT-geaesn qri-gereurey qri-e8 qry'sTqiems [qo-usBdsp=sqIT

ou: TejuawaIdut /

\ ®Tosumoo:messfsqns/ o3oTou/ qIT oqTT:qITITNEFOPOU; ULT/=QqI'T

=UONI
wZENIMw O/ 2O/ IW/ 99/ oBoTou/=gHYTIXD

wZENIMa O/ 20/ XD/ 99/ 1W/ ¥/ dl/ oBoTou/=gHyTIXXO

To=XD
T9=XX0
X3 =4
qo-=g
(IN"smopury ‘(S0)$) bezT

£x3st8ex 01 Lyd ZESUYADA WOXF seuo syj T[e SUTPNIOUT #
seTqeTIea FUNTONI PUe gIT TT® oAom LN SMOPUTH IoF #

e31- wi- 90873x0dT3ST- (QEYYHS "INO MNIT)$=SHIT

qr1/TesoT/asn/1- qIT/(IHOH) $1-=a9I1

apuTouT/Teo0T/IS0/I- 370dT3S/9P0TOUT/ (AHOH) $I-

\ 9PuTOUT/(IWOH)$I- OPNIOUT/0°ELLD/TUA/TRI0T/ISN/I-= NI
oxdmmriuadm- §0-=SHYTIXD

oxdumtjuedw- GP-=SHYTIXXD

258=Y9

++3=XXD

=q

0°=(

weaTd : ANOHd"

#

$801¢ #

#

000g Tg 2dy TIJ WO>'eSNRISYIHITIT OTTI TLAO[ -- STTIONEH #
Jusmitmmo) 3TU IJOYD I0F STTFONEH #

Jusunjiwoy) ) pesed 4dOVO ¢

{9500 uangox {
{
9s0pxeUI/ (3s0OUTW - 3500)3) =+ 9502
{(()quan [1]susdxoseqd)iso [fsua8 = 3503
{(()xeyquen [i]susd)ison [1jsuel = 3s0pxEW
{uingusn[i]sual)iso) [1]suss = jsopurux
} (++1 {()ozis'sual > 1 ‘g = 1)a0}
Y4sopxew ‘esopurur ‘48003 ‘grQ = 9502 I[qnop
o U1 ur
, } (Jperesgisoppoid:ijeN aiqnop
{

{1500 uaInjax

{(()quan - [1]suaBxosegd)ison [ijsusl =+ 1500
(4++1 ¢()ez1s'sual > 1¢p = 1)a0]
{0°0 = 1805 a[qnop
S

156



{prorTon <B[qNOP>I0II0A UIIIXD
{11§7INOON “IISTULON ‘1357 Y HSIIY ‘1iSSwIeJy ) Sull)s uIagxe
‘ysmaqrganduy Surrys uaejxe

ddH SNYHLXH 2uriep#
ddH SNYHLXH F9PUsT#

/*

gboTg =

GUIPVILG *

*
6661 ¥ 190 uopy wod vsnoay)@oye oY uvnor — ddy-suualzs x/
* 4D x [/

ddy- suxegxs ddy-ggsxtisey ddy-youexg

\ ddy-xoqexsusp ddy-sng ddy-spas ddy-zsy ddo-3soppoag :o0-1sodpoxd
ddy- suxejxas ddy-gdsxtasep ddu-yoweag ddy-zozexsusn

\ ddy-sng ddy-spas ddy-3sy ddo-3sopiemoq :o°3sojIamod

ddy- suxegxe ddy:gdsxrazen ddy-youexzg ddy-:xojexsusy

\ ddg-sng ddy-spas ddy-zsy ddo-smoTgsur] :0°SmOTJSUIT

ddy- suzeqxs ddy-gdggxtxgel ddy-youexg

\ ddy-zozexsuspn ddy-sung ddy-spas ddy-gay ddo-eaTogid :o0°8aT0SId
ddy- suzsjxs ddy-gdsxtraszen ddu-youweag ddy-zozexsusy

\ ddy-sng ddy-spas ddy-sey ddo-sat3oslqopn :o-satasslqopp

ddy- suxegxe ddy-qgsxtxsey ddy-ysuexg

\ ddy-zojexsusp ddy-sng ddy-spas ddy-gey ddo-oersyel :o-serayey
ddy- suzeqxs ddy-qdgxtagey ddy-youexg

\ ddy-xozexauspy ddy-sng ddy-spas ddy-isy ddo-gpexey :o-gHexel
ddy-qqsxtre ddo-qdsXTIzey :o-QdSXTIIey

ddy-sp3s ddy-youeig dds-youeag :o-youexg

ddy- spas ddy-zoszexsusn dds:rojersusy :o0°I10j3eIaUSYH

ddy-youwexg ddy-zogezsusn dduy-spas ddy-sng ddo-sng :o-sng

ddy- suzsaxs y-a3dgispn ddy-spas ddo-suotrado :o-suworado

y-adgaen ddo-3dpgzep :o-3dp3ed

ddy- suzejxs ddy-gdggxtagey ddy-youwezg

\ ddy-xojexsusy ddy-sng ddy-spas ddy-zey ddo-3sy :0°38y
ddy-ggsxtigey ddy-youexg ddy-zojexsusn ddy-sng

\ ddy-qeyN ddy-suzsqxe y-3dpgiep ddy-spis ddo urem :o-urem

JLdTdd LON 04 #

sut-puadsp apurour
3T op TTTA ,our-pusdsp ysmoq, #

‘ayew SUTUUNI 8I0F9q 3STXD 03 SPeau a[IF STYI #

out-puadsp r- (DUSXXD)$ (DUSO)$ "I- A- puadepaxewmp
: puadop

(rgg)$ ouo2p
: oyde

(3)$one3/erep/” (rd0)$ wr
iuead

(SATT)$ (Q4TT)$ (rd0)$ o-usSdsp/qrT/>TTT/eWOY/ 0§ o- (XXD)$
(rgo)$ : (3)¢oneld/eqep/-

(3)$one8/eqep/ : TI®

(s)3e8xe3 oy3 surgep #

((ousx¥D)$ ‘(0)$% ‘dd>'y 3squsaed)y

\ ((0¥SD)$ “(0)$% ‘2% 3squsied)$ =: rdO

=DYSD

dds - 3sogpoag ddo-gsonremod

\ ddo-smorgsur] dd>'eaTogdd ddo-eatsoslqopn ddo-oerexey
\ dd>-gnexey ddo-gdsxrizey ddo-youeag dd>-xojexsuap

\ ddo-sng ddo-suorado ddo-3dpien ddo-gsy ddo-urewm=Dy¥SYXD

219y SOTTF 92IN0S 3IISUT i

0% 0~ >$ 2- (@ONI)$ (SHVIXXDIS (XXDI$
2%+ (0)8%

>$ 8¢ o- (SEIT$ (AEID$ (ANI)$ (SHYTIXXDI$ (XAD)$
2% ¢ (@8

0% o- >$ °- (QONI)$ (SHVIIXXD)$ (XXD)$
00°% + (0)$%

o$ °- >$ °- (@NI)$ (SHVIIXXD)$ (XXD)$
274 2 (@

157




{oNsnguan 8 = oNsngua8
<ovsado = papvopasao [/ }(379 10reI9ULY) 3SUOD)=a03es0d07y I0}RISUSL)

{

{)uo'8 = o

{()ouut T umoquUIN'S = awrLT,umoquIll
{punrdnun-S = swrrdnuru
{(Jemrr,uny 8 = awryunI

{()AL10d380D°(8)< 73 10ye19USN) >1800-ISUOD = A[OJIS0D
{(xeNguan'S = xepNJues
Qunguen 8 = unNJues
Ounnduen 8 = unyHues
{xedusn ' = xeHuss
{OAmD 'S = AuaS
{)quen'8 = Juas
{edA1 8 =dy
{oNsnguan)'8 = oNsngual
£03on435u02 fidod [/ }(373 101eI0ULY) 3SUO0D)I0TRIOUDD

{
‘as[ey = uo

‘g = s rdpunu
g = WL umouill {g- = QU uUn

{0°0 = XeNJued = unNguad
0°0 = UINDUad = xeNOHUS = AusS = Juos
NaD =y
{1- = oNsnguad
4039495100 mofop [/ }()10rRI9UD)

ssaquiaws ougnd [/ orqnd

s4oquiaus pagoajord [/ :pajoagoad

‘uo j00q
fowr g, dn Ut oWl umMoquItd ‘9L T, UnI ur
sajqoiava 90 //

spwy uoyvsaual [/ xepNJuas ‘uryJued ojqnop
£3pLo Bursvasour uz sjuaroYfooo fjod [/ K10g3s00 <B[qnOP>10309A

w0 disosap quawbas suy v 2q osp pnod sy [/
SUOIPPPD UOUVINIDI uorgounf 3500 [/

‘ut G uald ‘xeHued ‘ Aual ‘Jual sfqnop
‘dy ‘oNsngua8 jur

{ONIMS
‘DAY NAD “UVAMOTNID “UVAHOIHNAD ‘AVOTI ‘¢ = NED} wmus

yunofap Aq 1.0 s1 uod sponiad goyy 402y 2yow [/ :eyearad
} 101RI19UY) Ssserd

<Y-ysew> opuIouT#
«ddu-sp3s, apnioutrs

ddH HOLVHANHD™ 2uriops
ddH 4O.LVHINHD™ FopPusT

/*

$6o07¢ *

$4OPUVIH G *

*
0008 ¢ dag ang, w0 DSADPRYIPINL Y[ uvaop — ddy-aovieusy */
x4 - /]
FTpus

YAADSW™ [/ Tpust

9¥8€CE6.L689€39C6STYTE Id N SUTIop#

YIA DS FoPIT#
oyfroads ++p A Hososonpy |/

{(x* Teyd ‘ur)suorid0IPD PIOA UJIIIXD
{(x* xeyd ‘qui)dpgsuoridisD proa urayxo

{115711e9Ged SULIyS uIayXa

{Xa7e] JUI UIIPXD

158



(++1 ¢()ozishIoq3800 > 1 4T = 1 JuT)I0}

{(xe Juad)ouriso) uangax
(xepdue8 < d)zt

{(urn JualB)ouriso) uanjad
(urnques > d)gx

{0°0 = 2 s[qnop
} (d srqnop)ouyso) siqnop
{

O uangax

Y(1)<erqnop>jses-oness ‘d)mod * [1]£[0J1500 =+ o
(++1 {(JezisAjoq3s00 > 1¢p = I ur)a0]

{

{(xe]N Jued)1SoD*y uanjad
(xepques < )zt

{(xeNJuas)1son*(0'y uIngad
(uyNgues > d)p
} (00 =i A3
‘snq Guims ay3 fo 2snv03q fijuo 249y 24D spwsy] uoyvLIuab [/

‘0°0 = 2 ajqnop

} 3suoo (d syqnop)isoy ajqnop
Pa]D05 J0U 05D 34D TV JUdb puv uspyJuab [/
samod nd-uou 39 pmmoys d ‘TopyJuab puv uipyJuab //

u2amyaq 29 proys uarwwnbso ‘()ounison puv ()ison 4of //

{0 = £10g31s00 } (377 <3[qNOP>I03794 }5U0D)L[0J)IS0D) PIOA
{ {A1043500 uangaa } ()AL[0J1s0D73 <B[QNOP>>I0109A JSUOD
10024924 PUD JULWUBISSD 103020 3502 Bjoym [/

{
{(3009)0eq ysnd A0 J3s02
} (3002 ajqnop 3suos)£joJ150D proa

Ju2191ff200 1509 rwoufijod v (uspio uz) s0vs [/

{{d8 = uiyJue3} (d3 sjqnop 3suod)UINJUID pPloA
{turNJues uangaa} gsuod (JurNJuan) sjqnop

{¢d8 = xeNgquas } (dS ajqnop jsuod)xep Jusy) proa
{!xepNJued uangax } gsuod ()xepJuey) ajqnop

{ b8 = wiNDUss } (b3 aqnop 3suod)uINPHULY proa
{{urqdHued uanyaa } 3suod (JuiNdOULY) o1qnop

{{b8 = xePHuad} (b oIqnop 3suod)xBNHULH ploa
{ ‘xeNtHues uanjaa} gsuod ()xedHUSDH s[qnop

{¢A8 = Aue8 } (A3 ajqnop 3suod)pusy) proa
{{Aue8 uinjex } 3suod ()Auex) sjqnop

{td8 = Jqua8} (dS sqnop 3suod)Jusn) proa
{{que8 uangax } 3suod ()Jquen siqnop

{i8 = onsngue3} (8 jur 3suod)ONSNGUIY PIOA
{!oNsngue8 uangea} jsuod (Jonsnguen jur

s0on43s9p pongua [/ H{}()10yeI0Uusn~ [ENFIIA

{

{SIY 3% UIngox
{up'8 = uo

Y)owL T umoOqUIN'S = ST UMOUIUI
o rdnuin8 = sundnuru
{(Joununy-3 = awiruns

H)AL10d350D°(8)< 27y I0yRIAULY)>1SRI™ISUOD = A[0J1S0D
{xeNguen '8 = xeNJuad

undquen 8 = uryquad

Ounduen 3 = uNdusl

{Oxepdusn 3 = xeNDOULS

{OAuD 3 = Auad

{()dquen'8 = Jquad

{0pdA1,8 = dy

159




{(a81e *o8re)suonndpien

‘synOon ‘syuron ‘syaflyindul ureaa)sy
ISV OSIIL ‘sTy D30 wreal)sy

{0 = xo7%[

¢ ,ouot,, = Ij5-jIeiged

fyouou, = I157InOON

¢ 3uou,, = IjsTUOn

{OU0T,, = IIS Y OHSIIH

{youou,, = IJSTSULIRJV D)

¢ 9uon,, = 1359 gIndug

‘osegd geopy
‘3s0D903 yeoy

‘0T = oNPdJdures jur }suod
frunopangon ¢ [/ o L ‘1 qun

{ONIMS

‘O NID “UVAMOTNID “UVAHDIH NID ‘AVO1 ‘c = NID} wnue

} (ASrexx xeyo ‘08re yur)urewr qur

(879 swrousnyyn)aAraslqQ yeoy uralxe
‘(73 swWOUBHVH) Y DISODIaMO] FRO UIDYXD

983 19N

«ddy-3eN,, epnrouTs
<Y-TSWI> opnTouT#
UJOIXD FJopuny

(ddy- suzagxs  spnioury
UJDJXO SUTFop#

<SITWIT> SpuouUTH

«4"2d038), spnouTH
«ddu- spas, epnoury

<" owousnTReYYH/eS> SpNTOUTH
<°swousnTeayyH/e3> spurours
<yq-e8/e8> apurours

FTpuag
‘n$IopesH$, = PISOIx Jeyo d1j3e)s
julf FopuUITH

/*

gbogg *

*
0002 12 44V 4 w00-0sNOPRYIPILR 2% uveor — dddr-usow =/
st x|/
FTPUSH}

{
‘(23 J03eIaURY) JSUOD ‘29 WRBIYSO) >I0ryesadory WEIISO PUSLYY

{fo = uo} (o 100q 3suod)uQ proa
{tuo uangax } gsuoo ()up jooq

{ Y9p = swr L umourwr } (3p JUI ISUOD )SWI [ UMOUIN PIOA
{ founLumoqurur uangaa } 3su0d ()awWLLUMOJUIN UL

{fm = sunrdnurw } (Jn jur 3suod)ewr A UIN PIOA
{fowrrdnurut uangax } gsuod (et dnuiy ut

{31 = surT,una } (31 jur $5UOD )WL UNY PIOA
{our,unt nangea } gsuod ()ewrLumy yut

{
h=dj
((NgD =< 1) 3% (ONIMS => )}
} (3 gur 3suod)edL], proa
{!d3 uanjeax } g9suod (JodLy, yur

{

D uangea

{((1 - 1)<erqnop>seo-agess ‘djmod * I * [1]A[043s00 =+

160



¢{()antora-e3
}(++1 ‘onardures > 1 ig = 1)a03

{
{(0°0)*werq ysnd-x1
{(Opeo1d[1sq)seq ysnd-peoreurwon
Y41 {()ezis'sq > 1 {g = 1)103
a1y 6yuod ayy wouf pvas sppo] J (PuILOU 2008 [/

X1 <a[qnop>I10139A
{peoreuIwIon <B[qNOP>I0)I2A

{(w31d-on,, ‘sureusyrJoroosyNed)les el

¢()ezruarurur-ed
{(surered)siajourered-ed

{(w31d-on,, ‘sureusyiJoroos)ed)iosed t
{(1- ‘mxewrruruNed)qes-surered
{(p ‘sa100g10aresNES)jes surered
{(01 ‘AouanbargysnyNes)jes-suwrered
(1 ‘AouanbaigarodsNed)es-surered
‘(0g ‘eziguoryerndod Nes)jes-surered
‘(0g ‘suoryersusnupned)jes-surered
} osta {
{((Jnas o 135 swre gy o) peer-suwrered
} (wouou, =j s swIeyO)II

{(surexred)siojourere Jimeaiaisider: yoHoduisyo
‘surered gsrIejourere Jyo

{(puroua8)el yoHareISApesIsyn

{(enap)uQ-f1 - ()sngSummg ysysuld

{(aa1323lqQ ‘1 - ()oz1s* () ASUaD) 351 )ouroua8 awouanSuLgAreUIgQIvVY
uo sfiompo s1 uab HNIMS ‘SFUN0L GITVH 2y} dn 395 [/

() Asesng 187) <73 <SNE>I0JIDA>|SRI-ISUOD = 5q79 <SNE>I01I0A

{(OAsueD1s1)< 79
< JI03eIB2UBL) >I0JIDA>ISBITISUOD = mﬁwww A.Ho,ﬁmhwﬂwmuv.nou_ow\/

o
{(p1)oeq ysnd-peoon

Hp1 < syupnjonym

‘Pl °1qnop

anpayos poo) ayy ur poas [/

{
{

‘Ipue

(1-)uxe

:uado jouue)y, >> 113D

} (55 VD8
{(un:sor ‘(1350 135 sure Iy D) uedo sy yH 8
} (wouou, =j 1ssuredyoO)J1

{
{

> ,Sutpesz 10z , 3> 1jFSWIRIVD > .

{(1-)mx0
Ypue > ,Suritaa Ioy , 3> 13sIMOIN >, wedo ou PLUOY,, > 119D
- }((yuodo-srspinoon; g
{(3no::sor ‘(Jns o 1ys~InQon)uado-syinQon
}(uowouw, =; ns"MOIN)

{
{() KRN 953
{(1s~oqandur) Ay PR 151
{

‘{Ipus

(1-)3xe

> ,Sutpesx xoy ,, > ns-orIindu] 3> , usdo jou prmoy, > 1180
}(syongnduy; )yt
{(ur::sor “()ass~o msaqyandur)uado-syargindut
Yosta{
{(1-)apeo
{(a8xe ‘o8re)degsuonidQ1en
{[pPUd > |, 3USWITUIOD
TUn I0F oTqeTreA® 8q 3snm oTTF woradraosep wazshg, > 1190
}(aouou, == ns-eqgynduy)yr

161



{uan10] yeoy

{([(lua8) < gur>9seo-o13ess * ([‘g)mod =+ payogiur
(++ {OysBusrual > [ tp = [)aoy

‘0 = paygIur
‘paydsIul Ul

{(Jsmorgour s
{()eat084d 358
{()sesngesayy 5]

{

{
{avoTRdAL (1 - (Jonsnguen [(Jsus]sq
{(astey)uQ-[(jsus

} os18 {
{([++xpur]3)quap-[fJsud
{(NED)RdAL [T - (JonsngueD ((Jsud]sq
{(enag)uQ-[(jsud

H{xpurBums - [Juad)yx

{

‘anurjuod
{1 = xpujSums
H()sngSumg-3sy == (Jonsnguany[(Jsusd)yt
{(0°0)quop[fJsus
(4 {)azssud > [ {g = [)aoy
{0 = xpurSums
{0 = xpur gur
{(Orenprarpurisaq-()sonsiyess-oned(zgomousneay vy o)
= 3 zpawousn[BIY YD
u01N0s u0RwLIUIb  Jownydo,, 2y 2a0g [/

HOEIN(TER |

{(()8urpeogoN v D )Sureos-oneld

{(swrred)s1agowrered-oned

{(431d" outrFoI1, ‘eUreusyijaiodsNes)jes-oned t
(1~ ‘xeunmuruuNe8)jes-surred
‘(¥ ‘se100g)091asNeS)jes surred
(01 ‘AousnbargysngNes)jas-suired
{(1 “AousnbaigetodsNes)jes surred
(og ‘aziguorreindod Ned)jes surred
‘{(0g ‘suorrersusnunes)es surred

}osa {
{(()ns~2 1357 reyged) pear-suired
}(wouou,, =j 135-31e3GR3)31

{owouenDNVH)Ines yHIIRISApesiSy D
{(surred )sojourere g Nee1a1sI8al:: V HI1RISAPRIIS VD)
‘sured gsirjrsjowreIRI VD)

{(¥D1s0DIM0 ] ‘SB[R[[YDNYD)IWOUHD YD) SWOUIHRIYYH
{

{ AISQTONIRPIVYD HAISNTONL PRIV YD
‘asegd/()xeNJuan [[Jsus ‘esegd/()urnJuen)-[[Jsud)ppe-sspIvOAVD
([xpurSums - [Jua8)yx
moﬁnm.muﬂonv
{1 = xpujdums
} ((sngSummg-isy == (Jonsngued):[[Jsud)zr
} (40 {ezis'sul > [ ‘g = [)aoy
{(Joseg d-1sy = asegd
{0 = xpuySums jur
$7UIDLISU00 2)qUisva dngas [/

{(DerowarsapIIVONYD
(++! {Qpzs'sapIyONYD > [ 10 = [aog

S9R[IYDNYD ARIIYIBSORIVERUVD

‘(renprarpursseq- ()soisiyerses(zp
awousnHSuLngAremrg@Ivy) = uedy swousHSulngAreuigqrvy

162



«ddy- 3en,, epnTouUTH

FTpusg
{u$I9pRSlS, = PISOIx Jeyd d1jels
jul] Fopurti

/*

gborg *

*

0003 § dag ang wod psnoYIPIYL oY uvaol — ddo N */
* 4D ¥ \M

{0 uanjgax

{(Jesoro syinQpon
(Quadosrsyinoon)yx

¢()esoro sy uron
((Quedosrsyuron)n

{()osororsy ot gandul
((uadorsrsyan Jandur)yr

¢()esopr-syyosie
(Quedo~sr'sy yosi1a)31

{
{()esoprsyyoSp
HQuedosrsyyosp)

{10 + [fxx)peo1d[(]sq
(44 {()oz1s'sq > [ {0 = [)aoy

{0[0]xa7p “ASN™NUNLIU TSINI ‘()oz1s'sq) W10 UM WOPURT pr[SwW]

ajdwvs pooj 3TIU NLISUD [/

{

{
{Ipua > 9noo

L\ > (peo1d-[flsq > 3noo
(440 {()ozissq > [ g = [aoy
spoop snq o quwd [/
w3\ “u 3> paypsIL > 9000
ampayos o quwnd [/
w3\ > (141 > 9noo

} @s1e{
fpue > wourTu\\ \\\\ . > 3nod
th B 2> ()180DPOITISI 3> N0
fa 3 0> (reloLuend 15y > oo
‘w2 > (retoLpeoTd 1s1 3> 1nod
{
tw ¥ FF0u > MO0
as[a
Y 3 ug, > 9Mod
([(Jual)zr
} (++0 {QysBuspuel > [ ig = [)aog
}(xoren)3n
} este {
{
{Ipus >> sFinQon
ta3\ " > (JPRoId7[f]5q > sFmoon
(++1 ¢()ozis'sq > [ g = lNaog
spoo} snq jno juwd [/
a3\ 3> peYdSIUL 3> symQon
ampayos o qursd [/
43\ u > (141 > spinQon
} oste {
fpue > peurTu\\ \\\\ .« > s;moon
Yu B > ()1500PO1d 183 > syInQon
th 3w > (eloLueHd I8y 3> spmQon
ta 3w 2> ([eI0LpeoTd 181 3> sFInQon
{
‘w3 FF0a >> spamQon
as[e
Yw @ up, > sFInQon
([(ued)zr
} (++1 {)wBuopues > [ {0 = Doy
}(xare)zn
}H()usdosrsyingon)r

163



{(qdury)grg-[1)seyourerq ‘gdws < s}
{(1dury) g.1.1g [1]saypueaq {ydury & sy
{(1duny) g aag-[1]seypuerq 1dwy K s}
{(Oyouerq)oeq-ysnd-sayouerq
} (++1 fagou > 1 fg = 1)x08
{((Ypuersueny ‘(Yurdaq-suery)ssers-suely
{0 = uergou
30p $2YOUDLQ UL POIL [/

{
() Aueny[r]susl) A-[xpusnq]sesng
snq 07 403049uab Yooy [/ {([f]suaSzy)usn [xpursngsesnq
‘1 - (JoNsnguen-[1]susl = xpursnq
xXpujsnq jui
A1 ¢()ezis'sual > 1 {g = 1)10}
suab buzpsos soyfv suop a9 snws svyy //

{(uanssa] ‘()puoesual ‘()urdeq-susl)jros

{(DNIMS)edA T, [1-sngBurms]sasnq
{(WONIMS. )odATsng [1-sngBuims]sesnq

{
{

{(gduy)Log1s0D [1]susl

(13gduy)zr
f{qduy < 13gdury

}xgdunjepym
{(updury)rygdurg ureaysijst
{(z1g ‘ugdury)ouryie8-sy
£2pLo Bursvasour ug suaoyfaoo [/
1509 SULDIUOI YoLYM Uy 3y fo 3594 2y 396 [/
{(gdun)xeN Juany[1suel {qdury < sf
Y dug)ury Juan) [1)sual {qdury < sy
{aqdup)urnduen [1jsueld {qdwy K sf
{aduy)xewduen[fJsusd ‘qduy < 53
{(qdury) Aueny:[1]suel ‘qdwy & sj
{(gqdury) gJuen-[1suel {qdury < sy
{(NED)edAL, [1-1duryjsesnq (., N@D.)edATsng [1-Tduryjsesng
{(1dury)oNsnguany[i]suad ‘[dury < 1
{(()109eI0uUan) )oeq ysnd-susd

} (441 fuepou > 1 g = 1)a03

070p L03049udb UL pvos [/

{(sngssa] ‘()puarsesnq ‘()urdaq-sesnq)31os

{
ynofop /[ {a@voT)edAL [llsesnq
anofop [/ 4(,av01.)adATsng [1]sesng
{(@dus) THA [tjsesnq ‘qdus <
{(qduy)TIA[tJsesng ‘qduny < 5§
{(adun)peoTdy(fsesnq ‘qdury < s§
{(gduny)peoq-[sesnq {qdury < sj
{(a3gdury)oureNsng [1]sesng ‘r3gdury < s§
{(ydury)onsng-(1]sasnq ‘Jdwy < sy
{(()sng)xoeq-ysnd-sesnq

} (++1 fsngou > 1¢g = 1)aoy

030p snq poas [/

‘depou € sng3ums € 1gou K usnHou K sngou K s}
Jsquinu snq bwms puv ‘soyounsq fo saqunu [/
s40g0Lauab fo Laqunu ‘sasng fo saquinu poas [/

turpdury = go[iLL, (318 ‘uryduay)surrel-sy
‘upduny = oMLY, (216 ‘urTdury)aurfyad-sy
sauy ayn omy 129 //

{

{(1-)3x0

‘Ipud > ,Burpesx x0F , > J >, :uedo jou prNoY, > 119D
} (s

f(un:isor ‘()13579°7)s] wrea1ssy

‘13gduny Surags
‘{qdug sqnop
f1durg ‘1 qur
{[z1g]uydury xeyo

} (373 Suwys 3suod) pypesy::9eN [00q

‘(73 sng 3suod ‘2p Sng ISUOD)SNGSse] [00q UIBIXD

{(79 107eI9URY) JSUOD ‘79 IOFRIAUSL) FSUOD)UIDSSI] [00q UIIIXD
‘(23 youeag 3SUOD ‘23 YOURIG JSUOD)EISSI] [00q UIDIXD

‘(73 youelg 3suUOD ‘79 YoURIE JSUOD),[SS [00q UIDIXD

164



} oste {
mA: N3Ow VQQ%,H.mH.—m. T_ sasnq

{avoT)edAr [r]sesnq
Uo J0u 10IUIUIY) [/ Is[d
{NFD)odAL, [1]sesnq
(Quo+()uen-[i]sssnq)j1

{(0-0)3rurTreAd [rJsssnq
() AuD ()uen [fJsesnq) A" [1]sesnq
HTIaN =i (Juen-[1]sesnq)zs
(DNIMS =i (JodAL:[1]sesnq)r
} (++1 {()pzssesnq > 1 {9 = 1 Jur)a0}

} ()sesngiesoy::gaN 100q

fani) uanjaa

{
{
*(0)x17eq ysnd- (Jmogour f]sesnq
{Ogara«[rgduy)snglpy-[Jsesnq
as[o
O gr1g+«[|rgdws)snglpy-[fJsesnq
(1+1 == (ga1g+[(Jagdun)y
Y+ {QJpzisagduny > [ ¢ = [ qur)aoy
{youeaglpy-[1sesnq = 1gduwy <* YoURIG >I0}A
}(+-+1 £(Jozis'sesnq > 1t = 1)a03
~wopdwzs uosuvdora aungnf puv 421502 [/
Fypoas bupwwvibord aypws ppnoys sasng Juadvlpo 2y buoosl [/

{

*([1]seyoueiqzy)youerglpy[1-() g9 [1]soyoueiqsesnq
*([t]seypurerqzg)yourerglpy[1-() g a1 [{]seyoueiq]sesnq
} (441 ¢()ezis soyouerq > 1 ig = 1)a0j
“fijuo ssowsofsuvsy dog ypm anssy uo fijquqosd s1 sy, //
(1 + 43qunu snq, ==) snq JuaLind oy} st auo yowym //
yorym uo bupuadap ()gr4q::youvig 40 ()gg4g::youvag [/
42Y312 $1 YOUDLG D WOLf PvIL SNQ UODULSIP YL [/
1843 2491 pasvud 2q ploys youviglpv::sng [/

youviglpo::sng szyoulf 03 200)d poob st svyy [/
{(()pusrsdeo ‘()urfaq-sdeo)yios

{
Haduy)ysA°[1 - 1duy]sesnq
¢(1durg)>oeq-ysnd-sdeo
‘qduny < 1dung < s3
H++1 idegou > 14p = 1)aog
{(depou)anissar-sdes
{(()pua-sdes ‘(urdaq-sden)asera sded
‘py0p snq 3y uz s.L0povdvo Y1 1Y [/

{
{
famo = 9391
{(g.1,s89 “Imd ‘9397)108
HOgag (mox) =; (gaaa (yor«) 31
}(++amo {()pusrseyouelq > mo {(juiBeq-sayoueiq = Ino)aoj
*Ppou 03, 03 Buipiod0v U3y} [/

{()uiBaqseypuelq = 9391
£9391 “Ind 107RIVYI:: < YOURIG >I0J09A

{(gasse] ‘()puarsayoureq ‘()urdeq-sayduelq)yios
wec gsaaf ,9pou wouf, 03 bupi0000 sayouvLq LapLo [/

{(()pua-sueny ‘(Yurdaq-sueiy)yios

{
{
{(gduny)orreygderag[i]seyouelq qdury < sy
{(1dury)sngdeT,uoNag-[t)seyoueiq ‘qdury « sy
{(1dury)sngderg-[ijseyouelq ‘dury & sy
{(1dury)xyorq-ysnd-suer)
{4-+ueiyou
}unvaL, == (JadA1auryag[1seyoueIq)sr
{(updury)edL yeurtrg-[i]seyouerq fugduny < sy
{(gdury)srurmor geuryag-[1seyouelq {qduy < sy
{(qduny)desgag-[1]sayouelq {qdury < sj
{(qduny)xag-[i]seyouerq {qdun < sj

165



¢{()sSep-so = sFegpro sSeguwy::sor
‘IdN/0°081 = Pgl s[qnop

‘qr'qrlr gur

} (sozp urearso)IMQMVIULLJ: 19N [00q

‘ona) uanjax
¢(sSergpio)sSey-so

{

‘ipue 3> ()us A [1-{1]sdeo]sasng

> u o 2> [1sdes 3> (g)uoismardyes > (0T)MIes > 50
} (441 tdepou > 1 {9 = r)aog
m—ﬁ.ﬂw VV peUTmmmm - 11 VV n Tmmemee——- n VV o]
Ipus > ,eurep zozroedep, > , Iaqumy sng, 3> SO
{[pue > [pus 3> ,35TT siorroede), 3> [PUS > SO
*942Y $9109pUL SNQ YRM $L03290dvo Jo 3817 [/

{(praeyasnlpe::sor ‘139]::501)J305"S0

{[1]seyoureaq > so
(++1 tagou > 1 {0 = 1)a03

PUD 3> ymmmmmm e
i i it n > so
‘[Pud > , oryey sng sng odfy arwry eap Surdrey)y X ¥ sug sng, > €0
‘Ipua >
w del del-uoy dey yswexg youexg outr7 yYouwelg Youexg o] WOILJ, > SO
‘[pus > so
‘[pud 3> ,e3eq YowRId, 3> SO
‘Ipue >> so

{[1]sua8 > so
(441 tuepou > 1 {g = 1)a0}

IPUB 3 ymmmmmmm -

‘pud >, ITWIT ITWIT ITWIT ITWET "3TOA °US) Iequmu, > SO
‘Ipue > ., ¥ g 0 d YSTH d #0T IeAW T Teal H PIYSS MK Snd, > SO
Ipus > [pud > ,e3eq IojeIausy, > SO

‘Ipus > so

{[1]sesnq > so
(++1 ‘sngou > 149 = 1)I0]

IPUS 3> ymmmmm —mmmmmmmee
w > S0
‘pua > ,, adfy
3TWIT 207 3TWIT YSTH PROT IBAR PROT MY oWey sng Isqumy, 3> SO
‘[pus > ,, sng a8e3Top afegiop sug, > SO
{Ipue > [pud > ,eaeq sug, > [pue > SO
‘pus > sngSums > 4,3\, > . Isqumu snq je sng Sutag , > S0

mzuzw > ueirou > ..p/._ >, = sIsmwxoysuex] Fo Xaqumpy , > SO
Ipue 3> weNOU > ,3\, > . = sIojezsUsH FO IaqEMY , 3> SO
{ipua > igou > (3\3\, > , = seur] yo Iaqumy , 3> SO

{Jpud > sngou > ,3\3\, > , = sesng o zaquuy , 3> SO

‘IPUd > goapILL, > so
‘[PUd 3> TONILL, > SO
‘Ipue > [pus
> pud > s ginduy >, :swey oTrd induy, > [Pua > [pua > so

¢{()s8ey-so = sSeygpo sSegjuuy::sor
‘1 quy
} (sozp ureaxyso) pyiunrg::geN [ooq
{

‘anI) uanjaa

() wrewsINXeND*0 g ) IFeWsIND
{((uprewsIN XN J*0" ) UPIRWSIN I
{

{
{(wa¥0Ta)odATsng [1]sosnq
{a@vor)edAy, [1sesnq
{(0°0) I TreA Y [1sesng
(o)A [1]sesnq

166



> so
‘ipue >> ,, andinp yo pug , > so
‘Ipus >

n "

> so

> so

‘ipue > (Burdreyprejorxasegd)
> (g)uorsooxdyes > (2)m1es 3> ,, = Ieay Surdzeys Te3zoL, 3> SO
‘Ipue > (XgIresoyxosegd)
$98SO0T IeAl XZI T®30L. > SO
‘Ipue 3> (Ygirejoy+esegd)
$9SSOT A ¥ZI T®20lL, > SO
‘fipus 3> ([ejo],peoTbrosegd)

> (g)uoisaxdies 3> (L)m1es >, =

> (g)uoisoardies > (L)Mes >, =

> (g)uoiswardias > (L)myes 3> ,, = peoT Ieay, >> SO
‘Ipua >

(teso1,peod+osegd) >> (g)uorsoardies > (L)mies >, = peoT Ay, > S0
‘Ipus >

(resopuenybrasegd) >> (g)uoiswaidies > (L)m1es > ,, = ued ITeay, >> so
‘Ipus >

(resoruendxesegd) > (g)uorsmoaidias > (L)mies > , = wal my,, 3> so
{Ipua > [pud >> so

( {
‘ipua > (([(J31)sqexssegd) > (g)uoiswaxdiss > (2)m3es > so
S n > (()8ewr[[ljixesegd) > (g)uoisoaxdyss > (L)m3as > so
“a u > (Qrear[[Jy+osegd) > (g)uoismaidies > (L)m1es > so
L n > [[lengduny > (y)mges > so
L o> so
(43 18 => A {1 =) 103
} (41 ¢Qozissngduag > [ {g = [)aoy
{()morqaury-[1jsesng = Jizz < <oIqnop>xs[dwod>103094 JSUOD
{()snglpy-[i]sesnq = sngdwyzgy <3u1>103994 JSUOD
{Ipua > so

{
‘how 3> 0°0 2> (g)uomsmerdses > (L)mes > so
Yo u > 070 > (g)uorswardies 3> (1)mies > so
} ospe {
fa u > (Quendy [isesnqrasegd) > (g)uoisoaidies > (1)m1es > so

Lo n > (Quen g [1Jsesngxesegd) > (g)uoisoordias > (L)m498 >> s0
H11aN =i (uen-[f]sesnq)s

ta w > ((peoTd [1lsesngxesegd) > (g)uorsaidies > (L)miss > so
fa w > (peod {ysesngxasegd) > (g)uotsoaidies 3> (L)m1es > so
o > (()8ewr()A(1]sesnq+pgza) > (g)uorspaidies 3> (1)m3as > so
S ou > Oresxr()A-[f]sesng > (g)uoisoaidias > (g)miss > so
L n > (141> (F)mges > so
‘pus > so

} (41 {()ezis'sesnq > 1 o = 1)a03

‘Ipua >> so

‘pud >

] > so

‘Ipus >

*Sey sng, > so
*3TOA WOIJ, > SO
{Ipud > so

‘IPUd 2> ZONILT, 2> SO
‘Ipua 3> TOM3L], >> SO

‘uen peo] peo] a1duy
“3TOA

n MOTJ MOTJ ROTJ sSng “uap
{[pUd > ,, BAR IeAl M{ Ol IeAl M} IRAY A

‘Ipue > so
‘Ipua > ns-opgonduy 3>, :9TTF. 3> SO
‘[pua > so
{Ipud > ,:uoTINTOS MO PROT, > SO
‘Ipud > so
‘Ipus
VV n n
> so
4
> so
‘Ipud 3> , andang worzmyos , > SO
{Ipus
VV il "
> so
3
> so

‘(P1ayYeOy::S01 ‘paXy::s01)J19S°SO

‘{(progasnlpe::sor ‘ydir::sor)jres so

167



{
(TN TV LIXE)¥xe
{(a81e ‘981e)deHsuorydpien
1Y, @sed
i, @seD
‘3eaaq
‘T = xa7e]
', 9sed
;. @sed
Nesuaq
‘{8rejdo-1doyel = xys~3ae35RS
1S, 9sed
. ;S @sed
suagpwoind Y5 2)qoiion joas [/
‘yeaaq
‘3reydo-9doye8 = 1ys~InQon
1,0, @s€D
2O, 9sed
sapf ndino quawipwiwoo yun [/
eaaq
{3reydo-gdojel = nsTswIrR VL)
: 8, osed
3D, 9sed
saaypwviod Yo buwigs Aaouq //
{ seaaq
‘3reydo-ydoje8 = xys-aqgindug
;I @sed
: I @sed
JouLLof poog) usyly ur oop yiompdu [/
} (reyo-uorydo)yogims
(d0d =i (()1doys = reyo-uondo))arym
‘reyo-uorydo gur
{(wiiqiozg::T::T:8:p:T:1:8:8, ‘ASre ‘98re)3dojed 1doren

}

(ASresx xeyo ‘o3re jur)suorndQren proa
papaau saungon.ys vwp [/
aYy] sazYDUIUL PUD UL pudwWwWod Yy sastod ()suondoian [/

o

‘Ipue >> ,-oSessam STY3 S3UTId Y- I0 -, > 3\ > 119D

‘Ipua > ,"8Tqes Yale] se aTnpayss sndino -, > .u/. > 1130
<

‘Ipus

> ,.°diS xo¥ 3Ieis yp asn <oTTF suxed qITYO> s, > A\ > 1100
{[pua

> " 9TNpPaYds JUSWITWWOD ATUN <TNPAYDS JHN> O- > ha/n > 1130
{[pus

> ,°SoTTF szejemered oT3eusl <sarry smred yp> -, > 4\, > 1180

‘Ipus 3> ,°oTTF sndur eys st <ofry ndur> I-, 3> 3\, > 1180
‘Ipud > ,, :ST Suruesu ay3

pue 1033eT Teatdes o TTems IayaIe oq uweds Sery ® axeyp, >> 1190

‘Ipud > 1190

‘n[s3usumBre reworido] <oTTF sndur> T- , 3> [0]aSre > 1100

Ipus > ,, :98esq,, >> 1100

{[pud > 1130
}

(aS1exx xeyd O8re qur)dpygsuonndgien ploa
sabvssows [/
Sugusom s0/puv (;- uondo) dipy no spud suonounf bumoyjof ayr, //

(ddy- suzagxa , apuroury
«a-3dpten, epurouTH
ddy- spas, epnyouty

FTpusi
{2PI$u = PISOI* Jeyo orjyess
JuI] FopuFTH#

$botg //
/*
<NPI IUIDUL 3D DSLOULP DL > *
3661 7T 90 PPM *
29°-suoydo/pyoads /uud/uu/azn/:a oyrr — */

{

fom1) uanjex
‘(sSe1gpro)ssey-so
‘Ipue >

> so

168



‘T = xpujSums
HQsng8uimg 353 == (Jonsnguan[r]s3)3
He+1 t()pz1s's8 > 1 {0 = 1)103
{0 = xpuSums jur

1 - ()sngSumg9sy = snqs jug

{(()Asuen 383) <73
<JIOJRIBUDL) >I03O3A>>)SLIISU0D = §829 <IOYRISUIL)>I0JIA

*SU0DINOIDI U0LPPUNS 201303[q0 Y] UL PISN I §STUL 31 INQ PI]J0L3U0D 0uU [/
§1 $nq

bumg -sppaa) ndino 263100 puv u0WLIUIE IpROUL UVD PuD $IgDILDR [[

1043U00 Y7 24D Y], "193Lq0 wayshis uamod Y3 03 sanyva Jafsunsy, [/

‘00 = 9N[eAJO ¥eoy
S

} (3* a1qnop ‘xx a[qnop ‘u JUI)UIW[OL,IS0DIOMOJ PIOA D, UIIPXD

‘(0001 darm0L 151 + ()hyvusgobvion 151 + ()1500posd 151) wingas [/
H()yenvior 151 + ()fhispuagabnon *1s3) usngae [/
‘() Lareusgodesonr1st + ()1S0OPoI 1S} UINjex

{()smolgaury sy
{)eA1084d383
{()sesngesay sy

{
{
{((++xpur)ous-owouasd) Juar)-[1]s8

HQuor(1ls8)x

{

‘fenuIyuod
{1 = xpurSums
H()sng8uimg sy == (Jonsnguen)-[1]s8)z1

t(0°0)quen-[1)s3
H+1 £()ozis's8 > 140 = 110y

{0 = xput jul
{0 = xpuidums gur

{1 - ()sngSuimg-ysy = snqs juy
{(()AsueD1s3) <73
<J03RIBUDY) >I0JIDA>1SEI JSU0D = 5529 <IOJRIDUDL)>I0J09A

*SU0WVINOIDI UOLPURS 203702(q0 Y UL PISR 3Q ISNUL 1 JNG PI]J0LU0D jou [/

sz snq

buamg -sja09) andino abvzjon puv uwo1VLIUI6 IpNPOUL UDD pup $qDILOR /]
1043100

2 auv $a)9)1v YL ‘9algo washis uamod 2y 0} sonjva 93w Jafsuvsl [/

fpus >> 6 >> oo [/
{8(zgourousn[Eag YH) = swouss zgamrousHEIYVH
{00 = an[eAJO 1e0l
o L frgun
} (8% swouspyp)yHISOnIMO] FEol
{181 JoN UJIIXD

«ddq-gen, spnrour#

<0 rawouanuay v /06> apnppur# [/
<Y swouenTeaYYyH/e3> epuiouT#
<y-e8/e8> spnrours

<yuvu> apnpurF [/

ITpusy
{W$I9pROHE, = PISOIk Jeyd J1je)s
uI] FopurTH

/*

gbogg *

*

0002 I§ PO N, wWod vsnoy@np oy uveor — ddo-isopsamog */
% ) k- \M

169



axs =g
fqo'=p
” (IN~smoputy ‘(s0)$) bezr

wl- 5587 210dT3ST-=891T

qQIT/T®20T/2sn/7- qr1/(IHOH)$T-=adIT
apuyout/Tesor/Isn/I-

\ 3xod[as/epnTout/>TITT/(THOH)$I- OPNTOUT/ (IHOH)$I-=AINI
G0~ oxdmrjusdm- =8HYTIXD

Surserre-10113s3- g0- oxdumrjuedm- =SHYTIXXD

2258=x9

++8=Y%0

=d

o'=Q

weaTd : ANOHd"

#
$807% #
i #
000z ¢ Idy woy Wod-esSNE3sSYIPITTT OTTI WeAo[ -- oOTTFONEN #

uorjonpur oaxy Lreurg Ioy oTTIFoNE #

Suruaesr| SUIYIRIA 994, UOISINR( €'

{9800 uanjaa

{

4sopxew/(1sopuiw - 15053) =+ 1502

Y ()quan[1]susld+esegd)iso) []suel = 150)3
{()xequen[1jsuald)iso [1]susd = jsopxewr
{Qunguen[1]suald)ison[1jsuad = jsopunu

} (41 {()ezistsuald > 1i0 = 1)10g

“sopxew ‘gsopurut ‘48008 ‘g'Q = 1502 I[qnop

of [ qur
} (pereogisoppoid::3oN 21qnop
{

{9500 uanjax

{(()quany-[1Jsual * asegd)yso)-{isusl =+ 9s00
(Quor[tJsuad)sr
(4+1 {()ozis'sua8 > 14p = 1)a0}

‘0’0 = 1500 aqnop
S T T quy

} (1s0ppoig:seN siqnop

«ddu- 2N, spnyout

FTpusg
{W$I9PEOHS, = PISOI+ JEYD d1je)s
JUI] Feopurry

/*

gbo7g *

*
0008 & 93 ung W09 DsNDIY)9oy: 2y uvaor — ddoysonporg */
%= 4D %~ / M

émﬁ_sﬁ 153 + ()L3reuageSefon sy + ()3S0DPOI IS) = J*
‘()ueroor 351 + ()hyouagaborjon 353 = f* [/
() fapouagabo310A 151 + ()1500p0Lg 151 = f* [[

¢{()smor,qaurg 38y
‘(Jea108: 47151
{()sesng 959 95}

{
*([xpurSusms - 1]x) quen [1]s8

{

‘anurjuod

170



(sg11)$ (agID$ (Trdod$ 9% o- (XX0)$
(zrdo)$ : (I)guwriuren/ezep

(1r80)$ : (I)$20131503/R1Rp

(s€IT)$ (QEID$ (rdo0d$ 0 o- (XXD)$
(ra0)$ : (3)$3a/esep

(F)$urTuren/erep (F)$o0Idsses/erep (d)$3d/eep @ TT®

(s)aeS8xe3 oy surzep #

((ZoUSXXD)$ ‘(0)$% ‘ddo-y asqusaed)$ ((OUSDI$ ‘(0)$% ‘o°% 3sauszed)§ =: grao
((TOUSXXD)$ ‘(0)$% ‘ddo-y asamsaed)$ ((OUSD)I$ ‘(0)$% ‘o°% 3sauszed) =: 1rao
((OuSX¥0)$ ‘(0)$% ‘ddo-y asqusqed)§ ((0uSD)$ ‘(0)$% ‘2°% 3squsied)$ =: rdO

=JUSD

dds - satnyjurig

\ dds-3sq dds-eaxrpjurad ddo-urexzy dds-gqrartds

\ dd>-mrrurem dds-uaxorjen dd>-semeyesreq ddo-ejeqesieq
\ dd>-spong ddo-saxyq ddo-suorado ddo-3dpgaep = ZDUSXXD

ddo-saxlp ddo-sarnyjurig

\ dd>o-3sq ddo-sexipgutrad ddo-urexy dds-eqiarrds

\ dds-3ssjurem ddo-usyolien ddo-soueyasieq dd>-ejegesxed
\ ddo-opoyng ddo-esxrq ddo°suotsdo ddo-3dpsedn = TDUSXXD

dd> - satnygjurad

\ ddo-asq ddo-eaxrpsurzq ddo-urexy dds-gqratids

\ ddo-urew dds-usijoliep ddo-someyasreq dds-ejegasieq
\ ddo-opoNg ddo-eeaxrg ddo-suworsdo dds-3dgasp = DUSXXD

9I9Y SOTIJF 98dIN0S JISISUT #

9% ©o- >$ °- (@ONI)$ (SHVTIXD)S (X0)$
2%+ (0%

>$ 0$ o- (SAIN$ (QEID$ (AONI)$ (SHY1AXD)$ (XD)$

>$

>$

>$

>$

>$

03

03

0$

03

0$

2% = (DA

0$ o- >$ °>- (@ONID$ (SOVTIIXXDI$ (XXD)$
004 (O)$%

0$ o- >$ °- (@ONI)$ (SHVIAXXD)$ (XXD)$
A AN (1) )7

0$ o- >$ 2- (AONID$ (SOHVIIXXD)$ (XXD)$
2274 * (0)$4

9 o- >§ o~ (QONI)$ (SHVIAXXD)$ (XXO)$
ddo-y = (0)$%

0$ o- >$ °- (AONI)$ (SOHVIIXAD)$ (XXD)$
XX0°% * (0)$%4

o

(SEIT)$ (a9ID$ (QONID$ (SHVIAXXD)$ (XXD)$
XX3°% ¢ (D%

]

(SEIT)$ (AEID$ (AONID$ (SHYIIXXD)$ (XXD)$
004 ¢ (F)SU

]

(SE1T)$ (@EIT$ (AONI)$ (SHYIIXXDI$ (XXD)$
0'h t (DU

o

(sg117)$ (a9IT)$ (AONI)$ (SHVIINXD)$ (XXD)$
29y (DU

]

(SAIT$ (QEIT$ (AONI)$ (SHVIXXD)$ (XXD)$
ddo-y = (2)$Y

(0)$ XXD° 00" D" ddp° 2 ddo- :guXTAANS-

FTPUS
=541

qQIT/86°4/48PSW/I~ GI17T/(IHOH)$T-=04IT
SpNTOUT/86oA/A0PST/I- SPNTOUT/ (AWOH)$T-=AONI
DNgAaa- X9/ 99/ oBoTou/=SIVTIAXD

ongaaa- x9/ 99/ oB0T1ou/=SHYTANXD

To=X0

To=XXD

171



ddy-esxrq ddy-epond
\ Y-adpsen ddy-suxeixs ddy-spas dd>-uriurem :o-wITuUTRW
ddy-esx1q dduy-spong u-adpiaed
\ ddy-suzesxs ddy-spas ddo-gsejurew :o-3sejurem
ddy- suxesxs ddy-apong
\ ddy-spas ddy-eaxyq dds-saTnyjurid :o0-SeTNYIUTIJ
v 3sd-t3t ddy-suxeqxs
\ ddy-epoyng ddy-sp3s ddy-saxyq ddo-3sq :0-3sd
ddy- sureqxa ddy-opong
\ ddy-spas ddy-esxlq ddo-saxl)autrad :0-8aI1L)IUTId
ddy- sureaxs ddy-spopnd
\ ddy-spas ddy-esxyqg ddo-urexy :o-urer]
ddy-sseoepp ddy-ssxiq ddy-epoNd
\ ddy-suzajxs ddy-sp3s ddo-ggratrds :o-gqrsrtds
ddy-eaxrq ddy-epong
\ 7-3dp3en ddy-suzesxe ddy-spas ddo-urem :o-urem
ddy-spas ddo-usyol3an :o°uayol3sn
ddy- suxegxs ddy-apoNd
\ ddy-spas ddy-saxlq ddo'ssmeyasieq :0-samejssIed
ddy- suregxe ddy-apoNgd
\ ddy-sp3s ddy-ssxlq ddo-ejegosxeg :o°ejegssIed
ddy-suzagxas ddyg-spas ddg-epoyg ddo-epoyg :o-opoNg
ddy: suresxe ddy-epong ddy-spas ddy-eexyiq ddo-esxrq :0°89Ild
ddy- suzagxa y-3dpsen ddy-sp3s dds-suorjdo :o-suorido
q-1dgaey ddo-qdgaen :0-3dgaen

su013do smojp sy, pud ay3 v 240 suonpdo 3y) 130 fijjPnIuvaa VY] 0S
‘unos

am $p 064D, fo suaU0d 9y} nwsad o4 “}NVfEP Y} Sv HLNWNHAJ

'$90p TIU() oYM S SUY],
. ‘u2as st uoydo-uou 54y 2y3 udym buissasosd uovdo dojgs
‘su033do D way) Izruboosas uop suvaw YHAYHO HHINOTY

-asuneay3o ALNNWYA ‘PPuYop st LSUIASNOLLdO™
a1qurina JuWUOLNUD Y} f1 YTAYO TYINOTY Uays st }nofop ayp
fburyafiuo fifioads jou prp 43109 Y] SuUvPIWL (THIITOHISNA

SUBWBP-ADH Y
uonpdo-uou mojjof oy} suoxdo yum pap 03 Moy 3qLosd(J */

{IRYDIXIU* IRYD

/* uawale-A DYV 1xou ay3 03 Suouvapo fiq
UDOS Y] FULNSIL SUDIWL 1 ‘BULLS 1InU D 40 ‘0437 St SR f]

“ffo 1f31 am auaym uvos ay3 dn yo1d 03 sn smoyD sy,
‘PUNOf SDM PIULNIIL M 42J0DIDYD U0dO 28D] Y] YIIYm Ul
JuwWa2-1013do Y] UL PIUUDIS 3q 0] LDYD ITIU YL, */
:oyearad
hdoten ssero
J1ATIA ILON 04 #
. <Y qITP3S> 2puTout#
our ' pusdep apnToOUT
‘(1-az18)00010% P10 [/ 3T op TTT# ,out-puadep yomos, #
*oem SUTUUNI SI0Joq 3STX® 03 SPosU STTF SIUT #
<y-Surijs> spulour

<1 OTP3S> SpNTOUTH out-puadep < ddo-mriurem
1 y3dQIeD™ suryep# \ ddo-gsajurem (DYSXXD)$ (DMSO)$ (QONI)$I- WH- 2230
y 3dO1eD” FopPurTH : puedep

(rdo)$ oy29p
i oyodod
iWybufidoo NND 243 2043590 )Y IND St SIYL
oL 96:70°83 te/10/6866T 0°0 uoisiaay

$ 410129 :bo7g
<npa-ym-abua-fioyoygmo >

(0)$o21Llp (0)$3Isosutenm (Q)¢$WITUTEW
\ (I)gurTuren/eiep (I)$seI3isel/eliep (A)$iq/edep (rdo)$ wl
1weaTd

L A e
~ *

172



$92.49 uiq papvasyy // ‘“yuaredx spoNg
9J91x apoNd
‘ySux apoNd

ymofap Aq 1541 s1 peod 2pvated oYy 402> ayouwr [/ eyearad
} spoNg ssero

«ddy- suzejxs , spnTout#
(ddy-spas, epnrouts

ddH HAONE™ °utsops
ddH HAONYT™ Fopusts

/*

gboTg *

$4oPpUIH S *

*
0008 13 +dy uop woo vsnopypIY: oYl uveor — ddy-apoNg */
-+ 40 -+ [/
FTpuUSY

g
{(proa) () aozesado qur
{(Burysydox Jeys ‘Afrexx xeyo ‘ofre qur) 1dQlen
{Bulnysidoux xeyod
{ASI1RUX* JRUD
fo8reu qur

‘1193do qur

[* -suondo paziubosasun sof
26DSSIUL LOLID Y] NQIYUL 0 DUIY O.LIZ IU0S SUI]IDD */

‘purrdo qur

/* unf 0s pauuvIs U3 SVY AHYY fo yonuw moy
JTIU Y} 07 1102 U0 WoLf SVITURWULOD ,puildo, ‘BSUNLIYI()

‘uDIS f12531 PINOYS L3102 Y7 J0Y] SUWIS uodo-uou
ayz fo 1543 ay) fo Tapur ayy st Sy ‘JOH Susnias 3do3ab, uaypm

222yDIPUT ]2 3S42f 1Y S S1yp suvows 043z ‘3d0o3ab, o3 Auquas up

' 3d03128, 07 $)IVD 201SSIIONS UIIMIIQ UOLDIIUNULULOD LOf PUD

49100 Y} WLOL PUD 0] UOUDIIUNULULOD LOf PISTL ST SIY],
POUUDIS 3G 07 JUIWID 1TIU Y} JO ADY Y Ul Tapuf */

{31eqdox xeyo

[* a4y pausngas St JudWIR-AHYY uondo-uou yovd
‘YAAHO NI'NYNLTY $t Sbursapio, usaym ‘osy
‘9491 PIULNIDL ST PNDA JUIWNEUD Y}
‘quawnbso uv sayvy J0Yy) uondo uv spuyf 3dogab, uaym
42]p2 Y] 07 340336, WOL[ UOWVIIUNWLUOD 4O *[
arqud
{(AS1exx xeyp) sSueyodxs proa

‘9douougser qur
‘1dououysiy jur

[* ~wdyy fo 150 2y 4aYfv Tapul 27 51 1dououTiso,
fwoyy fo 1543 Y] Jo ADYY ut Tapul 9y} st gdououTisayf, ‘paddiys usaq
aavy Joy3 suondo-uou suIu0d 1Yl ADYY fo wvd 2y) 3queosaq */

[* -squawnbuv fo uononuiiad ajpuvy */

‘Surrapio
{ ¥E@YO NI NYNLAY ‘HLAWYAd “YHCYO TYINOTY } wnue

[* 0DUV =i pundo, ynm JOH uingaL 01 340336, 25NV UVD -,
fiuo ‘YAAYO NI'NYALAY fo 2592 2y} uf " buwiapio, fo anjoa ay3 fo
$59)psvbas Buruuvos-uorydo fo pua uv saosof —, juswnbiv p10ads 2]

-uonvLado fo apows swyy spsanba.

$42700.40Yy2 uonpdo fo 3571 2y7 fo 4a300.40YD 3su4yf Yy} §D -, HuIs))

‘0492 IPOD 4IIDUDYO YpMm U013do uv fo JudWNOLD Yy a4om 1 fr SV

UIWIP-A HY Y uodo-uou yova 3quLosap a4 ‘omg 2y3 fo buriap.Lo ay}
109D 2412

1Y) puv 42pL0 AUD UL SJUIWIP-A DY Y L2y30 puv suonpdo 302dxa 07
UIFITLN

asam poyy swobosd o3 agopvav uonpdo uv St YFAYO NI NYNLAY

*s1y] 799dT5
07 U3ILM J0U LM oY) swoLbosd ypm used ‘4apio fuv uy uzaib 99 01

173




‘()syergug qur
4 D8I ‘¢=INOD ‘LHOIY ‘LJ4dT ‘1O0Y ‘1~ = YyH} wnua

2nofap fiq 154y 51 340d 2pv014d J0Y] 4Da10 yows [/ :oyearad
} ea11,q ssero

099 saunsvaw fipra)dwos ‘saunsvaw Apundws ‘sviiagid [/
Surppds yuasaffip ‘oauy uosioap ayy burppng Lof Appuospounf //
1ou02pPD 2prnoid PIROYS $ISSDID PANILI(] "$ISSDIY paarsap 3y [/

uz pabupyo aq 03 Apyyun spoyow puv $211062300 ‘Dyvp 195 [/
buzurnyy ay3 20msdoous 03 $30.43s 3snf puv figouonounf [/
jpwsus sapiaosd 3] "SSDIO 234], U0ISI0I(T 95D D S S, [/

«ddy- suzagxs, apuyouTH
«ddq-epoNg,, epnouT#
«ddq’ spas, epnioury

ddH HHHLA surieps
ddHE JHE.LA F°PuITH

/*

$bo7g *

$42pDIG *

*

<gradosso@a> *

6661 ¢ dag ung — ddy-aa4L,q */
- 44D -+ [/

FTpust

9

1990] D fo uoyvIUISALdas JpuLus // ‘{aqey gur

{(d 100q gsuod)oing proa
{gsuo0d ()aang jooq

‘{(ooq gsuod)ouo proa
‘gsuod ()euo(] [00q

{(3ur 3suod)[eqe] ploA
gsuod ()[eqe] jur

{(jur 3su0D)ONqLIIIY PloA
gsuod (JoNqLIY Jut

‘{(erqnop 3su02)p[oysaly ], proA
{gsuod ()proysaiyy, syqnop

{(1p7 < * <aIGNOP>I0JOA>I0LIPA Su0d)eje(] PloA
‘35u0d ()ereq < * <3[QNOP >I0139A>I019A

{(x apoNg 3suod)juared proa
{gsuod ()juaredx apoNgd

{(» apoNd 35U0D)3Jo] ploa
¢ gsuod ()1JorT+ apoNgd

{(* apoNg Isuo2)1ysry proa
¢ 9suod()ydrg* spoNd

(s4 24nd) s03onugsap jongan [/ ‘()opoNd~

L0yvs9do = papoopano [/ (73 SpoNd 3suod)=lozeradozy SpONGT
J079n4su02 fidoo [/ ‘(23 apoNgd 3SuU0D)apONd

4039495100 Ynofap [/ {)opoNd

‘e1ep < * <I[GNOP>>I0J09A>I0309A

ssaquipws ozgqnd // orpqnd

suaquidws papoaposd [/ :pajosjoad

"papasu jou st jaquy [/

*su0yvIUasasdas puLur 240 sangoa 20090 [/
‘oNquIjge Jut

‘ployseiyy sygqnop

‘auop ‘aand jo0q

174



{I17eZ Ul Uanjax
} Omavzaurzg < < <jur>ssay ‘Surrys ‘qur>dew>10300A

{

UIZI)19R uIngax
} Owrgavzy < < <8uwrys>ssal ‘gur ‘Suriis>deur>10309A

‘(Jurexrx spoNg

*ss2 234 [/

Jo uoyoun{ jonjun v apows 2q osp pmoo ()aydg -()usos, fig pajo /[
suoyounf ()iydg uasafip Susguowaidusy fig owaualb spow st (Jurosy //

{(100q ‘73 wrea1)so)se[NYIULI Proa
wsof wusorur oy} juid ‘ongy s1 jooq fr [/
$2a3] Y] wouf bwyoviyyonq fiq bunuid spma [/

{(TINAN = 1* 9pON{ ‘[00q ‘23 Ureai}so)asif DI pProa
"1DS430D43 2243QNS d0154n02L-U0N [/

‘(3 apoNg)wSieY Jul
juownbio UD 3aVY ISNUWL 31 0S UOOURS 20184TI2L D §1 S1,T, [/

¢ 3suod (3ur 3suod)edAy, ur

{(n2)<* apONg>158971SU0d = IId }(Ndx 9pONE JSUOD)IPONGIIN)) PIOA
{f1m5 uangea} gsuoo (JepoNgrinD* SPONEH

{(uq)<*

SPONE >15e0-1suU0d = 3001 } (uq* SpoONd 3SUO0D)IPONIO0Y PIOA
{{1001 uanjea} gsuoo (JopoNgIooy* SpoNg

(36 aund) so0gonagsap pongun /[ {()ed1Lq~ renjaa

{(100q ‘73 urearysoyere(IULIJ pur
{(100q ‘73 UIEa1)SO)SAUIENIULIJ FuI

{73 < <9IqNOP>10309A>10339A ‘73 }SUO0D JurIls)eye(asied Jul
{(73 9suod Jurris)eje(gesied jur
‘(79 3suod Sunys)sewreNasIeJ jul

Jo0ppaado = papuvopsano [/ i(zg 991, PSuod)=aojeradozy il

40391435100 fidod [/ ‘(79 9911, ISU0D)231L,(

so3on.35u0d ynofsp [/ ‘()ee1L,q

suaquiaws oyqnd // :orqnd

suaquauws pagoazosd [/ :pajoajord

{XpUrlIo Jut
{IeA 1110 Bfqnop
apgoiivn o300 [/

‘sanes] < <* 9PON - >J10J09A>10309A
199D] 2wins 2y} sVY sapou fva) fo 4ogdAa yov> [/
$9INL Y] YODLYODq 0} $POU 03] fo s.40309a fo dogodn []

9sp < <AIqNOP>I10139A>10309A

*IDULLOS JOULDIUT UL PALOJS 24D SInJDA o060 [/

10224062900 40 snonUIU0d SV UoIUYIP 2INqLLYD [/

07 bu1pL000D pagaLdiagur puv youLof 3)qnop ui pasols st v3op 1o [/

fagyegiul < < <gurs>ssol ‘Surrgs ‘gur>deuwr>10309A

Hurziyre < < <Juus>ssaf ‘gur ‘Surigs>dewn>10)994

“T- st uoyvyuasa.dar 4262puL s ‘SnONUU0D S1 IINQLID UD fi [/
'sanpa 3InqLi prva Lof sdow auv 4vZIUr puD JugL [/

‘sadfy) <gur>i0300a
‘sqrure <SulIgs>I0399A
“u01vIUasaLdas [puLdUL 900y 30U 0p SPWIN [/

‘sserogiur < <ur>ssaf ‘Surrys ‘gur>dewr
‘urgsse(d < <Juwrys>ssa| ‘pur ‘Suniys>dewr
dows sassop [/

f1Inox 9001x 9poNg

‘saoeds Burrs
‘wirpp(reyep Surils
‘wire(Igre Sulgs

‘1yguiey 3urags
‘nyguarep Jugs
{3aguswruaod Jurrys

175



FTpusg

(29 Sunays ‘zp Suwngs ‘29 Suins ‘edLy-ezis::Burrys)usior o0 adLyazis::Surys
{(x* xeys ‘qur)dpysuondQien proa

{(++ xeyod ‘qur)suorydien proa

‘u110j [00q UIDYXD

“moddox ‘noj* ‘uyx Teyd usayxe

{(proa)odesn proa uregxe

(2801 / ()30 : 0°0 ; 0 => (X)) (X)307] surFops
ZY6089V668S08TLY1E69°0 230 auTzops

ddH SNYULXH °SurIop
ddH SNHHLXH™ FoPUFT#

/*

$607g *

GLIPVIL G *

*

<g1odoad@o> *

6661 7 dag 105 — ddy'sus2izo */
ke 4 - /]

FTPUaH

4
{

{([xpura1os](b+) > [xpurtios](d+)) uanyoex
} (b* <s1qnop>i10100a::pgs ‘dx <a[qnop>103994::pis)()rogeiado [00q
{}()sso100A P~ rEngIIA
{{} (xpur)xpujiios : (Xpur qur §SUOD)SSITOIAP
dogonugsuod ynofop [/ {} (0)xpursios : ()sseTooAp

ssaquiaws oyqnd // :orqnd

suaquiaws paosjord [/ :pajosjoad
{XpUIIoS JuUl 3SUOD

3nofop g 1suyf s1 juod apared joyy L03)0 aypwe [/ eyearad

} ssorpoapp ssero

Guzgsos sof [/

s03v43do uoswoduiod Supreosd ssvjo 30alqo uorounf v 1snl s1 ssaToIAP //

< 103534 9PUTOUTH

ddH SSHTOIAT °UTIep#
ddH SSHTOHAQ™ FOPUFT#

/*

gbogg *

$LopDI[ G *

*

0003 L Inf MY wWod DSROPRYIPIN dY UDaop — ddyssoTIIAP */
4 40 -+ //
FTpusH

q

{{rep3uo wangaa } ysuod ()replu) syqnop
{{xpur1Lmd uangaa } gsuod ()xpuriLid jur

{ {10sp uangyaax } ()3198(q77 < <B[GNOP>>I0109A>>I0439A JSUOD
‘(73 9suod 3uins)1,SJases JuI
{()19g8ururesisar, s[qnop

‘(23 95U02 <B[qNOP>>I0)I9A)ISUIISIT, JUT
‘(29 3SU0D <B[NOP>I10799A)ISUT[RAF JUT

{

{sSR[OZIUT UINgal
} Osserpziuizy < <gur>ssol ‘Suriys ‘qur>dewr

{

176



{()oNquIIy"puq = oNqLIITR
‘()proyseay], puq = ploysaiyy
{(Jereqpuq = eyep

{()ausreg puq = juared
{)we1PuUq = Y[
{O0mSry-puq = jysu

L109v19d0
= papoopano // }(puqzy epoNd 3suod)=tozerado::apoNgry SPONY

{()amg-puq = aand ¢
{()suo-puq = suop
{OrqeTPUq = [PqE]

{()oNqMITY 'PUq = ONqIIIYE
{()proysesy,, puq = ploysaIyy
{(ereq puq = eyep

{()gusred puq = guared
{)ueTPUq = o[
‘{(ySrgpuq = ySu

Loponugsuod fidoo [/ }(puqzy apoNd ISUOD)apoNd::pPONT
{

‘asrey = aand

‘os[ey = auop

dow faqo] pyoaws [/ {1- = pPqe|

zapuy pyoaur [/ {1- = ONquIIR

‘0’0 = proysaIy}

'TINN = 391

YTIAN = y3u

TINN = juaxed

Gurspion.ysas 3343 Lof papasu aq fijqoqosd 1am 31 [/

J03on435100 ynofop [/ }()opoNd::oPONG

ddy-spong,, spurout#

FTpUSE
{u$IoPRIH$, = PISOIx Jeyd oIjels
JUI] FOPUFTH

/*

gborg *

*
0002 62 44y o1 wos-vsnvYPL oY uvnor — ddo-apoNg */
-+ 4D x [/
FTpUof}

yoopo::pys Sursn
{1308::p3s Suisn
{107e19 Uresl}so::p3s Juisn
‘sor::pjs Sursn
‘yoeys:pgs Sursn
‘wrearyso::pys Suisn
‘ssa[::pys Suisn
{dreur::pys Suisn
‘wrea1jsy::pys Suisn
{Suiays::pys Susn
{[pua::pgs Suisn
{1192::p3s Juisn
4no2::p1s Suisn
{103004::p)S Buisn

<Y qQTTP3s> Spnour#

<euWr3o> SpuTOUTH
<X03eI93T> SPNTOUTH
<uq3rxo8Te>> apnouT#
<dew> epnTout#
<I0309A>> SPUTOUTH
<WeoI3sy>> OpPNTOUTH
<3oB3S>> OPNTOUTH
<B8urIas> apnLOUTH
<WesI1SOT> SPNTOUTH

ddH SALS 9utyop#
ddH"SALS FoPuUITH

/*

gbo7g *

$4oPOIHG *

*
0008 80 fopy uojy woo vsnugayo oy uvnor — ddy-spis x/
k= 40 = [

177




= ura(iye
‘= JJGULIDY
Yafa = B3gwIep
fulw = Sagiusmruuod
} ()syesgymur:saar,q yut

:Q&A. ®9I1(, 9PNTOUTH

FTpusg
{w$I9pPROHS, = PISOIx JeyD DIje]s
JUI] FOPUFTH

/*

gborg *

*

<grodosrogoyt> *
6661 ¢ dog ung — ddo-sa4f,q */
=¥ 4D -*- \M

‘/d = sxnd
} (d 100q 3suoos)aang::apoNg proa
{

foand uangox

} 1suon (Jeng::epoNg [00q
1290) 2wws 3y} 2avy [/
apoNg v 03 buzbuopaq sajdwos a1y fi susuieagep [/

{

‘up = auop
} (up 100q gsuod)ouo(y::opoNg proa

{ ‘euop uangaax } 3suod ()auo(::epoNg [00q
{

‘1a1 = Pgel
} (1a1 3ur 3suod)[aqeT::apoNg Ploa

{

{loqef uanjax
} 3suod ()pqe1::epoNg jul

{

‘ue = ONqUI})E
} (ue jur 3suod)oNquUITY::OPONG PlOA
{‘oNqu37e uangax } gsuod (JoNQLIIIY::9PONG Ul

{
‘Y3 = ploysaiys
} (41 s1qnop gsuod)pioyseiy,],::opoNg proa
{ ‘proysarys uangex } 9suod ()p[oyseryL::3poNg o[qnop

{

‘4p = ejep
} (3p73 < * <9[qNOP>10309A>10309A JSUOD)eIe([::0PONYH PIOA
{‘erep uangax } ysuod ()ere::opoNg <* <I[QNOP>>IOJIPA>I0}I9A

{

{(duq)<* apoNg>1seo-isuod = quared
} (duqx spoNg 3suos)juareJ::opoNg PIoOA
{!yusred uangoa } 3suod ()juared::apoNd* IPONI

{
{(s1yg)suareg+—(duq)<# opoNd>}Seo3SU0d
{(duq)<* apoNg>>1Se0 ISu0d = 1Ja[

} (duq* spoNg 3su02)139T::0pONd PIOA

{ ‘339] uangeax } 3suod ())yor1::opoNg* opPONd

{
{(s1y3)juored+—(duq)<# apoONG>15e0"ISU0D
{(duq)<* apoNg>1Ses)suod = JySuI

} (duqx spoNg 3su0d)ySry::apoNg proa

{34811 uangaa } gsuod ()1ySry::apoNd+* IPONL
{}()epoNg~::epoNg
{

{SIY3* uInjal
{(Jaang-puq = sand
{()euo-puq = auop
{()eqeTPuq = [Pqe]

178



(LNOD == ((JoNqr1y 1md)odA1 )31

‘osTe} = PpurIq
as[e
‘onay = youeaq
([QoNqI113V 4—1mojsur == ()p[OYSIIY,T,+Imd)J1
(0s1a == ((JoNqu1Vy +11m0)adAT, )3t

} (g 1mo;)orym

fyoueiq [00q
{()apoNgI00y = 1o apoNg

} (suizg 3su0o <B[qNOP>>I10199A)SUY[RAN 9L, PUI
12qD] 2y} SuunaL puv 0UVISUL uv sagonasg [/

{([xpui]sed£y)uangax
as[e
{gygd)uinjaax
((1 - (oars'sad&y < xpuy) || (0 > xpur))3r

} 3suoo (xpur jur ysuos)edA 801, Jul

‘4 uanjal

{
T (Wi g (W<y)) =q
{08y —1)useH = yI jur
{((One1¢-1)1u8H = yr Jut

} (o =i v
‘0 =Y jur
91 = 9% spoNd

} (39* apoNg)FuSieR::ea1L,q Jul
“Joy3 a3y Surypfiuv Jo quswnbiv ynofsp //
D 20DY JOUUDI Jt ‘UowOUNS 301S4N024 D SI S1Y] WS [/

{

} ()saa1,g~i0011,
fgasp <x <21qnop >.03020>403990 puv [/

100.1x IPONG Y3 dn uv3}> pmoys am 3y [/

SIYJ* uInjed

YJopoNgLIND 3P = 1IND

{()opoNgI00H 1P = 300X

{srergnug

anzsuajur //

Ndo/Rowaw 00y 29 pybruw sa47 aurgua 21yy burvondas [/
Jopus buypawsos 4o bununoo a0ussafos pasu [/

2243 Auvuzq o) 4of Aiowaws pazvao)p swvs [/

2y} «of sawy 2ydunusL Pajvd 9q 03 L0gONUIsIP [/

oYy asnoo pm Juawubisso fo adfy suyr [/

{

} (3p73 3suoo sa1y,q)=103ei0do::801L,(12p 99T

*(syessaul

{()epoNgUIND 1P = 1IMD

{()epoNgI00H 1P = 3001

anwsuaqur [/

Ndo/fuowdus 00p 29 pybrus 29.9 a413us ay3 burovordas [/
Jopuizs buyyrawios 40 bulgunod souaLafas padu [/

2943 Auavurq ayp uof Asowaws payvooyp swvs [/

2y sof sowy Iydiynus payvo 39 03 403ONLISAP [/

Y3 asnvo Jpm quswubisso fo adfiy siyy //

{

} (3p73 3502 2a11,(1)ea1T, (91 L(

‘()syergaur

{

} (sexraseeara

{0 uingax

{0 = XpurjuIn

{0°0 = ITBAJLID

£9001 = 1INd

‘9pONg Mau = 3001
L,x\u\2\ , = seoeds
L = WIB(IRIep

{

179



«0°3dg3en, apuroutrs
<Y'qITP3S> SPUTOUT#

FIpuaY

. fug orTT dxm

STTT 19:61:6T S1/10/€66T 0°0 22°3do3ed :pIg, = PIsoix Teyd o1yess
Ul FAPUFTH

ybrsfidoo QN D Y1 2043890 -uoyounf 3doyab fo ““
uonpudwIdwy NH fo uorsson puy puv suyf st suyy [/
our 16:61:61 SI/10/666T 0°0 uosway [/

¢ ddo-ydpran :bogg [/

{

{((JroqeT+1Imo)uanjex

{

{)18rg1uno = 1md
as[a

{Oyer+1md = 1md
(youeaq)pr

{
{
‘asre} = youeliq
{()ONQLIIIY +—1IND = XPU[LID {
{()proyseay,,+—1ind - [(JONQUITY4—1INd]sul = JeA 10
} (Oproyseayy+—1ms - [(JONqIITY +1ImdJsur < TeA 11031
Josto{
fonig = youelq
{()ONqIIITY+—1Ind = XpujLIo {
{()oNquEI3y «—211mdlsur - ()PloYseIYL—1INd = JeA LD
} ({QOoNquyyy +—11n0]sur - ()plOYSOIYT,+—1Ind < JeA L)t
HOprouseryg~1md => [(JoNqII¥V ¢11md]sur)jy
HINOD == ((oNqryy +1m0)ad A1 1

‘asfe] = youeiq
as[e

‘ani = youeuaq
([QoNqr11yy +1mdlsur == ()p[oysaIy,, «—I1In2)JI
(0s1a == ((JoNqu#V +1100)edA 1, )51

} (Qomg<—rmoj)aprym
{019 = IeAID

‘youelq [00q
{()opoNg100Y = 1Ind* SPONE
} (suizg <a1qnop>103994 JsU02)3SUIYSAT,::90LT,( UL

{((Suoam+19y31r) / (Suoim)<agnop>)seo-dlje)s)uIngox
s20uDIsus payfissvyd Ajbuosm fo uorpsodosd ayy uingos [/

{

(4-+-3uoim
as[o
{4++m8u
([xpuriqi][i]sesp == (([1]3esp)Isulreay = ¥))31
HA+1 {(Jezisresp > 1 g = 1)aog

180

‘g - (Jozis'[o]3esp = xpuriqy yu1
{0 = Suoam ‘g = 31 ‘1 Jur

} ()3eg8uuresyssar,::ee1L,( 21qnop

{

{(()1eqerT+—1Ind)uangax

{8y +—1md = 1mo ¢
as[a
{()goT+—1Ind = 1no
(ueig)t

fasTe] = youelq
as[2
‘an1y = youelq
(()proysery,[,4—1md => [(JONQLIIIY —1INd]sui)zr



(proa) () xogeaado::ndoien
jur

[* 20090 ‘YAAHO NI'NHALAY
IM0QD SJUIWUL0D DY) 335 “SJUBWII-A DYV uodo-uou
a2y busppuoy
Jo poyraw yuataffip v sysanbas 11 ¢ = YNM S35 ONTHISLJO Ir

- Bapydo, ur pausnios s g2
‘QUAWINI-A DY Y TUSLIND Y] UL 1T} ST 249Yy] f1 ‘Bup jpuorpdo uv spuvm
10y} uo23do uv uvVIW SU0)0? omJ, -buvido, UL PaUINIsL ST QUPUWII-A DYV
buzmoygjof
9y f0 1T3] Y] 40 “QUIWII-A HYY WS Y3 UL 123 Fuimojjof ayy os
‘bup
UD SJUDM Y3 SUDSW DY) ‘U0j0d D fiq pamoyjof st HNTHLSLIO Ut 40Y2 D [

" d¢ UL 11238 2m nq passaiddns st a6DSSIWL L0LLD Y] ‘0437
07 4s33do, 398 nof fI -36vssaW L0445 UD bunguied L2V 5, UINIIL
‘ONIYLSIdO Ut pa3sy] 30U 51 30Y] udds st 4210040Y0 uondo uv 1

- buv3do, ur pauLngaL puv

‘Quawap-A DYV burmoqof sy wolf 40 WUIWIP-A HY Y JUALLND

ayg fo 3594 2Y7 woLf uayvy S1 JuIWNOLD Y] “JuUIWNLLD UD SJUDM DY)
©071d0 uD S1 42300L0YD SNOWNALA Y] DY) SUVIW HNIHLSLJIO Ut u0jod y
*S4230040Yy0 uo1pdo owbay 3y furuivauod buiuys v st HNINLSLIO

(1571 2wo0 mou suordo Jou 3.4v JDY) 3S0Y] VY] OS

papnuiiad u33q 200Y SJUBWII-A DY Y YL) "uondo uv jou sz oy}
udwWaP-A DYV 154 ayp Jo ADYVY i Tapup ayp st puydo, udyf,
" JOT, Suingas 3d03ab, ‘sua30040Yyd u023d0 40W OU UV 242Y] [T

UIWIB-A DYV L0 427004010 uowpdo buimoqjof ay3 yum uvos ay} IWnsaL
up2 3do3ab, 03 1100 TaU Y] DY) 0S ,UDYD}TIU, puv ,purido, buipppdn
497004DYD J0Y) SULNIAL P ‘42JODDYD u0do La1yjouv spuy 3do3ab, [r

*SquUUIa]? u0do aYy) fo Yovo woLf

$.4930040Yy2 u023d03Yy] Jo yova Rjan1ssadons suanjas 31 ‘Aypajvadas pajjoo si
(140126, [1 "54230040Y2 uondo 2.4 (,-, (DUIUL Y} WoLf 2PisD)

JuUawWad Sy f0 §.4930040YD Y, uawad uodo uv Si 12 Uy}

~=I: 40 = hﬁuﬁ.&v jou s puo m = Yurm s}vIs ADHY .\Q W3 UD .ﬁN

"ONIYISIJO up udnib
8493004010 u0rdo sof (DOHYY st yibua) asoym) AHYY fo sjudwae uvog */

‘purydo = jdououyse|
{(ydouougse] - punydo) =+ jdouou-jsiy
/* “fidnooo mou suondo-uou 213 sp0is sy} 4of spLodas awpdn */

{(azis~sydouou
‘[1douougse] - pundo + jdouougsiy]aBrezy ‘dure}) Adowow
{((x xeyo) joazis * (3dououyse] - puizdo)
‘[9douourysiyjaSrezy [1douocuyser|adrezy) Adowawr
{(az15~s3douou ‘durey ‘[3dououysiy]a8rery) Adowsw
/* abup ur vIvp fo syd0}q omy 2y} buvYILBFUL */

!(ez1s~s3douou) eso[e (++ Jeyo) = dwajxx Jeyd
{(* xeyd) joazis x (ydouourysiy - ydououjser) =
azissydouou Jul

}

(A8zexx xeyo) aBueyoxa::ydOIen
proa

‘FLAWNYHJ = SuLepio
Um—w
“YIYO HYINOAY = Sulepio
(0 =i (+¥IQUO"NOILIJOXISOd u) AUSYRS) 31 @s[a@
YATYO NI'NYNLAY = Sulapio
(.~ == [0]3uLnysydo) 31
\* suoypdouou puv suondo fo buriapso 9y} ]puUvY 0} MOY FUIUWLLII(T *\

‘0 = Ieyosxau = Srejdo

{1 = pundo = jdouou-yse] = jdouou-jsiy
‘Surnysydo = Buirgsydou

ta81e = AS1eu

to81e = o31eu

[* “fdwa s1 spuswapa-A DYy uondo-uou
paddiys Asnowausd fo a0ouanbas a1y !(swou wosbosd 2y) st

UGWBI-A DY Y 20UIS) T JUdWI-A DYV ypm suoydo buisssoosd 14018
“IPOW ST JJU0 841 BY] UIYM DIDP JPULIIUL Y] 923Ul */

{

}

(1) 1199do :(Burnsydox xeys ‘ASrexx xeyo ‘ofre jur) 3doren::3doren

181



L uangax
{
(3 ‘[p]aSreu
‘au\2%-, wotido pezruBoosarun :sY,, ‘119pjs) Jyurady
as[e
¢(2 ‘{o]adreu
‘wT\0%0 spos Isjoereys ‘uorydo pezruSosaimm :sY,, ‘1iop3s) jpuridy
(2210 =<2 | 0%0 > 2) ;1
Ho =i 11:9do) ;1
vﬁnnn == __ == QE&av I

++pungdo
(0 == reyoyxaux) Ju
[* 42300200 35D] $32 $5900.4d 07 14075 M UIYM ,Ppudo, FUIWILIUS */

(o ‘Bumnysadou) yoays = durags Jeyo
{t+4reyojxeux = o Ieyd

}

/* “4a3000099-u0yydo 1z9U Y3 2]puUvY PUvV 0 YOO */

{

1 + [pundo]aSreu = TeyoIxaU

/¥ 'S1270040yd Sy bupoodp 140G
uawaa-A HY V-uoido sayoun punof aavy ap */

{
{0 uanjax
{{++purzdo]aSzeu = Srejdo
(IOH uangaax
(QHQEO™FUINOTY == Sul1epI0) 31
Ho == [t][punido]asreu || -, =j [0][putsdo]adreu) 31

[* "fiq 12 ssod puv 42]jvo Y} 03 11 3qLLISIP L0 UDIS Y]} dOS LY
‘32 agnwsad j0u pip puv uodo-uou v 0} wod a0y am fI */

LHIOH uangax t
‘qdouourysiy = purgdo
(3dououryse] =; jdouou-ysxy) Jr
[* “wayy 18961p 1pm L3700 oy3 os ‘paddiys Asnoinaid am 10y
suondo-uou 2y} 0 usod 03 Tapur-6uv-1T2U Y] 135 */

}(281eu == purydo) jt

/* ‘paanwsad puv paddiys am poyp suoydo-uou Aup 4200 yoDq puv
uos ay) dojs ‘spudwale-A DYV Y} 10 uop vy am fI */

{

‘o8aeu = pupdo

‘o8reu = jdouougse|
‘purydo = jdouour9siy
(1douou-yse; == jdououjs1y) J1 as[a
{(a81eu) a3ueyoxa
(pundo =j jdououyse| 237y dououyse] =; jdouougs1y) J

++pundo
}(u--u ‘[pundo]aSreu) dwoiys; 2979 o8reu =j puido) Jt

/x -uondo-uou v ayy aspp Suryfisans diys uayy
‘uopdo uv auom p f1 sv suorndo-uou snoward ypm 36uvy>TI UIY]
‘uonpdo jynu v 2y 1 diyS

suoydo fo pua aunjpwasd suUvIW —, JUIWIP-A DY Y 19102dg *x/

‘punpdo = ydououyser {
*+-+pupndo
({0 == [1][pundo]aSreu ||
- =i [0][punsdo]aBreu) 7373
o8reu > pundo) ajrym

/* ‘paddiys fsnowaud suorydo-uou fo abuvs a1y pusiTs puv
suonpdo-uou puoruppo fiuv diys mop */

‘pugdo = jdouou-ysay
(punido =; jdouougser) 1 as[e
{(aSreu) a8ueyoxe
(pundo =; jdouoturysey zpzg 9douou-gse] =; ydouou9siy) Ji

[* -3s43f 2woo suondo a1y oy} 05 WwIY} 26UVYITI
‘suoipdo-uou
awos bummojjof suorydo swos passasosd snf a0vy am ff x/
Harawyad == SuwepIo) jx
Ho == reyogxoux || g == Ieydsxeu) J1

}

182



gb607¢ *

*

000¢ 78 44y uoW wod vsnvidYypoe oy uvaol — ddo-utows */
“x D -k \M

‘sodu::Suiiys uangag t
} oste {
‘1sod uangaa
} (sodu::8urrys =; asod)Jr

¢(()ozIs'uaoy ‘1+(seoeds)jo-j0uUT)SE[-pPUL USNO})OSEID U0
¢((seoreds)jo-10UT9sIy-puy-UNO) ‘())oseId U0}
{(1sod - 1sod ‘{sod)aysqns-is = U0}

{(1sod ‘13guurpap)jo-isigpuy-1is = isod

‘sod = [sod
as[e
{I1+sod = jsod
((sod ‘1yguurpap)jo-isiy puy-1is == sod)J1
4300 dwnf ‘4a31WYdp D St 4270040y I543f Y1 fo [/

‘1sod ‘isod ad£y-azis::Burns
‘ngdws Suins
{(wx\u\3\ .)seoeds Suugs
} (uexo32g Sunys
‘1yguIlepzy Suuls
‘13879 Jurigs ‘sod adLy-ezrs::Sutnys)usnoyjon adLyazis::Sulns

fJo paddiiys aup saovds apym buposy puv buipvag [/
Pa3ODLIT? UPYOF 3SD] Y] ST 11 fu sodu::buays Lo uayoy [/

172U 2y fo uompsod 2y} 51 INIDA UMDY -uUIYOP buss UL |1 uLngoL [ [

puv sod uowpisod ay3 19 buzpuvys buzils v wouf usyoy v 3904332 [/

«ddq-spas, spnoutrs

FIpusy
{,$IopRaHE, = PISOIx Jeyd d1je)}s
Jul] FopPuUFTH#

/*
gborg *
*
0002 @ fiopy anf woo-vsnoRYIpIy oyl uvnop — ddousyorisn x/
- 4D * [/
{
{
0 uangel
{
{
{0 = Teyojxau
{[++pundo]a8reu = 3reydo

[* "ruswnbiv sv 3§2-A HYY 129U buiyny usym utvbo 1 FUIUWILOUL

‘oouo  punpdo, paguswasour fipoauio 3y =/
aspe {
mhﬁ.-n =9
{(o ‘[0]aB1eu
‘yu\uorado ,2%-, ToF jueumBre ou :sY, ‘19p3s) Jpuridy
(0 =i 1197do) JI
}(o8reu == pundo) j1
aspa{
‘++pundo
/% ‘mou quawa)e JTIU 1Y) 07 IUDAPD ISNUL IM
‘61D uD $D 3sa4 2y3 buryvy fiq JUPWII-A DY Y SHY) Pus 2m [ x/
‘{reyojxau = Sreydo
}(0 =i Teupyxoux) 31
/¥ “quswnbio up saunbas 3oy) uondo uv si sy */
Yospa{
{0 = Ieydyxeu
‘0 = Sxeydo
as[a
{
++pundo
‘{reyogxau = Jxeydo
}(o =i reyorxeux) Jr
/* -Rjpouorydo yuswnbiv uv sidasov joy; uonpdo uv 51 Sy, */
Heo == [g]dwes) 31
Heo == [1]dwasy) 1

{

183



«ddy- spas, epuroury taa89%, + o rinduy = o[111s9], Julls
LTTRC W + o gandul = s Jele(IlY Juriys

JIpuUSs tyeaept, + opiginduy = syl gereq Suwls

{u$XepEINS, = PISOIk JeyDd DIje)s ¢ saweut , + o ginduy = o[ gseuwre)N Suls

JUI[ FIPUITH sazmffns apvradosddy puv wags swos ayy aavy sapf nduz ayp o //

/* {9899 921,

gbogg *
* {
0008 g 4dy uopy wod vsnopYIRIYE oYf uveor — ddo-urous x/ TN TIVA LIXE)1xe
-%- 4+ -*- [/ {(aSre ‘o3re)dpysuondoien
wﬁ:o.no.ﬂ: == wﬁmmaﬁQGHv.«m
{ {(ur)ortginduy Surys
{0 uanjaa
{(aSre ‘o8re)suonndoien)
‘Ipue
> (()opoNg100y 1501) YS9 1501 3> , ST 9813 3Y3 Fo 3YSIeH, > N0 ‘asTey = WO}
‘Ipud

3> whe > 181>, = seouweqsur 38s JUTUTRIZ POTFISSETISSIW, > azwu fasre] = wIoj

¢()1eg8urure1y,1s91, 1593 = 183 S[qNOP ¢ ouou,, = jnoddd

, ¢, om0, = MoJ

) { ¢, ouou,, = Uy
¢()asora-soddd }
{(an1y ‘soddd)esiDIulIJ 1593 (aSresx xeyo ‘081e gur)urew jur

{(3no::so ‘()a3s~o'9MIdJD)soddo wrearysy

} (womow,, =i apIAddD)IE (ddy-eexyq, apnrouts
{(anoddo)ertgddD Sulns ddy-epoNg, spnTouT#
{ «4"3d0390, epnIouTH
} (souou,, =i aq1qe0417,)31 UI9}Xo Fopuny
{(moyg)arigea1], Surrys (ddy - suxaixe,  apnouUTH
IDULLOS [DULIIUL UZ 324 PAUIDL] Y} DS [[ UIDIXD SUTFOPH
{()urexy, 150y ddy- spas, apnyoutg
f(waof ‘mos)vyoqIUsg-1say// FIpUSH
‘(a1 YR ) RYR(JOSIR ] 1S9 {$IopROl$, = PISOIk JeyDd dI1jejs
{(ussof “‘4noo)sowopNIULLT 1592/ [ Ul FJOPUFTH#

{(ar1359UIE N )Soure NasTe 1593

/x

184



0008 72 44y uopy woo vsnoay1nIys dy uvaopr — ddo urow */
S5 k) x /]

{

‘0 uInjaax

‘PUS 3> WYn >
0°001*(3uoim+9ydum)<ajqnop>iseo-olress/ (Suoim)<a[qnop>1ses-orjess
> . = 23eI 3593 PATITSEIISSTH, > N0

{
{

qpue > (JIeANID 93 > w = [u 2> ()XPUiiIn 189y > ,J0, > IN0d
LN\ > [(][fsysur > anoo
(44! 1 - (pzist[g)sysur > [{p = [ qur)aoy
{4-+Suoim
}oste {
++9ySum
}(([Jsssur)ssurssa1,ases == [xpuriqy](t]sysur)zy

-+t {Qems sysur > 10 = 1 Jur)x0}

{0 = Suoam ‘g = JySram jux
‘g - (Jozis'[g]s1sur = xpuyqy Pur

{(sysur ‘[g]aSxe)ereosred 19}

(815Ul < <B[GNOP>>I0}I9A>>I0IA

{

{()asoorsoddo

{(enxg ‘soddo)eas DIULI I 150}

{(3no::sor ‘()nso-arIddD)soddd wearysy
} (womou, =j oL 1ddo)n
{(anoddd)anIgd gD Sutns

{

} (wouom, =j eq1geo1L)31
{(3n0g)a11 30017, Surrys
FOWLLOf [DULDIUL UL I04] PIULDLY YR onvs [/

{()urexy 9899

f(wsof “mod)vyoqrutsd 1591/ /
(311 gerRQ)RrR(asIR 159)
{(wsof “moo)sawoNIuLLT 3597/ [
¢(oT1,I591rR N )SoUIR NISIR " 1S9

fu3sea-, + o gInduy = o[1,39s9T, Suliys

TRy + orIenduy = sy qereqry Sulags

faeaep’, + o[ JInduy = s gere( Sulrls

{useweu- ,, + oL qInduy = syl Isowre) Jullys

sazffns 9v14dosddo puv ways swws 21y; savy sapyf mduz ay3 1o [/

N 19891 9211,

{
{TINTIVE LIXH) 1%
{(aSre ‘o8re)degsuondOren
}(wowouw,, == aqynduy)z
(uy)eqginduy Surnys

{(aS1e ‘081e)suonndOren
fas[e] = wioj

‘os[e} = uII0j]

¢t ouou,, = noddo

{,9uon,, = 1Noj
{,ouou,, = ug

}

(a8rexx xeys ‘o3re jur)urew jur

(ddy-eaxyq, spnrouty#
«ddu-epong,, spnrout#

«U"3do3en,, epnyout#
uJ9IXxo Jopung

«ddy- suzagxs  apnyoury
UJID)XD SUTFop#

185



gbotg //
/*

<NP3 IUIDUL DI ISLOWPIUL> *
3661 T PO pom *
00 -suonpdo/yoads /uud/uu/ou/:2 oyrr — */

{

{0 uanjex

{Ipua > ,soTdwes 3se3 %, 3> N0Od

(0001

* (Jy8um + Suoim)<a[qnop>Ises-oie)s/(Suoim)<aiqnop>1seo-dryess)
2> u POTITSSBIOSTH, > 10D

{
H++ySum
os[o
‘{4+4-3uoim
([xpural[tlsp =j sp)x
{([1]sp)eazLp = sp
Y41 {(Jozissp > 1 {p = 1 Jur)a0]

{0 = Buoam ‘g = ySum ‘sp ‘g - (Jezis [g]sp = xpurq[ JuI

/*
{
fipud >> 1moo
{1\« m02)<21qnop>ioqvsep-woauzso ‘()pua-fijsp ‘()uibsq:[ijsp)hidoo
} (++2 f()pzs sp > 1 g =2 qur)uof
«/

{()198d 1593 = P < <OIqNOP>>I0JIA>IOFIIA JSUOD

f(waof “mood)vyvqiussd 1891/ /
‘{(aq1qRIR( YRrR(qosIeq 1593
f(wsof “moo)sownpruntd-3say//
‘(311 50UrR N )SoUIE NaSIR J"1S9)

Laas03°,, + o Iindur = 9149897, Sulns
‘WITe" . + opgindur = opiJere Iy JuLiys
fhesepr, + o ginduy = oqrgeye Surys

tuseureu-, + auginduy = oy JseuwreN Surrys

sazffns aviedosddp puv ways awws 2y anvy sapf mdug ayj 10 //

1899 9911,(I

{
(FUNTIVE LIXH)Ixo
{(a8rxe ‘o81e)djepsuortdlen
}(wowou,, == s gindur)pt
{(uy)erginduy Suirys

{(a8re ‘o8re)suoridpren
tasre] = wIoj

‘as[e] = w110

¢ ouou,, = jnoddo

{,ouou, = Jnoj
{,ou0u,, = Uy

}

(a81e*x xerdp ‘o3re jur)urewr jur
{(29 <OIQNOP>10129A JSUOD)IAILP FUI UISIXD

«ddu-eax1q, epnIouTH
«ddq-opong, epuTouTH

«U°3dpaen, spuTouT#

\ UI9}Xd Fopung
ddy- suzazxa, epnrourg
UJIIIXD SUTISP#H

«ddy-spas, epnout#

Frpuay
‘$I8peal$, — PISOIx Jeyd DIJe3s
Jul] FOPUFTH

/*
gboTg *

*

186



{JUnod1 ‘unoop Jul
‘9201 = HZIS NI fur 3suod
}

(sysurzp 3suod Juuns)ereasied: 99 ], Jul
«ddy-eex1q, spurours

FTPUSH
{u$I9pRAHS,, = PISOIx Jeyod dIje3s
Jul] Fopuzrt#

/*

gborg *

*

<grodosro@oyr> *

6661 33 dog pay — ddo-vpoasivd */
4+t -+ /]

{

{
{FENTIVA LIXH) X2
{(a3re ‘o81e)dpgsuonidolen
;Y 9sed
tj 9sED
yesaq
‘anaj = wIoj
1 J @sen

0 = [PULd}T? ‘1 = usarur powsof ndmo [/

‘yeaaq
(81eqdor9dote8 = noddd
2D, 9sed
10, 9sED
yeaaq
{8reqdo-ydole8 = nog
:,0, 9s€D
2O, @sed
apf ndino [/
yeaaq
apyf sou300 abuvs [/
{ Yeaaq
‘{xejdor3dogal = ug

: I, 9sed
: ], @sen
apyf s4o0p090 uzpwop [/
}Haeyo-uorydo)ysyims
(d30d =i (()1do9s8 = reyo-uorydo))eriym
treyo-uorydo gur
{(uéiqzo:pFd:TiI0:), ‘aSre 81e)1dogad 1dQ1eD

}

(ASxexx xeyd ‘o8re gur)suorndpiad proa

papadu $24n30n43s v0p [/

3y} S$2zYDIIUL PUD UL puvwwod a7 sassod ()suondpipn [/

q

{[pud > , -o8essom STY3 SJUTI] > .u/h > 1180

é=u
Ipue > ,'uorjejussaidax ejep Teurejur jutad F-, > 3\, > 1182
‘Ipus >
u UoT3RaUasaxdex 9813 ++D a3 ST <BTTF ++2> 2-4 > A\ > 1190
[
‘[pua

> 4°9TTF 3ndino @8I3 UOTSTIO8P 843z ST <OTLF P> O0-, > .u/, > 1180
‘Ipud > ,°aTTE 3ndut oy3 st <orrF ndur> T-, 3> 3\ > 110
‘Ipud >, :sT Sutuesw aysz
pue 2339 Te3tdes Io [TeWS IoYsTe aq uwed SeTy ® sIoyUM, > 113D
‘[pue > 1180
fni- <oTTF 3ndzno> o- <TTF sndur> 3- , 3> [p]adre > 1190
‘Ipue >, :a8esq, > 1190
‘Ipud > 1190
(aSresx xeyp ‘o31e qui)dpygsuondoren Eow
sabossows [/
butusom 40/puv (;- uondo) dpy no syurd suoyounf Guamonof vy, //

«ddq- suzagxa, spnrouts
«u°3d03en, spuiouT#
«ddy-spas, apnyoutry

FTPUSH

M:anw: = PpISOIx xeyd dljels
I FIpuUITH

187



{(urzsor ¢()13s~0s3SUI) 3P WIRDIIS)
‘sogdury adAy-azis::Juiiys
YAZIS N'T)oAI282I U3

{AZIS NT)eatesa1 195U

fusy ‘13gur Sutrys

{715 NT]u TRy

{qunoost ‘gunodp gur

$g01 = HZIS N'T jul gsuod

(337
< <3[qNIOP>I0199A>I0190A ‘SISUIZY ISUOD FULIS)BIR([ISIRJ: 931, Ful

{0 uanjax

{

{4-+4-9unodr

¢(unoor)yoeq-ysnd- [3unoat]jasp
pua oy  paysnd s1 1 “‘pybrosgs sdow dasy op /]
saouvIsuL 3y yum ob o3 spadu Tapur ouvisur //

¢([uxa]surgsserd)yoeq-ysnd-[junooi]jesp

{
‘++Junoop
¢([ux3][3unoop]yurgigye)yoeq-ysnd-[3unooi]yesp
9294951p [/ aspe
{({Oays~o uxp)Jore)yoeq ysnd-[yunodi]jesp
snonunuod [/ (LNOD == [yunoop]sadAy)zr

} (sodu::8uys

=i ((wis ‘nguupep ‘118y| ‘sogJdws)usyorjen=sogdus))arym

‘0 = junoop

{(()<e1qnop>10303a)yoeqysnd-josp
{0 = sogduy

¢(sogdury-()ysSuar-13suy ‘sogdury)esere 13gu]
{(19gwI9g)j0-9sRr pUy HygU[=sogdur}
() wopusuriay vyop fo dugs [/

{

‘fenurjuod

} (| == [o]ugupz
squdWWod Ul djoYym Lof y2oyo [/

{(()usSuar 11guy ‘1+(seords)jo-jouryse[ puy-13Sul)esere  13gU]
¢((sooeds)jo-jougsIy-puy-I3gU] ‘Q)esess 13Gu|
saoods apym Buigosy puv burpagy ayp fJo dwgs [/

‘anuijuod

(sodu::3urys == (sededs)jo-j0uU)SIy pPUY IISU)FT
sauz figdws asouby [/

ful = 138u]
} ((1-2ZIS NT ‘u)eurpied-ap)orium
{0 = unoot

{
Y(1-)mxe
‘Ipud > ,"Burpeax xox , > ssur >, :uedo gou prnoY, > 119D
pud > THNIT ™ > w  (OULT 4 3> “HIIL > o 0TTdy > 1190
} (wpi)p

jio4ay suondaaza asn pinoys [/
{(ur::sor ¢()13s~0"s3SUL)IP UIRSIIS)
‘sogdury adAy-azis::Bulns
(AZIS™NT)eates01 W}

{(@ZIS N'T)oaIes01 115U

‘uyy ‘1pguy Sutns

{az1$"NTuf TRy

188



fIpue > ¢ > [[{][1]sesplsseozrur > so {
os|e {++4qunoop
‘pue > > [([t]resp > so {([usty] [3unoop]yurgasye)yoeq ysnd- [junodi)ssy
(reursyur)yr a1a.051p [/ os[o
as[d {(((aasouwxqa)jore)oeq-ysnd-[junooy)3sy
snonunuod [/ (INOD == [junoop]sad£y)yt
> [M)sesp > so
‘ as[@ } (sodu::8uns
L ([ [sesp][(asrezur >> so =i (w3 ‘ngwrep ‘agul ‘soJdwsy)usior1en=so0Jdws))a s
agau081p [/ (LNOD =i [(]sed &)z
as[o {0 = junoop
L0 > [M[iesp > so {(()<arqnop>>10309a)3oeq-ysnd-3s3
(reuagur)yr {0 = sogdury
((z-Qpzs[i]aesp) > Dt
(4441 - ()ozis [1]resp > [ ‘g = flaoy {(sogdun-()ys8uar-1igu| ‘sogdury)asers-1iguy
{(a3guray)jo-yser puyngu=sogdury
FTpust (") 4ouruiiay viop ffo duys [/
m: a > ﬁH - Avamm.Tqumﬁa Haawwmv > 8o
DNIHQ FoPFTH {
‘fonurjuod
4+ {Qpzisgesp > 1ip = 1oy } (e == [o]n3sun3t
TopuL 2IUDISUL Y] ST UWN)0D 15D] Yy} [/ spuwwo0 auY sjoym Jof yoays [/

{(()qr8uar-nigu] ‘1+(seords)jo-jouriser puy I3Su|)aseIo 19Su|
‘1 qur ¢((seoeds)jo-g0ouT3sIy-puy 1ISU] ‘Q)osera 13Su|
saovods apym busproly puv buipoa)) sy ffo duygs [/

}
(Teusajur [00q ‘SOz WEAIISO)RIR(JIULIJ: 99T, Ul ‘onurjuod
(sodu::8urrys == (seoeds)jo-jour)sIy-puy-I3Suy)Fr
souy figdwa asoubs [/
{ tup = 198U]
{0 uanjaa
( } ((1-Ez1s™NT ‘ur)aurses-ip)aqrym
{4++7unoot {0 = Junoodt
{(3unoor)oeq ysnd-[1unoot]sy {
pua 21y o paysnd s 32 “pybivyys sdow dsay 03 // Y1-)x8
$20UDYSUL 9Y] YpMm 0of 03 Spau TIpus duvIsuUL [/ 4pud > ,*Surpesx zox , 3> sjsur >, :uado jou pInoy, > 119
qpUa 3> THNIT™ > u  9UIT o 2> "HTIIL > W :9TTd, 3> 1130
{([wops]aurgsser2)sqoeq-ysnd: [yunoor]isy } (pidn

i+ su013da0zd 2sn pmoys [/

189



‘as[ey = SSVIO

‘wy = [[qIsse[d]ssegIul
‘[q1ssero = [wigjyurgssep

{

{(uy ‘niaguuarpep ‘13su] ‘soJdury)uenoy e = soJdurny

++1q7ssep
‘w3 = [[q7Tsse]ssegul
‘1a71ssep = [wiyyurgsser
} (sodu::Suwnys =; sogdury)errym

{(wyy ‘ryguiep ‘1igul ‘0)ueoLeD = sogdury

} (ssvIO)!
$12qD] $9ssDJO Burpvas [/

{(sogduny-()y38uar-11gu] ‘sogdury)esers- 18Uy
{(13guLray)jo-)ser puy-rgui=sogdury
() +owurwiay vop fJo drygs [/

{

‘enurguod

} (| == [o]nsups
SudwUL0d Ul IjoYMm Lof y3yo [/

{((Oqa8uar1yguy ‘1+(seoeds)jo-jouiser puy 13gu)asera 1guf

{((seoeds)jo-1ouysaypuy-13Su ‘g)esers Iiguy

s20vds apym buiprosy pup buipoay) ayy ffo diugs [/
‘onurIjuod

(sodu::8uiays == (saoeds)jo-jou-1sIy puy IISul I

sauy Aydwa asoubs [/

fur = 18u[
} ((1-"Z1S NI “ur)ourios- uru)arrym

{

{(1-)axe
‘[pue > ,-Sutpesx xoy , 3> sewreu > , :uedo jou prno), > 113D

‘Ipus > TTENITT > o PULT o, > THILT > W 8TTA. > 113D
} (wry)p
jiadoy suondaoza asn pmoys [/

¢(ur::sor ‘() 13570 SoWIRU)WIU WIRAIIS]

{FZIS™N'T)oAI0801 133
{("ZIS N'T)eatesar 13gU]
‘w3 ‘aygur Surngs

‘sogdwy ad£q-azis::Buriys
‘U I3e <JUI>I0309A
{0 = unTe ‘0 = [q-ISseo jut

{{=EZI1S NT]ul Teyo
fen1} = §SV'IO [00q

%201 = @ZIS N’ Jut 3su0d
}

(seureuzy 9suod SuLIls)soureN9SIRJ: 9L, Ul
“suoysuyfep sjqowion [/
2y s Jpam s uy 976uLs Y3 uo v sppquy //

«ddu-esx1q, opnrouT#

FTPUSH
!, $IoPROHS, = PISOIx JeyD DIJe)s
JuI] FOPUFTH

/*

$bo7g *

*

<grodosogoye> *

6667 ¢ dag ung — ddo-sowvprasing */
0 /]

{0 uanjax

{

190



{ {

{
> 80 {
os[o ‘+jupre
qpua > /> so
((pua-[1jnyyegiur == dsgi+-+)51 ‘g = [[jupsefsupyye][upre]nyegyut
{puodes<—-dsgl >> so {runre]iuniye = [uyg][aupye]jurginye
as[a
Y4say+—dsgzt > so {
(reuragur)jr
e pua-[fliyeggur =; dsgr ¢()urdaq:[1]xyregiur = dsgi)aog (g ‘xpgurrep ‘1ygup ‘sodduny)uajorjer) = sogdury
tua\:a 2> [fsquge > so 44 [rupre]rupnye
fwiy = [[3uprelsupaiye]Jupre]nyegiul
} (41 ¢Qezis'sqinge > 1o = 1)a0f {3upyelyupnye = [wiy][Jupie]yurgriye
‘Ipue >, : somyea arqrssod Y3TA S8INTIIAY |, 3> SO } (sodu::8uins =; sogduny)aqym
N { {
(o> s0 ‘enurquod
as[o ‘++uDge
qpua > [pue > . > so LLNOD = [1uDte]sadfy
(()puarssepgyur == dsgi++ )31 ‘wyy = [[3upyelsupasye][3upre]nyegiur
{puodss«+—dsgl > so frupye]inpaye = [wiy[jupyeliuiziiye
as[@ 1- = [upre]upiyye
‘4s1g—dsgr >> so }(sodu::8urns =i (,snonurauos,, )puruy )y
(reuseyur)zr
}H ¢ pue-ssepgiur =; dsgz ¢()urdeq sseroziur = dsgr)aoj ()< <gur>ssoy ‘Sutnys ‘qur>dew)yoeq-ysnd-1yyegiur
()< <Buurys>ssaf ‘qur ‘Suns>dew)yoeq-ysnd-jurgire
‘Ipus > [pua >, : sassser) |, 3> so

{wy ‘ngurpp ‘3gu] ‘I+sogdwy)ueoI e = soddury
{dsgt 103R1001:: < <guI>ssa] ‘Surrys ‘qur>deur::p)s -asowhiun [/
Ja93us213p Y] 30U St youym ;. 4300 dwnf s1 [ fo 1s5ffo zapuz [/
1 qur

{(pSIa)eeqysnd-sad£y
} {(0)eqysnd-yup e

(reuagur [00q ‘S02p UIESIISO)SIUIENIULLJ::891T,(] FUl
{(uq1)soeqysnd-sqriyye
{(wyy ‘wirpp@rize ‘NgU[ ‘Q)uaoLIeD = soqdury
{ uou Qo 241 396 [/

{0 uangax "pauvds 2.9 uoydiiosap ssvpa [/ } espe {

191



fonay = 91
pud 3> W (u >
(prouseay <1 > » => [u > (ONAMIIVI > wJ0)u 3> uITy > SO
(ILNOD == ((JoNquUIry +1)edA 1))

mﬁmunm Vv .-ﬁ: Vv
(Oproyseay <1 > « == [u > (ONQHIVI > 110)u > uITu > SO
(0s1a == ((JoNqu3ITV3)edL1 )i
L o> so

(++1 41 + (ezisryged > 1ig = 1)Iog
‘Ipus > ,0s5T8,, > SO

}espo {
HPUS 3> W (a >
Oploysag,+1 > . => [ > (JONqUIIY+I >> 4]0 w > oI, > SO
(LNOD == ((JoNqu1V+1)edAL, )
) ‘PUR 3> w(a >
(poussayr+1 > « == [u > (ONQUIIVI 3> w10 u > uFIy > SO
(0s1a == (()oNqHIy +-3)odAT )31
} (wm
o> s0
(++1 {(Jezis'yyed > 1 g = 1)a0}
} osta ﬁ
‘aste] = U1
{
‘PUd > o (w > ()19qRTI1 > ,)uInzex, > so
o> so

(++1 41 + (Jezisyred > 1 ip = 1)aog
‘Ipud > @519, > SO
} aste
qpue 3> ¢ (> ()1eqeI+3 > ,)uIngax , 3> so
(unat
o> so
(41 {()ozis'yred > 1 {p = 1)a0]
} (Qpmg«y
{()dod yzed {()doyyyed = 3
} (O4rdusyged;)arym

‘Ipud > :v (D% 23suod <BTQNOP >I03D9A)83ILP UL, > SO
‘IpUd >> [PUd > ,!pas odedsoweu Sursn, 3> SO
‘Ipud 3> ,,<I03034> apNIOUTH, > SO

‘pud >> [pud
1995 oy3 WoIy ST oTTF Bururexa ayli\, > so
IST OWT] PUB 93BP 3USIIND oYIl3), > so

VV ..\*d../: VV E@ VV n
{(rowrzg)owyo > |,

:£q peonpoad sem arty styrz\u\x/u\, >> so
Lapvay oy no jud [/

qpUL 3> 43P >

fanxy = 931 100q
{(1)ysnd-yyed

‘yred <x apoNg>Noels
‘19ut

{()opoNgiooyg = 3
(TIAN == W3

{(roury2p )aury
{Ioway) JroumIny

} (2+ apoNg ‘Teuretur [00q ‘SOZy UIBAIISO)08IT,HIUNIJ::9LL,( PIOA
*§019519038 SD J1om $D 9943 2y} Jo suoyviuasaidas 1739/jvo2ydosb snoziva [/
27w49udb 03 Aisva 99 PMOYs Jt Inq uA[fip Sy} 03 anp Pavdydwiod ooy [/
fiqogosd st 3p0d buvLIUIL) U0IDIUISILADL DIDDP (PULIITI PuD JoULIIUL [/
3D 249Y) 10y} LaQawdy ‘9243 v Jursd 03 moy fo adwivza uv snf 1 swyy [/
"[0SL20DLY 92.4qNS P0184RBL-UON [/

ddq*sex1q, apnTouTH

FTPUSH
‘h$IopRalS, = PISIOIx Xeyod JIje3s
jur] FOpuUFTH

/*
gboTg *

*
000 80 1y o1 wod-vsnogaY@IYL Y[ uvaol — ddd LU */
= ++D -+ [/

{

(S0 uanjex

}

(3p29 9suoD val],(q ‘S07p WIeaIlso)>>aojeradozy UIRdIISO

{

{0 uInjea

192




FTpusy
L $Iopeal$, — PISOIx Jeyd dIye;s
Jul] FopuFTH

/*

gboTg *

*
0002 8T I L wov vsnvpYIQIy 24 uvaor — ddo-gqrnds */
* 4D - [/

{

{0 uanjax
{3001 = BpoU~9aII* SPONH

{

{(1-)3x0

‘Ipud > 13sd > ,, :Burpesx zozy uado jou pINoY, 3> 1190
} (z3s3sdizr

{(amo::sor f()ays—o-y3sd)aysysd ureaxssy

} (335d2y 9suod Suunys)ygdenes::eai( Ul

<1 3sd 13T, epuouUTY
«ddy-e911q, SpPnTOUTH

Frpuag
{ $IOPROHE, = PISOIx Jeyd JIje)s
jul] FepurT#

/*

gborg *

*
0008 ¥ bny w4 woo-nsno1ayi@oy: oy uvaop — ddoisg =/
* 44D -+ /]

{
{
{

{()dod-yeqgr {()doypoeig] = pu
HOAdwe yoegr)oriy s

(110N =i pu)errym {
{(yuereg+pu = pu
{(pu)gsnd-yoeyg]
}op
{()dod-yoesgr
((Mrdwaryorrgr)eriym
8.0f yov3s 2y Azdwo [/
{[[][1]seaea] = pu
Y+ Qs [iJsenea] > [ 40 = faog
} (41 ¢()szis s0ARO] > 1 {0 = 1)a0]

oeygl <* IPONE>MHoe}s

‘pux apoNg
1 qur

} (ur10j 100q ‘s073 UIEAI)SO)SAIMYIULL]::901L,(J PlOA

«ddy-spas, spnroury
«ddq-eex1q, epnTouTH

FTPUSY
LW$IopEAHS, = PISOI+ Jeyd d1ye)s
Jul] FepurT

/*

gbogg *

*

0002 IT 6ny 4] wod-osnopaylgont oyf uvaof — ddo-somnyfaussd */
-+ 4D -+ [/

{
‘Ipus > ,, ()293xIp Fo pug // {u > so

{
{
fonay = 91

{((gor14-9)uysnd-yyed
{(OwBry«1)ysnd-yyed

{

193



sploysaayy awoydnp j0u op [/
H [epurtqu)([t-+{]sasurx) =i [xpurqr]([{Jsssurx) )31
(4L ¢1-()ozis'sgsur > [ {p = [)aog
{SYSIY} <I[qNOP>I0jo0A
'9]qD2400 YID? L0f 199D U0 UDY] dsows [/
29 fipvau pinoys auay,f, “spioysatyy a1qissod fo sop0aa [/

faurry, 108 - ()300[> =+ [B301
{((1)sseTo0A P ‘()pua-sisur ¢()urdaq-sysur)ios
{()yoord = surr 3108

} (LNOD == (1)odA1 3p)3t
} (4111 - (ezise—[p]sssur > 1 {g = 1)a03

{(qunopiqr)Adoxyuy = g
(s139vy-fo~saquinu)gboy uvyz ssa) aq pmoys (fidosyusy)zow [/

{
-+ [prpuniqrl([t]sisurs)]sunopiqr
He+r1 {(Jezis sysur > 1 g = 1)10]
fdosyua jjosaa0 ayy puyf 03 papaau burypfizons [/

$(0*()ozrs*()sSRIDZIUL"IP)IUNODHOU < JUI>I0JIRA
{(0°()oz1s*()SSRIDZIUT IP)IUNODSIA < JUL>I0IIPA
suoyvInoIwI urnb uovuLLofur Lof papadu sjunod [/

‘g - (Jozis+[g]sysur = xpuyrq[ Jur
TIPUL 0UDISUL ST UWNJ0D 35D] 9y} [/

‘(0 “()ozrs (JsseIDZIUTIP)IUNODIG] <FUTL>I0309A
su03DIN0wo uwb puv Adosgus Jiano sof pasn spunood jaqoy [/

{()epoNg moeu = 1gySLr+ spoNg
{()opoNg mau = I1g1ya[* apONg
sapou uauppyo [/

busggzyds sof pasn zapuz 2jquisva 2un3vdf // ‘xpureinyeay gur
anpa bugds 2394059p 4o snonuyuod [/ ‘qndgeinyesy syqnop

“e1Rp4—pU = SISUIZy <# <B[GNOP>>I0IOA>I0JI0A

{0°0 = uren‘nqus‘gou‘ysak ayqnop
‘uns ‘ungou ‘wngsad gur
suoyvjnowo uwb //

wob ofur puv Adosyus oesno [/ {op = ureniseq ‘g'0 = J S[qnop
fddoy HSW aypuL 07 SU0LDLLIPP Lunod [/ 4N [ ‘1 qur

{ 081a ‘e=1LNOD ‘LHOIY ‘14dT ‘LOOY ‘1- = YYH} wnus
ddy o947 Uz wnud 2y} YU PIRoYs wnud sy [/

fouI1, 1,108 J-owIIy

} (3p73 9211 ‘Pux apoNg)eands 1009

*073 ‘s30UDISUL BY] JNOQD UOLDWLLOfuL JoU0PPY [/

J0f papasu s2 1p "say2uDLGqnS Auinyiod 2.4v auayy os ‘mds [/
aq 07 spaau 0y} Ipou v passod aq shompp pmoys gqnuds //

{0 = Te303 1 OO

{

‘fwns uanjed

f1]oea =+ ums
(4++1 ¢()ezis"09A > 1 {0 = 1 Jur)I0]
‘0 = wns J,

} (99A79 < 1,>109004 3suod)wng J,

<J, sseo>oreidwa)

8409920 JpowdwnY Lof 1 sy [/

{(zz <jur>10359A 3suod)Ldorjuy afqnop
392£q0 uorppunf // ddy-sseTsopp, opnrouTH
(ddy-es11q, spnTouTH

ddy-epoNg,, spuTouUTH

(ddy- suzeixs , spuTouty

«dd1° spas, spnrout#

<Y'y3ew> opuiouTH

194



upob uorpw.Lofur 3100w [/

{
{
=—{[xpuriar)([{]sssuzx)]sunogou
++{[xpurrqr]([[]s3su+)]sunopsak
}o1 == [1([Msssurs) g
H++I t()pzissiswr > [ £ = [)aog
su015309p ou-safi ypm saouvIsu yunoo [/

{

{[]aunoniqr = [(Junopou

{0 = [[Jaunopsak
H++L ¢()ozisqunonsek > [ g = [)aog
s4qun0d Yy azyvipul [/

} (++1 ‘saanyesqou > 3 ‘g = ¥y)ao}
anoa aunyvaf yova Jof [/

{Opzis 1] ()uIgIav-Ip = saanjyeajou juy

-burgunoo ou-safi Ajuo ‘burpuyf [/
ploysatyy 10 buzjeos Aup pasu jou op am 249y [/
} (os1a == (1)odAL3p)3t

2394081p 51 9]QUILDA Y3 Ji wvs 3y} op mou [/

(LNOD == (1)sdhL 1p)ft \\m
{

{(asrRy)oan g +—1g Iy
as[o
‘{(anxy)oan J+—1gqSix
(00 == gou)yr
{(as1e])0In J4—I1g a1
as[e
{(anay)oIn J+—1g a1
(00 == gsed)x1
yons so pauyfap 2q 03 ,a4nd, Ayoas aq 03 2avy j0u saop apou [/
sfiom quaLaffip uz paufap a9 uvd fizound [/
{1 = Xpujaanjyesj
{[[Jsyseryy = qrrdgainyesy

furer) = ures))seq
}(uren > urepiseq)r
zapuz 219vruva Sugnds 1559 ‘ploysasyy 1599 ‘UIDD 353q PLo2aL [[

nqns - § = uren

{(goux(wns) <a[qnop>1ses-olje)s/(Wngou)<aqnop>3ser-olje)s
\ + Fsekx(wms)<arqnop>ised-srre)s/ (wngsaf)<sygnop>1sed-d13e3s)
= nqns

{(unopou)Ldorguy = spou
{(yunogsak)Adorguyy = Hsek

‘wingou + wngseA = wins
{(aunopou)wng = WNGoOU
{(sunopsaf)wing = wngses

{
‘~—{[xpurrq]([is1susx)]sunopou
‘++H[[xpuriqr)( r)sisutx)]3unoysak
}([fsusaxyy => [1]([]sasurx))zt
(441 {()ezis"sysut > ¥ {p=x)a0}
angoa 2pqveLva ungvaf [/
SD PWDS 2y} 3Q PINOD POYSAAY} Yy} 95N0I3q figyonba [/

{
{y]yumopIqr = [y]sunopou
‘0 = [¥]unopsak
} (441 {()ezis'yunopsed > ¥y {o = Y)do§
YL {Qezs sysaayy > { ig = f)xog
asows 729 9y v pozawsado 39 pjnod buzgunod [/

{
{(dwgsyseayy )yoeq-ysnd-sysaiysp
([1 - ()ozis-sysaxyysyseayy =j dur]sysaxys) Jr
fenurguod {
{(dur 1 syseayy)soeq-ysnd-sysaiys
} (0 == (ozssysorys)yy
‘0'z/( [I([1+ssurx) + [1([[Jsssurx)) = dwrsysazgy ayqnop

195



" {tjeyep =+ §
(441 {()eziserep > 1 ¢ = 1)a0}

‘00 =2 ‘0’0 = § °qnop
1 qur

} (erepzp <jur>10300a 3suod)Ldorjuy siqnop

‘anij uanjax

{(1-)1PqeT+I1gsusu
oas[a

{
{([xpunqi)([o]erep+—1gySu+) ) pqeT—1g1y3H
H(emg—1gySir)p

{(1-)1eqeT—1gHol
as[e

{

{([xpurtar] ({oeyep+1g33e1*))1oqRT+1gH3]
H()2ang—agaensn
$79QD] WYy} ub1ssD 2und 94D ULIPPYD f1 \ \

‘([ mam:axoanuawza.ﬁdvTume%
as[o
{([1]sasur)>poeq-ysnd-eyep<+—1gijor
(mdgeanyes; =2 [xpuresnyess|([1sisu«))zr
(LNOD == (xpurainyesj)odA1, 3p)3t

{([t]sysur)yoeqysnd-ejep+—igiysix
as|o
‘([sssur)speqysnd-eyep+—1gye]
(sridgaamyes; == [xpugaingeay]([1)sisurx))j1
(0S1a == (xpurommyee))adAy, 1p)3t
Ht+1 {Qezssasut > 140 = 1)aog
saouvjsul 2jdwos 03 ssajurod 2vundas [/

{agyen)yoT+pu H(agIyBu)ySry<—pu
$9pou uaLppIYd 3Y3 0uuU0 [/

{(pu)udreJ—1g St {(pu)jusied—I1giIa]
apou juaind oY) oauucd [/

{(311dgemyesy) proysaly T +pu
{(xpuyeInyes])oNqLII Yy +—pu
‘apou v ofur buipyyds au03s /]

‘pds 6uraq 51 joy apou puaund ayp 07 [/
wayy

102UU0D PUD SIPOU UALPRYD YY) witof ‘uoypwirofur buipyds ayz wouf [/

{
{
{

{(aste)aIn g+ 1g Iy
as[o
{(enap)arng«—1giySit
(00 == Fouw)yr
{(as[ey)oIn J+Ig o1
as[e
{(anay)oIn J 19391
(00 == sek)r
yons so pauyfap a9 03 ,aund, A)wai 3q 03 aavy jou saop apou [/
sfiom quasaffip ur paurfap aq uvo fizaund [/
{1 = xpujainjeaj
o = gpdgeanyesy
‘uren = urerjsaq
} (uren > urepiseq)yr
OMIDA PUD 3)QDILDA UOISIIIP 1S3q “ULDHISIG PL0I2L [ [
‘oqns - f = urex)

{(Houx(wns) <a[qnop:>>1sed-dije)s/(WNgou)<a[qnop>4sed d11e)s
\+ Hsefx(wns)<ajqnop>9seds-orye)s/(wngsek) <s[qnop>3ses-oryers)
= pqns

{(qunopou)ddoryuy = Hou
{(aunopsek) fdoryuyg = {sok

‘wngou + wngseA = wns
‘{(3unopou)ung = wmgou
{(3unopsek)mng = wngsak

196




sfiomo am oy} 230N pREYo Yol 2yl ypm suop st swws YL [/
{ {1Ind uanjaa ﬁ
{(()Sryg «—11nd)xpeqysnd-[[q[]sanest {(Hygd)eqeT1md
{(raDegeT+()Sry«1mo }( 1 > ()oziserep+—1no)t
{[xpurqr}([o]erep+()1yBry +1mdx) = {q] TIAN 40 sso3uz0d uasppys [/
} oste $2UDISUL OU SULDIUOD IPOU 7004 [[

{
{(()8ryg+1mo)ysnd-sspou
HQpmd()3usryg «1moi)y1
‘paa.sasatd
jou sp figrand ay3 fr 1aq0] 2y3 9VPLVAUL JSTUL PPOU Dy} 0} SIuUvISUL [/
mau buippy -apou sund v su 32 fr 1390] apou 21y ubissv am o[ [/

{([1]sespzy)oeq-ysnd-ejep+—1no
(441 {()oz1s'ja8p =j 1 {0 = 1)a0}

{(()oz15790Sp)oAIasaI RRP+—1IND
“apou g004 oy} szyoyy] [/
{(styy* ‘umd)egrds {()espoNg mau = 3001 = 1IND
*$apOU ULPRYD Y] subissv puv [/

uorppzsuwsuny fidosqus gy buisn apou quasund sypyds gqriuds [/
uonounf garuivsy, ur yurod oyoads gy fjuo ayy 29 03 swaas supy [/

{sopou <x 9pON{>NoeIs

¢{()dod-sepou
¢{()doy sepou = 1o
3938 9y wouf apou ToU 3Yy3 396 /[

1ds 03 sapou auv 242y apym [/ } (()frdura-sapou;)apiym
fdosqus ay3 busznwsunw g wayy yds 1,om [/
$sDJ0 DwWws 2Yy) 07 Sutbuoyaq jou sa0UDSUL SDY PO 3004 [/

{{()<* apoNg>10309a)poeq-ysnd-saaes]
(4++1 {()ozis'ssegIur > 1 {9 = 1)a0}

{(()pus-sanea] ‘()urSoq-soaes])asela seaea]

{(y001)ysnd-sepou
U0 £23v) papsial 39 03 j004 ysnd [/

{

f1INd uanjox

{(Pepuriqr] ([oJeyep«—1mox))pqerT+1imd
H()pang+—1mo)31

TIAN 240 ssaputod uasppeyd [/
aund si apou j001 [/

1z - (Jezis«[o]erep<—1n0 = xpuyIq]

‘a1 ‘xpuyiqy ‘1 ut
} (urexy:ee1L,(* opoNd
{(73 921, ‘* oPONd)sIMIdS 1009
(ddyg- mn.ww 3X9, apuyouTH
(ddu-eaxyq, epnioutrs
FIpusi

{u$I9PROHS,, = PISOIx JRYD DIJe)s
jar) yepurT#

/*
$bo7g *
*
0002 30 unp W] Wod 0SNoINYIPoYe ot uvnopr — ddo-uvif, =/
4D - [/
{
9 uanjea
{
“((s/([iJevep)<arqnop>3seo-anyess)3o)«(s/ ([[Jerep) <erqnop>iseo-orels)

=-9
} (++1 {()oziserep > 1 {g = 1)aog

197



198

{ {

{(()ygo1+—1md)oeq-ysnd-[[q|seaes]

{0 uanjaa ‘([ eqeT () Yo 1md

‘Pxpunqr)([oJerep«—()yoTe1an0%) = 1q1
pus > [R301 3> , = ourg Surixog, 3> Jnod } ospe
{

{18307 77200 UJIdIX {(()geT14—1mo)ysnd-sapou

H(pmmg«()yo1—1m07)51
{ “1s41f youvsq 2y 3y mojrof //




Vita

Jovan Ili¢ was born in Zajecar, Yugoslavia in 1962 where he lived for 18 years. From 1985
until 1989 he attended the University of Illinois ﬁrbana—Champaign, where he received
his Bachelor of Science Degree in Electrical and Computer‘ Engineering. He began his
graduate studies at the University of Tennessee, Knoxville in the Spring of 1990. After
receiving his Master of Science degree in Electrical and Computer Engineering in 1992,
he spent a year at The University of Maine. In 1994 he returned to The University of
Tennessee to continue his graduate studies. Between working full time in the computer
industry for a couple of years, and as an independent computer consultant for three

years, he completed his Doctor of Philosophy studies in Spring of 2001.

199



