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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 the 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

hoii 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) ajid 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. All 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

in 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 at 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. JSCs 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 not 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]:

• The ISO's governance should be structmed in a fair and non-discriminatory man
ner.

• 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.

• 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.

• 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.

• 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.

Prom 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]:

Transmission pricing must meet the traditional revenue requirements of the trans
mission owners.

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.

Transmission pricing should promote economic efficiency.



• Transmission pricing should promote fairness.

• 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 spite 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 diflPerent 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

FERC, 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-
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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 new 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

11



the traditional OPF, there are also significant difierences 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 will 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.

12



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. This 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 AI methods to successfully

address these issues. The AI 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.

Prom 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

13



(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 JSCs 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 AI 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 fi:om 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

14



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 difiicult problem, and in the Ccise 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 OFF

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

15



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 because 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 AI 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

16



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

AI theory. This is not a research in new AI algorithms. This is a research in AI

applicability to hard to solve power system optimization problems. Any proven AI

algorithms and resources found useful are used to develop stable and reliable power

system solutions. Classical power system algorithms are reviewed in the appendices. AI

material is introduced in a general framework, then discussed in general power system

terms, and finally applied to OFF, UC, or both. The Power Flow theory is reviewed in

Appendix A. OFF 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

18



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 constraints. If 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

initial 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:

• selection,

• recombination or crossover, and

• 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 fltness 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 ecoiioihic 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 featmes 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 deflned 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 OFF 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. The 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 fiexibility of the GA, the cost function can be a

multiobjective function. That is, optimization could be done in terms of diff'erent goals

at the same time. 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) = AxV'^ + BxV + C (2.1)

where

B =

A  Penalty
- dV'^

—2x Penalty xVnom

/-f Penalty xVnom^
^  m

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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tern's control variables. Available 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 OFF 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
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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 OA will be applied to a classical formulation

of the OFF 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 OFF 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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NET

GENERATOR BUS LINE

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 not 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

log^n where n is the size of the matrix. A linear search would take on average time

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 * 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.
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3.2 Genetic Algorithm Based Optimal Power Flow

The OFF 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 original formulation, the

OFF algorithm has been continuously faced with more and more challenging problems.

Frequently, it needs to include security constraints and it is desirable to consider market

and even environmental issues as reported in [18]. With deregulation, it was clear [30]

that the OFF will have an even more important role in future energy markets. The

OFF 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 OFF expert

• Difficult to debug

However, the OFF 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 OFF 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 OFF, 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 OFF can also be used for corrective
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rescheduling or remedial actions. Preventive scheduling and contingency constrained

dispatch can also benefit from OFF as well as many constrained optimization problems.

The OFF 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 OFF (GAOFF) can address the classical OFF problems and

extend its applicability and usability. A GAOFF can employ more flexible objective

functions. A GAOFF 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 GAOFF than for a classical OFF. 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

OFF. Results will be compared with results obtained with other OFF packages using

a general purpose Sequential Quadratic Frogramming (SQF) 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 OA

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 fiow 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 costs, 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]
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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. Single 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 Volt MVar MVar MW MW Cost

No Out Max Min Min Max Func

1 0.91 1.0 10.0 -10.0 10 250 105.0 + 12.0 *P + 0.012 * P'^
2 1.96 1.0 10.0 -10.0 10 250 96.0 + 9.6 * P + 0.0096 * P^
3 0.86 1.0 10.0 -10.0 10 250 105.0 + 13.0 * P-h 0.013 * P^
4 2.37 1.0 10.0 -10.0 10 250 94.0 -h 9.4 * P + 0.0094 * P^

3.4.1 Power Cost Minimizing OFF

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

taining acceptable voltage levels:

all generators

Cost = ^ ai + Pi+ ̂i* Pi (3.1)

subject to bus voltage limits:

Vi . < \Vi\ < Vi ,
^mtn — 1^1— 'max '

V Buses

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 solntions after GAOPF was refined using SQP. GAOPF solntion 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 solntion, 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= ^ ifR
i-l

(3.2)

subject to bus voltage limits:

<\Vi\ yBuses
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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 all lines

Cost = ^ ai +Pi* Pi+Ji* Pi +Wi* ̂  ifR (3.3)
1=1 i=l

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

Prom 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 1.000 1.384 100.00 20.00 235.00 23.55

2 -35.45 17.52 39.54

5 72.68 -0.65 72.68

6 97.77 -13.33 98.67

5 0.972 -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

4 -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 -58.51 30.46 65.96

5 49.74 9.53 50.64

2 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 1.000 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

5 0.972 -2.097 100.00 50.00 0.00 0.00

1 -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 I2X 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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V Buses and Wi = 500.0

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.

Prom 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 35.96 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 -0.98 0.99

5 33.25 16.18 36.98

6 49.69 5.79 50.02

5 0.973 -1.119 100.00 50.00 0.00 0.00

1 -31.97 -17.38 36.39

3 -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 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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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. Prom 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.

Prom 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

4 -0.00 -1.00 1.00 n

3 1.000 0.000 100.00 20.00 184.97 41.03

5 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

5 0.973 -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 = ^ ai +Pi* Pi + Ji* pf (3.4)
i=l

subject to:

^imin ̂  \^i\ ̂  y Buses oud 0.6 < LineFlow^e < 0.7

Prom 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.

Prom 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

5 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

5 -12.21 39.89 41.71

6 10.95 25.37 27.63

4 1.000 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 0.973 -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 I2X 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.

Prom 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

2 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

5 0.972 -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 0.974 -3.380 100.00 10.00 0.00 0.00

3 -9.15 -27.48 28.96

4 -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 OFF. 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 fiow 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 fiow 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 70.41 -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 I2X 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: OFF Summary with Power Cost Minimization.

Production Cost Power Loss

GAOPF $7824.57 10.668MW

SQP $7824.36 10.875MW

Power World $7868.40 16.5MW
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Table 3.10: OFF Summary with Power Losses Minimization.

Production Cost Power Loss

GAOPF $8198.7 3.843MW

SQP $8187.63 3.837MW

Power World N/A N/A

Table 3.11: OFF 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 minimiiTn

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 OFF, 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
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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 Off Off 200 300

On On Off Off Off 300 400

Off Off On Off Off 400 500

On Off On Off Off 500 600

Off Off Off Off On 600 700

Off On On Off Off 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 Off 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 Off Off 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 Off Off 300 400

Off Off On Off Off 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 Off 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 Off 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

Off 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

difiiculty, 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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Figure 3.7: Distributed GAOPF space time dependence.

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.



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 algorithm 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.
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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 classified correctly. It is impossible

to prove that one method results in a better decision tree than another approach. The

decision trees produced by the IDS algorithm were compared to decision trees produced

by other algorithms and found to be of considerably smaller size. The IDS 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{A,q), is defined as:

B(A,q) = - Y, (l-l)
^  nri ' n _ /n ^

r&{yes,no} kEC

where n is the number of data objects in the sample set, C is the set of data classes,

Hr is the number of objects with query result r and Ur^k is the number of objects with

query result r which are members of class k. It is clear that, at each node, the attribute

Ai and threshold oiij that yield the minimum conditional entropy provide the largest

information gain for the query and therefore the best partitioning of the sample set.

Prom the description of the IDS algorithm it should be noted that any classification

function can be represented by an IDS induced decision tree. The IDS algorithm also

prefers shorter trees over larger ones. The IDS always uses only one hypothesis resulting

in a locally rather than a globally optimal decision tree. IDS has an inductive bias

toward decision trees with fewer leaves [2S] which might not be a desirable feature.

After a short example in the next section, we will discuss how these IDS features affect

its performance.

4.2 Decision Tree Example

The following simple example is generated by the IDS 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 jD[] 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 !)[]. 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:

I  This file was automatically generated from shortl.ts

0. 1.

disO: 0,1.

disl: 0,1.

dis2: 0,1.

c onO: c ont inuous.

conl: continuous.

c on2: c ont inuous.

and the data is given as:

1, 0, 0, 0.159204, -0.0763336, -0.0828701, 0

1, 1, 1, -0.091528, 0.0481959, 0.0433321, 1.

1, 0, 0, 0.15842, -0.077602, -0.0808179, 0.

1, 0, 0, 0.156341, -0.0773795, -0.0789618, 0

0, 1, 1, -0.342948, 0.171457, 0.171491, 1.

1, 0, 0, 0.157442, -0.0795252, -0.0779168, 0

1, 0, 0, 0.157047, -0.0801064, -0.0769403, 0

1, 1, 1. -0.0845121, 0.0399007, 0.0446114, 1

0, 0, 0, -0.0923167, 0.0430449, 0.0492717, 0

1, 1, 0, 0.0333967, 0.165913, -0.19931, 1.

1, 0, 1, 0.0330964, -0.210149, 0.177052, 0.

1, 0, 0, 0.149832, -0.0911175, -0.0587146, 0
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1, 1, 0, 0.0309253, 0.165163, -0.196088, 1.

0, 0, 1, -0.217939, -0.0865924, 0.304532, 0.

1, 1, 0, 0.0338461, 0.162341, -0.196187, 1.

1, 0, 0, 0.150639, -0.0748573, -0.0757818, 0.

1, 0, 1, 0.031739, -0.213549, 0.18181, 0.

0, 1, 0, -0.200208, 0.251931, -0.0517238, 1.

1, 0, 0, 0.150011, -0.0830738, -0.0669374, 0.

1, 1, 1, -0.091105, 0.0327538, 0.0583512, 1.

1, 0, 0, 0.15427, -0.0905875, -0.0636826, 0.

1, 0, 0, 0.156614, -0.0922853, -0.0643284, 0.

0, 1, 1, -0.342511, 0.156697, 0.185815, 1.

1, 0, 0, 0.148408, -0.0893247, -0.0590834, 0.

and the following program is the induced decision tree from the above data:

/*
This file was produced by dt
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[l] ==. 0){
return 0;

}else{
return 1;

}
} /* End of dTreeQ 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 IDS algorithm correctly identifies the
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Figure 4.1: Decision tree induced from the training data.

most important decision variable D[l] 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 IDS algorithm. First of all, IDS 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 IDS method just partitions the sample space according to

the provided examples. The IDS 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 IDS algorithm.

Due to its greedy optimization approach, IDS 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, IDS performs poorly when

compared with other algorithms derived from it. IDS 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 pruning. 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 ejffective and require less training

samples if the tests were of the following form:

if (C1 < f(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 difiicult 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 CART© 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, generation 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 AI

methods can be used. However, this research uses AI algorithms in power systems so

both parts will be addressed from an AI point of view. Since AI 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 regulated 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
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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 GAUG 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 GAUG, 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 hnom V ARffidx V ARjniji Cost Pfnin Pmax
1 0.91 1.0 10.0 -10.0 0.012 + 12.0 *x + 105.0 0 180

2 1.96 1.0 10.0 -10.0 0.0096 * -|- 6.0 *x + 96.0 0 180

3 0.86 1.0 10.0 -10.0 0.013 * -b 5.30 * a; + 105.0 0 180

4 2.37 1.0 10.0 -10.0 0.0094 * a;^ -I- 9.4 * a; 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 exceeds some limit. Prom 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 IDS 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. IDS 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, the 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 smface should be very small. Table 5.4

Table 5.4: Unit Commitment Schedule With Critical Loads.

Busl Bus2 Bus3 Bus4 Bus5 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[l]=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 OFF 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 feature is the existence of non-trivial decision surfaces and

ability of the IDS 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 IDS algorithm indicates little need to search for a better machine learning

solution. If the variable dependencies axe not as obvious as in our example and sufficient

accuracy cannot be achieved, IDS 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 IDS 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 signiffcant 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 fiexible 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 diflferent 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.

Prom 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 IPP 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-
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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 potential to

be used in real life situations.

A genetic algorithm was also used for UG implementations. The use was demon

strated in two simple cases. In the flrst 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 deflned 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 UG 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 constraints 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 IDS 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.



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 IDS. Splitting can be done using statistics princi

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

IDS, 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 OFF 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 {Pi), reactive power (Qi), voltage

magnitude (V^), and voltage phase angle {9i) 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, Q known), voltage controlled bus (P, \E\

known), and generator bus (P, |P| 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.l)

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

cause an error, e in function F:

+ e = const (A.2)

The error can be decreased using Taylor series expansion,

F  AV + £ = const (A.3)

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

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

const- F (y°)] (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 Pi and Qi mismatches. A power
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system's currents depend on the bus voltages in a linear manner:

h

h

—

In

i^l2 ^13 1^14 :^15

I2I ^22 i^23 i"24 i^25

Yjil Yn2 Yn3 ^4 ^5

El

E2

Er,

(A.5)

where:

Yij ~ ~yij and Yii = ̂  yij + yig
3

over all i,j connected buses and i,g ground connections.

At each bus, the injected complex power is given by:

Pi + jQi — Eil:, (A.6)

where:

then

and

/i = E YikEi
k=l

Pi + jQi — ( E YikEk
\k=l j

Pi+jQi = \Ei\^Y^+ E Y*,EiEl
k=\
k^i
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The last equation can be expanded into;

Pi + jQi
N

where

k=l

E \Ei\\Ek\ [Gik cos {Oi - Ok) + Bik sin {Oi - Ok)]
k=l

+3 E \Ei\\Ek\ [Gik sin (Oi - 6k) - Bik cos (Oi - Gk)]
k=l

(A.7)

Gk = the phase angles at buses i and k

\Ei\, \Ek\ = the bus voltage magnitudes

Gij + jBik = Yik is the ik 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:

Adi

A\Ei\

A02 (A-8)

A\E2\

APi

1

alsil
aPi
892

8Px
d\E2\

AQi dQi
dOi

9Qi
d\Ei\

dQi
892

dQi
dlEil

APa
= dP2

d9i
dPf,
a\E^\

8P7
892

dPi
d\E2\

AQ2 dQ2
aei

dQi
9|Si|

dQi
d92

dQi
dlEil
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To further simplify the derivatives, instead of A\Ei\, we use which results in:

dPi
dek

dPi

TST

dQi
d6k

dQi

O)

t  —

For i = k\

And in the matrix form:

[Gik sin {6i - Ok) - Bik {Oi - 0^)]

\Ei\\Ek\[Gik cos [Oi - Ok) + Bik sin {Oi - 0^)]

-\Ei\\Ek\ [Gik cos {Oi - Ok) + Bik sin {Oi - Ok)]

\Ei\\Ek\ [Gik sin {Oi - Ok) - Bik cos {Oi - Ok)]

dPi
de.

dPi _

dQi
dBi

dQi

Qi BiiEi

Pi + GiiEf

Pi - GiiEf

— Qi BiiEf

APi AOi

AQi A|Bi|
l^^il

AP2 = [J] AO2

AQ2
AIB2I
\E2\

(A.9)

(A.IO)

Equation A.IO 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 APj and AQi
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as well as the Jacobian. Using these values, A6i and are calculated and a new

solution for voltages is found. This is repeated until change in P and Q 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]:

Mm / (Z), Z e -)■ 3?^ (B.l)
Z

subject to:

G(Z) = 0, G:3?"^+"^3{" (B.2)

(Z) < 0, H : 3?"^+" (B.3)

where /(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]"^

100



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 fiows, control voltage settings, LTC settings, etc. Equality

and inequality constraints include limits on all control variables, power fiow 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.

OFF 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 Programming, 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-Raphspn method. All of the OFF algorithms in use in some way

simplify the original problem.
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B.l 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

V/ {Z) = 0. The Taylor series expansion applied to to finding a root of V/ (Z) gives:

0 = V/ « V/ (z'=) + VV (B.4)

which finds the descent direction {D'' = Z^^^ - Z^) from the following equation:

VV D'' = -V/ (Z*=) (B.5)

where V^/ 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^-.

BkDk = (B.6)
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where is the Hessian approximation matrix. In addition to descent direction, a step

length a'^ in the given direction must be found as well. The usual method of finding

is from the one dimensional minimization:

Min f (^Z''+ aD'') (B.7)

To handle the constraints from equation B.l, a Lagrangian must be used:

L {Z, A) = / (Z) - XiQi + >^j+ahj (B.8)
i=l j=l

where A 6 is the vector of Lagrangian multipliers and hi and gi 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:

9*= {D) = V/ (Z*') D + ̂D'^VIzL [z\ A'=) D (B.9)

and is calculated by solving the quadratic programming subproblem:

Minq''{D) (B.IO)
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subject to:

G (Z^) + J (Z^) D = 0 (B.ll)

H  + I D<Q (B.12)

where J and I are Jacobians of the constraint vectors G and H. The next step is

updated as Z^'^^ = Z^ + where 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, u) = f {Z) + '  ̂Vi |5i| + X) ̂o-+3 (B.13)
i=i j=i

where u G is the vector of positive penalty parameters and hj are elements

of the constraint vectors G{Z) and H {Z) respectively. Additionally, Ui > |Ai|, i =

1,2,..., a,..., a + & and finally, the step length is chosen to minimize Pi (^Z'' +
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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 top of these constraints,

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.l 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 overloading, 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(iV, 1) + C{N, 2) + C{N, 3) + ... + C{N, N - 1) + C{N, N}, -2^-1 (C.l)
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Table C.l: Number of possible Unit Commitment combinations over 24 hours period.

Number of Units N Number of Possible Combinations
5 6.2 X 10^5

10 1.73 X lO'^^

20 3.12 X 10^^^

40 Too large

where C{N,j) is the number of N items taken j at a time:

>! = lx2x-xj (C.2)

For a period of M intervals, the number of combinations is:

(2JV _ (C.3)

Table C.l 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]:

• 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.

• 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.

• 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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• 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 iV-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]:

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

off-line.

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

• There are no costs for shutting down the units.
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• 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 = mm[Pcost{K, I) + Scost{K -1,L:K,I)+ F,ost{K - 1, L)]
{Lj
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where I and L are possible states at the time period K and

Fcost{K,I) = least total cost to arrive to state {K,I)

Pcost{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:

U = i
0  if unit i is off-line during period t

1  if unit i is on-line during period t

(C.4)

N

Plead - E = Ofor .. ,T (C.5)
1=1

jjt pmin < pi < jjt pmax^Qj. and t=l,. . . ,T (C.6)

and the objective function is:

T N

E T^lPiiPi) X up cosU,t] uj = F{Pl Uj) . (C.7)
t=i i=i

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

L(P,U,\)=F(pf,Uf)+-^ \'{pU-Y,P!vi\ (C.8)
t=l \ i=i /

Where P/ is generator i output at time t, Fi is the production cost function of the

generator Pj 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

relaxes 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

q* (A) = max q (A) (C.9)
A'

and

q{\) = min L{P,U,X) (C.IO)
-Pi

As formulated, this problem is manageable, q* (A) 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 A is a

vector. A number of local minima are possible and even convergence is questionable.

q{\) in this form is decoupled meaning that the minimization can be done in terms of

each Pf individually. Uf 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:

T* — n*
(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

113



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 infiuence 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 flctitious system and

situation based on deregulation and market laws which could lead a price only decisions

to a system collapse due to congestions and artiflcial power shortages.
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Appendix D

Programs Code

This Appendix contains the programs used to produce the examples. Genetic Algorithm

OFF and Decision Tree inducer programs are completely included while the section on

Genetic Algorithm OFF based Unit commitment contains only the files which difi'er

from the files used for Genetic Algorithm OFF.

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.
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'o
pt
in
d'
 .'

= 
A
R
G
C
.
 *
/

e
n
u
m
 {
 R
E
Q
U
I
R
E
-
O
R
D
E
R
,
 P
E
R
M
U
T
E
,
 R
E
T
U
R
N
J
N
_
O
R
D
E
R
 }

or
de
ri
ng
;

/
*
 H
an

dl
e 
pe

rm
ut

at
io

n 
of
 a
rg

um
en

ts
. 
*/

/
*
 D
es
cr
ib
e 
th

e 
pa
rt
 o
f 
A
R
G
V
 t
ha
t 
co

nt
ai

ns
 n
on

-o
pt

io
ns

 t
ha

t 
ha
ve

be
en
 s
ki
pp
ed
, 
'f

lr
st

-n
on

op
t'

 i
s 
th

e 
in

de
x 
in
 A
R
G
V
 o
f 
th

e 
fi
rs
t 
of
 t
h
e
m
;

'l
as

t-
no

no
pt

' 
is

 t
he

 i
nd

ex
 a
ft

er
 t
he

 l
as

t 
of
 t
he

m.
 *
j

in
t 
fi

rs
t-

no
no

pt
;

i
n
t
 l
as

t-
no

no
pt

;

vo
id
 e
xc
ha
ng
e 
(
c
h
a
r
 *
*a
rg
v)
;

p
u
b
l
i
c
:

/
*
 F
o
r
 c
om
mu
ni
ca
ti
on
 f
r
o
m
 '
ge
to
pt
' 
to
 t
he
 c
al
le
r.

W
h
e
n
 '
ge
to
pt
' f
in
ds
 a
n
 o
pt

io
n 
th
at
 t
ak
es
 a
n
 a
rg
um
en
t,

th
e 
a
r
g
u
m
e
n
t
 v
al

ue
 i
s 
re
tu
rn
ed
 h
er
e.

Al
so

, 
w
h
e
n
 '
or

de
ri

ng
' 
is
 R
E
T
U
R
N
-
I
N
-
O
R
D
E
R
,

ea
ch

 n
on

-o
pt

io
n 
A
R
G
V
-
e
l
e
m
e
n
t
 i
s 
re

tu
rn

ed
 h
er
e.
 *
/

c
h
a
r
 *
op
ta
rg
;

/
*
 I
nd
ex
 i
n 
A
R
G
V
 o
f 
th
e 
ne
xt
 e
le
me
nt
 t
o 
be
 s
ca
nn
ed
.

T
h
i
s
 i
s 
us

ed
 f
o
r
 c
o
m
m
u
n
i
c
a
t
i
o
n
 t
o 
a
n
d
 f
r
o
m
 t
he
 c
al
le
r

a
n
d
 f
or
 c
om
mu
ni
ca
ti
on
 b
et

we
en

 s
uc

ce
ss

iv
e 

ca
ll
s 
to
 '
ge
to
pt
'.

O
n
 e
nt

ry
 t
o 
'g

et
op

t'
, 
ze
ro
 m
e
a
n
s
 t
hi

s 
is
 t
he

 f
ir

st
 c
al
l;
 i
ni

ti
al

iz
e.

W
h
e
n
 '
ge

to
pt

' 
re

tu
rn

s 
E
O
F
,
 t
hi

s 
is
 t
he

 i
nd

ex
 o
f 
th

e 
fi

rs
t 
of
 t
he

no
n-
op
ti
on
 e
le

me
nt

s 
th

at
 t
he

 c
al
le
r 
sh
ou
ld
 i
ts

el
f 
sc

an
.

Ot
he

rw
is

e,
 '
op
ti
nd
' 
c
o
m
m
u
n
i
c
a
t
e
s
 f
r
o
m
 o
n
e
 c
al
l 
to

 t
he

 n
e
x
t

h
o
w
 m
u
c
h
 o
f 
A
R
G
V
 h
as

 b
ee
n 
sc
an
ne
d 
so
 f
ar
. 
*
/

i
n
t
 o
pt
in
d;

/
*
 C
al
le
rs
 s
to
re
 z
er

o 
he

re
 t
o 
in

hi
bi

t 
th

e 
er
ro
r 
me
ss
ag
e

fo
r 
un

re
co

gn
iz

ed
 o
pt

io
ns

. 
*
/

i
n
t
 o
pt

er
r;



N
5
O

in
t 
na

rg
c;

c
h
a
r
 *
*n

ar
gv

;
c
h
a
r
 *
no
pt
st
ri
ng
;

Ge
tO
pt
 (
in
t 
ar

gc
, 
ch

ar
 *
*a
rg
v,
 c
ha
r 
*o
pt
st
ri
ng
);

in
t 
o
p
e
r
a
t
o
r
 (
)
 (
vo
id
);

}; #
e
n
d
i
f

/
/
 

C
H
—
h

/
*
 B
ra
nc

h.
hp

p 
-
 J
ov

an
 I
li

c 
il
ic
@t
he
ta
us
a.
co
m 
T
u
e
 S
e
p
 5
 2
0
0
0

* *
 $
H
e
a
d
e
r
$

*
 $
L
o
g
$

*
/

#
i
f
n
d
e
f
 _
B
R
A
N
C
H
_
H
P
P

#
d
e
f
i
n
e
 _
B
R
A
N
C
H
-
H
P
P

#i
zi
cl
ud
e 
"
 s
t
d
s
.
 h
p
p
"

cl
as
s 
Br
an
ch
 {

pr
iv
at
e:
 /
/
 m
a
k
e
 c
le
ar
 t
ha
t 
pr

iv
at

e 
pa

rt
 i
s 
fi
rs
t 
by

 d
ef
au
lt

i
n
t
 b
r
F
B
,
 b
r
T
B
,
 b
r
X
a
p
B
u
s
,
 b
r
N
o
n
T
a
p
B
u
s
;

d
o
u
b
l
e
 b
r
R
,
 b
r
X
,
 b
r
B
c
a
p
,
 b
rL
in
eP
lc
wL
im
it
, 
br
Ta
pR
at
io
;

st
ri

ng
 b
r
L
i
n
e
T
y
p
e
;

pr
ot
ec
te
d:
 J
 j
 p
ro
te
ct
ed
 m
em
be
rs

pu
bl
ic
: 
/
/
 p
ub
li
c 
m
e
m
b
e
r
s

Br
an
ch
()
{ 
/
/
 d
ef
au
lt
 c
on

st
ru

ct
or

b
r
F
B
 =
 b
r
T
B
 =
 b
r
T
a
p
B
u
s
 =
 b
r
N
o
n
T
a
p
B
u
s
 =
 -
1;

b
r
R
 =
 b
r
X
 =
 b
r
B
c
a
p
 =
 b
rL
in
eF
lo
wL
im
it
 =
 b
r
T
a
p
R
a
t
i
o
 =
 1
.0

;
b
r
L
i
n
e
T
y
p
e
 =
 "
no
Ty
pe
";

} Br
an
ch
(c
on
st
 B
ra
nc
h 
&
b
)
{
 /
/
 c
op
y 
co
ns
tr
uc
to
r

b
r
F
B
 =
 b
.
B
r
F
B
O
;

b
r
T
B
 =
 b
.
B
r
T
B
O
;

br
Ta
pB
us
 =
 b
.B
rT
ap
Bu
s(
);

b
r
N
o
n
T
a
p
B
u
s
 =
 b
.B

rN
on

Ta
pB

us
()

;
b
r
R
 =
 b
.
B
r
R
O
;

b
r
X
 =
 b
.
B
r
X
Q
;

b
r
B
c
a
p
 =
 b
.B

rB
ca

p(
);

br
Li
ne
Fl
ow
Li
mi
t 
=
 b
.B
rL
in
eF
lo
wL
im
it
()
;

br
Ta
pR
at
io
 =
 b
.B
rT
ap
Ra
ti
o(
);

br
Li
ne
Ty
pe
 =
 b
.B
rL
in
eT
yp
e(
);

} Br
an
ch
 &
o
p
e
r
a
t
o
r
=
(
c
o
n
s
t
 B
ra
nc
h 
&
b
)
{
 /
/ 
ov
er
lo
ad
ed
 =
 o
pe

ra
to

r
b
r
F
B
 =
 b
.
B
r
F
B
O
;

b
r
T
B
 =
 b
.
B
r
T
B
O
;

br
Ta
pB
us
 =
 b
.B
rT
ap
Bu
s(
);

b
r
N
o
n
T
a
p
B
u
s
 =
 b
.B
rN
on
Ta
pB
us
()
;

b
r
R
 =
 b
.
B
r
R
O
;

b
r
X
 =
 b
.
B
r
X
O
;

br
Bc
ap
 =
 b
.B
rB
ca
p(
);

br
Li
ne
Fl
ow
Li
mi
t 
=
 b
.B
rL
in
eF
lo
wL
im
it
()
;

br
Ta

pR
at

io
 =
 b
.B
rT
ap
Ra
ti
o(
);

br
Li
ne
Ty
pe
 =
 b
.B
rL
in
eT
yp
e(
);

r
e
t
u
r
n
 *
th
is
;

} in
t 
B
r
F
B
(
)
 c
o
n
s
t
 {
r
e
t
u
r
n
 b
rF
B;
}

vo
id
 B
r
F
B
(
c
o
n
s
t
 i
nt
 b
)
 {
b
r
F
B
 =
 b
;}

in
t 
B
r
T
B
(
)
 c
o
n
s
t
 {
r
e
t
u
r
n
 b
r
T
B
;
}

vo
id
 B
r
T
B
(
c
o
n
s
t
 i
nt

 b
) 
{
b
r
T
B
 =
: 
b;
}

in
t 
B
r
T
a
p
B
u
s
O
 c
on
st
 {
re

tu
rn

 b
rT
ap
Bu
s;
}

vo
id
 B
rT
ap
Bu
s(
co
ns
t 
in
t 
b
)
 {
 b
r
T
a
p
B
u
s
 =
 b
;}

in
t 
B
r
N
o
n
T
a
p
B
u
s
(
)
 c
o
n
s
t
 {
r
e
t
u
r
n
 b
rN
on
Ta
pB
us
;}

vo
id
 B
rN
on
Ta
pB
us
(c
on
st
 i
nt

 b
) 
{
b
r
N
o
n
T
a
p
B
u
s
 =
 b
;}

d
o
u
b
l
e
 B
r
R
(
)
 c
o
n
s
t
 {
r
e
t
u
r
n
 b
rR
;}

vo
id
 B
rR
(c
on
st
 d
o
u
b
l
e
 r
) {
b
r
R
 =
 r
;}

d
o
u
b
l
e
 B
rX

()
 c
on
st
 {
re

tu
rn

 b
rX
;}

vo
id
 B
rX
(c
on
st
 d
o
u
b
l
e
 x
) 
{
b
r
X
 =
 x
;}

d
o
u
b
l
e
 B
r
B
c
a
p
O
 c
o
n
s
t
 {
r
e
t
u
r
n
 b
rB
ca
p;
}

vo
id
 B
rB

ca
p(

co
ns

t 
d
o
u
b
l
e
 b
e)
 {
br
Bc
ap
 =
 b
e;
}

do
ub
le
 B
rL

in
eF

Io
wL

im
it

()
 c
on
st
 {
re

tu
rn

 b
rL

in
eF

lo
wL

im
it

;}
vo
id
 B
rL

in
eF

lo
wL

im
it

 (c
on

st
 d
o
u
b
l
e
 fl
)
 {b
rL
in
eF
lo
wL
im
it
 =
 fl
;}



do
ub

le
 B
rT
ap
Ra
ti
o(
) 
co

ns
t 
{
 r
et

ur
n 
br
Ta
pR
at
io
;}

vo
id
 B
rT

ap
Ra

ti
o(

co
ns

t 
do
ub
le
 t
r)
 {
 b
rT

ap
Ra

ti
o 
=
 t
r;

}

st
ri
ng
 B
rL

in
eT

yp
e(

) 
co
ns
t 
{r

et
ur

n 
br
Li
ne
Ty
pe
;}

vo
id

 B
rL
me
Ty
pe
(c
on
st
 s
tr

in
g 
It
) {

br
Li

ne
Ty

pe
 =
 I
t;

}

vi
rt
ua
l 
~B
ra
nc
h(
){
};
 /
/
 v
ir
tu
al
 d
es
tr
uc
to
r

fr
ie
nd
 o
st
re
am
 &
op
er
at
or
<C
(o
st
re
aj
Ti
 &
,
 c
o
n
s
t
 B
ra
nc
h 
&)
;

}; #
e
n
d
i
f

/
/
 

C-
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/♦
 B
us
.h
pp
 -
 J
o
v
a
n
 I
li

c 
il
ic
@t
he
ta
us
a.
co
m 
T
u
e
 S
e
p
 5
 2
0
0
0

♦ *
 $
H
e
a
d
e
r
$

*
 $
L
o
g
$

*
1

t
i
f
n
d
e
f
 
_
B
U
S
J
H
P
P

t
d
e
f
i
n
e
 J
B
U
S
-
H
P
P

#
i
n
c
l
u
d
e
 "
s
t
d
s
.
h
p
p
"

#
i
n
c
l
u
d
e
 "
G
e
n
e
r
a
t
o
r
.
h
p
p
"

S
i
n
c
l
u
d
e
 "
B
r
a
n
c
h
.
h
p
p
"

cl
as
s 
B
u
s
 {

pr
iv
at
e:
 /
/
 m
a
k
e
 c
le
ar
 t
ha
t 
pr
iv
at
e 
pa
rt
 i
s 
fi
rs
t 
by
 d
ef
au
lt

/
/
 s
yn
c 
th
is
 e
n
u
m
 w
it
h 
ot
he
r 
cl
as
se
s

e
n
u
m
 {
G
E
N
 =
 2
, 
L
O
A
D
,
 G
E
N
J
H
I
G
H
V
A
R
,
 G
E
N
X
O
W
V
A
R
,
 G
E
N
-
R
E
G
,

S
W
I
N
G
}
;

i
n
t
 b
u
s
N
o
;

in
t 
ty
pe
; 
/
/
 b
us

 t
yp

e 
f
r
o
m
 e
n
u
m
 i
n 
ca

se
 i
t 
ch
an
ge
s.

st
ri

ng
 b
u
s
T
y
p
e
,
 b
u
s
N
a
m
e
;

d
o
u
b
l
e
 p
L
o
a
d
,
 q
L
o
a
d
,
 V
h
i
,
 V
ll
;

d
o
u
b
l
e
 y
S
h
;

/
/
 d
o 
no
t 
ch
an
ge
 t
he

 v
ol

ta
ge

 b
et
we
en
 r
un

s 
fo
r 
fa

st
er

/
/
 c
on
ve
rg
en
ce
, 
v 
is
 i
n 
po
la
r 
co
or
di
na
te
s.

c
o
m
p
l
e
x
<
d
o
u
b
l
e
>
 v
;

d
o
u
b
l
e
 p
N
e
t
l
n
j
,
 q
Ne
tl
nj
;

/
/
 P
o
w
e
r
 f
lo
w 
be
tw
ee
n 
ad
ja
ee
nt
 b
us
es
.

v
e
c
t
o
r
<
c
o
m
p
l
e
x
<
d
o
u
b
l
e
>
 >
 l
in
eF
lo
w;

/
/
 q
Va
rL
im
it
 n
ee
ds
 t
o 

be
 s
et
 t
o 
ze

ro
 b
et

we
en

 r
er

un
s

/
/
a
s
 w
el
l 
as

 t
he

 b
us

 t
yp

es
d
o
u
b
l
e
 q
V
a
r
L
i
m
i
t
;

/
/
 a
tt
ac
h 
a 
ge
ne
ra
to
r 
if
 t
he
re
 i
s 
on
e 
at
 t
hi
s 
bu
s

Ge
ne
ra
to
r 
*g

en
;

/
/
 l
is
t 
of
 c
on
ne
ct
in
g 
br
an
ch
es

v
e
c
t
o
r
<
B
r
a
n
c
h
 *
>
 a
d
j
B
r
a
n
c
h
;

/
/
 l
is
t 
of
 a
dj
ac
en
t 
bu
se
s 
ca
n 

be
 d
ed
uc
ed
 f
r
o
m
 t
he

/
/
 l
is
t 
of
 c
on
ne
ct
in
g 
br
an
ch
es
 b
ut
 t
he
 l
is
t 
of

/
/
 a
dj

ac
en

t 
bu

se
s 
is

 n
ee

de
d 
so
 f
re

qu
en

tl
y 
th

at
 i
t

/
/
i
s
 ju

st
if
ie
d 
to
 k
ee
p 

it
 i
n 
m
e
m
o
r
y

v
e
c
t
o
r
<
i
n
t
>
 a
d
j
B
u
s
e
s
,
 a
d
j
U
B
u
s
;

/
 /
 v
ol

ta
ge

 p
en

al
ty

 p
ar
am
et
er
s

d
o
u
b
l
e
 m
a
x
P
e
n
a
l
t
y
,
 r
i
g
h
t
N
o
m
V
,
 l
e
f
t
N
o
m
V
,
 d
v
;

d
o
u
b
l
e
 a
Le

ft
, 
bL
ef
t,
 c
Le
ft
; 
/
/
 l
ef

t 
po

ly
no

mi
al

 c
on

st
an

ts
d
o
u
b
l
e
 a
Ri
gh
t,
 b
Ri
gh
t,
 c
Ri
gh
t;
 /
/
 r
ig
ht
 p
ol
yn
om
ia
l 
co
ns
ta
nt
s

p
r
o
t
e
c
t
e
d
:
 /
/
 p
ro

te
ct

ed
 m
e
m
b
e
r
s

pu
bl

ic
: 
/
/
 p
ub

li
c 
m
e
m
b
e
r
s

Bu
s(
){
 /
/
 d
ef
au
lt
 c
on
st
ru
ct
or

y
S
h
 =
 0
.0

;
b
u
s
N
o
 =
 -
1;

t
y
p
e
 =
 L
O
A
D
;

b
u
s
T
y
p
e
 =
 b
u
s
N
a
m
e
 =
 "
n
o
n
e
"
;

p
L
o
a
d
 =
 q
L
o
a
d
 =
 0
.0

;
V
h
l
 =
 1
.0

5;
Vl

l 
=
 0
.9
5;

V
 =
 1
.0
;

p
N
e
t
l
n
j
 =
 q
N
e
t
l
n
j
 =
 0
.0

;
q
V
a
r
L
i
m
i
t
 =
 0
.0

;
g
e
n
 =
 N
U
L
L
;



t
o

I
s
5

/
/
 i
ni
ti
al
iz
e 
th
is
 j
us
t 
in

 c
as
e

m
a
x
P
e
n
a
l
t
y
 =
1
.
0
;

l
e
f
t
N
o
m
V
 =
 1
.0
25
;

r
i
g
h
t
N
o
m
V
 =
 0
.9

75
;

d
v
 =
 0
.0
25
;

In
it

Pe
na

lt
yP

ol
yn

om
ia

l(
);

} Bu
s(
co
ns
t 
B
u
s
 &
b
)
{
 /
/
 c
op
y 
co
ns
tr
uc
to
r

y
S
h
 =
 b
.
Y
S
h
O
;

b
u
s
N
o
 =
 b
.B
us
No
()
;

ty
pe
 =
 b
.T
yp
eO
;

b
u
s
T
y
p
e
 =
 b
.B
us
Ty
pe
()
;

b
u
s
N
a
m
e
 =
 b
.B
us
Na
in
e(
);

p
L
o
a
d
 =
 b
.P
Lo
ad
()
;

q
L
o
a
d
 =
 b
.
Q
L
o
a
d
Q
;

V
h
l
 =
 b
.V
HL
()
;

Vl
l 
=
 b
.
V
L
L
O
;

V 
=
 b
.V
()
;

pN
et
ln
j 
=
 b
.P
Ne
tl
nj
Q;

qN
et
ln
j 
=
 b
.Q
Ne
tl
nj
Q;

qV
ar
Li
mi
t 
=
 b
.Q

Va
rL

ir
ai

t(
);

ge
n 
=
 b
.G

en
()

;

/
/
 n
ot
e:
 a
dj
Br
an
ch
 i
s 
a
 v
ec
to
r 
of
 p
oi
nt
er
s.

ad
jB
ra
nc
h 
=
 c
on
st
_c
as
t<
Bu
s 
&>
(b
).
Ad
jB
ra
nc
h(
);

ad
jB
us
es
 =
 c
on
st
-c
as
t<
Bu
s 
&>
(b
).
Ad
jB
us
()
;

m
a
x
P
e
n
a
l
t
y
 -

 
b.
Ma
xP
en
al
ty
()
;

l
e
f
t
N
o
m
V
 =
 b
.L
ef
tN
om
V(
);

r
i
g
h
t
N
o
m
V
 =
 b
.R

ig
ht

No
mV

()
;

d
v
 =
 b
.D
v(
);

In
it
Pe
na
lt
yP
ol
yn
om
ia
l (
);

} B
u
s
 &
o
p
e
r
a
t
o
r
=
(
c
o
n
s
t
 B
u
s
 &
b
)
{
 /
/
 o
ve
rl
oa
de
d 
=
 o
pe
ra
to
r

yS
h 
=
 b
.Y
Sh
()
;

b
u
s
N
o
 =
 b
.B

us
No

()
;

ty
pe

 =
 b
.
T
y
p
e
O
;

b
u
s
T
y
p
e
 =
 b
.B
us
Ty
pe
()
;

b
u
s
N
a
m
e
 =
 b
.B
us
Na
me
()
;

p
L
o
a
d
 =
 b
.P
Lo
ad
()
;

q
L
o
a
d
 =
 b
.Q

Lo
ad

()
;

V
h
l
 =
 b
.
V
H
L
O
;

Vl
l 
=
 b
.
V
L
L
O
;

V 
=
 b
.V
()
;

pN
et
ln
j 
=
 b
.P
Ne
tl
nj
O;

qN
et
ln
j 
=
 b
.Q
Ne
tl
nj
Q;

qV
ar
Li
mi
t 
=
 b
.Q
Va
rL
im
it
Q;

ge
n 
=
 b
.
G
e
n
Q
;

/
/
 n
ot

e:
 a
dj

Br
an

ch
 i
s 
a
 v
ec

to
r 
of
 p
oi

nt
er

s
ad
jB
ra
nc
h 
=
 c
on
st
-c
as
t<
Bu
s 
&>
(b
).
Ad
jB
ra
nc
h(
);

ad
jB
us
es
 =
 c
on
st
-c
as
t<
Bu
s 
&>
(b
).
Ad
jB
us
()
;

ma
xP
en
al
ty
 =
 b
.M
ax
Pe
na
lt
yQ
;

l
e
f
t
N
o
m
V
 =
 b
.
L
e
f
t
N
o
m
V
Q
;

r
i
g
h
t
N
o
m
V
 =
 b
.
R
i
g
h
t
N
o
m
V
Q
;

d
v
 =
 b
.
D
v
Q
;

In
it
Pe
na
lt
yP
ol
yn
om
ia
lQ
;

r
e
t
u
r
n
 «
t
h
i
s
;

} vi
rt
ua
l 
~B

us
()

{}
; 
/
/
 v
ir

tu
al

 d
es
tr
uc
to
r

d
o
u
b
l
e
 Y
S
h
Q
 c
o
n
s
t
 {
 r
e
t
u
r
n
 y
Sh
; }

vo
id
 Y
S
h
(
c
o
n
s
t
 d
o
u
b
l
e
 y
sh
) {
 y
Sh
 =
 y
sh
; }

in
t 
B
u
s
N
o
Q
 c
o
n
s
t
 {
r
e
t
u
r
n
 b
us
No
;}

vo
id
 B
u
s
N
o
(
c
o
n
s
t
 i
nt
 b
n
)
 {
b
u
s
N
o
 =
 b
n;
}

st
ri
ng
 B
u
s
T
y
p
e
Q
 c
o
n
s
t
 {
r
e
t
u
r
n
 b
us
Ty
pe
;}

vo
id
 B
us
Ty
pe
(c
on
st
 s
tr
in
g 
bt
) {
 b
us
Ty
pe
 =
 b
t;
}

in
t 
T
y
p
e
Q
 c
on

st
 {
 r
et

ur
n 
ty

pe
;}

vo
id
 T
yp
e(
co
ns
t 
in
t 
t)
 {

if
((

t 
>
=
 G
E
N
)
 &
:&

 (
t 
<
=
 S
W
I
N
G
)
)

t
y
p
e
 =
 t
;

} st
ri
ng
 B
u
s
N
a
m
e
Q
 c
on
st
 {
re
tu
rn
 b
us
Na
me
;}

vo
id
 B
u
s
N
a
m
e
(
c
o
n
s
t
 s
tr
in
g 
bn

) 
{
b
u
s
N
a
m
e
 =
 b
n;

}

do
ub
le
 P
L
o
a
d
Q
 c
on

st
 {
re
tu
rn
 p
Lo
ad
;}

vo
id
 P
L
o
a
d
(
c
o
n
s
t
 d
o
u
b
l
e
 p
i)
 {
 p
Lo
ad
 =
 p
i;
}



t
o

C
O

d
o
u
b
l
e
 Q
L
o
a
d
(
)
 c
on
st
 {
re

tu
rn

 q
Lo
ad
;}

vo
id
 Q
Lo

ad
(c

on
st

 d
ou

bl
e 
ql

) {
qL

oa
d 
=
 q
l;

}

d
o
u
b
l
e
 Q
G
e
n
M
i
n
(
)
 {

if
(g
en
 !
=
 N
U
L
L
)

r
e
t
u
r
n
 g
e
n
^
G
e
n
Q
M
i
n
(
)
;

e
l
s
e r
e
t
u
r
n
 q
Ne
tl
nj
;

} d
o
u
b
l
e
 Q
G
e
n
M
a
x
(
)
 {

if
(g
en
 !
=
 N
U
L
L
)

r
e
t
u
r
n
 g
e
n
—
>
G
e
n
Q
M
a
x
(
)
;

e
l
s
e r
e
t
u
r
n
 q
Ne
tl
nj
;

} d
o
u
b
l
e
 P
G
e
n
(
)
 c
on
st
 {

if
( 
ge
n 
!
=
 N
U
L
L
)

r
e
t
u
r
n
 g
en
—>
Ge
nP
()
;

e
l
s
e r
e
t
u
r
n
 0
;

} d
o
u
b
l
e
 Q
G
e
n
(
)
 c
on
st
 {
 r
et

ur
n 
(q
Ne
tl
nj
 +
 q
Lo

ad
);

 }

d
o
u
b
l
e
 V
H
L
(
)
 c
on
st
 {
re
tu
rn
 V
hl
;}

vo
id
 V
H
L
(
c
o
n
s
t
 d
o
u
b
l
e
 v
hl
) {
 V
h
l
 =
 v
hl
;}

d
o
u
b
l
e
 V
L
L
(
)
 c
on
st
 {
re
tu
rn
 V
ll
;}

vo
id
 V
L
L
(
c
o
n
s
t
 d
ou
bl
e 

vl
l)
 {
Vl
l 
=
 v
ll

;}

d
o
u
b
l
e
 P
Ne
tl
nj
O 
co
ns
t 
{
 r
et

ur
n 
pN
et
ln
j;
}

vo
id
 P
Ne
tI
nj
(c
on
st
 d
o
u
b
l
e
 p
) {
 p
Ne
tl
nj
 =
 p
; }

d
o
u
b
l
e
 Q
Ne

tl
nj

O 
co
ns
t 
{
 r
et

ur
n 
qN

et
ln

j;
}

vo
id
 Q
Ne
tI
nj
(c
on
st
 d
o
u
b
l
e
 q
) {
 q
Ne
tl
nj
 =
 q
;}

Ge
ne
ra
to
r 
*
G
e
n
(
)
 c
on
st
 {
 r
et
ur
n 
ge
n;
}

vo
id
 G
en
(c
on
st
 G
en
er
at
or
 *
g)
 {

ge
n 
=
 c
on
st
_c
as
t<
Ge
ne
ra
to
r 
»>

(g
);

}

d
o
u
b
l
e
 P
S
c
h
e
d
O
 {

if
(g
en
 !
=
 N
U
L
L
)

re
tu

ri
i(

ge
n—

>^
Ge

nP
()

 -
 p
Lo

ad
);

e
l
s
e re
tu
rn
(-
pL
oa
d)
;

} d
o
u
b
l
e
 Q
Sc
he
d(
) {

re
tu
rn
(q
Va
rL
im
it
 -
 q
Lo
ad
);

} c
o
m
p
l
e
x
<
d
o
u
b
l
e
>
 V
()

 c
on
st
 {
re

tu
rn

 v
;}

vo
id
 V
(
c
o
n
s
t
 c
o
m
p
l
e
x
<
d
o
u
b
l
e
>
 v
c)
 {
 v
 =
 v
c;
}

c
o
m
p
l
e
x
<
d
o
u
b
l
e
>
 G
e
n
V
(
)
 c
o
n
s
t
 {

/
/
 B
u
s
 n
ot
 t
he
 G
en
er
at
or
 c
ar
ri
es
 t
he
 a
ct
ua
l 
bu
s 
ty
pe
.

I
I
 G
en
er
at
or
 c
ar
ri
es
 t
he
 i
nt
en
de
d/
or
ig
in
al
 b
us
 t
yp
e 
va
lu
e.

if
((

ty
pe

 =
=
 S
W
I
N
G
)
 ||

 (
ty

pe
 =
=
 G
E
N
)
)

r
e
t
u
r
n
 g
e
n
^
G
e
n
V
(
)
;

e
l
s
e r
e
t
u
r
n
 v
;

} vo
id
 A
d
j
 Br
an
ch
 (B
ra

nc
h 
*b

r)
 {
 a
dj
Br
an
ch
.p
us
h_
b£
ic
k(
br
);
 }

c
o
n
s
t
 v
ec
to
r<
Br
an
ch
 *
>
 &
Ad
jB
ra
nc
h(
) {
 r
e
t
u
r
n
 a
dj
Br
an
ch
; }

vo
id
 A
dj
Bu
s(
in
t 
bs
) {
 a
dj

Bu
se

s.
pu

sh
_b

ac
k(

bs
);

 }
c
o
n
s
t
 v
ec
to
r<
in
t>
 &
A
d
j
B
u
s
(
)
 {
 r
e
t
u
r
n
 a
dj
Bu
se
s;
 }

vo
id
 A
dj
UB
us
(i
nt
 u
bs

) 
{a

dj
UB

us
.p

us
h_

ba
ck

(u
bs

);
 }

co
ns
t 
ve
ct
or
<i
nt
> 
&
A
d
j
U
B
u
s
(
)
 {
 r
et

ur
n 
ad

jU
Bu

s;
 }

vo
id
 U
ni
qu
eA
dj
Bu
s(
);

d
o
u
b
l
e
 Q
Va

rL
im

it
()

 c
on
st
 {
 r
et
ur
n 
qV
ar
Li
mi
t;
 }

vo
id
 Q
Va

rL
im

it
 (c
on
st
 d
o
u
b
l
e
 q
v)
 {
 q
Va
rL
im
it
 =
 q
v;

}

v
e
c
t
o
r
<
c
o
m
p
l
e
x
<
d
o
u
b
l
e
>
 >
 &
Li
ne
Fl
ow
()
 {
 r
et
ur
n 
li
ne
Fl
ow
;}

d
o
u
b
l
e
 M
ax

Pe
na

lt
yO

 c
on
st
 {
 r
et
ur
n 
ma
xP
en
al
ty
;}

vo
id
 M
ax

Pe
na

lt
y(

co
ns

t 
d
o
u
b
l
e
 m
p
)
 {
 m
ax
Pe
na
lt
y 
=
 m
p
;
}

do
ub
le
 L
e
f
t
N
o
m
V
(
)
 c
on
st
 {
re

tu
rn

 l
ef
tN
om
V;
}



vo
id

 L
ef
tN
om
V(
co
ns
t 
do

ub
le

 I
f)

 {
le

ft
No

mV
 =
 If

;}
/
*
 G
en

er
at

or
.h

pp
 -
 J
ov

an
 H
ie
 i
li
c@
th
et
au
sa
.c
om
 T
h
e
 S
e
p
 5
 2
0
0
0

t
s
5

d
o
u
b
l
e
 R
i
g
h
t
N
o
m
V
(
)
 c
on
st
 {
re
tu
rn
 r
ig
ht
No
mV
;}

vo
id

 R
ig

ht
No

mV
(c

on
st

 d
ou
bl
e 
rg
) 
{r
ig
ht
No
mV
 =
 r
g;
}

d
o
u
b
l
e
 D
v
(
)
 c
on
st
 {
re
tu
rn
 d
v;
}

vo
id

 D
v(
co
ns
t 
do
ub
le
 r
d)

 {
 d
v 
=
 r
d;
}

vo
id
 I
ni
tP
en
al
ty
Po
Iy
no
mi
al
O;

d
o
u
b
l
e
 V
ol

ta
ge

Pe
na

lt
yO

;

fr
ie
nd
 o
st
re
am
 &
o
p
e
r
a
t
o
r
^
(
o
s
t
r
e
a
m
 &
,
 c
o
n
s
t
 B
u
s
 &
);

}; #
e
n
d
i
f

/
/
 

C-
\—
h

/
*
 e
xt
em
s.
hp
p 
-
 J
ov

an
 I
li

c 
il
ic
@t
he
ta
us
a.
co
m 
M
o
n
 O
c
t
 4
 1
9
9
9

* *
 $
H
e
a
d
e
r
$

*
 $
L
o
g
$

*
/

S
i
f
n
d
e
f
 
_
E
X
T
E
R
N
S
-
H
P
P

I
f
d
e
l
i
n
e
 
_
E
X
T
E
R
N
S
_
H
P
P

e
x
t
e
r
n
 s
tr
in
g 
In
pu
tF
il
e-
St
r,
 O
u
t
G
A
_
s
t
r
,
 O
ut
To
l_
st
r;

e
x
t
e
r
n
 s
tr
in
g 
G
A
P
a
r
m
s
-
S
t
r
,
 S
ys
Ou
t-
st
r,
 E
rr

sG
A-

st
r;

e
x
t
e
r
n
 i
n
t
 i
nt
er
va
l,
 c
on
ti
nu
ou
s,
 i
Ze
ro
;

e
x
t
e
r
n
 v
o
i
d
 G
et
Op
ti
on
sH
el
p(
in
t,
 c
h
a
r
 *
*)
;

e
x
t
e
r
n
 v
oi
d 
Ge
tO
pt
io
ns
(i
nt
, 
ch
ar
 »
*)
;

/
/
 M
ic
ro
so
ft
 V
C
+
+
 s
pe
ci
fi
c

#
i
f
d
e
f
 J
V
[
S
C
_
V
E
R

#
d
e
f
i
n
e
 
M
_
P
I
 3
.
1
4
1
5
9
2
6
5
3
5
8
9
7
9
3
2
3
8
4
6

#e
nd
if
 /
/
 .
.
M
S
C
.
V
E
R

t
e
n
d
i
f

/
/
 

C
+
+

*
 S
H
e
a
d
e
r
$

*
 S
L
o
g
S

*
!

t
i
f
n
d
e
f
 .
G
E
N
E
R
A
T
G
R
J
I
P
P

t
d
e
f
i
n
e
 
_
G
E
N
E
R
A
T
O
R
_
H
P
P

t
i
n
c
l
u
d
e
 "
s
t
d
s
.
h
p
p
"

t
i
n
c
l
u
d
e
 
<
m
a
t
h
.
h
>

cl
as
s 
Ge
ne
ra
to
r 
{

pr
iv
at
e:
 /
/
 m
a
k
e
 c
le
ar
 t
ha

t 
pr
iv
at
e 
pa

rt
 i
s 
fi
rs
t 
by

 d
ef
au
lt

e
n
u
m
 {
G
E
N
 =
 2
, 
L
O
A
D
,
 G
E
N
J
I
I
G
H
V
A
R
,
 G
E
N
X
O
W
V
A
R
,
 G
E
N
_
R
E
G
,

S
W
I
N
G
}
;

in
t 
g
e
n
B
u
s
N
o
,
 t
p;

d
o
u
b
l
e
 g
e
n
P
,
 g
e
n
V
,
 g
e
n
Q
M
a
x
,
 g
e
n
Q
M
i
n
;

/
/
 c
os
t 
fu
nc
ti
on
 c
al
cu
la
ti
on
 a
dd
it
io
ns

I
I
 T
hi

s 
co

ul
d 
al
so
 b

e 
a 
li

ne
 s
eg
me
nt
 d
es

cr
ip

ti
on

v
e
c
t
o
r
<
d
o
u
b
l
e
>
 c
os

tP
ol

y;
 /
/
 p
ol
y 
co
ef
fi
ci
en
ts
 i
n 
in

cr
ea

si
ng

 o
rd
er

d
o
u
b
l
e
 g
e
n
P
M
i
n
,
 g
e
n
P
M
a
x
;
 /
/
 g
en
er
at
io
n 
li
mi
ts

pr
ot
ec
te
d:
 /
/
 p
ro
te
ct
ed
 m
e
m
b
e
r
s

pu
bl
ic
: 
/
/
 p
ub
li
c 
m
e
m
b
e
r
s

Ge
ne
ra
to
r(
){
 /
/
 d
ef
au
lt
 c
on
st
ru
ct
or

g
e
n
B
u
s
N
o
 =
 -
1;

t
p
 =
 G
E
N
;

g
e
n
P
 =
 g
e
n
V
 =
 g
e
n
Q
M
a
x
 =
 g
e
n
Q
M
i
n
 =
 0
.0
;

g
e
n
P
M
i
n
 =
 g
e
n
P
M
a
x
 =
 0
.0
;

} Ge
ne
ra
to
r(
co
ns
t 
Ge
ne
ra
to
r 
&
g
)
{
 /
/
 c
op
y 
co
ns
tr
uc
to
r

g
e
n
B
u
s
N
o
 =
 g
.G
en
Bu
sN
o(
);

tp
 =
 g
-T
yp
e(
);

g
e
n
P
 =
 g
.G
en
P(
);

g
e
n
V
 =
 g
.
G
e
n
V
O
;

g
e
n
Q
M
a
x
 =
 g
.G
en
QM
ax
()
;



t
o

o
r

g
e
n
Q
M
i
n
 =
 g
.
G
e
n
Q
M
i
n
(
)
;

g
e
n
P
M
i
n
 =
 g
.G
en
PM
in
()
;

g
e
n
P
M
a
x
 =
 g
.
G
e
n
P
M
a
x
(
)
;

co
st

Po
ly

 =
 c
on
st
.c
as
t<
Ge
ne
ra
to
r 
&:
>(
g)
.C
os
tP
oI
yV
()
;

} Ge
ne
ra
to
r 
&:
op
er
at
or
=(
co
ns
t 
Ge
ne
ra
to
r 
&
g
)
{
 /
/
 o
ve
rl
oa
de
d 
=
 o
pe
ra
to
r

g
e
n
B
u
s
N
o
 =
 g
.G
en
Bu
sN
o(
);

tp
 =
 g
.l
Yp
eO
;

g
e
n
P
 =
 g
.
G
e
n
P
O
;

g
e
n
V
 =
 g
.G
en
V(
);

g
e
n
Q
M
a
x
 =
 g
.G
en
QM
ax
()
;

g
e
n
Q
M
i
n
 =
 g
.
G
e
n
Q
M
i
n
(
)
;

g
e
n
P
M
i
n
 =
 g
.G
en
PM
in
()
;

g
e
n
P
M
a
x
 =
 g
.
G
e
n
P
M
a
x
(
)
;

.
 c
os
tP
ol
y 
=
 c
on
st
-c
as
t<
Ge
ne
ra
to
r 
&>
(g
).
Co
st
Po
ly
V(
);

r
e
t
u
r
n
 *
th
is
;

} vi
rt
ua
l 
~G
en
er
at
or
()
{}
; 
/
/
 v
ir
tu
al
 d
es
tr
uc
to
r

in
t 
G
e
n
B
u
s
N
o
(
)
 c
o
n
s
t
 {
re
tu
rn
 g
en
Bu
sN
o;
}

vo
id
 G
e
n
B
u
s
N
o
(
c
o
n
s
t
 i
nt
 g
)
 {
g
e
n
B
u
s
N
o
 =
 g
;}

d
o
u
b
l
e
 G
e
n
P
(
)
 c
on
st
 {
 r
et

ur
n 
ge

nP
;}

vo
id
 G
e
n
P
(
c
o
n
s
t
 d
o
u
b
l
e
 g
p)
 {
g
e
n
P
 =
 g
p;
}

d
o
u
b
l
e
 G
e
n
V
(
)
 c
o
n
s
t
 {
 r
et
ur
n 
ge
nV
;}

vo
id
 G
e
n
V
(
c
o
n
s
t
 d
o
u
b
l
e
 g
v)
 {
 g
e
n
V
 =
 g
v;
}

d
o
u
b
l
e
 G
e
n
Q
M
a
x
(
)
 c
on
st
 {
re
tu
rn
 g
e
n
Q
M
a
x
;
 }

vo
id
 G
e
n
Q
M
a
x
(
c
o
n
s
t
 d
o
u
b
l
e
 g
q)
 {
g
e
n
Q
M
a
x
 =
 g
q;
}

d
o
u
b
l
e
 G
e
n
Q
M
i
n
(
)
 c
on
st
 {
 r
et
ur
n 
g
e
n
Q
M
i
n
;
}

vo
id
 G
e
n
Q
M
i
n
(
c
o
n
s
t
 d
ou
bl
e 
gq

) {
 g
e
n
Q
M
i
n
 =
 g
q;
 }

d
o
u
b
l
e
 G
e
n
P
M
a
x
(
)
 c
on
st
 {
 r
et
ur
n 
g
e
n
P
M
a
x
;
}

vo
id
 G
e
n
P
M
a
x
(
c
o
n
s
t
 d
o
u
b
l
e
 g
p)
 {
 g
e
n
P
M
a
x
 =
 g
p;
}

d
o
u
b
l
e
 G
e
n
P
M
i
n
(
)
 c
on
st
 {
re
tu
rn
 g
en
PM
in
;}

vo
id
 G
e
n
P
M
i
n
(
c
o
n
s
t
 d
o
u
b
l
e
 g
p)
 {
g
e
n
P
M
i
n
 =
 g
p;
}

/
/
 s
av
e 
(i
n 
or
de
r)
 a
 p
ol
yn
om
ia
l 
co
st
 c
oe
ff
ic
ie
nt

vo
id
 C
os
tP
ol
y(
co
ns
t 
d
o
u
b
l
e
 c
oe
f)
 {

co
st
Po
ly
.p
us
h_
ba
ck
(c
oe
f)
;

} /
/
 i
vh
ol
e 
co
st
 v
ec
to
r 
as
si
gn
me
nt
 a
nd
 r
et
ri
va
l

co
ns
t 
ve
ct
or
<d
ou
bl
e>
 &
Co
st
Po
ly
V(
) {
 r
et
ur
n 
co
st
Po
ly
; }

vo
id
 C
os
tP
oI
y(
co
ns
t 
ve
ct
or
<d
ou
bl
e>
 &
c
)
 {
 c
os
tP
ol
y 
=
 c
;}

/
/
 f
or
 C
os
t(
) 
an
d 

Co
st
In
c(
),
 a
r
g
u
m
m
e
n
t
 s
ho
ul
d 

be
 b
et
we
en

I
I
 g
e
n
P
M
i
n
 a
nd
 g
e
n
P
M
a
x
.
 p
 s
ho
ul
d 

be
 n
on
-p
u 
po
we
r

I
I
 g
e
n
P
M
i
n
 a
n
d
 g
e
n
P
M
a
x
 a
re
 a
ls
o 
no
t 
sc
al
ed

d
o
u
b
l
e
 O
os
t(
do
ub
le
 p
)
 {

d
o
u
b
l
e
 c
 =
 0
.0

;
/
/
 g
en
er
at
io
n 
li
mi
ts
 a
re
 h
er
e 
on
ly
 b
ec
au
se
 o
f 
th
e 
sw
in
g 

bu
s.

if
(p
 !
=
 0
.0
) {

if
(p
 <
 g
e
n
P
M
i
n
)

r
e
t
u
r
n
 2
.0
*C
os
t(
ge
nP
Ma
x)
;

if
(p
 >
 g
e
n
P
M
a
x
)

r
e
t
u
r
n
 4
*
C
o
s
t
(
g
e
n
P
M
a
x
)
;

} fo
r (
in
t 

i 
=
 0
; 

i 
<
 c
os
tP
ol
y.
si
ze
()
; 
i
+
+
)

c
 +
=
 c
os
tP
ol
yp
] 
*
 p
ow
(p
, 
st
at
ic
_c
as
t<
do
ub
le
>(
i)
);

r
e
t
u
r
n
 c
;

} d
o
u
b
l
e
 C
os
tl
nc
(d
ou
bl
e 
p
)
 {

d
o
u
b
l
e
 c
 =
 0
.0

;
if
(p
 <
 g
e
n
P
M
i
n
)

r
e
t
u
r
n
 C
os
tl
nc
(g
en
PM
in
);

if
(p
 >
 g
e
n
P
M
a
x
)

r
e
t
u
r
n
 C
os
tl
nc
(g
en
PM
ax
);

fo
r(
in
t 

i 
=
 1
; 
i 
<
 c
os
tP
ol
y.
si
ze
()
; 
i
+
+
)

c
 +
=
 c
os
tP
ol
yp
] 
*
 i
 *
 p
ow
(p
, 
st
at
iC
-C
as
t<
do
ub
le
>(
i 
- 
1)
);

r
e
t
u
r
n
 c
;

in
t 
T
y
p
e
(
)
 c
o
n
s
t
 {
 r
e
t
u
r
n
 t
p;
}



t
o
O
i

vo
id
 T
yp
e(
co
ns
t 
in
t 
t)
 {

if
((

t 
<
=
 S
W
I
N
G
)
 &
&
 (
t 
>
=
 G
E
N
)
)

t
p
 =
 t
;

} fr
ie
nd
 o
st

re
am

 &
op
er
at
or
<C
(o
st
re
am
 &
,
 c
on
st
 G
en

er
at

or
 &
);
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e
n
d
i
f
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at
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D
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9
 2
0
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0

* *
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H
e
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o
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/

#
i
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d
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M
A
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R
I
X
S
P
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P

#
d
e
f
i
n
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 J
V
T
A
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R
I
X
S
P
D
J
H
P
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#
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n
c
l
u
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e
 
<
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o
s
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r
e
a
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#
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n
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l
u
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<
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e
c
t
o
r
>

#
i
n
c
l
u
d
e
 <
m
a
p
>

#
i
n
c
l
u
d
e
 
<
i
m
s
l
.
h
>

#i
f 
d
e
f
i
n
e
d
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-
S
G
I
-
S
T
L
_
P
O
R
T
)
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in

g 
n
a
m
e
s
p
a
c
e
 _
S
T
L
;

#
e
l
s
e

us
in

g 
n
a
m
e
s
p
a
c
e
 s
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;
f
e
n
d
i
f

/
/
 T
hi

s 
ty

pe
 d
ef
in
it
io
ns
 m
a
t
c
h
 S
up
er
L 
U
 e
n
u
m
s

t
y
p
e
d
e
f
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n
u
m
 {

G
E
,
 /
*
 g
en
er
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/

T
R
L
U
,
 /
*
 l
ow
er
 t
ri
an
gu
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r,
 u
ni
t 
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on
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/

T
R
U
U
,
 /
*
 u
pp
er
 t
ri
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gu
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r,
 u
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/

T
R
L
,
 /
*
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ow
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gu
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r 
*
/

T
R
U
,
 /
*
 u
pp
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 t
ri
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gu
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r 
*
/

S
Y
L
,
 /
*
 s
ym
me
tr
ic
, 
st
or
e 
lo
we
r 
ha
lf
 *
/

S
Y
U
,
 /
*
 s
ym
me
tr
ic
, 
st
or
e 
up
pe
r 
ha
lf
 *
/

H
E
L
,
 /
*
 H
er
mi
ti
an
, 
st
or
e 
lo

we
r 
ha

lf
 *
/

H
E
U
 /
*
 H
er
mi
ti
an
, 
st
or
e 
up
pe
r 
ha
lf
*/

}
 M
ty
pe
-t
;

t
y
p
e
d
e
f
 e
n
u
m
 {

_S
, 
/
*
 s
in
gl
e 
*
/

JD
, 
/
*
 d
ou
bl
e 
*
/

-C
, 
/
*
 s
in
gl
e 
co
mp
le
x 
*
/

JL
 /
*
 d
ou
bl
e 
co
mp
le
x 
*
/

}
 D
ty
pe
.t
;

cl
as
s 
M
a
t
r
i
x
S
P
D
 {

pr
iv

at
e:

 /
/
 m
a
k
e
 c
le
ar
 t
ha

t 
pr
iv
at
e 
pa
rt
 i
s 
fi
rs

t 
by
 d
ef
au
lt

/
/
 v
ec

to
r 
of
 c
ol

um
ns

 m
a
k
e
s
 i
t 
ea

si
er

 t
o

//
sw
it
ch
 t
o 
Ha
rw
el
l-
Bo
ei
ng
 d
at
a 
fo
rm
at

v
e
c
t
o
r
<
m
a
p
<
i
n
t
,
 d
o
u
b
l
e
,
 l
e
s
s
<
i
n
t
>
 >
 >
 d
at
;

/
/
 H
Bv

al
id

 i
s 
fa
ls
e 
wh

en
ev

er
 H
B
 a
rr
ay
s 
ne

ed
 t
o 
be

/
 /
 (
re
) b

ui
lt
.

b
o
o
l
 H
B
v
a
l
i
d
;

/
/
 m
at

ri
x 
f
o
r
m
a
t
 t
yp

e 
fo
r 
us
e 
wi
th
 S
u
p
e
r
L
U

M
t
y
p
e
_
t
 a
ty

pe
;

/
/
 H
ar

we
ll

-B
oe

in
g 
ar

ra
ys

 k
ep

t 
in
 S
T
L
 v
ec

to
rs

v
e
c
t
o
r
<
d
o
u
b
l
e
>
 a
;

v
e
c
t
o
r
<
i
n
t
>
 a
s
u
b
,
 x
a
;

/
/
 n
u
m
b
e
r
 o
f 
ro
ws
, 
co

lu
mn

s,
 a
n
d
 n
on

ze
ro

 e
le
me
nt
s

i
n
t
 m
,
 n
,
 n
n
z
;

vo
id
 U
pd
at
eH
B(
);

pr
ot
ec
te
d:
 /
/
 p
ro
te
ct
ed
 m
e
m
b
e
r
s

pu
bl

ic
: 
/
/
 p
ub

li
c 
m
e
m
b
e
r
s

/
/
 n
ee
d 
to
 h
an
dl
e 
in
de
x 
er
ro
rs
 s
o
m
e
h
o
w

/
/
 U

si
ng
 e
xc

ep
ti

on
s 
wo

ul
d 

be
 t
he

 r
ig
ht
 w
a
y
 -
 m
a
y
b
e

d
o
u
b
l
e
 e
rr

;

Ma
tr
ix
SP
D(
);
 /
/
 d
ef
au
lt
 c
on
st
ru
ct
or



t
o

Ma
tr
ix
SP
D(
in
t,
 i
nt
);
 /
/
 c
on
st
ru
ct
or
 w
it
h 
di
me
ns
io
ns

Ma
tr
ix
SP
D(
in
t,
 i
nt
, 
in
t)
;

Ma
tr

ix
SP

D (
co
ns
t 
Ma

tr
ix

SP
D 
&)

; 
/
/
 c
op
y 
co

ns
tr

uc
to

r

M
a
t
r
i
x
S
P
D
 &
o
p
e
r
a
t
o
r
=
(
c
o
n
s
t
 M
a
t
r
i
x
S
P
D
 &
);
 /
/
 o
ve
rl
oa
de
d 
=

o
p
e
r
a
t
o
r

vi
rt
ua
l 
~M
at
ri
xS
PD
()
{}
; 
/
/
 v
ir
tu
al
 d
es
tr
uc
to
r 
(p
ur
e 
??
)

Mt
yp
e.
t 
At
yp
e(
) 
co
ns
t 
{
 r
et
ur
n 
at
yp
e;
}

vo
id
 A
ty

pe
(c

on
st

 M
ty
pe
.t
 m
t
)
 {
 a
ty

pe
 =
 m
t;

}

co
ns

t 
ve
ct
or
<d
ou
bl
e>
 &
A
(
)
 c
on
st
 {
 r
et
ur
n 
a;

}
vo
id
 A
(
c
o
n
s
t
 v
ec
to
r<
do
ub
le
> 
&
a
a
)
 {
 a
 =
 c
on
st
-c
as
t<
ve
ct
or
<d
ou
bl
e>

&:
>(
aa
);
 }

c
o
n
s
t
 v
ec
to
r<
in
t>
 &
A
s
u
b
(
)
 c
on
st
 {
 r
e
t
u
r
n
 a
su
b;
 }

vo
id

 A
su
b(
co
ns
t 
ve

ct
or

<i
nt

> 
&
a
s
)
 {
 a
su

b 
=
 c
on

st
_c

as
t<

ve
ct

or
<i

nt
>

&>
(a

s)
;}

c
o
n
s
t
 v
ec
to
r<
in
t>
 &
X
a
(
)
 c
on
st
 {
 r
e
t
u
r
n
 x
a;
}

vo
id
 X
a
(
c
o
n
s
t
 v
ec
to
r<
in
t>
 &
x
)
 {
 x
a
 =
 c
on
st
_c
as
t<
ve
ct
or
<i
nt
> 
&
>
(
x
)
;

in
t 
M
(
)
 c
o
n
s
t
 {
r
e
t
u
r
n
 m
;
}

vo
id
 M
(
c
o
n
s
t
 i
nt
 m
s
)
 {
 m
 =
 m
s;
}

in
t 
N
(
)
 c
o
n
s
t
 {
r
e
t
u
r
n
 n
;}

vo
id
 N
(c
on
st
 i
nt

 n
s)
 {
 n
 =
 n
s;

}

in
t 
N
N
Z
(
)
 c
on

st
 {
 r
et
ur
n 
nn
z;
 }

/
/
 h
er
e 
w
e
 m
ig
ht
 h
av
e 
to
 a
dj
us
t 
in
te
rn
al
 v
ec
to
rs

vo
id
 N
N
Z
(
c
o
n
s
t
 i
nt
 n
z)
{n
nz
 =
 n
z;
}

bo
ol
 S
et
A(
in
t,
in
t,
in
t,
ve
ct
or
<d
ou
bl
e>
 &
,v
ec
to
r<
in
t>
 &
,v
ec
to
r<
in
t>

&,
Mt
yp
e-
t)
;

bo
ol

 S
e
t
A
(
v
e
c
t
o
r
<
d
o
u
b
I
e
>
 &
,
 v
ec

to
r<

in
t>

 &
,
 v
ec

to
r<

in
t>

 &
,

Mt
yp
e.
t,
 i
nt
 =
 0
);

/
/
 a
cc

es
s 
H
B
 c
o
l
u
m
n
 m
a
p
s

c
o
n
s
t
 m
a
p
<
i
n
t
,
 d
ou
bl
e,
 l
es
s<
in
t>
 >
 &
Co
l(
in
t)
 c
on
st
;

vo
id
 C
ol
(c
on
st
 m
a
p
<
i
n
t
,
 d
ou
bl
e,
 l
es
s<
in
t>
 >
 &
,
 in

t)
;

bo
ol
 H
BV
al
id
()
 c
on
st
;

vo
id
 H
BV
al
id
(c
on
st
 b
oo
l)
;

vo
id
 P
ri
nt
Ma
p(
os
tr
ea
m 
&)
;

vo
id
 P
ri
nt
HB
(o
st
re
am
 &
);

fr
ie
nd
 o
st
re
am
 &
op
er
at
or
<C
(o
st
re
am
 &
,
 c
o
n
s
t
 M
a
t
r
i
x
S
P
D
 &
);

/
/
 m
ig

ht
 w
a
n
t
 t
o 
ov

er
lo

ad
 t
hi
s 
m
e
m
b
e
r
 a
 f
e
w
 t
im
es

bo
ol
 S
ol

ve
(v

ec
to

r<
do

ub
le

> 
&
,
 v
ec

to
r<

do
ub

le
> 
&)

;

d
o
u
b
l
e
 A
ij

(i
nt

, 
in
t)
 c
o
n
s
t
 ;

d
o
u
b
l
e
 A
ij
(c
on
st
 i
nt

, 
co
ns
t 
in

t,
 c
on

st
 d
ou
bl
e)
;

}; #
e
n
d
i
f

/
/
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H
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e
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L
o
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*
/

#
i
f
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e
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^
E
T
J
H
P
P

#
d
e
f
i
n
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E
T
J
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P

#
i
n
c
l
u
d
e
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s
t
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.
h
p
p
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#
i
n
c
l
u
d
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B
u
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.
h
p
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#
i
n
c
l
u
d
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G
e
n
e
r
a
t
o
r
.
h
p
p
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#
i
n
c
l
u
d
e
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B
r
a
n
c
h
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h
p
p
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#
i
n
c
l
u
d
e
 "
M
a
t
r
i
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S
P
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h
p
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#
i
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c
l
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d
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e
x
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h
p
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cl
as
s 
Ne
t 
{

pr
iv
at
e:
 /
/
 m
a
k
e
 c
le
ar
 t
ha
t 
pr
iv
at
e 
pa
rt
 i
s 
fi
rs
t 
by
 d
ef
au
lt

e
n
u
m
 {
L
I
N
,
 T
R
A
N
,
 G
E
N
,
 L
O
A
D
,
 G
E
N
J
I
I
G
H
V
A
R
,
 G
E
N
X
O
W
V
A
R
,

G
E
N
J
R
E
G
,
 S
W
I
N
G
}
;



t
s
5

0
0

d
o
u
b
l
e
 p
B
a
s
e
;

in
t 
n
o
B
u
s
;
 /
/
 n
u
m
b
e
r
 o
f 
bu
se
s 
f
r
o
m
 d
at

a 
fi
le

in
t 
n
o
G
e
n
;
 /
/
 n
u
m
b
e
r
 o
f 
ge

ne
ra

to
rs

 f
r
o
m
 d
at

a 
fi
le

in
t 
no
Br
; 
/
/
 n
u
m
b
e
r
 o
f 
br
an
ch
es
 f
r
o
m
 d
at
a 
fi
le

in
t 
sw
in
gB
us
; 
/
/
 s
wi
ng
 b
us
 i
nd
ex
 f
r
o
m
 d
at
a 
fi
le

in
t 
no
Tr
an
; 
/
/
 n
u
m
b
e
r
 o
f 
tr
an
sf
or
me
rs

in
t 
n
o
C
a
p
;
 /
/
 n
u
m
b
e
r
 o
f 
bu
se
s 
wi
th
 c
ap
ac
it
or
s

I
I
 t

it
le

 l
in

es
 f
r
o
m
 d
at

a 
fi
le

st
ri

ng
 T
it
le
l,
 T
it

le
2;

/
/
 p
o
w
e
r
 f
lo
w 
li
mi
ti
ng
 v
ar
ia
bl
es

d
o
u
b
l
e
 p
M
a
x
M
i
s
m
a
t
c
h
,
 q
M
a
x
M
i
s
m
a
t
c
h
;

d
o
u
b
l
e
 p
M
i
s
m
a
t
c
h
,
 q
M
i
s
m
a
t
c
h
;

i
n
t
 m
a
x
l
t
e
r
;

/
/
 u
se
d 
fo
r 
S
u
p
e
r
L
 U
 s
ta
te

c
h
a
r
 f
ac
t;

/
/
 h
an
dl
in
g 
ge
ne
ra
to
r 
va

r 
li
mi
ts
, 
fa
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e 
m
e
a
n
s
 n
o
 l
im

it
s 
vi

ol
at

ed
.

b
o
o
l
 v
ar

Li
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t;

v
e
c
t
o
r
<
B
u
s
>
 b
us
es
;

v
e
c
t
o
r
<
G
e
n
e
r
a
t
o
r
>
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s;

v
e
c
t
o
r
<
B
r
a
n
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 b
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he

s;
/
/
 T
ra
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d 
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v
e
c
t
o
r
<
i
n
t
>
 t
ra
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ps
;

/
/
 s
pa
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e 
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mi
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an
ee
 m
at
ri
x 
ve
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s

M
a
t
r
i
x
S
P
D
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;

v
e
c
t
o
r
<
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o
u
b
l
e
>
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b;

v
e
c
t
o
r
<
i
n
t
>
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su
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 x
g;

v
e
c
t
o
r
<
i
n
t
>
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s
u
b
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b
;

/
/
 s
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an
 m
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x 
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s

M
a
t
r
i
x
S
P
D
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;

v
e
c
t
o
r
<
d
o
u
b
l
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;

v
e
c
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o
r
<
i
n
t
>
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c;

/
/
 a
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le
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p
o
w
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 f
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at
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e
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o
u
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;
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/
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bl
es
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n 
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 f
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Q
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o
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n
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o
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n
t
,
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C
C
o
u
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t
;

v
e
c
t
o
r
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i
n
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>
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ow

Sh
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;
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/
 o
ut
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t 
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s

d
o
u
b
l
e
 p
L
o
a
d
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o
t
a
l
,
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a
d
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o
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a
l
,
 p
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e
n
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o
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a
l
,
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G
e
n
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o
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a
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;
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e
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al
I2
X,
 t
ot
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;
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o
w
e
r
 I
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 b
as

ed
 o
n
 t
he

 c
ur
re
nt
ly
 c
al
cu
la
te
d 
vo
lt
ag
es

bo
ol
 N
et
ln
jQ
;

/
/
 D
if
fe
re
nc
e 
be
tw
ee
n 
th
e 
sc
he
du
le
d 
a
n
d
 c
al
cu
la
te
d 
po
we
r 
in
je
ct
io
ns

bo
ol

 D
e
l
P
Q
O
;

/
/
 C
he
ek
s 
ge
ne
ra
to
rs
 f
or
 e
xc
ee
di
ng
 V
A
R
 l
im
it
s 
a
n
d
 m
a
k
e
s
 b
us

 V
A
R

a
d
j
u
s
t
m
e
n
t
s

bo
ol

 C
he
ck
VA
RL
im
it
s(
);

p
r
o
t
e
c
t
e
d
:
 /
/
 p
ro

te
ct

ed
 m
e
m
b
e
r
s

pu
bl

ic
: 
/
/
 p
ub
li
c 
m
e
m
b
e
r
s

Ne
t(
){
 /
/
 d
ef
au
lt
 c
on
st
ru
ct
or

p
B
a
s
e
 =
 1
00
.0
;

n
o
B
u
s
 =
 n
o
G
e
n
 =
 n
o
B
r
 =
 s
w
i
n
g
B
u
s
 =
 n
o
T
r
a
n
 =
 n
o
C
a
p
 =
 -
1;

Ti
tl

el
 =
 T
it

le
2 
=
 "
N
o
 
C
o
m
m
e
n
t
"
;

p
M
a
x
M
i
s
m
a
t
c
h
 =
 q
M
a
x
M
i
s
m
a
t
c
h
 =
 0
.0

00
1;

p
M
i
s
m
a
t
c
h
 =
 q
M
i
s
m
a
t
c
h
 =
 0
.0

;
m
a
x
l
t
e
r
 =
 5
0
;

. 
fa
ct
 =
 '
N'

;
v
a
r
L
i
m
i
t
 =
 f
al

se
;

P
Q
G
o
u
n
t
 =
 P
V
G
o
u
n
t
 =
 V
G
G
o
u
n
t
 =
 0
;

p
L
o
a
d
T
o
t
a
l
 =
 q
L
o
a
d
T
o
t
a
l
 =
 p
G
e
n
T
o
t
a
l
 =
 q
G
e
n
T
o
t
a
l
 =
 0
.0

;
t
o
t
a
l
K
R
 =
 t
ot
al
I2
X 
=
 t
ot

al
Ch

ar
gi

ng
 =
 0
.0
;

} Ne
t(

co
ns

t 
Ne
t 
&
n
)
{
 /
/
 c
op
y 
co

ns
tr

uc
to

r
pB
as
e 
=
 n
.P
Ba
se
()
;

n
o
B
u
s
 =
 n
.N
oB
us
()
;

n
o
G
e
n
 =
 n
.
N
o
G
e
n
Q
;

n
o
B
r
 =
 n
.N
oB
r(
);



t
o

t
o

s
w
i
n
g
B
u
s
 =
 n
.
S
w
i
n
g
B
u
s
O
;

no
Tr
an
 =
 n
.N
oT
ra
n(
);

n
o
C
a
p
 =
 n
.
N
o
C
a
p
O
;

Ti
tl
el
 =
 n
.t
it
le
l(
);

Ti
tl
e2
 =
 n
.t
it
le
2(
);

p
M
a
x
M
i
s
m
a
t
c
h
 =
 n
.P
Ma
xM
is
ma
tc
h(
);

q
M
a
x
M
i
s
m
a
t
c
h
 =
 n
.Q
Ma
xM
is
ma
tc
h(
);

p
M
i
s
m
a
t
c
h
 =
 n
.P
Mi
sm
at
ch
()
;

q
M
i
s
m
a
t
c
h
 =
 n
.Q
Mi
sm
at
ch
Q;

ma
xl
te
r 
=
 n
.M
ax
It
er
()
;

fa
ct
 =
 n
.F
ac
t(
);

va
rL
im
it
 =
 n
.V
ar
Li
mi
t(
);

P
Q
C
o
u
n
t
 =
 n
.p
QC
ou
nt
()
;

P
V
C
o
u
n
t
 =
 n
.p
VC
ou
nt
O;

V
C
C
o
u
n
t
 =
 n
.v
CC
ou
nt
Q;

bu
se
s 
=
 c
on
st
_c
as
t<
Ne
t 
&>
(n
).
Bu
se
sV
()
;

ge
ns
 =
 c
on
st
_c
as
t<
Ne
t 
&>
(n
).
Ge
ns
V(
);

br
an
ch
es
 =
 c
on
st
_c
as
t<
Ne
t 
&
>
 (n
).
Br
an
ch
es
V(
);

/
/
 G
 a
n
d
 B
 p
ar

ts
 o
f 
th

e 
ad

mi
tt

an
ce

 m
at

ri
x

g
 =
 c
on
st
_c
as
t<
Ne
t 
&>
(n
).
GV
()
;

b
 =
 c
on
st
_c
as
t<
Ne
t 
&;

>(
n)

.B
VO

;
gs
ub
 =
 c
on
st
_c
as
t<
Ne
t 
&>
(n
).
Gs
ub
V(
);

x
g
 =
 c
on

st
-c

as
t<

Ne
t 
&
>
(
n
)
.
X
g
V
(
)
;

bs
ub
 =
 c
on
st
-c
as
t<
Ne
t 
&>
(n
).
Gs
ub
V(
);

x
b
 =
 c
on
st
_c
as
t<
Ne
t 
&>
(n
).
Xb
V(
);

/
/
 m
a
k
e
 D
S
u
p
e
r
L
U
 o
bj
ec
ts
 f
or
 G
 a
nd
 B
 s
pa
rs
e 
ma
tr
ic
es

G.
Se
tA
(g
, 
gs
ub
, 
xg
, 
S
Y
L
)
;

B.
Se
tA
(b
, 
bs
ub
, 
xb
, 
S
Y
L
)
;

/
/
 J
ac
ob
ia
n 
sp
ar
se
 m
at
ri
x

ja
c 
=
 c
on
st
_c
as
t<
Ne
t 
&>
(n
).
Ja
cV
()
;

ja
cs
ub
 =
 c
on
st
_c
as
t<
Ne
t 
&>
(n
).
Ja
cs
ub
V(
);

xj
ac
 =
 c
on
st
-c
as
t<
Ne
t 
&>
(n
).
Xj
ac
V(
);

pL
oa
dT
ot
al
 =
 P
Lo
ad
To
ta
l(
);

qL
oa
dT
ot
al
 =
 Q
Lo
ad
To
ta
l(
);

p
G
e
n
T
o
t
a
l
 =
 P
Ge

nT
ot

al
()

;
qG

en
To

ta
l 
=
 Q
Ge
nT
ot
al
()
;

to
ta
II
2R
 =
 T
ot
al
I2
R(
);

to
ta
lK
X 
=
 T
ot
al
I2
X(
);

to
ta
lC
ha
rg
in
g 
=
 T
ot
al
Ch
ci
rg
in
g(
);

} Ne
t 
&
o
p
e
r
a
t
o
r
=
(
c
o
n
s
t
 N
et
 &
n
)
{
 /
/
 o
ve
rl
oa
de
d 
=
 o
pe
ra
to
r

p
B
a
s
e
 =
 n
.
P
B
a
s
e
O
;

n
o
B
u
s
 =
 n
.N
oB
us
()
;

n
o
G
e
n
 =
 n
.N

oG
en

()
;

n
o
B
r
 =
 n
.N
oB
r(
);

sw
in
gB
us
 =
 n
.S
wi
ng
Bu
sO
;

no
Tr
an
 =
 n
.N
oT
ra
n(
);

n
o
C
a
p
 =
 n
.
N
o
C
a
p
O
;

Ti
tl
el
 =
 n
.t
it
le
l(
);

Ti
tl

e2
 =
 n
.t
it
le
2Q
;

p
M
a
x
M
i
s
m
a
t
c
h
 =
 n
.
P
M
a
x
M
i
s
m
a
t
c
h
(
)
;

q
M
a
x
M
i
s
m
a
t
c
h
 =
 n
.
Q
M
a
x
M
i
s
m
a
t
c
h
(
)
;

p
M
i
s
m
a
t
c
h
 =
 n
.P

Mi
sm

at
ch

()
;

q
M
i
s
m
a
t
c
h
 =
 n
.
Q
M
i
s
m
a
t
c
h
Q
;

ma
xl
te
r 
=
 n
.M
ax
It
er
Q;

fa
ct
 =
 n
.F
ac
tQ
;

va
rL
im
it
 =
 n
.V
ar
Li
mi
tQ
;

P
Q
C
o
u
n
t
 =
 n
.
p
Q
C
o
u
n
t
Q
;

P
V
C
o
u
n
t
 =
 n
.
p
V
C
o
u
n
t
Q
;

V
C
C
o
u
n
t
 =
 n
.
v
C
C
o
u
n
t
Q
;

bu
se
s 
=
 c
on

st
_c

as
t<

Ne
t 
&
>
(
n
)
.
B
u
s
e
s
V
Q
;

ge
ns
 =
 c
on
st
.c
as
t<
Ne
t 
&
>
(
n
)
.
G
e
n
s
V
Q
;

br
an

ch
es

 =
 c
on

st
_c

as
t<

Ne
t 
&>
(n
).
Br
an
ch
es
VQ
;

/
/
 m
a
k
e
 D
S
u
p
e
r
L
U
 o
bj
ec
t 
fo
r 
Ja
co
bi
an

J.
Se
tA
Qa
c,
 j
ac
su
b,
 x
ja
c,
 G
E)
;

d
e
l
P
Q
 =
 c
on

st
_c

as
t<

Ne
t 
&
>
{
n
)
.
D
e
l
P
Q
V
Q
;

ro
wS
hi
ft
s 
=
 c
on
st
_c
as
t<
Ne
t 
&>
(n
).
Ro
wS
hi
ft
sV
Q;

/
/
 G
 a
n
d
 B
 p
ar

ts
 o
f 
th

e 
ad

mi
tt

an
ce

 m
at
ri
x

g
 =
 c
on
st
.c
as
t<
Ne
t 
&
>
(
n
)
.
G
V
Q
;

b
 =
 c
on
st
.c
as
t<
Ne
t 
&
>
(
n
)
.
B
V
Q
;

gs
ub

 =
 c
on

st
_c

as
t<

Ne
t 
&
>
(
n
)
.
G
s
u
b
V
Q
;

x
g
 =
 c
on
st
_c
as
t<
Ne
t 
&
>
(
n
)
.
X
g
V
Q
;

bs
ub
 =
 c
on
st
_c
as
t<
Ne
t 
&:
>(
n)
.G
su
bV
Q;



O

x
b
 =
 c
on
st
-c
as
t<
Ne
t 
&>
(n
).
Xb
V(
);

/
/
 m
a
k
e
 D
S
u
p
e
r
L
U
 o
bj

ec
ts

 f
or
 G
 a
n
d
 B
 s
pa
rs
e 
ma
tr
ic
es

G.
Se
tA
(g
, 
gs
ub
, 
xg
, 
S
Y
L
)
;

B.
Se

tA
(b

, 
bs
ub
, 
xb
, 
SY

L)
;

/
/
 J
ac
ob
ia
n 
sp
ar
se
 m
at
ri
x

ja
c 
=
 c
on
st
_c
£i
st
<N
et
 &
>(
n)
.J
ac
V(
);

ja
cs
ub
 =
 c
on
st
_c
as
t<
Ne
t 
&>
(n
).
Ja
cs
ub
V(
);

xj
ac
 =
 c
on
st
-c
as
t<
Ne
t 
&>
(n
).
Xj
£u
:V
()
;

/
/
 m
a
k
e
 D
S
u
p
e
r
L
 U
 o
bj

ec
t 
fo
r 
Ja
co
bi
an

J.
Se
tA
Qa
c,
 j
ac
su
b,
 x
ja
c,
 G
E
)
;

d
e
l
P
Q
 =
 c
on
st
.c
as
t<
Ne
t 
&>
(n
).
De
lP
QV
()
;

ro
wS
hi
ft
s 
=
 c
on
st
_c
as
t<
Ne
t 
&>
(n
).
Ro
wS
hi
ft
sV
Q;

pL
oa
dT
ot
al
 =
 P
Lo
ad
To
ta
l(
);

qL
oa
dT
ot
al
 =
 Q
Lo
ad
To
ta
lQ
;

p
G
e
n
T
o
t
a
l
 =
 P
Ge

nT
ot

al
()

;
qG
en
To
ta
l 
=
 Q
G
e
n
T
o
t
a
l
Q
;

to
ta
lI
2R
 =
 T
ot
al
I2
R(
);

to
ta
lI
2X
 =
 T
ot
al
I2
X(
);

to
ta
lC
ha
rg
in
g 
=
 T
ot

al
Ch

ar
gi

ng
()

;
r
e
t
u
r
n
 «
th
is
;

} vi
rt
ua
l 
~N
et
()
{}
; 
/
/
 v
ir
tu
al
 d
es
tr
uc
to
r

d
o
u
b
l
e
 P
Ba
se
()
 c
on
st
 {
re
tu
rn
 p
Ba
se
;}

vo
id
 P
Ba
se
(c
on
st
 d
o
u
b
l
e
 p
b
)
 {
pB
as
e 
=
 p
b;
}

in
t 
No

Bu
s(

) 
co
ns
t 
{
 r
et
ur
n 
no
Bu
s;
 }

vo
id
 N
o
B
u
s
(
c
o
n
s
t
 i
nt
 n
b
)
 {
 n
oB
us
 =
 n
b;
 }

in
t 
N
o
G
e
n
(
)
 c
on
st
 {
 r
et
ur
n 
no
Ge
n;
 }

vo
id
 N
o
G
e
n
(
c
o
n
s
t
 i
nt
 n
g)
 {
 n
o
G
e
n
 =
 n
g;
 }

in
t 
N
o
B
r
(
)
 c
o
n
s
t
 {
re
tu
rn
 n
oB
r;
 }

vo
id
 N
oB
r(
co
ns
t 
in
t 
nb
) {
 n
oB

r 
=
 n
b;

 }

in
t 
Sw
in
gB
us
()
 c
on
st
 {
 r
et
ur
n 
sw
in
gB
us
; }

vo
id
 S
wi
ng
Bu
s(
co
ns
t 
in
t 
s
w
)
 {
 s
wi
ng
Bu
s 
=
 s
w;

 }

in
t 
No
Tr
an
()
 c
on
st
 {
 r
et

ur
n 
no
Tr
an
; }

vo
id
 N
oT

ra
n(

co
ns

t 
in
t 
no

tr
) {
 n
oT

ra
n 
=
 n
ot

r;
 }

in
t 
N
o
C
a
p
O
 c
on
st
 {
 r
et

ur
n 
no
Ca
p;
 }

vo
id
 N
oC
ap
(c
on
st
 i
nt

 n
c)
 {
 n
o
C
a
p
 =
 n
c;

 }

st
ri
ng
 t
it

le
l(

) 
co
ns
t 
{
 r
et

ur
n 
Ti

tl
el

; }
vo

id
 t
it
le
l (
co

ns
t 
st
ri
ng
 t
l)
 {
 T
it

le
l 
=
 tl

; }

st
ri
ng
 t
it
le
2(
) 
co
ns
t 
{
 r
e
t
u
r
n
 T
it
le
2;
 }

vo
id
 t
it

le
2(

co
ns

t 
st
ri
ng
 t
l)
 {
 T
it

le
2 
=
 t
l;
 }

d
o
u
b
l
e
 P
M
a
x
M
i
s
m
a
t
c
h
(
)
 c
o
n
s
t
 {
 r
e
t
u
r
n
 p
M
a
x
M
i
s
m
a
t
c
h
;
 }

vo
id
 P
M
a
x
M
i
s
m
a
t
c
h
(
c
o
n
s
t
 d
o
u
b
l
e
 m
m
)
 {
 p
M
a
x
M
i
s
m
a
t
c
h
 =
 m
m
;
}

d
o
u
b
l
e
 Q
M
a
x
M
i
s
m
a
t
c
h
(
)
 c
o
n
s
t
 {
 r
e
t
u
r
n
 q
M
a
x
M
i
s
m
a
t
c
h
;
 }

vo
id
 Q
Ma

xM
is

ma
tc

h(
co

ns
t 
d
o
u
b
l
e
 m
m
)
 {
 q
M
a
x
M
i
s
m
a
t
c
h
 =
 m
m
;
}

d
o
u
b
l
e
 P
Mi
sm
at
ch
()
 c
on

st
 {
 r
et

ur
n 
pM
is
ma
tc
h;
 }

vo
id
 P
Mi
sm
at
ch
(c
on
st
 d
o
u
b
l
e
 p
m
)
 {
 p
Mi
sm
at
ch
 =
 p
m
;
 }

d
o
u
b
l
e
 Q
M
i
s
m
a
t
c
h
(
)
 c
o
n
s
t
 {
 r
e
t
u
r
n
 q
Mi
sm
at
ch
; }

vo
id
 Q
M
i
s
m
a
t
c
h
(
c
o
n
s
t
 d
o
u
b
l
e
 q
m
)
 {
 q
Mi
sm
at
ch
 =
 q
m
;
 }

in
t 
Ma
xl
te
r(
) 
co
ns
t 
{
 r
et
ur
n 
ma
xl
te
r;
}

vo
id
 M
ax
It
er
(c
on
st
 i
nt
 m
i
)
 {
 m
ax
lt
er
 =
 m
i;
 }

ch
cu
- 
Fa
ct
()
 c
on
st
 {
 r
e
t
u
r
n
 f
ac
t;
 }

vo
id

 F
ac

t(
co

ns
t 
ch

ar
 f
) {
 fa

ct
 =
 f
; }

bo
ol
 V
ar
Li
mi
t(
) 
co
ns
t 
{
 r
et

ur
n 
va

rL
im

it
; }

vo
id
 V
ar
Li
mi
t(
co
ns
t 
bo
ol
 v
l)
 {
 v
ar
Li
mi
t 
=
 v
l;
 }

in
t 
p
Q
C
o
u
n
t
O
 c
on
st
 {
 r
e
t
u
r
n
 P
Q
C
o
u
n
t
;
 }

vo
id
 p
QC
ou
nt
(c
on
st
 i
nt
 p
qc
) {
 P
Q
C
o
u
n
t
 =
 p
qc
; }

in
t 
pV
Co
un
t(
) 
co
ns
t 
{
 r
et

ur
n 
P
V
C
o
u
n
t
;
 }

vo
id
 p
VC
ou
nt
(c
on
st
 i
nt
 p
vc

) {
 P
V
C
o
u
n
t
 =
 p
vc

; }

in
t 
vC
Co
un
t(
) 
co
ns
t 
{
 r
et
ur
n 
V
C
C
o
u
n
t
;
 }

vo
id
 v
CG
ou
nt
(c
on
st
 i
nt
 v
cc
) {
 V
C
C
o
u
n
t
 =
 v
cc
; }



c
o
n
s
t
 v
ec
to
r<
Bu
s>
 &
B
u
s
e
s
V
(
)
 c
o
n
s
t
 {
 r
e
t
u
r
n
 b
us
es
; }

vo
id
 B
us

es
V(

co
ns

t 
ve
ct
or
<B
us
> 
&
b
)
 {
 b
us

es
 =
 b
; }

co
ns

t 
ve

ct
or

<G
en

er
at

or
> 
&
G
e
n
s
V
(
)
 c
on
st
 {
 r
et
ur
n 
ge
ns
; }

vo
id
 G
en

sV
(c

on
st

 v
ec
to
r<
Ge
ne
ra
to
r>
 &
g
)
 {
 g
en
s 
=
 g
; }

co
ns

t 
ve
ct
or
<B
ra
nc
h>
 &
Br
an
ch
es
V(
) 
co
ns
t 
{
 r
et
ur
n 
br
an
ch
es
; }

vo
id
 B
ra
nc
he
sV
(c
on
st
 v
ec
to
r<
Br
an
ch
> 
&
b
)
 {
 b
ra
nc
he
s 
=
 b
;}

co
ns

t 
ve
ct
or
<d
ou
bl
e>
 &
:G
V(
) 
co

ns
t 
{
 r
et
ur
n 
g;
}

vo
id
 G
V
(
c
o
n
s
t
 v
ec
to
r<
do
ub
le
> 
&
g
v
)
 {
 g
 =
 g
v;
 }

co
ns

t 
ve
ct
or
<d
ou
bl
e>
 &
B
V
(
)
 c
on
st
 {
 r
et
ur
n 
b;
}

vo
id

 B
V
(
c
o
n
s
t
 v
ec
to
r<
do
ub
le
> 
&
b
v
)
 {
 b
 =
 b
v;
}

c
o
n
s
t
 v
ec
to
r<
in
t>
 &
G
s
u
b
V
(
)
 c
o
n
s
t
 {
 r
e
t
u
r
n
 g
su
b;
}

vo
id

 G
su

bV
(c

on
st

 v
ec
to
r<
in
t>
 &
g
g
)
 {
 g
su

b 
=
 g
g;
 }

c
o
n
s
t
 v
ec
to
r<
in
t>
 &
X
g
V
(
)
 c
on
st
 {
 r
et
ur
n 
xg
;}

vo
id

 X
g
V
(
c
o
n
s
t
 v
ec
to
r<
in
t>
 &
g
g
)
 {
 x
g 
=
 g
g;
 }

c
o
n
s
t
 v
ec
to
r<
in
t>
 &
B
s
u
b
V
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 c
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e
t
u
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n
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su
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u
b
V
(
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o
n
s
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 c
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t
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(
c
o
n
s
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g
g
)
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g;
 }
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ct
or

<d
ou

bl
e>

 &
Ja
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 c
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 }
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V(
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j
)
 {
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}

c
o
n
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 v
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to
r<
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o
n
s
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et
ur
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vo
id
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su
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(c
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in
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co
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ve
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&X
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 c
on
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et
ur
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; }

vo
id
 X
ja
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st
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ec
to
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in
t>
 &
x
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)
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 x
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co
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t 
ve
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or
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ou
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l
P
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 c
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e
l
P
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(
c
o
n
s
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&
d
p
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 d
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 c
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 }
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b
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c
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b
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 p
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b
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b
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 c
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 d
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b
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b
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b
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b
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r
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re
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 f
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 c
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b
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b
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b
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 b
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 b
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;
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;
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u
d
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 b
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 b
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(b
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 b
r.
br
Xa
pB
us

OS
 ̂
 s
et
w(
7)
 

br
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 b
r.b
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.B
us

N
o(

) 
< 

b2
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 c
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OS
 

se
tw

(7
) 
^
 s

et
pr

ec
is

io
n(

4)
 

ge
n.

ge
nQ

M
in

 <
C 

"
OS

 •
C 

se
tw

(6
) 

se
tp

re
ci

si
on

(4
) 

-C
 g

en
.g

en
PM

in
 <

C 
"

OS
 <

i; 
se

tw
(7

) 
<C

 s
et

pr
ec

is
io

n(
4)

 <
C 

ge
n.

ge
nP

M
ax

 
"

fo
r(

i =
 0

; i
 <

 g
en

.c
os

tP
oI

y.
siz

e(
); 

i+
+

)
OS

 <
C 

se
tw

(7
) 

<C
 s

et
pr

ec
is

io
n(

4)
 <

C 
ge

n.
co

st
Po

ly
p]

 -
C

OS
 <

C 
en

dl
;

os
.fl

ag
s(

ol
dF

la
gs

);

re
tu

rn
 o

s;
} bo

ol
 le

ss
G

en
(c

on
st

 G
en

er
at

or
 &

gl
, 

co
ns

t G
en

er
at

or
 &

g2
) 

{
re

tu
rn

 (
gl

.G
en

Bu
sN

o(
) 

< 
g2

.G
en

Bu
sN

o(
));

} /*
 -

 J
.Il

ic
 e

:/i
lic

/p
c/

in
fe

Tn
o/

op
tio

ns
, c

c
* 

W
ed

 O
ct

 1
4 

19
92

* 
<i

lic
@

hi
ck

or
y.

en
gr

.u
tk

.e
du

>
*1

II
 $

Lo
g:

 g
et

op
t.c

c 
$

II
 R

ev
is

io
n 

0.
0 

19
93

/0
1/

15
 1

9:
19

:5
1 

ili
c

//
 T

hi
s 

is
 fi

rs
t 

an
d 

fi
na

l v
er

si
on

 o
f 

G
N

U
 im

pl
em

en
ta

tio
n

II
 o

f g
et

op
t f

un
ct

io
n.

 
O

bs
er

ve
 t

he
 G

N
U

 c
op

yr
ig

ht
.

n #
if
n
d
e
f 

li
n
t

s
ta

ti
c
 c

h
a

r 
*r

cs
id

 :
Ex

p 
il
ic

 
$"

;
#
e
n
d
if

"$
Id

: 
ge

to
pt

.c
c 

0.
0 

19
93

/0
1/

15
 

19
:1

9:
51

 
il
ic

#
in

c
lu

d
e
 
<

s
td

li
b

.h
>

#i
nc

lu
de

 "
G

et
D

pt
.h

"

G
et

 O
pt

:: G
et

 O
pt

 (
in

t 
ar

gc
, c

ha
r 

**
ar

gv
, 

ch
ar

 *
op

ts
tri

ng
): 

op
te

rr
 (

1)
{

/*
 I

ni
tia

liz
e 

th
e 

in
te

rn
al

 d
at

a 
w

he
n 

th
e 

fi
rs

t 
ca

ll 
is

 m
ad

e.
S

ta
rt 

pr
oc

es
sin

g 
op

tio
ns

 w
ith

 A
R

G
V

-e
le

m
en

t 
1 

(s
in

ce
 A

R
G

V
-e

le
m

en
t

0
is 

th
e 

pr
og

ra
m

 n
am

e)
; 

th
e 

se
qu

en
ce

 o
f p

re
vi

ou
sl

y 
sk

ip
pe

d
no

n-
op

tio
n 

A
R

G
V

-e
le

m
en

ts
 is

 e
m

pt
y.

 *
/

n
a
rg

c
 =

 a
rg

c
;

n
a
rg

v
 =

 a
rg

v
;

no
pt

st
rin

g 
=

 o
pt

st
rin

g;
fir

st
jio

n
o
p
t 

=
 l

a
st

jio
n
o
p
t

op
ta

rg
 =

 n
ex

tc
ha

r 
=

 0
;

; o
pt

in
d 

=
 1

;

I*
 D

et
er

m
in

e 
ho

w
 t

o 
ha

nd
le

 t
he

 o
rd

er
in

g 
of

 o
pt

io
ns

 a
nd

 n
on

op
tio

ns
. 

*/

if
 (o

pt
st

rin
g[

0]
 =

=
or

de
rin

g 
=

 R
E

T
U

R
N

JN
.O

R
D

E
R

;
el

se
 i
f 

(g
et

en
v 

("_
PO

SI
X.

OP
TI

ON
_D

RD
ER

") 
!=

 0
)

or
de

rin
g 

=
 R

E
Q

U
IR

E
_O

R
D

E
R

;
e
ls

e or
de

rin
g 

=
 P

E
R

M
U

T
E

;
}

 .
v
o
id

G
et

O
pt

::e
xc

ha
ng

e 
(c

ha
r 

**
ar

gv
)

{
in

t 
no

no
pt

s-
si

ze



C
n

=
 (l

as
t_

no
no

pt
 -
 fi
rs

tj
io

no
pt

) 
*
 s
iz
eo
f (
ch
ar
 *
);

ch
si
r 
*»

te
mp

 =
 (
ch

ar
 *
*)

 a
ll

oc
a 
(n
on
op
ts
_s
iz
e)
;

/*
 I
nt
er
ch
an
ge
 t
he

 t
wo
 b
lo

ck
s 
of

 d
at
a 
in

 a
rg
v.
 *
/

m
e
m
c
p
y
 (
&a

rg
v[

fi
rs

t-
no

no
pt

],
 t
em
p,
 n
on

op
ts

-s
iz

e)
;

m
e
m
c
p
y
 (
&a
rg
v[
la
st
ji
on
op
t]
, 
&a
rg
v[
fi
rs
t_
no
no
pt
],

(o
pt

in
d 
- 
la

st
ji

on
op

t)
 *
 s
iz
eo
f (

ch
ai

r 
*)

);
m
e
m
c
p
y
 (
te

mp
, 
&a

rg
v[

fi
rs

t_
no

no
pt

 +
 o
pt
in
d 
- 
la

st
_n

on
op

t]
,

no
no
pt
S-
si
ze
);

/
*
 U

pd
at
e 
re

co
rd

s 
fo
r 
th
e 
sl

ot
s 
th
e 
no

n-
op

ti
on

s 
n
o
w
 o
cc
up
y.
 *
/

fi
rs

t j
io

no
pt

 +
=
 (o

pt
in
d 
- 
la
st
ji
on
op
t)
;

la
st

-n
on

op
t 
=
 o
pt
in
d;

} /
*
 S
ca
n 
el

em
en

ts
 o
f 
A
R
G
V
 (
wh

os
e 
le
ng
th
 i
s 
A
R
G
C
)
 fo
r 
op

ti
on

 e
ha

ra
ct

er
s

gi
ve

n 
in
 O
P
T
S
T
R
I
N
G
.

If
 a
n
 e
le
me
nt
 o
f 
A
R
G
V
 s
ta

rt
s 
wi
th
 

a
n
d
 i
s 
no

t 
ex

ac
tl

y 
or

th
en
 i
t 
is

 a
n
 o
pt

io
n 
el
em
en
t.
 T
h
e
 c
ha

ra
ct

er
s 
of
 t
hi

s 
el
em
en
t

(a
si

de
 f
r
o
m
 t
he

 i
ni
ti
al
 

ar
e 
op

ti
on

 c
ha
ra
ct
er
s.
 I
f 
'g

et
op

t'
is

 c
al
le
d 
re
pe
at
ed
ly
, 
it

 r
et

ur
ns

 s
uc
ce
ss
iv
el
y 
ea

ch
 o
f 
th
eo
pt
io
n 
ch
ar
ac
te
rs

f
r
o
m
 e
ae

h 
of

 t
he

 o
pt

io
n 
el
em
en
ts
.

If
 '
ge

to
pt

' f
in

ds
 a
no
th
er
 o
pt
io
n 
ch

ar
ac

te
r,

 i
t 
re

tu
rn

s 
th
at
 c
ha

ra
ct

er
,

up
da

ti
ng

 '
op
ti
nd
' 
a
n
d
 '
ne

xt
ch

ar
' 
so
 t
ha

t 
th

e 
ne

xt
 c
al

l 
to
 '
ge

to
pt

' 
c
a
n

r
e
s
u
m
e
 t
he

 s
ca
n 
wi
th
 t
he

 f
ol
lo
wi
ng
 o
pt
io
n 
ch

ar
ac

te
r 
or

 A
R
G
V
-
e
l
e
m
e
n
t
.

If
 t
he

re
 a
re
 n
o
 m
o
r
e
 o
pt
io
n 
ch

ar
ac

te
rs

, 
'g

et
op

t'
 r
et

ur
ns

 '
E
O
F
'
.

T
h
e
n
 '
op
ti
nd
' 
is

 t
he

 i
nd

ex
 i
n 
A
R
G
V
 o
f 
th

e 
fi
rs
t 
A
R
G
V
-
e
l
e
m
e
n
t

th
at

 i
s 
no
t 
a
n
 o
pt
io
n.
 (
T
h
e
 A
R
G
V
-
e
l
e
m
e
n
t
s
 h
av
e 
be
en
 p
er

mu
te

d
so
 t
ha
t 
th
os
e 
th
at
 a
re
 n
ot
 o
pt
io
ns
 n
o
w
 c
o
m
e
 l
as
t.
)

O
P
T
S
T
R
I
N
G
 i
s 
a 
st

ri
ng

 c
on
ta
in
in
g 
th

e 
le
gi
ti
ma
te
 o
pt

io
n 
ch
ar
ae
te
rs
.

A
 c
ol
on
 i
n 
O
P
T
S
T
R
I
N
G
 m
e
a
n
s
 t
ha

t 
th
e 
pr
ev
io
us
 c
ha
ra
ct
er
 i
s 
a
n
 o
pt

io
n

th
at

 w
a
n
t
s
 a
n
 a
rg

um
en

t.
 T
h
e
 a
r
g
u
m
e
n
t
 i
s 
ta
ke
n 
f
r
o
m
 t
he

 r
es

t 
of

 t
he

cu
rr

en
t 
A
R
G
V
-
e
l
e
m
e
n
t
,
 o
r 
f
r
o
m
 t
he

 f
ol

lo
wi

ng
 A
R
G
V
-
e
l
e
m
e
n
t
,

a
n
d
 r
et

ur
ne

d 
in

 '
op

ta
rg

'.

If
 a
n
 o
pt
io
n 
ch
ar
ac
te
r 
is

 s
ee
n 
th
at
 i
s 
no
t 

li
st
ed
 i
n 
O
P
T
S
T
R
I
N
G
,

re
tu
rn
 '
?
'
 a
ft
er
 p
ri

nt
in

g 
a
n
 e
rr
or
 m
es
sa
ge
. 
If
 y
o
u
 s
et

 '
op

te
rr

' 
to

ze
ro
, 
th

e 
er

ro
r 
m
e
s
s
a
g
e
 i
s 
su
pp
re
ss
ed
 b
ut

 w
e
 s
ti

ll
 r
et

ur
n 

'?
'.

If
 a
 c
h
a
r
 i
n 
O
P
T
S
T
R
I
N
G
 i
s 
fo

ll
ow

ed
 b
y
 a
 c
ol

on
, 
th
at
 m
e
a
n
s
 i
t 
w
a
n
t
s
 a
n

a
r
g
, so

 t
he

 f
ol

lo
wi

ng
 t
ex

t 
in

 t
he

 s
a
m
e
 A
R
G
V
-
e
l
e
m
e
n
t
,
 o
r
 t
he

 t
ex

t 
of

 t
he

fo
ll
ow
in
g

A
R
G
V
-
e
l
e
m
e
n
t
,
 i
s 
re

tu
rn

ed
 i
n 
'o

pt
ar

g.
 T
w
o
 c
ol
on
s 
m
e
a
n
 a
n
 o
pt
io
n 
th

at
w
a
n
t
s
 a
n
 o
pt

io
na

l 
ar

g;
 i
f 
th
er
e 
is
 t
ex

t 
in
 t
he

 c
ur
re
nt
 A
R
G
V
-
e
l
e
m
e
n
t
,

it
 i
s 
re

tu
rn

ed
 i
n 
'o

pt
ar

g'
.

If
 O
P
T
S
T
R
I
N
G
 s
ta

rt
s 
wi
th
 '

-'
, 
it
 r
eq
ue
st
s 
a
 d
if
fe
re
nt
 m
e
t
h
o
d
 o
f

ha
nd

li
ng

 t
he

no
n-
op
ti
on
 A
R
G
V
-
e
l
e
m
e
n
t
s
.
 S
e
e
 t
he

 c
o
m
m
e
n
t
s
 a
bo
ut

R
E
T
U
R
N
J
N
-
O
R
D
E
R
,
 a
bo
ve
. 
*
/

i
n
t

Ge
tO
pt
::
op
er
at
or
 (
)
 (
v
o
i
d
)

{
if
 (n

ex
tc
ha
r 
=
=
 0
 11

 *
ne
xt
ch
ar
 =
=
 0
)

{
if
 (o

rd
er
in
g 
=
=
 P
E
R
M
U
T
E
)

{
/
*
 I
f 
w
e
 h
av
e 
ju
st
 p
ro
ce
ss
ed
 s
o
m
e
 o
pt
io
ns
 f
ol

lo
wi

ng
 s
o
m
e

no
n-
op
ti
on
s,

ex
ch

an
ge

 t
h
e
m
 s
o 
th

at
 t
he

 o
pt
io
ns
 c
o
m
e
 f
ir
st
. 
*
/

if
 (f

ir
st
-n
on
op
t 
!
=
 l
as
tj
io
no
pt
 &
&
 l
as
tj
io
no
pt
 !
=
 o
pt
in
d)

ex
ch
an
ge
 (
na
rg
v)
;

el
se
 i
f (
la
st
ji
on
op
t 
!
=
 o
pt
in
d)

fi
rs

tj
io

no
pt

 =
 o
pt
in
d;

/
*
 N
o
w
 s
ki

p 
a
n
y
 a
dd
it
io
na
l 
no
n-
op
ti
on
s

a
n
d
 e
xt
en
d 
th

e 
ra

ng
e 
of

 n
on
-o
pt
io
ns
 p
re
vi
ou
sl
y 
sk
ip
pe
d.
 *
/

wh
il
e 
(o
pt
in
d 
<
 n
ar
gc

&
&
 (
na
rg
v[
op
ti
nd
][
0]
 !
=

II 
na
rg
v[
op
ti
nd
][
l]
 =
=
 0
))

o
p
t
i
n
d
+
+
;

la
st

ji
on

op
t 
=
 o
pt
in
d;

}

/
*
 S
pe
ci
al
 A
R
G
V
-
e
l
e
m
e
n
t
 '
-'

 m
e
a
n
s
 p
re

ma
tu

re
 e
n
d
 o
f 
op
ti
on
s.

S
k
i
p
 i
t 
li

ke
 a
 n
ul

l 
op
ti
on
,

t
h
e
n
 e
x
c
h
a
n
g
e
 w
it

h 
pr
ev
io
us
 n
o
n
-
o
p
t
i
o
n
s
 a
s
 i
f 
it
 w
e
r
e
 a
n
 o
pt

io
n,

th
en
 s
ki

p 
ev
er
yt
hi
ng
 e
ls

e 
li
ke
 a
 n
on
-o
pt
io
n.
 *
/



C
O

if
 (o

pt
in
d 
!
=
 n
ar
gc
 &
&
 I
st
rc
mp
 (
na
rg
v[
op
ti
nd
],
 "
—
"
)
)

{
o
p
t
i
n
d
+
+
;

if
 (f

ir
st
ji
on
op
t 
!
=
 l
as

tj
io

no
pt

 &
&
 l
as

tj
io

no
pt

 !
=
 o
pt
in
d)

ex
ch
an
ge
 (
na
rg
v)
;

el
se
 i
f (

fi
rs
tj
io
no
pt
 =
=
 l
as
t_
no
no
pt
)

fi
rs
t-
no
no
pt
 =
 o
pt
in
d;

la
st
ji
on
op
t 
=
 n
ar
gc
;

op
ti

nd
 =
 n
ar
gc
;

}

/
*
 I
f 
w
e
 h
av
e 
do

ne
 a
ll
 t
he

 A
R
G
V
-
e
l
e
m
e
n
t
s
,
 s
to
p 
th

e 
sc
an

a
n
d
 b
ac

k 
ov

er
 a
n
y
 n
on

-o
pt

io
ns

 t
ha
t 
w
e
 s
ki

pp
ed

 a
n
d
 p
er
mu
te
d.
 *
/

if
 (o

pt
in

d 
=
=
 n
ar

gc
)

{
/
*
 S
et
 t
he

 n
ex
t-
ar
g-
in
de
x 
to

 p
oi
nt
 a
t 
th

e 
no
n-
op
ti
on
s

th
at

 w
e
 p
re
vi
ou
sl
y 
sk
ip
pe
d,
 s
o 
th

e 
ca

ll
er

 w
il

l 
di

ge
st

 t
h
e
m
.
 *
/

if
 (f

ir
st
Ji
on
op
t 
!
=
 l
as
tj
io
no
pt
)

op
ti
nd
 =
 f
ir
st
ji
on
op
t;

r
e
t
u
r
n
 E
O
F
;

}

/
*
 I
f 
w
e
 h
av
e 
c
o
m
e
 t
o 
a 
no

n-
op

ti
on

 a
n
d
 d
id

 n
ot
 p
er

mu
te

 i
t,

ei
th

er
 s
to

p 
th

e 
sc
an
 o
r 
de
sc
ri
be
 i
t 
to
 t
he

 c
al
le
r 
a
n
d
 p
as
s 

it
 b
y.

 *
/

if
 (n

ar
gv
[o
pt
in
d]
[0
] !
=
 

||
 n
ar

gv
[o

pt
in

d]
 [1
] 
=
=
 0
)

{
if
 (o

rd
er
in
g 
=
=
 R
E
Q
U
I
R
E
.
Q
R
D
E
R
)

r
e
t
u
r
n
 E
O
F
;

op
ta
rg
 =
 n
ar
gv
[o
pt
in
d+
+]
;

r
e
t
u
r
n
 0
;

}

/
*
 W
e
 h
av
e 
fo
un
d 
an
ot
he
r 
op
ti
on
-A
RG
V-
el
em
en
t.

St
ar
t 
de

co
di

ng
 i
ts

 c
ha

ra
ct

er
s.

 *
/

ne
xt
ch
ar
 =
 n
ar
gv
[o
pt
in
d]
 +
 1
;

}

/
*
 L
oo
k 
at
 a
n
d
 h
an
dl
e 
th

e 
ne

xt
 o
pt

io
n-

ch
ar

ac
te

r.
 *
/

{

c
h
a
r
 c
 =
 *
n
e
x
t
c
h
a
r
+
+
;

c
h
a
r
 *
t
e
m
p
 =
 s
tr
ch
r 
(n
op
ts
tr
in
g,
 c
);

/*
 I
nc

re
me

nt
 '
op
ti
nd
' 
wh

en
 w
e 

st
ar
t 
to

 p
ro
ce
ss
 i
ts
 l
as
t 
ch
ar
ac
te
r.
 *
/

if
 (*

ne
xt

ch
ar

 =
=
 0
)

o
p
t
i
n
d
+
+
;

if
 (
t
e
m
p
 =
=
 0
 II

 c
 =
=
 ':

')
{

if
 (o

pt
er
r 
!
=
 0
)

{
if
 (c

 <
 0
40
 I

I c
>
=
 0
17
7)

fp
ri
nt
f (

st
de
rr
, 
"%
s:
 
un

re
co

gn
iz

ed
 o

pt
io

n,
 c
ha
ra
ct
er

co
de
 0

'/
,o

\n
",

na
rg
v[
0]
, 
c)
;

e
l
s
e

}

fp
ri

nt
f (

st
de
rr
, "

Zs
: 

un
re

co
gn

iz
ed

 o
pt
io
n 

'-
°/
.c
'\
n"
,

na
rg
v[
0]
, 
c)
;

a
r
g
.

r
e
t
u
r
n
 '
?'

;

}
if
 (t

em
p[
l]
 =
=
 ':

')
{

if
 (t

em
p[
2]
 =
=
 ':

')
{

/*
 T
hi

s 
is
 a
n 

op
ti
on
 t
ha

t 
ac

ce
pt

s 
an

 a
rg
um
en
t 
op
ti
on
al
ly
. 
*/

if
 (*

ne
xt

ch
ar

 !
=
 0
)

{
o
p
t
a
r
g
 =
 n
ex
tc
ha
r;

o
p
t
i
n
d
+
+
;

}
e
l
s
e o
p
t
a
r
g
 =
 0
;

n
e
x
t
c
h
a
r
 =
 0
;

}
e
l
s
e

{
/*
 T
hi

s 
is
 a
n 

op
ti
on
 t
ha
t 
re
qu
ir
es
 a
n 
ar

gu
me

nt
. 
*/

if
 (*

ne
xt
ch
ar
 !
=
 0
)

{
o
p
t
a
r
g
 =
 n
ex

tc
ha

r;
/
*
 I
f 
w
e
 e
nd
 t
hi
s 
A
R
G
V
-
e
l
e
m
e
n
t
 b
y 
ta
ki
ng
 t
he
 r
es
t 
as
 a
n



o
o

op
ti

on
\n

",

w
e
 m
u
s
t
 a
dv

an
ce

 t
o 
th

e 
ne

xt
 e
le
me
nt
 n
o
w
.
 *
/

o
p
t
m
d
+
+
;

}
el
se
 i
f (
op

ti
nd

 
na
rg
c)

{
if

 (o
pt

er
r 
!=

: 
0)

fp
ri
nt
f (

st
de
rr
, 
'"
/i
s:
 

no
 a

rg
um
en
t 
fo
r

ar
gu

me
nt

. 
*
/

na
rg
v[
0]
, 
c)
;

c
=

}
e
l
s
e /
*
 W
e
 a
lr

ea
dy

 i
nc
re
me
nt
ed
 '
op
ti
nd
' 
on
ce
;

in
cr
em
en
t 
it
 a
ga

in
 w
h
e
n
 t
ak

in
g 
ne

xt
 A
R
G
V
-
e
l
t
 a
s

op
ta
rg
 =
 n
ar
gv
[o
pt
in
d+
+]
;

ne
xt
ch
ar
 =
 0
;

r
e
t
u
r
n
 c
;

}
} /
/
 

C
H
—
h

/
*
 L
in
eF
lo
ws
.c
pp
 -
 J
ov
an
 J
li
c 
il
ic
@t
he
ta
us
a.
co
m 
S
u
n
 O
ct
 2
9
 2
0
0
0

* *
 $
L
o
g
$

*
/

#
i
f
n
d
e
f
 l
i
n
t

s
t
a
t
i
c
 c
h
a
r
 *
rc

si
d 
=
 "
$
H
e
a
d
e
r
$
"
;

#
e
n
d
i
f

#
i
n
c
l
u
d
e
 "
M
e
t
.
h
p
p
"

bo
ol
 N
et
::
Li
ne
Fl
ow
s(
) {

i
n
t
 i
, j

, 
k
,
 t
b;

d
o
u
b
l
e
 l
in
eR
, 
li
ne
X,
 p
G
e
n
,
 q
G
e
n
;

d
o
u
b
l
e
 a
n
g
,
 m
a
g
;

c
o
m
p
l
e
x
<
d
o
u
b
l
e
>
 Y
,
 e
F
B
,
 e
T
B
,
 e
Di
ff
, 
li
ne
Cu
rr
, 
ch

ar
gi

ng
, 
ch
ar
gi
ng
Cu
rr
;

to
ta

lI
2X

 =
 t
ot

al
I2

R 
=
 0
.0

;
to

ta
lC

ha
rg

in
g 
=
 0
.0

;
p
G
e
n
T
o
t
a
l
 =
 q
G
e
n
T
o
t
a
l
 =
 0
.0

;

p
L
o
a
d
T
o
t
a
l
 =
 q
L
o
a
d
T
o
t
a
l
 =
 0
.0

;

fo
r(
i 
=
 0
; 
i 
<
 g
en
s.
si
ze
()
; 
i
+
+
)
 {

k
 =
 g
en
s[
i]
.G
en
Bu
sN
o(
) 
- 
1;

pG
en

To
ta

l 
+
=
 b
us

es
[k

].
PG

en
()

;
qG

en
To

ta
l +
=
 bu

se
sf

kj
.Q

Ge
nQ

;
} fo

r(
i 
=
 0
; 
i 
<
 b
us
es
.s
iz
e(
);
 i
+
+
)
 {

pL
oa
dT
ot
al
 +
=
 b
us
es
[i
].
PL
oa
d(
);

qL
oa
dT
ot
al
 +
=
 b
us

es
 [i
j.
QL
oa
dQ
;

an
g 
=
 b
us
es
[i
].
V(
).
im
ag
()
;

m
a
g
 =
 b
us
es
[i
].
V(
).
re
al
()
;

e
F
B
 =
 c
om

pl
ex

<d
ou

bl
e>

(m
ag

*c
os

(a
ng

),
 m
ag

*s
in

(a
ng

))
;

c
o
n
s
t
 v
ec
to
r<
in
t>
 &
t
m
p
B
u
s
 =
 b
us
es
[i
].
Ad
jB
us
()
;

c
o
n
s
t
 v
ec
to
r<
Br
an
ch
 *
>
 &
t
m
p
B
r
 =
 b
us
es
[i
].
Ad
jB
ra
nc
h(
);

ve
ct
or
<c
om
pl
ex
<d
ou
bl
e>
 >
 &
lf
 =
 b
us
es
[i
].
Li
ne
Fl
ow
()
;

fo
r(
j 
=
 0
; j
 <
 t
mp
Bu
s.
si
ze
()
; j
+
+
)
{

tb
 =
 t
m
p
B
u
s
p
]
 - 
1;

to
ta
lC
ha
rg
in
g 
+
=
 t
m
p
B
r
p
]
^
B
r
B
c
a
p
(
)
*
n
o
r
m
(
e
F
B
)
;

Y
 =
 c
om
pl
ex
<d
ou
bl
e>
(G
.A
ij
(i
,t
b)
,B
.A
ij
(i
,t
b)
);

an
g 
=
 b
us
es
[t
b]
.V
()
.i
ma
g(
);

m
a
g
 =
 b
us
es
[t
b]
.V
()
.r
ea
l(
);

e
T
B
 =
 c
om

pl
ex

<d
ou

bl
e>

(m
ag

*c
os

(a
ng

),
 m
ag

*s
in

(a
ng

))
;

eD
if
f 
=
 e
F
B
 -
 e
T
B
;

li
ne
Cu
rr
 =
 e
Di
ff
 *
 Y
;

if
(t
b 
>
 i
) {

li
ne
R 
=
 -
Y.
re
al
()
/n
or
m(
Y)
;

li
ne
X 
=
 Y
.i
ma
g(
)/
no
rm
(Y
);

to
ta
lI
2R
 +
=
 l
in

eR
 *
 n
or

m(
li

ne
Cu

rr
);

to
ta
lI
2X
 +
=
 l
in
eX
 *
 n
or
m(
li
ne
Cu
rr
);

} ch
ar
gi
ng
 =
 c
om
pl
ex
<d
ou
bl
e>
(0
.0
, 
tm
pB
rp
]^
-B
rB
ca
p(
))
;

ch
ar

gi
ng

Cu
rr

 =
 e
F
B
 *
 c
ha

rg
in

g;
li

ne
Cu

rr
 =
 c
ha

rg
in

gC
ur

r 
- 
li

ne
Cu

rr
;

li
ne
Cu
rr
 =
 c
on
j (
li
ne
Cu
rr
);

If
p]
 =
 l
in
eC
ur
r 
*
 e
F
B
;



r
e
t
u
r
n
 t
ru
e;

} /
/
 

C
H
—
h

/
*
 m
ai
n.
cp
p 
-
 J
ov
an
 I
li
c 
il
ic
@t
he
ta
us
a.
co
m 
Fr
i 
A
p
r
 2
1 
2
0
0
0

* *
 $
L
o
g
$

*
/

S
i
f
n
d
e
f
 l
in
t

s
t
a
t
i
c
 c
h
a
r
 *
rc
si
d 
=
 "
$
H
e
a
d
e
r
$
"
;

#
e
n
d
i
f

&
o
0
0

♦i
nc

lu
de

 <
ga

/g
a.

h>
♦i

n
cl

u
d
e
 <

ga
/G

A
R

ea
lG

en
om

e.
h>

♦i
n
cl

u
d
e
 <

ga
/G

A
R

ea
lG

en
om

e.
 C

>

♦i
n
cl

u
d
e
 "

st
d

s.
h

p
p

"
♦i

nc
lu

de
 "

G
et

G
pt

.h
"

♦
d

e
fi
n

e
 e

x
te

rn

♦i
n
cl

u
d
e
 "

e
xt

e
m

s.
h
p
p
"

♦
u

n
d

e
f 

e
x
te

rn

♦
in

c
lu

d
e
 
<

im
s
l.
h
>

♦i
nc

lu
de

 "
N

et
.h

pp
"

N
et

 t
st

;

ex
te

rn
 f

lo
at

 P
ow

er
C

os
tG

A(
G

AG
en

om
e 

&
);

ex
te

rn
 "

C"
 v

oi
d 

Po
w

er
C

os
tT

oI
m

in
(in

t, 
do

ub
le

 *
, 

do
ub

le
 *

);

in
t 

m
ai

n(
in

t 
ar

gc
, 

ch
ar

 *
*a

rg
v)

 {

in
t 

i;

In
pu

tF
ile

_s
tr

 =
 "

no
ne

";
O

ut
G

A
_s

tr
 =

 "
no

ne
";

O
ut

T
oI

_s
tr

 =
 "

no
ne

";

S
ys

O
ut

_s
tr 

=
 "

no
ne

";
G

A
P

ar
m

S
-S

tr 
=

 "
no

ne
";

in
te

rv
al

 =
 c

on
tin

uo
us

 =
 iZ

er
o 

=
 0

;

ve
ct

o
r<

d
o

u
b

le
>

 s
ta

rt
;

fs
tre

am
 o

ut
G

A
Ji

s,
 s

ys
O

ut
Js

, 
cf

gG
A

Js
, 

er
rs

G
A_

fs
;

fs
tr

ea
m

 o
ut

T
ol

Js
, 

in
pu

tF
ile

Js
;

G
et

O
pt

io
ns

(a
rg

c,
 a

rg
v)

;

if(
In

pu
tF

ile
-S

tr 
=

=
 "

no
ne

")
{

G
et

O
pt

io
ns

H
el

p(
ar

gc
, 

ar
gv

);
ex

it(
-l)

;
}e

ls
e{

in
pu

tF
ile

_f
s.

op
en

(In
pu

tF
ile

-S
tr.

C
-S

tr(
), 

io
s:

:in
);

if(
 !in

pu
tF

ile
_f

s)
 {

ce
rr

 
"C

ou
ld

 n
ot

 
op

en
 "

 
In

pu
tF

ile
-S

tr
 <

C 
" 

fo
r 

re
ad

in
g"

 <
C

en
dl

;
ex

it(
-l)

;
}

} if(
O

ut
To

l-S
tr 

1=
 "

no
ne

")
 {

ou
tT

ol
Js

.o
pe

n(
O

ut
To

l^
tr.

c^
tr(

), 
io

s:
:o

ut
);

if(
!o

ut
To

l_
fs

) 
{

ce
rr 

"C
an

no
t 

op
en

: 
" 

<C
 O

ut
To

l_
st

r 
<g

 "
 f

o
r 

re
ad

in
g"

 "
C 

en
dl

;
ex

it(
-l)

;
}

} if(
S

ys
O

ut
^t

r 
I—

 "
no

ne
")

 {
sy

sO
ut

_f
s.

op
en

(S
ys

O
ut

-S
tr.

C
-S

tr(
), 

io
s:

:o
ut

);
if(

ls
ys

O
ut

_f
s)

 {
ce

rr 
"C

an
no

t 
op

en
: 

" 
<C

 S
ys

O
ut

-S
tr 

<C
 "

 f
o
r 

w
ri
tin

g
" 

en
dl

;
ex

it(
-l)

;
}

} if(
G

A
P

ar
m

sj
st

r 
!=

 "
no

ne
")

 {
cf

gG
A_

fs
.o

pe
n (

G
A

P
ar

m
s^

tr
.c

^t
r(

),
 io

s:
 :in

);
ifC

lc
fg

G
AJ

s)
 {



C
O
C
O

e
n
d
l
:

}

ce
rr
 <
C
 "
C
a
n
n
o
t
 
op

en
: 
"
 

G
A
P
a
r
m
S
-
S
t
r
 <
C 
"
 f
o
r
 r
e
a
d
i
n
g
"
 <
C

ex
it
(-
l)
;

GA
Al
le
le
: :
IN
CL
US
IV
E,
GA
Al
le
le
: i
l
N
C
L
U
S
I
V
E
 )
;

if
(O
ut
GA
-S
tr
 !
=
 "
no

ne
")

 {
ou

tG
A_

fs
.o

pe
n(

Ou
tG

A^
tr

.c
^t

r(
),

 io
s:
 :o
ut

);
if
(!
ou
tG
A_
fs
) {

ce
rr
 <
S
 "
C
a
n
n
o
t
 o
p
e
n
:
 
"
 -
C
 O
u
t
G
A
_
s
t
r
 <
C
 "
 f
o
r
 w
r
i
t
i
n
g
"
 

en
dl

;
ex

it
(-

l)
;

}
} if

(O
ut
GA
_s
tr
 =
=
 "
no
ne
" 
&
&
 O
ut
To
l_
st
r 
=
=
 "
no
ne
")
{

ce
rr
 <
§;

 "
A
t
 l
e
a
s
t
 o

ne
 
of

 -
t
 o
r
 -
g
 o
p
t
i
o
n
s
 
i
s
 r
e
q
u
i
r
e
d
"
 -
C
 e
nd
l;

Ge
tO
pt
io
ns
He
lp
(a
rg
c,
 a
rg

v)
;

ex
it
(-
l)
;

}
 el

se
 {

ts
t.
 R
e
a
d
A
W
 (I
np
ut
Fi
le
-s
tr
);

ts
t.
Ma
ke
Y(
);

} if
(O
ut
GA
-S
tr
 !
=
 "
no
ne
")
 {

i
n
t
 t
m
p
O
p
t
s
 =
 i
nt

er
va

l 
+
 c
on
ti
nu
ou
s 
+
 i
Ze
ro
;

if
(t
mp
Op
ts
 !
=
 1
){

ce
rr

 -
C 
"O
ne
 a
nd

 o
nl

y 
on
e 
of

 [
-d

|-
c|

-z
] 
mu

st
 b
e 
us

ed
."

 <
C 
en
dl
;

ex
it
(-
l)
;

} v
e
c
t
o
r
<
G
e
n
e
r
a
t
o
r
>
 &
g
n
s
 =
 c
on

st
_c

as
t<

ve
ct

or
<G

en
er

at
or

>
&>
(t
st
.G
en
sV
()
);

in
t 
s
w
n
g
 =
 t
st
.S
wi
ng
Bu
s(
);

G
A
R
e
a
l
A
l
l
e
l
e
S
e
t
A
r
r
a
y
 P
Sy

sA
ll

el
es

;

if
(i
nt
er
va
l)
 {

fo
r(
i 
=
 0
; 
i 
<
 g
ns
.s
iz
eQ
; 
i
+
+
)
 {

if
(g

ns
[i

].
Ge

nB
us

No
()

 !
=
 t
st

.S
wi

ng
Bu

s(
))

{
PS
ys
Al
le
le
s.
ad
d(
gn
s[
i]
.G
en
PM
in
()
/t
st
.P
Ba
se
()
,

gn
s[
i]
 .G
en
PM
ax
()
/t
st
.P
Ba
se
Q,

(g
ns
[i
].
Ge
nP
Ma
xQ
/t
st
.P
Ba
se
()
 -

gn
s[
i]
.G
en
PM
in
()
/t
st
.P
Ba
se
()
)/
10
.0
,

} if
(c

on
ti

nu
ou

s)
 {

fo
r(

i 
=
 0
; 
i 
<
 g
ns

.s
iz

e(
);

 i
+
+
)
 {

if
(g

ns
[l

].
Ge

nB
us

No
()

 !
=
 t
st
.S
wi
ng
Bu
s(
))
{

PS
ys
Al
le
le
s.
ad
d(
gn
s[
i]
.G
en
PM
in
()
/t
st
.P
Ba
se
()
,

gn
s[

i]
.G

en
PM

ax
()

/t
st

.P
Ba

se
()

,
G
 A
Al
le
le
: :
I
N
C
L
U
S
I
V
E
,
G
 A
Al
le
le
: :
I
N
C
L
U
S
I
V
E
 )
;

}
}

} if
(i
Ze
ro
) {

fl
oa
t 
*a

ll
el

;

fo
r(
i 
=
 0
; 

1 
<
 g
ns
.s
iz
e(
);
 i
+
+
)
 {

if
(g

ns
[i

].
Ge

nB
us

No
()

 !
=
 t
st
.S
wi
ng
Bu
s(
))
{

al
le
l 
=
 n
e
w
 f
lo
at
 [2
1]
;

al
le
l[
0]
 =
 0
; 
ce
nt
 ̂
 al

le
l[
0]
 "
C
 "
 "
;

fo
r(
in
t 
j 
=
 1
; j
 <
 2
1;
 j
+
+
)
{

al
le
l[
j]
 =
 g
ns
[i
].
Ge
nP
Mi
n(
)/
10
0.
0 
+
 (j

-l
)*
(g
ns
[i
].
Ge
nP
Ma
x(
) 
-

gn
s[
i]
.G
en
PM
ln
()
)/
20
00
.0
;

} PS
ys
Al
le
le
s.
ad
d(
21
, 
al
le
l)
;

}
}

} G
A
R
e
a
l
G
e
n
o
m
e
 P
Sy
sG
en
om
e(
PS
ys
Al
le
le
s,
 P
o
w
e
r
C
o
s
t
G
A
)
;

/
/
 N
o
w
 t
ha

t 
w
e
 h
av
e 
th

e 
ge

no
me

s,
 c
re

at
e 
a
 p
ar
am
et
er
 l
is
t 
th
at
 w
il

l 
be

us
ed

 f
o
r

/
/
 a
ll
 o
f 
th
e 
ge
ne
ti
c 
al
go
ri
th
ms
 a
nd
 a
ll
 o
f 
th
e 
ge
no
me
s.

GA
Li
ne
ar
Sc
al
in
g 

Sc
l;

G
A
P
a
r
a
m
e
t
e
r
L
i
s
t
 p
a
r
a
m
s
;

GA
St

ea
dy

St
at

eG
A:

:r
eg

is
te

rD
ef

au
lt

Pa
ra

me
te

rs
(p

ar
am

s)
;

G
A
S
t
e
a
d
y
S
t
a
t
e
G
A
 P
S
y
s
G
a
(
P
S
y
s
G
e
n
o
m
e
)
;



o

if
(G
AP
ar
ms
-S
tr
 !
=
 "
no
ne
")
 {

pa
ra
ms
.r
ea
d(
GA
Pa
rm
s^
tr
.c
 Jt
r(
))
;

}
 e
ls
e 
{

pa
ra
ms
.s
et
(g
aN
nG
en
er
at
io
ns
, 
50
);

pa
ra
ms
.s
et
(g
aN
po
pu
Ia
ti
on
Si
ze
, 
50
);

pa
ra
ms
.s
et
(g
aN
sc
or
eF
re
qu
en
cy
, 
1)
;

pa
ra
ms
.s
et
(g
aN
fl
us
hF
re
qu
en
cy
, 
10
);

pa
ra
ms
.s
et
(g
aN
se
le
ct
Sc
or
es
, 
GA
St
at
is
ti
cs
::
Al
lS
co
re
s)
;

pa
ra
ms
.s
et
(g
aN
mi
ni
ma
xi
, -

1)
;

PS
ys
Ga
.s
et
(g
aN
sc
or
eF
il
en
am
e,
 "
PS
ys
Ga
.p
lt
")
;

} PS
ys
Ga
.p
ar
am
et
er
s(
pa
j:
ai
ns
);

PS
ys
Ga
.s
ca
li
ng
(G
AN
oS
ca
Ji
ng
()
);

PS
ys

Ga
.t

er
mi

na
to

r(
GA

Ge
ne

ti
cA

Ig
or

it
hm

::
Te

rm
in

at
eU

po
nC

on
ve

rg
en

ce
);

PS
ys
Ga
.e
vo
lv
e(
);

/
/
 S
a
v
e
 t
he

 "
op

ti
ma

l"
 g
en

er
at

io
n 
so
lu
ti
on

G
A
R
e
a
l
G
e
n
o
m
e
&
;
 g
 =

(G
AR
ea
lG
en
om
e&
)P
Sy
sG
a.
st
at
is
ti
cs
()
.b
es
tI
nd
iv
id
ua
l(
);

st
ar
t.
er
as
e(
st
ar
t.
be
gi
n(
),
 s
ta

rt
.e

nd
()

);

i
n
t
 b
a
c
k
l
n
d
x
 =
 0
;

fo
r(
i 
=
 0
; 
i 
<
 g
ns
.s
iz
e(
);
 i
+
+
)
 {

if
(g
ns
[i
].
Ge
nB
us
No
()
 =
=
 t
st
.S
wi
ng
Bu
s(
))

b
a
c
k
l
n
d
x
 =
 1
;

el
se

 {
/
/
 s
ta
rt
in
g 
po
in
t 
fo
r 
T
O
L
M
I
N

st
ar
t .
pu
sh
_b
ac
k(
g.
ge
ne
(i
-b
ac
kl
nd
x)
);

gn
s[
i]
. G
e
n
P
 (g
.g
en
e(
i-
ba
ck
ln
dx
))
;

}
} ts

t.
Re
se
tB
us
es
()
;

ts
t.
PF
So
Iv
e(
);

ts
t.

Li
ne

FI
ow

sO
;

co
ut
 <
C 
"P

ro
d 

Co
st
 =
 "
 <
^ 
ts

t.
Pr

od
Co

st
()

 
en
dl
;

fo
r(
i 
=
 0
; 
i 
<
 g
ns
.s
iz
e(
);
 i
+
+
)

co
ut
 <
C 
gn
s[
i]
.C
os
tI
nc
(g
ns
[i
].
Ge
nP
()
*1
00
.0
) 
<g
 '
\t
';

c
o
u
t
 -
C
 e
nd

l;

if
(o
ut
GA
_f
s.
is
jo
pe
n(
))
{

ts
t.
Pr
in
tA
WO
ut
(o
ut
GA
Js
);

ou
tG
AJ
s.
cl
os
e(
);

} if
(e
rr
sG
A_
fs
.i
s.
jo
pe
n(
))

er
rs
GA
Js
.c
lo
se
()
;

} /
/
 C
al
cu
la
te
 t
he

 s
a
m
e
 o
pt

im
al

 p
oi
nt
 u
si

ng
I
I
 q
ua
dr
at
ic
 p
ro

gr
am

mi
ng

if
(O
ut
To
l^
tr
 !
=
 "
no
ne
")
 {

ve
ct
or
<G
en
er
at
or
> 
&
g
n
s
 =
 c
on
st
-c
as
t<
ve
ct
or
<G
en
er
at
or
>

&>
(t

st
.G

en
sV

()
);

in
t 
s
w
n
g
 =
 t
st
.S
wl
ng
Bu
s(
);

/
 /
 n
u
m
b
e
r
 o
f 
eq

ua
ti

on
s

i
n
t
 n
e
q
 =
 0
;

/
/
 e
qu

at
io

ns
d
o
u
b
l
e
 a
[ ]
 =
 {
0}
;

d
o
u
b
l
e
 b
[ ]
 =
 {
0}

;

/
/
 n
u
m
b
e
r
 o
f 
va

ri
ab

le
s

in
t 
nv

ar
 =
 g
ns
.s
iz
e(
) 
- 
1;

ce
rr

 <
g
 "
n
v
a
r
 =
 "
 

n
v
a
r
 <
C
 e
nd
l;

/
 /
 n
u
m
b
e
r
 o
f 
co
ns
tr
ai
nt
s

I
I
 t
he

re
 a
re
 o
nl

y 
si

mp
le

 b
ou
nd
s

i
n
t
 n
e
o
n
 =
 0
;

d
o
u
b
i
e
 *
xl
b 
=
 n
e
w
 d
ou
bi
e[
nv
ar
];

d
o
u
b
l
e
 *
x
u
b
 =
 n
e
w
 d
ou
bi
e[
nv
ar
];

in
t 
s
w
n
g
F
o
u
n
d
 =
 0
, 

i;



fo
r(

i 
=
 0
; 

i 
<
 g
ns

.s
iz

e(
);

 i
+
+
)
 {

if
(g

ns
[i

].
Ge

nB
us

No
()

 !
=
 t
st
.S
wm
gB
us
()
){

xl
b[
i 
- 
sw

ng
Fo

un
d]

 =
 g
ns

[i
].

Ge
nP

Mi
n(

)/
ts

t.
PB

as
e(

);
xu

b[
i 
- 
sw

ng
Fo

un
d]

 =
 g
ns

[i
].

Ge
nP

Ma
x(

)/
ts

t.
PB

as
e(

);
}
 e
ls
e 
{

s
w
n
g
F
o
u
n
d
 =
 1
; 
/
/
 o
ff
se
t 
fo

r 
th
e 
sw

in
g 
bu

s

}
} d
o
u
b
l
e
 *
x
 =
 n
e
w
 d
o
u
b
l
e
 [
nv
ar
j;

if
(O
ut
GA
_s
tr
 !
=
 "
no
ne
")
{

im
sl
jd
_w
ri
te
jn
at
ri
x(
"S
ol
ut
io
n 
st
ar
t 

1,
 n
va
r,
 &
st

ar
t[

0]
, 
0)
;

im
sl
jd
_m
in
xo
n_
ge
nJ
in
(P
ow
er
Co
st
To
lm
in
, 
nv

ar
, 
ne
on
,

ne
q,
 a
, 
b,
 x
lb
, 
x
u
b
,
 I
M
S
L
J
I
E
T
U
R
N
-
U
S
E
R
,

X
,
 I
M
S
L
-
M
A
X
_
F
C
N
,
 1
0
0
0
0
,

I
M
S
L
J
C
G
U
E
S
S
,
 &s

ta
rt
[0
],
 0
);

}
 e
ls
e 
{

im
sl
-d
-m
in
xo
n.
ge
n_
li
n(
Po
we
rC
os
tT
oI
mi
n,
 n
va
r,
 n
eo
n,

ne
q,
 a
, 
b,
 x
lb
, 
x
u
b
,
 I
M
S
L
_
R
E
T
U
R
N
_
U
S
E
R
,

X,
 I
M
S
L
J
V
I
A
X
J
F
C
N
,
 1
00
00
, 
0)
;

} im
sl
-d
-w
ri
te
_m
at
ri
x(
"S
ol
ut
io
n"
, 
1,
 n
va
r,
 x
, 
0)
;

s
w
n
g
F
o
u
n
d
 =
 0
;

fo
r(
i 
=
 0
; 
i 
<
 n
va
r;
 i
+
+
)
 {

if
(g
ns
[i
].
Ge
nB
us
No
()
 !
=
 t
st
.S
wi
ng
Bu
s(
))
 {

gn
s[
i]
.G
en
P(
x[
i 
- 
sw
ng
Fo
un
d]
);

}e
ls
e{

s
w
n
g
F
o
u
n
d
 =
 1
;

}
} ts

t.
Re
se
tB
us
es
()
;

ts
t.
PF
So
Iv
e(
);

ts
t.
Li
ne
Fl
ow
s(
);

co
ut
 

"P
ro
d 

Co
st
 =
 "
 <
§;
 t
st
.P
ro
dG
os
t(
) ̂
 e
nd
l;

fo
r(
i 
=
 0
; 

i 
<
 g
ns
.s
iz
e(
);
 i
+
+
)

co
ut

 <
C 
gn
s[
i]
.C
os
tl
nc
(g
ns
[i
].
Ge
nP
()
*1
00
.0
) 
•<
 '
\t

';

c
o
u
t
 <
|C
 e
nd
l;

if
(o
ut
To
Us
.i
s^
pe
n(
))
{

ts
t .
Pr
in
tA
WO
ut
(o
ut
To
Lf
s)
;

ou
tT
oL
fs
.c
lo
se
()
;

} de
le
te
 [
 ]
 xl

b;
de
le
te
 [
 ]
 x
ub
;

} if
(s
ys
Ou
t_
fs
.i
sj
op
en
()
){

ts
t.
Pr
in
tA
W(
sy
sO
ut
-f
s)
;

sy
sO

ut
Js

.c
lo

se
()

;

} r
e
t
u
r
n
 0
;

} /
/
 

C
H
—
h

/
*
 M
a
k
e
G
B
.
e
p
p
 -
 J
ov
an
 I
li
c 
il
ic
@t
he
ta
us
a.
co
m 
S
u
n
 O
ct
 1
5
 2
0
0
0

* *
 $
L
o
g
$

*
/

S
i
f
n
d
e
f
 l
i
n
t

s
t
a
t
i
c
 c
h
a
r
 *
rc

si
d 
=
 "
$
H
e
a
d
e
r
$
"
;

#
e
n
d
i
f

#
i
n
c
l
u
d
e
 "
N
e
t
.
h
p
p
"

/
/
 b
oo
l 
Ne
t:
:M
ak
eG
B(
) 
ca
lc
ul
at
es
 t
he
 a
dm
it
ta
nc
e 
ma
tr
ix

I
I
 c
om
po
ne
nt
s 
G
 a
n
d
 B
.
 P
ar

al
le

l 
li

ne
s 
a
n
d
 t
ra

ns
fo

rm
er

s
I
I
 c
om
pl
ic
at
e 
th
e 
si
tu
at
io
n 
a 

li
tt
le
 b

it
.

bo
ol
 N
et
;;
Ma
ke
Y(
) {

in
t 

i,
 j
, 
k,
 g
Co

ll
nd

x,
 b
Co
lI
nd
x;

d
o
u
b
l
e
 X
, 
r,

 b
ca
p,
 d
i
a
g
G
,
 d
i
a
g
B
,
 y
sh
;

v
e
c
t
o
r
<
i
n
t
>
 d
o
n
e
B
u
s
;

/
/
 a
lo

ca
te

 m
e
m
o
r
y
 f
or
 c
ol
um
n 
in
de
ci
es

xg
.e
ra
se
(x
g.
be
gi
n(
),
 x
g.
en
d(
))
;

xb
.e
ra
se
(x
b.
be
gi
n(
),
 x
b.
en
d(
))
;



Mi
-

t
s
5

xg
.r
es
er
ve
(n
oB
us
 +
 1
);

xb
.r

es
er

ve
(n

oB
us

 +
 1
);

/
/
 a
lo
ca
te
 m
e
m
o
r
y
 f
or
 r
ow
 i
nd
ec
ie
s 
an
d 
da
ta

g.
er
as
e(
g.
be
gm
()
, 
g.
en
d(
))
;

b.
er
as
e(
b.
be
gi
n(
),
 b
.e
nd
()
);

gs
ub
.e
ra
se
(g
su
b.
be
gi
n(
),
 g
su
b.
en
d(
))
;

bs
ub
.e
ra
se
(b
su
b.
be
gi
n(
),
 b
su
b.
en
d(
))
;

j
 =
 0
;

fo
r(
i 
=
 0
; 
i 
<
 b
us
es
.s
iz
e(
);
 i
+
+
)
{

ve
ct
or
<i
nt
> 
t
m
p
B
u
s
 =
 b
us
es
[i
].
Ad
jB
us
()
;

fo
r(
k 
=
 0
; 
k
 <
 t
mp
Bu
s.
si
ze
()
; 
k
+
+
)

if
(t
mp
Bu
s[
k]
 <
 i
+1
)

j
+
+
;

} j
 +
=
 b
us
es
.s
iz
eO
;

g.
re
se
rv
e(
j)
;

b.
re
se
rv
e(
j)
;

gs
ub

.r
es

er
ve

(j
);

bs
ub
.r
es
er
ve
(j
);

gC
ol
In
dx
 =
 b
Co
lI
nd
x 
=
 0
;

xg
.p
us
h-
ba
ck
(g
Co
lI
nd
x)
;

xb
.p
us
h_
ba
ck
(b
Co
lI
ii
dx
);

fo
r(
i 
=
 0
; 
i 
<
 b
us
es
.s
iz
e(
);
 i
+
+
)
 {

d
i
a
g
G
 =
 d
i
a
g
B
 =
 0
.0
;

c
o
n
s
t
 v
ec
to
r<
Br
an
ch
 *
>
 &
t
m
p
B
r
 =
 b
us
es
[i
].
Ad
jB
ra
nc
h(
);

c
o
n
s
t
 v
ec
to
r<
in
t>
 &
t
m
p
B
u
s
 =
 b
us
es
[i
].
Ad
jB
us
()
;

do
ne
Bu
s.
er
as
e(
do
ne
Bu
s.
be
gi
n(
),
 d
on
eB
us
.e
nd
()
);

/
/
 f
ir
st
 c
al
cu
la
te
 t
he
 d
ia
go
na
l 
el
em
en
t

fo
r(
j 
=
 0
; 
j 
<
 t
mp
Br
.s
iz
eO
; j
+
+
)
 {

X
 =
 t
mp

Br
jj

]—
>B

rX
()

;
r 
=
 t
mp
Br
[j
]—
»-
Br
R(
);

bc
ap
 =
 t
ra
pB
r[
j]
—>
Br
Bc
ap
()
;

d
o
u
b
l
e
 z
 =
 r
*r

 +
 x
*
x
;

d
o
u
b
l
e
 g
li

ne
 =
: 
r/
z;

d
o
u
b
l
e
 b
li
ne
 =
 -
x/
z;

ys
h 
=
 b
us
es
[i
].
YS
h(
);

/
/
 T
R
A
N
 l
in
e 
ha
s 
n
o
 h
ea
p!

if
(t
mp
Br
[j
]^
Br
Li
ne
Ty
pe
()
 =
=
 "
TR
AN
")
 {

d
o
u
b
l
e
 a
 =
 t
mp
Br
[i
]^
Br
Ta
pR
at
io
()
;

di
ag
G 
+
=
 g
li
ne
/a
;

di
ag

B 
+
—
 b
li

ne
/a

 +
 b
ca

p;
if
(t
mp
Br
p]
—J
-B
rT
ap
Bu
sO
 =
=
 i
){

di
ag
G 
+
=
 (
1.
0 
- 
a)
/(
a*
a)
 *
 g
li
ne
;

di
ag

B 
+
=
 (1

.0
 -
 a
)/

(a
*a

) *
 b
li

ne
;

}
 e
ls
e 
{

di
ag
G 
+
=
 (
a
 -
 1
.0
)/
(a
) 
*
 g
li
ne
;

di
ag
B 
+
=
 (
a 
- 
1.
0)
/(
a)
 *
 b
li
ne
;

}
,}
 e
ls
e 
{

d
i
a
g
G
 +
=
 g
li
ne
;

d
i
a
g
B
 +
=
 b
li

ne
 +
 b
ca

p;

}
} /
/
 s
to

re
 t
he

 d
ia

go
na

l 
el
em
en
t

I
I
 d
ia
go
na
l 
el
em
en
ts
 a
re
 a
lw
ay
s 
no
nz
er
o

I
I
 b
ut
 i
t 
sh
ou
ld
 s
ti

ll
 b
e 
eh

ee
ke

d
if
(d
ia
gB
 !
=
 0
.0
) {

bs
ub
.p
us
h-
ba
ck
(i
);

b.
pu
sh
_b
ac
k(
di
ag
B 
+
 y
sh
);

b
C
o
l
I
n
d
x
+
+
;

} if
(d

ia
gG

 !
=
 0
) {

g.
pu
sh
_b
ac
k(
di
ag
G)
;

gs
ub

.p
us

h_
ba

ck
(i

);
g
C
o
l
I
n
d
x
+
+
;

} /
/
 c
al

cu
al

te
 a
n
d
 s
to
re
 e
le
me
ts
 b
el
ow
 t
he

 d
ia
go
na
l

fo
r(
j 
=
 0
; 
j 
<
 t
mp
Br
.s
iz
eO
; 
j
+
+
)
 {

d
o
u
b
l
e
 z
 =
 0
.0

;
d
o
u
b
l
e
 g
li
ne
 =
 0
.0

;
d
o
u
b
l
e
 b
li
ne
 =
 0
.0

;
if
(t
mp
Bu
s|
j]
 <
 i
 +
 1
)

co
nt
in
ue
; 
/
/
 d
on
't
 c
ou
nt
 b
ra
nc
he
s 
tw
ic
e

if
(f
in
d(
do
ne
Bu
s.
be
gi
n(
),
 d
on
eB
us
.e
nd
()
, 
tm
pB
us
[j
])
 !
=

do
ne
Bu
s.
en
dO
)

co
nt
in
ue
; 
/
/
 a
lr
ea
dy
 a
cc
ou
nt
ed
 f
or
 p
ar
al
le
l 
li
ne

do
ne
Bu
s.
pu
sh
_b
ac
k(
tm
pB
us
|j
])
;

fo
r(
in
t 
k
 =
 j;

 k
 <
 t
mp
Bu
s.
si
ze
()
; 
k
+
+
)
 {

if
(t
mp
Bu
s[
j]
 =
=
 t
mp
Bu
s[
k]
) {
 /
/
 s
u
m
 u
p 

al
l 
th
e 
pa
ra
ll
el
 l
in
es

X
 =
 t
mp
Br
[k
]^
Br
X(
);

r 
=
 t
mp
Br
[k
]-
4B
rR
()
;

bc
ap
 =
 t
mp

Br
[k

]—
)-

Br
Bc

ap
()

;
z
 =
 r
*
r
 +
 x
*
x
;

if
(t
mp
Br
[k
]—
>B
rL
in
eT
yp
e(
) 
=
=
 "
TR
AN
")
{

d
o
u
b
l
e
 a
 =
 t
mp
Br
[k
]^
Br
Ta
pR
at
io
()
;



C
O

gl
in
e 
+
=
 (
r/
z)
/a
;

bl
in
e 
+
=
 (
-x
/z
)/
a;

}
 e
ls
e 
{

gl
in
e 
+
=
 r
/z
;

bl
in
e 
+
=
 -
x/
z;

}
}

} /
/
 b
li
ne
 o
r 
gl
in
e 
ca
n 

be
 z
er
o 
bu
t 
no
t 
bo
th
 a
t 
th
e 
s
a
m
e
 t
im
e

if
(b
li
ne
 !
=
 0
.0
) {

bs
ub
.p
us
h_
ba
ck
(t
mp
Bu
sp
] 
- 
1)
;

b.
pu
sh
_b
ac
k(
-b
li
ne
);

b
C
o
l
I
n
d
x
+
+
;

} if
(g
li
ne
 !
=
 0
.0
) {

gs
ub
.p
us
h_
ba
ck
(t
mp
Bu
s[
j]
 -
 1
);

g.
pu
sh
.b
ac
k(
-g
li
ne
);

g
C
o
l
I
n
d
x
+
+
;

}
} /
/
 i
nd
ec
ie
s 
in
cr
ea
se
d 
by
 a
t 
le
as
t 
on
e

xg
.p
us
h_
ba
ck
(g
Co
lI
nd
x)
;

xb
.p

us
h_

ba
ck

(b
Co

lI
nd

x)
;

} G.
Se

tA
(g

, 
gs
ub
, 
xg
, 
S
Y
L
)
;

B.
Se
tA
(b
, 
bs
ub
, 
xb
, 
S
Y
L
)
;

r
e
t
u
r
n
 t
r
u
e
:

/
/
 

C
+
H
—
*
-

/
*
 M
ak
eJ
ac
.c
pp
 -
 J
ov
an
 I
li
c 
il
ic
@t
he
ta
us
a,
co
Tn
 S
u
n
 O
ct
 1
5
 2
0
0
0

* *
/

#
i
f
n
d
e
f
 l
in
t

s
t
a
t
i
c
 c
h
a
r
 *
rc

si
d 
=
 "
$
H
e
a
d
e
r
$
"
;

#
e
n
d
i
f

#
i
n
c
l
u
d
e
 "
N
e
t
.
h
p
p
"

/
/
 m
e
m
o
r
y
 r
eq
ui
re
me
nt
s 
fo
r 
di

ff
er

en
t 
ve

ct
or

s 
ne

ed
 t
o 
be

/
/
 r
ec
al
cu
la
te
d.

bo
ol
 N
et
;:
Ma
ke
J(
) {

in
t 

i,
 j
, 
k;

/
/
 c
ou
nt
s 
of
 P
Q
,
 P
V
,
 a
nd
 P
C
 b
us
es
.

P
Q
C
o
u
n
t
=
0
,
 P
V
C
o
u
n
t
=
0
,
 V
C
C
o
u
n
t
=
0
;

fo
r(

i 
=
 0
; 
i 
<
 b
us
es
.s
iz
e(
);
 i
+
+
)
{

sw
it
ch
 (
bu

se
s[

i]
.T

yp
e(

))
 {

c
a
s
e
 L
O
A
D
 :

c
a
s
e
 G
E
N
J
H
I
G
H
V
A
R
 :

c
a
s
e
 G
E
N
X
O
W
V
A
R
 :

P
Q
C
o
u
n
t
+
+
;

b
r
e
a
k
;

c
a
s
e
 G
E
N
_
R
E
G
 :

c
a
s
e
 G
E
N
 :

P
V
C
o
u
n
t
+
+
;

b
r
e
a
k
;

d
e
f
a
u
l
t
 ;

; 
/
/
 p
ro

ba
bl

y 
a
 S
W
I
N
G
 b
us

b
r
e
a
k
;

}
} ja

c.
er
as
e(
ja
c.
be
gi
n(
),
 ja

c.
en
d(
))
;

ja
cs
ub
.e
ra
se
(j
ac
su
b.
be
gi
n(
),
 j
ac
su
b.
en
d(
))
;

xj
ac
.e
ra
se
(x
ja
c.
be
gi
n(
),
 x
ja
c.
en
d(
))
;

/
/
 d
P
/
d
T
 a
nd
 d
P
/
d
E
 r
ow
s 
mi
gh
t 

be
 s
hi
ft
ed
 u
p 
by
 1
 i
f 
ro
w 
in
de
x 
is

I
I
 g
re
at
er
 t
ha
n 
th
e 
sw
in
gB
us
. 
d
Q
/
d
T
 a
nd
 d
Q
/
d
E
 s
hi
ft
 w
il
l 
de
pe
nd
 o
n

/
/
 t
he

 n
u
m
b
e
r
 o
f 
ge

ne
ra

to
r 
bu

se
s 
en
co
un
te
re
d 

be
fo

re
 c
ur

re
nt

 r
o
w
 i
nd

ex
.

ro
wS

hi
ft

s.
er

as
e(

ro
wS

hi
ft

s.
be

gi
n(

),
 r
ow

Sh
if

ts
.e

nd
()

);
ro
wS
hi
ft
s.
re
se
rv
e(
bu
se
s.
si
ze
()
);

fo
r(
i 
=
 0
, 
j 
=
 0
; 

i 
<
 b
us
es
.s
iz
e(
);
 i
+
+
)
 {

if
(b
us
es
[i
].
Ty
pe
()
 =
=
 G
E
N
 |
| 
bu

se
s[

i]
.T

yp
e(

) 
=
=
 S
W
I
N
G
)

j
+
+
;

ro
wS
hi
ft
s.
pu
sh
_b
ac
k(
j)
;

} de
lP
Q.
er
as
e(
de
lP
Q.
be
gi
n(
),
 d
el
PQ
.e
nd
()
);

de
lP
Q.
re
se
rv
e(
bu
se
s.
si
ze
()
 -
 1
 +
 (b

us
es
.s
iz
e(
) 
- 
1 
- 
PV
Co
un
t)
);

fo
r(

i 
=
 0
; 
i 
<
 (
bu

se
s.

si
ze

()
 -
 1
 +
 (
bu
se
s.
si
ze
()
 -
 1
 -
 P
VC

ou
nt

))
; 
i
+
+
)

de
lP
Q.
pu
sh
_b
ac
k(
0.
0)
;

/
/
 m
e
m
o
r
y
 r
eq
ui
re
me
nt
s 
fo

r 
th

e 
Ja

co
bi

an
 c
ou

ld
1
1
 b
e 
es

ti
ma

te
d 
he
re
 a
s 
we

ll



D
e
l
P
Q
O
;
 /
/
 C
al

cu
la

te
s 
Ne

tl
nj

Q 
as

 w
el
l

i
n
t
 e
l
C
o
u
n
t
 =
 0
;

i
n
t
 r
ow
Sh
if
t 
=
 0
;

d
o
u
b
l
e
 d
er

;
xj
ac
.p
us
h_
ba
ck
(e
lC
ou
nt
);

i
n
t
 t
b
,
 f
b;

/
/
 c
al
cu
la
te
 d
P
/
d
T
 p
ar
t 
fi
rs
t

fo
r(
k 
=
 0
; 
k 
<
 b
us

es
.s

iz
e(

);
 k
+
+
)
 {

if
(b
us
es
[k
].
Ty
pe
()
 =
=
 S
W
I
N
G
)

c
o
n
t
i
n
u
e
;

t
b
 =
 k
;

/
/
 c
al
cu
la
te
 t
he
 d
ia
go
na
l 
te
rm

de
r 
=
 -
bu
se
s[
tb
].
QN
et
In
j(
) 
-

B.
Ai

j(
tb

,t
b)

*b
us

es
[t

b]
.V

()
.r

ea
l(

)*
bu

se
s[

tb
].

V(
).

re
al

()
;

ro
wS
hi
ft
 =
 t
b 
>
 (
sw
in
gB
us
 -
 1
) 
?
 1
 :
 0
;

ja
cs
ub
.p
us
h_
ba
ck
(t
b 
- 
ro
wS
hi
ft
);

ja
c.
pu
sh
_b
ac
k(
de
r)
;

e
l
C
o
u
n
t
+
+
;

/
/
 g
et
 a
 l
is

t 
of

 u
ni
qu
e 
bu
se
s 
co

nn
ec

te
d 
to
 b

is
 i
.

c
o
n
s
t
 v
ec
to
r<
in
t>
 &
t
m
p
F
B
 =
 b
us
es
[t
b]
.A
dj
Bu
s(
);

/
/
 d
P
/
d
T

fo
r(

i 
=
 0
; 
i 
<
 t
mp

FB
.s

iz
e(

);
 i
+
+
)
 {

if
(f
in
d(
tm
pF
B.
be
gi
n(
),
 &
tm
pF
B[
i]
, 
t
m
p
F
B
p
]
)
 !
=
 &
tm
pF
B[
i]
)

co
nt
in
ue
; 
/
/
 t
hi
s 
br
an
ch
 a
lr
ea
dy
 a
cc
ou
nt
ed
 f
or

fb
 =
 t
mp
FB
[i
] 
- 
1;

if
(b
us
es
[f
b]
.T
yp
e(
) 
=
=
 S
W
I
N
G
)

c
o
n
t
i
n
u
e
;

ro
wS
hi
ft
 =
 f
b 
>
 (
sw
in
gB
us
 -
 1
) 
?
 1
 :
 0
;

ja
cs
ub
.p
us
h_
ba
ck
(f
b 
- 
ro
wS
hi
ft
);

e
l
C
o
u
n
t
+
+
;

de
r 
=
 b
us
es
[t
b]
.V
()
.r
ea
l(
)*
bu
se
s[
fb
].
V(
).
re
al
()
* 
\

(G
.A

ij
(t

b,
fb

)*
si

n(
bu

se
s[

tb
].

VQ
.i

ma
g(

) -
 b
us

es
[f

b]
.V

()
.i

ma
g(

))
 -
 \

B.
Ai
j(
tb
,f
b)
*c
os
(b
us
es
[t
b]
.V
()
.i
ma
g(
) -

 b
us

es
[f

b]
.V

()
.i

ma
g(

))
);

ja
c.
pu
sh
_b
ac
k(
de
r)
;

} /
/
 f
ir
st
, 
ca
lc
ul
at
e 
th
e 
di
ag
on
al
 e
le
me
nt

if
((

bu
se

s[
tb

].
Ty

pe
()

 !
=
 S
W
I
N
G
)
 &
&
 (b

us
es

[t
b]

.T
yp

e(
) !
=
 G
E
N
)
)
 {

de
r 
=
 b
us
es
[t
b]
.P
Ne
tI
nj
()
 -

G.
Ai

j(
tb

,t
b)

*b
us

es
[t

b]
.V

()
.r

ea
I(

)*
bu

se
s[

tb
].

V(
).

re
al

()
;

ja
c.
pu
sh
_b
ac
k(
de
r)
;

ja
cs

ub
.p

us
h_

ba
ck

(b
us

es
.s

iz
e(

) 
- 
1 
+
 t
b 
- 
ro
wS
hi
ft
s[
tb
])
;

e
l
C
o
u
n
t
+
+
;

}

/
/
 d
Q
/
d
T

fo
r(

i 
=
 0
; 
i 
<
 t
mp
FB
.s
iz
e(
);
 i
+
+
)
 {

if
(f

in
d(

tm
pF

B.
be

gi
n(

),
 &
tm

pF
B[

i]
, t

mp
FB
p]
) !
=
 &
tm

pF
B[

i]
)

c
o
n
t
i
n
u
e
;
 /
/
 t
hi
s 
br

an
ch

 a
lr

ea
dy

 a
cc

ou
nt

ed
 f
or

fb
 =
 t
m
p
F
B
p
]
 - 
1;

ro
wS
hi
ft
 =
 f
b 
>
 (
sw
in
gB
us
 -
 1
) 
?
 1
 :
 0
;

if
(b
us
es
[f
b]
.T
yp
e(
) 
=
=
 S
W
I
N
G
 |
| 
bu
se
s[
fb
].
Ty
pe
()
 =
=
 G
E
N
)

c
o
n
t
i
n
u
e
;

de
r 
=
 -
bu
se
s[
tb
].
V(
).
re
al
()
*b
us
es
[f
b]
.V
()
.r
ea
I(
)*
 \

(G
.A

ij
(t

b,
fb

)*
co

s(
bu

se
s[

tb
].

VO
-i

ma
g(

) 
- 
bu

se
s[

fb
].

V(
).

im
ag

()
) -

 \
B.
Ai
j(
tb
,f
b)
*s
in
(b
us
es
[i
].
V(
).
im
ag
()
 -
 b
us
es
[f
b]
.V
()
.i
ma
g(
))
);

ja
c.
pu
sh
_b
ac
k(
de
r)
;

ja
cs
ub
.p
us
h_
ba
ck
(f
b 
+
 b
us

es
.s

iz
e(

) -
 1
 -
 r
ow

Sh
if

ts
[f

b]
);

e
l
C
o
u
n
t
+
+
;

} xj
ac
.p
us
h_
ba
ck
(e
lC
ou
nt
);

} fo
r(

k 
=
 0
; 
k 
<
 b
us
es
.s
iz
e(
);
 k
+
+
)
 {

if
((
bu
se
s[
k]
.T
yp
e(
) 
=
=
 G
E
N
)
 ||

 (
bu
se
s[
k]
.T
yp
e(
) 
=
=
 S
W
I
N
G
)
)

c
o
n
t
i
n
u
e
;

t
b
 =
 k
;

ve
ct
or
<i
nt
> 
t
m
p
F
B
 =
 b
us
es
[k
].
Ad
jB
us
()
;

/
/
 c
al
cu
la
te
 t
he

 d
ia
go
na
l 
te

rm
de
r 
=
 b
us
es
[t
b]
.P
Ne
tI
nj
()
 +

G.
Ai
j(
tb
,t
b)
*b
us
es
[t
b]
.V
()
.r
ea
l(
)*
bu
se
s[
tb
].
V(
).
re
al
()
;

ja
c.
pu
sh
_b
ac
k(
de
r)
;

ro
wS
hi
ft
 =
 t
b 
>
 (
sw
in
gB
us
 -
 1
) 
?
 1
 :
 0
;

ja
cs

ub
.p

us
h_

ba
ck

(t
b 
-
 r
ow

Sh
if

t)
;

e
l
C
o
u
n
t
+
+
;

/
/
 d
P/

d\
E\

/\
E\

fo
r(

i 
=
 0
; 
i 
<
 t
mp

FB
.s

iz
e(

);
 i
+
+
)
 {

if
(f

in
d(

tm
pF

B.
be

gi
n(

),
 &
tm
pF
B[
i]
, 
tm

pF
B[

i]
) !
=
 &
tm

pF
B[

i]
)

co
nt
in
ue
; 
/
/
 t
hi
s 
br
an
ch
 a
lr
ea
dy
 a
cc
ou
nt
ed
 f
or

fb
 =
 t
mp
FB
[i
] 
- 
1;

if
(b
us
es
[f
b]
.T
yp
e(
) =
=
 S
W
I
N
G
 )

c
o
n
t
i
n
u
e
;

de
r 
=
 b
us
es
[t
b]
.V
()
.r
ea
l(
)*
bu
se
s[
fb
].
V(
).
re
al
()
* 
\

(G
.A

ij
(t

b,
fb

)*
co

s(
bu

se
s[

tb
].

VQ
.i

ma
gQ

 -
 b
us

es
[f

b]
.V

()
.i

ma
g(

))
 - 
\

B.
Ai
j(
tb
,f
b)
*s
in
(b
us
es
[t
b]
.V
()
.i
ma
g(
) -

 b
us
es
[f
b]
.V
()
.i
ma
g(
))
);

ja
c.
pu
sh
-b
ac
k(
de
r)
;

ro
wS
hi
ft
 =
 f
b 
>
 (
s
w
i
n
g
B
u
s
 -
 1
) 
?
 1
 :
 0
;

ja
cs
ub
.p
us
h_
ba
ck
(f
b 
- 
ro
wS
hi
ft
);

e
I
C
o
u
n
t
+
+
;



o
r

} /
/
 d
Q/
d\
E\
AE
\

de
r 
=
 b
us
es
[t
b]
.Q
Ne
tI
nj
()
 -

B.
Ai
j(
tb
,t
b)
*b
us
es
[t
b]
.V
()
.r
ea
l(
)*
bu
se
s[
tb
].
V(
).
re
al
()
;

ja
c.
pu
sh
_b
ac
k(
de
r)
;

ja
cs
ub
.p
us
h_
ba
ck
(b
us
es
.s
iz
e(
) -

 1
 +
 t
b 
- 
ro
wS
hi
ft
s[
tb
])
;

e
l
C
o
u
n
t
+
+
;

fo
r(

i 
=
 0
; 
i 
<
 t
mp
FB
.s
iz
e(
);
 i
+
+
)
 {

if
(f
in
d(
tm
pF
B.
be
gi
n0
, 
&t
mp
FB
[i
],
 t
m
p
F
B
p
]
)
 !
=
 &
tm
pF
B[
i]
)

c
o
n
t
i
n
u
e
;
 /
/
 t
hi

s 
br

an
ch

 a
lr
ea
dy
 a
cc

ou
nt

ed
 f
or

fb
 =
 t
m
p
F
B
p
]
 - 
1;

if
(b
us
es
[f
b]
.T
yp
e(
) 
=
=
 S
W
I
N
G
 |
| 
bu
se
s[
fb
].
'I
Yp
e(
) 
=
=
 G
E
N
)

c
o
n
t
i
n
u
e
;

de
r 
=
 b
us
es
[t
b]
.V
()
.r
ea
l(
)*
bu
se
s[
fb
].
V(
).
re
aI
()
* 
\

(G
.A
ij
(t
b,
fb
)*
sm
(b
us
es
[t
b]
.V
()
.i
ma
g(
) 
- 
bu

se
s[

fb
].

V(
).

im
ag

()
) 
- 
\

B.
Ai
j(
tb
,f
b)
*c
os
(b
us
es
[t
b]
.V
()
.i
ma
g(
) 
- 
bu
se
s[
fb
].
V(
).
im
ag
()
))
;

ja
c.
pu
sh
_b
ac
k(
de
r)
;

ja
cs
ub
.p
us
h_
b8
u:
k(
fb
 +
 b
us
es
.s
iz
e(
) 
- 
1 
- 
ro
wS
hi
ft
s[
fb
])
;

e
l
C
o
u
n
t
+
+
;

} xj
ac
.p
us
h_
ba
ck
(e
lC
ou
nt
);

} /
/
 J
.S
et
A(
xi
ac
.s
iz
e(
)-
l,
xi
ac
.s
iz
e(
)-
l,
 j
ac
.s
iz
eO
, j

ac
, 
ja
cs
ub
, 
xj
ac
, 
G
E
)
;

J.
Se
tA
Qa
c,
 ja

cs
ub
, 
xj
ac
, 
G
E
)
;
 /
/ 
do
n'
t 
r
e
m
e
m
b
e
r
 w
h
y
 -
1

r
e
t
u
r
n
 t
r
u
e
;

} bo
ol
 N
et
::
Ne
tI
nj
()
 {

i
n
t
 i
, 
j,

 k
;

d
o
u
b
l
e
 p
,
 q
;

/
/
 C
al
cu
la
te
 p
Ne
tl
nj
 a
nd
 q
ne
tl
nj

fo
r(
i 
=
 0
; 
i 
<
 b
us
es
.s
iz
e(
);
 i
+
+
)
 {

p
 =
 b
us
es
[i
].
V(
).
re
aI
()
*b
us
es
[i
].
V(
).
re
aI
()
 *
 G
.A
ij
(i
,l
);

q 
=
 -
bu
se
s[
i]
.V
()
.r
ea
l(
)*
bu
se
s[
i]
.V
()
.r
ea
l(
) 
*
 B
.A
ij
(i
,i
);

c
o
n
s
t
 v
ec
to
r<
in
t>
 &
t
m
p
B
u
s
 =
 b
us
es
[i
].
Ad
jB
us
()
;

fo
r(
 j
 =
 0
; 
j 
<
 t
mp
Bu
s.
si
ze
Q;
 j
+
+
)
 {

if
(f
in
d(
tm
pB
us
.b
eg
ln
()
, 
&
t
m
p
B
u
s
p
]
,
 t
m
p
B
u
s
p
]
)
 !
=
 &
tm
pB
us
[j
])

c
o
n
t
i
n
u
e
;
 /
/
 t
hi

s 
br

an
ch

 a
lr
ea
dy
 a
cc

ou
nt

ed
 f
or

k
 =
 t
m
p
B
u
s
p
]
 - 
1;

p
 +
=
 b
us
es
[i
].
V(
).
re
aJ
{)
*b
us
es
[k
].
V(
).
re
al
()
 *
 \

(G
.A

ij
(i

,k
)*

co
s(

bu
se

s[
i]

.V
()

.i
ma

g(
) -

 i
5u
se
s[
k]
.V
()
.i
ma
g(
))
 +
 \

B.
Ai
j(
i,
k)
*s
in
(b
us
es
[i
].
V(
).
im
ag
()
 -
 b
us
es
[k
].
V(
).
im
ag
()
))
;

q
 +
=
 b
us
es
[i
].
V(
).
re
al
()
*b
us
es
[k
].
V(
).
re
aI
()
* 
\

(G
.A
ij
(i
,k
)*
si
n(
bu
se
s[
i]
.V
()
.i
ma
g(
) -

 b
us
es
[k
].
V(
).
im
ag
()
) 
- 
\

B.
Ai

j(
i,

k)
*c

os
(b

us
es

[i
].

V(
).
im
ag
()
 - 

bu
se
s[
k]
.V
()
.i
ma
g(
))
);

} bu
se
s[
i]
 -
P
N
 et

in
j (
p)
;

bu
se
s[
i]
.Q
Ne
tI
nj
 (q
);

} /
/
 t
el

l 
sw

in
g 
bu

s 
wh

at
s 
it
s 
ge

ne
ra

ti
on

bu
se
s[
sw
in
gB
us
 -
 l
].
Ge
n(
)—
>G
en
P(
bu
se
s[
sw
in
gB
us
 -
 l
].
PL
oa
d(
) 
+

bu
se
s[
sw
in
gB
us
 -
 l
].
PN
et
In
j(
))
;

r
e
t
u
r
n
 t
ru
e;

} /
/
 s
ho
ul
d 
be
 c
al
le
d 
af
te
r 
M
a
k
e
J
Q
 i
s 
ca
ll
ed

bo
ol

 N
et

::
De

lP
Q(

) {
i
n
t
 i
, 
j;

Ne
tl

nj
O;

i
n
t
 r
o
w
l
n
d
x
 =
 0
;

fo
r(

i 
=
 0
; 

i 
<
 b
us
es
.s
iz
e(
);
 i
+
+
)
 {

if
(b
us
es
[i
].
Ty
pe
()
 =
=
 S
W
I
N
G
)

c
o
n
t
i
n
u
e
;

d
e
I
P
Q
[
r
o
w
I
n
d
x
+
+
]
 =
 b
us
es
[i
].
PS
ch
ed
()
 -
 b
us
es
[i
].
PN
et
ln
j(
);

} fo
r(
i 
=
 0
; 

i 
<
 b
us
es
.s
iz
e(
);
 i
+
+
)
{

if
(b
us
es
[i
].
Ty
pe
()
 =
=
 G
E
N
 |
| 
bu

se
s[

i]
.T

yp
e(

) 
=
=
 S
W
I
N
G
)

c
o
n
t
i
n
u
e
;

de
IP

Q[
ro

wI
nd

x+
+]

 =
 b
us
es
[i
].
QS
ch
ed
()
 -
 b
us

es
[i

].
QN

et
In

j(
);

} p
M
i
s
m
a
t
c
h
 =
 q
M
i
s
m
a
t
c
h
 =
 0
.0

;
r
o
w
l
n
d
x
 =
 0
;

fo
r(

i 
=
 0
; 
i 
<
 b
us

es
.s

iz
e(

);
 i
+
+
)
{

if
(b
us
es
[i
].
Ty
pe
()
 =
=
 S
W
I
N
G
)

c
o
n
t
i
n
u
e
;

p
M
i
s
m
a
t
c
h
 =
 f
ab
s(
de
lP
Q[
ro
wI
nd
x]
) 
>
 p
Mi
sm
at
ch
 ?

fa
bs

(d
el

PQ
[r

ow
ln

dx
])

 :
 p
Mi
sm
at
ch
;

q
M
i
s
m
a
t
c
h
 =
 f
ab
s(
de
IP
Q[
ro
wl
nd
x]
) 
>
 q
Mi
sm
at
ch
 ?

fa
bs
(d
eI
PQ
[r
ow
In
dx
])
 :
 q
Mi
sm
at
ch
;

r
o
w
I
n
d
x
+
+
;

} fo
r(

i 
=
 0
; 
i 
<
 b
us

es
.s

iz
e(

);
 i
+
+
)
{

if
(b
us
es
[i
].
Ty
pe
()
 =
=
 S
W
I
N
G
 |
| 
bu
se
s[
i]
.T
yp
e(
) 
=
=
 G
E
N
)

c
o
n
t
i
n
u
e
;



o
i

p
M
i
s
m
a
t
c
h
 =
 f
ab
s(
de
lP
Q[
ro
wI
nd
x]
) 
>
 p
Mi
sm
at
ch
 ?

fa
bs
(d
el
PQ
[r
ow
In
dx
])
 :
 p
Mi
sm
at
ch
;

q
M
i
s
m
a
t
c
h
 =
 f
ab
s(
de
lP
Q[
ro
wI
nd
x]
) 
>
 q
Mi
sm
at
ch
 ?

fa
bs

(d
el

PQ
[r

ow
In

dx
])

 ;
 q
Mi

sm
at

ch
;

r
o
w
I
n
d
x
+
+
;

} r
e
t
u
r
n
 t
r
u
e
;

} /
/
 

(7
h—
h

/
*
 M
at
ri
xS
PD
.c
pp
 -
 J
ov
an
 I
li
c 
il
ic
@t
he
ta
us
a.
co
m 
Fr
i 
D
e
c
 2
9
 2
0
0
0

* *
 $
L
o
g
$

*
1

#
i
f
n
d
e
f
 l
i
n
t

s
t
a
t
i
c
 c
h
a
r
 *
rc
si
d 
=
 "
$
H
e
a
d
e
r
$
"
;

#
e
n
d
i
f

#
i
n
c
l
u
d
e
 "
M
a
t
r
i
x
S
P
D
.
h
p
p
"

Ma
tr
ix
SP
D:
:M
at
ri
xS
PD
()
 {

a
t
y
p
e
 =
 G
E
;

m
 =
 0
;

n
 =
 0
;

n
n
z
 =
 0
;

H
B
v
a
l
i
d
 =
 f
al

se
;

} Ma
tr
ix
SP
D:
:M
at
ri
xS
PD
(i
nt
 i
, i

nt
 j
) {

i
n
t
 i
t,

 j
t;

a
t
y
p
e
 =
 G
E
;

m
 =
 i
;

n
 =
 j
;

n
n
z
 =
 0
;

xa
.e
ra
se
(x
a.
be
gi
n(
),
 x
a.
en
d(
))
;

as
ub

.e
ra

se
(a

su
b.

be
gi

n(
),

 a
su
b.
en
d(
))
;

a.
er
as
e(
a.
be
gi
n(
),
 a
.e
nd
()
);

xa
.r
es
er
ve
(j
);

da
t.
er
as
e(
da
t.
be
gi
n(
),
 d
at
.e
nd
()
);

fo
r (
it
 =
 0
; 
it
 <
 j
; 
i
t
+
+
)

da
t.
pu
sh
-b
ac
k(
ma
p<
in
t,
 d
ou
bl
e,
 l
es
s<
in
t>
 >
()
);

H
B
v
a
l
i
d
 =
 f
al

se
;

} Ma
tr
ix
SP
D:
:M
at
ri
xS
PD
(i
nt
 i
, 
in
t 
j,
 i
nt
 n
z)
 {

in
t 

it
, j

t;
a
t
y
p
e
 =
 G
E
;

m
 =
 i
;

n
 =
 j
;

n
n
z
 =
 n
z
;

/
/
 i
ni
ti
al
iz
e 
a
n
d
 r
es
er
ve
 m
e
m
o
r
y
 f
or
 H
B
 a
rr
ay
s

xa
.e
ra
se
(x
a.
be
gi
n(
),
 x
a.
en
d(
))
;

as
ub

.e
ra

se
(a

su
b.

be
gi

n(
),

 a
su
b.
en
d(
))
;

a.
er
as
e(
a.
be
gi
n(
),
 a
.e
nd
()
);

xa
.r
es
er
ve
(j
+l
);

as
ub
.r
es
er
ve
(n
z)
;

a.
re

se
rv

e(
nz

);
/
/
 i
ni
ti
al
iz
e 
(n
ot
 s
et
) 
da
ta
 m
a
p

da
t.
er
as
e(
da
t.
be
gi
n(
),
 d
at
.e
nd
()
);

fo
r(
it
 =
 0
; 
it
 <
 j
; 
i
t
+
+
)

da
t.
pu
sh
_b
ac
k(
ma
p<
in
t,
 d
o
u
b
l
e
,
 l
es
s<
in
t>
 >
()
);

H
B
v
a
l
i
d
 =
 f
al

se
;

} M
a
t
r
i
x
S
P
D
:
:
M
a
t
r
i
x
S
P
D
(
c
o
n
s
t
 M
a
t
r
i
x
S
P
D
 &
m
s
p
d
)
 {

if
(t
hi
s 
=
=
 &
m
s
p
d
)

r
e
t
u
r
n
;

at
yp

e 
=
 m
sp

d.
At

yp
e(

);
m
 =
 m
sp
d.
M(
);

n
 =
 m
sp
d.
N(
);

n
n
z
 =
 m
s
p
d
.
N
N
Z
(
)
;

a
 =
 m
sp
d.
A(
);

as
ub

 =
 m
sp

d.
As

ub
()

;
x
a
 =
 m
sp
d.
Xa
()
;

da
t.
er
as
e(
da
t.
be
gi
n(
),
 d
at
.e
nd
()
);

da
t.
re
se
rv
e(
n)
;

fo
r(

in
t 

i 
=
 0
; 

i 
<
 n
; 
i
+
+
)

da
t.
pu
sh
_b
ac
k(
ms
pd
.C
ol
(i
))
;

HB
va
li
d 
=
 m
sp
d.
HB
Va
li
d(
);

} M
a
t
r
i
x
S
P
D
 &
Ma
tr
ix
SP
D:
:o
pe
ra
to
r=
(c
on
st
 M
a
t
r
i
x
S
P
D
 &
m
s
p
d
)
 {

if
(t
hi
s 
=
=
 &
m
s
p
d
)

r
e
t
u
r
n
 *
t
h
i
s
;



at
yp

e 
=
 m
sp

d.
At

yp
e(

);
m
 =
 m
sp
d.
M(
);

n
 =
 m
sp
d.
N(
);

n
n
z
 =
 m
sp
d.
NN
Z(
);

a
 =
 m
sp

d.
A(

);
as
ub
 =
 m
sp
d.
As
ub
()
;

x
a
 =
 m
sp
d.
Xa
()
;

da
t.
er
as
e(
da
t.
be
gi
n(
),
 d
at
.e
nd
()
);

da
t.

re
se

rv
e(

n)
;

fo
r(
in
t 

i =
 0
; 
i 
<
 n
; 
i
+
+
)

da
t .
pu
sh
.b
ac
k (
ms
pd
.C
ol
(i
))
;

HB
va
li
d 
=
 m
sp
d.
HB
Va
li
d(
);

r
e
t
u
r
n
 *
t
h
i
s
;

} bo
ol

 M
at

ri
xS

PD
::

Se
tA

(v
ec

to
r<

do
ub

le
> 
&
d
,
 v
ec

to
r<

in
t>

 &
r
o
w
p
,
 \

ve
ct
or
<i
nt
> 
&c

ol
p,

 M
ty

pe
.t

 t
p,

 i
nt

 r
c)

{
i
n
t
 i
;

/
/
 h
er
e 
w
e
 l
et
 S
T
L
 m
a
n
a
g
e
 v
ec
to
rs

a
t
y
p
e
 =
 t
p
;

/
/
 n
u
m
b
e
r
 o
f 
ro
ws
 i
s 
no
t 
re
al
ly
 k
n
o
w
n
 h
er
e.

n
 =
: 
co
lp
.s
iz
e(
) 
- 
1;

if
(r

c !
=
 0
)

m
 =
 r
c
;

e
l
s
e m
 =
 n
;

n
n
z
 =
 d
.s

lz
e(

);
a
 =
 d
;

a
s
u
b
 =
 r
o
w
p
;

x
a
 =
 c
ol

p;
/
/
 s
et
 t
he
 m
a
p
s

da
t.
er
as
e(
da
t.
be
gi
n(
),
 d
at
.e
nd
()
);

da
t.
re
se
rv
e(
n)
;

fo
r(
i 
=
 0
; 
i 
<
 n
; 
i
+
+
)

da
t.
pu
sh
_b
ac
k(
ma
p<
in
t,
 d
ou
bl
e,
 l
es
s<
in
t>
 >
()
);

i
n
t
 r
o
w
C
n
t
 =
 0
;

fo
r(

i 
=
 1
; 
i 
<
 x
a.
si
ze
()
; 
i
+
+
)
 {

fo
r(
in
t 
j 
=
 0
; 
j 
<
 x
a[
i]
 -
 x
a[
i-
l]
; j
+
+
)
{

da
t[

i-
l]

[a
su

b[
ro

wC
nt

]]
 =
 a
[r
ow
Cn
t]
;

r
o
w
C
n
t
+
+
;

}
} H
B
v
a
l
i
d
 =
 t
ru
e;

r
e
t
u
r
n
 t
ru

e;

} bo
ol
 M
at
ri
xS
PD
::
So
lv
e(
ve
ct
or
<d
ou
bl
e>
 &
b
,
 v
ec
to
r<
do
ub
le
> 
&
x
)
 {

Im
sl
jl
-s
pa
rs
e-
el
em
 a
a[
 ]
=
 {
0,
0,
0}
;

if
(b

.s
iz

e(
) 
>
 x
.s

iz
e(

))
r
e
t
u
r
n
 f
al

se
;

Up
da
te
HB
()
;

im
sl
jd
Ji
n^
oL
ge
n_
co
or
di
na
te
(n
, 
nn
z,
 a
a,
 &
b[
0]
, I
M
S
L
_
C
S
C
_
F
O
R
M
A
T
,

&x
a[
0]
, 
&a
su
b[
0]
, 
&a

[0
],

I
M
S
L
-
R
E
T
U
R
N
.
U
S
E
R
,
 &x

[0
],
 0)

;
r
e
t
u
r
n
 t
ru
e;

} /
/
 t
hi
s 
is

 a
 t
ri
ck
y 
pa

rt
 t
ha

t 
ne
ed
s 
a
 b
et

te
r 
so

lu
ti

on
.

d
o
u
b
l
e
 M
a
t
r
i
x
S
P
D
:
:
A
i
j
(
c
o
n
s
t
 i
n
t
 i
, 
c
o
n
s
t
 i
n
t
 j
, 
c
o
n
s
t
 d
o
u
b
l
e
 d
l 
{

i
f
(
j
>
n
|
|
i
>
m
|
|
d
=
=
0
)
{

r
e
t
u
r
n
 0
.0

;

} if
(d
at
p]
.f
in
d(
i)
 =
=
 d
at

p]
.e

nd
()

)
da
tp
][
i]
 =
 d
;

e
l
s
e da
tp
].
fi
nd
(i
)—
^s
ec
on
d 
=
 d
;

H
B
v
a
l
i
d
 =
 f
al

se
;

r
e
t
u
r
n
 d
;

} d
o
u
b
l
e
 M
at
ri
xS
PD
::
Ai
j(
in
t 

ii
, i

nt
 j
j)
 c
on
st
 {

in
t 
t
m
p
,
 i 
=
 i
i,
 j
 =
 jj

;
if
((
at
yp
e 
=
=
 S
Y
U
)
 &
&
 (
i 
>
 j
))
{

t
m
p
 =
 i
;

i 
=
 j
;

j
 =
 t
m
p
;

} if
((
at
yp
e 
=
=
 S
Y
L
)
 &
&
 (
i 
<
 j
))
{

t
m
p
 =
 i
;

i 
=
 j
;

j
 =
 t
m
p
;

} if
(j
 >
 n
 I

I i
 >
 m
)
{



0
0

r
e
t
u
r
n
 0
.0

;

} if
(d
at
p]
.f
in
d(
i)
 =
=
 d
at
[j
].
en
d(
) )
{

r
e
t
u
r
n
 0
.0

;
}e
ls
e{

re
tu
rn
(d
at
[j
].
fi
nd
(i
)-
4s
ec
on
d)
;

}
} /
/
 a
cc
es
s 
H
B
 c
ol
um
n 
m
a
p
s

co
ns

t 
m
a
p
<
i
n
t
,
 d
ou
bl
e,
 le

ss
<i
nt
> 
>
 &
Ma
tr
ix
SP
D:
:C
ol
(i
nt
 j
c)

 c
on
st
 {

r
e
t
u
r
n
 d
at
|j
c]
;}

vo
id
 M
at

ri
xS

PD
::

Co
l(

co
ns

t 
ma
p<
in
t,
 d
ou
bl
e,
 le

ss
<i
nt
> 
>
 &
j
m
,
 in

t 
ji
) {

if
(j
i 
<
 m
)
{

da
t[

ji
] =
 j
m
;

H
B
va

li
d 
=
 f
al

se
;

}
} bo

ol
 M
at

ri
xS

PD
::

HB
Va

Ii
d(

) 
co
ns
t 
{
 r
et
ur
n 
HB

va
li

d;
 }

vo
id
 M
at
ri
xS
PD
::
HB
Va
Ii
d(
co
ns
t 
bo
ol
 h
b)

 {
 H
Bv

al
id

 =
 h
b;

}

vo
id
 M
at
ri
xS
PD
::
Pr
in
tM
ap
(o
st
re
am
 &
o
s
)
 {

i
n
t
 i
, 
j;

m
a
p
<
i
n
t
,
 d
o
u
b
l
e
,
 l
e
s
s
<
i
n
t
>
 >
::
it
er
at
or
 m
p
;

fo
r(
i 
=
 0
; 
i 
<
 d
at
.s
iz
e(
);
 i
+
+
)
{

f
o
r
(
m
p
 =
 d
at
[i
].
be
gi
n(
);
 m
p
 !
=
 d
at
[i
].
en
d(
);
 m
p
+
+
)

OS
 -
C 
'(
' -
C 

i 
<C
 

(*
mp

).
fi

rs
t 
-C
 "
)
 =
 "
 <
C 
(*

mp
).

se
co

nd
 

en
dl
;

}
} vo

id
 M
at
ri
xS
PD
::
Pr
in
tH
B(
os
tr
ea
m 
&
o
s
)
 {

i
n
t
 i
, j

, 
k
;

U
p
d
a
t
e
H
B
(
)
;

fo
r(
i 
=
 0
; 
i 
<
 x
a.
si
ze
()
; i
+
+
)

OS
 <
 x
a[
i]
 <
 "
 "
;

O
S
 

en
dl
;

fo
r(
i 
=
 0
; 

i 
<
 a
su
b.
si
ze
()
; 
1
+
+
)

OS
 

as
ub
[i
]

OS
 <
C
 e
nd
l;

fo
r(
i 
=
 0
; 
i 
<
 a
.s
iz
e(
);
 i
+
+
)

OS
 <
 a
[i
] 
<
 "
 "
;

OS
 -
C
 e
nd
l;

} /
/
 n
ot
 v
er
y 

ef
fi
ci
en
t 
bu
t 
si

nc
e 

it
 p
ri

nt
s 
ou
t 
a
 d
en

se
 f
o
r
m
a
t

/
/
 o
f 
a 
mt
ri
x,
 i
t 
sh
ou
ld
 n
ot
 b
e 
us
ed
 w
it
h 
la
rg
e 
ma
tr
ic
es
 a
n
y
w
a
y

os
tr

ea
m 
&o
pe
ra
to
r^
(o
st
re
am
 &
os
, 
co
ns
t 
Ma

tr
ix

SP
D 
&
m
s
p
)
 {

i
n
t
 i
, j

;
fo

r(
i 
=
 0
; 
i 
<
 m
sp
.M
()
; 
i
+
+
)
{

fo
r(
j 
=
 0
; j

 <
 m
sp
.N
()
; j
+
+
)

OS
 <
 m
sp
.A
ij
(i
J)
 <
 '\

t'
;

OS
 <
C
 e
nd

l;

} r
e
t
u
r
n
 o
s;

} vo
id
 M
at
ri
xS
PD
::
Up
da
te
HB
()
 {

if
(H
Bv
al
id
)

r
e
t
u
r
n
;

in
t 
ij

,k
;

m
a
p
<
i
n
t
,
 d
o
u
b
l
e
,
 l
es
s<
in
t>
 >
::

it
er

at
or

 d
p
;

a.
er
as
e(
a.
be
gi
n(
),
 a
.e
nd
()
);

xa
.e

ra
se

(x
a.

be
gm

()
, 
xa
.e
nd
()
);

as
ub
.e
rc
is
e(
as
ub
.b
eg
m(
),
 a
su
b.
en
d(
))
;

xa
.r

es
er

ve
(n

 +
 1
);

xa
.p
us
h_
ba
ck
(0
);

j
 =
 0
;

fo
r(
i 
=
 0
; 
i 
<
 d
at
.s
iz
e(
);
 i
+
+
)
{

k
 =
 d
at
[i
].
si
ze
()
;

xa
.p
us
h_
ba
ck
(k
);

j
 +
=
 k
;

} a.
re
se
rv
eQ
);
 a
su
b.
re
se
rv
eQ
);

fo
r(

i 
=
 0
; 

i 
<
 d
at
.s
iz
e(
);
 i
+
+
)
 {

fo
r(

dp
 =
 d
at
[i
].
be
gi
n(
);
 d
p
 !
=
 d
at
[i
].
en
d(
);
 d
p
+
+
)
{

as
ub
.p
us
h_
bE
ic
k(
dp
-»
^ f

ir
st
);

a.
pu
sh
_b
ac
k(
dp
—^
-s
ec
on
d)
;

}
}

} /
/
 

C-
\—
h

/
»
 N
et

.c
pp

 -
 J
ov

an
 J

li
c 
il

ic
@t

he
ta

us
a.

co
m 

Th
ie
 S
e
p
 5
 2
0
0
0



*
!

#
i
f
n
d
e
f
 l
i
n
t

s
t
a
t
i
c
 c
h
a
r
 *
r
c
s
i
d
 =

#
e
n
d
i
f

S
i
n
c
l
u
d
e
 "
N
e
t
.
h
p
p
"

"
$
H
e
a
d
e
r
$
"
;

e
x
t
e
r
n
 b
oo
l 
le
ss
TB
(c
on
st
 B
ra
in
ch
 &
,
 c
on
st
 B
ra
nc
h 
&)
;

e
x
t
e
r
n
 b
oo
l 
le
ss
FB
(c
on
st
 B
ra
nc
h 
&
,
 c
o
n
s
t
 B
ra
nc
h 
&)
;

e
x
t
e
r
n
 b
oo
l 
le
ss
Ge
n(
co
ns
t 
Ge
ne
ra
to
r 
&
,
 c
on
st
 G
en
er
at
or
 &
);

e
x
t
e
r
n
 b
oo
l 
le
ss
Bu
s(
co
ns
t 
B
u
s
 &
,
 c
o
n
s
t
 B
u
s
 &
);

bo
ol
 N
et
::
Re
ad
AW
(c
on
st
 s
tr
in
g 
&
f
)
 {

ch
ar
 t
mp

Ln
[5

12
];

i
n
t
 i
, 
t
m
p
i
;

d
o
u
b
l
e
 t
m
p
D
;

st
ri

ng
 t
m
p
S
t
r
;

fs
tr
ea
m 

fs
(f

.c
-s

tr
()

, i
os

::
in

);
if
(!
fs
) {

ce
rr

 "
C
 "
C
o
u
l
d
 n
o
t
 
o
p
e
n
:
 
"
 -
C
 f
 
"
 f
o
r
 r
e
a
d
i
n
g
.
"
 -
C
 e
nd
l;

ex
it
(-
l)
;

} /
/
 G
et
 t
wo
 t

it
le
 l
in
es

fs
.g
et
li
ne
(t
mp
Ln
, 
51
2)
; 
Ti
tl
el
 =
 t
m
p
L
n
;

fs
.g
et
li
ne
(t
mp
Ln
, 
51
2)
; 
Ti
tl
e2
 =
 t
m
p
L
n
;

/
/
 r
ea
d 
n
u
m
b
e
r
 o
f 
bu
se
s,
 n
u
m
b
e
r
 o
f 
ge

ne
ra

to
rs

/
/
 n
u
m
b
e
r
 o
f 
br
an
ch
es
, 
an
d 
sw
in
g 
bu
s 
n
u
m
b
e
r

fs
 

n
o
B
u
s
 

n
o
G
e
n
 

n
o
B
r
 

s
w
i
n
g
B
u
s
 1
:^
 n
o
G
a
p
;

/
/
 r
ea
d 
bu
s 
da
ta

fo
r(

i 
=
 0
; 
i 
<
 n
oB

us
; 
i
+
+
)
 {

bu
se
s.
pu
sh
_b
ac
k(
Bu
s(
))
;

fs
 

tm
pI
; 
bu
se
s[
i]
.B
us
No
(t
mp
I)
;

fs
 

tm
pS
tr
; 
bu
se
s[
i]
.B
us
Na
me
(t
mp
St
r)
;

fs
 ̂
 t
m
p
D
;
 b
us
es
[i
].
PL
oa
d(
tm
pD
);

fs
 

t
m
p
D
;
 b
us
es
[i
].
QL
oa
d(
tm
pD
);

fs
 S
> 
t
m
p
D
;
 b
us

es
[i

].
VL

L(
tm

pD
);

fs
 

t
m
p
D
;
 b
us
es
[i
].
VH
L(
tm
pD
);

bu
se

s[
i]

.B
us

Ty
pe

("
LO

AD
")

; 
/
/
 d
ef

au
lt

bu
se
s[
i]
.T
yp
e(
LO
AD
);
 /
/
 d
ef
au
lt

} so
rt
(b
us
es
.b
eg
in
()
, 
bu

se
s.

en
d(

),
 l
es
sB
us
);

/
/
 r
ea
d 
in
 g
en

er
at

or
 d
at

a

fo
r(
i 
=
 0
; 
i 
<
 n
o
G
e
n
;
 i
+
+
)
 {

ge
ns
.p
us
h_
ba
ck
(G
en
er
at
or
()
);

fs
 S
> 
tm
pI
; 
ge
ns
[i
].
Ge
nB
us
No
(t
mp
I)
;

bu
se
s[
tm
pI
-l
].
Bu
sT
yp
e(
"G
EN
")
; 
bu
se
s[
tm
pI
-l
].
Ty
pe
(G
EN
);

fs
 ;
i>
 t
m
p
D
;
 g
en
s[
i]
.G
en
P(
tm
pD
);

fs
 >
> 
t
m
p
D
;
 g
en
s[
i]
.G
en
V(
tm
pD
);

fs
 

t
m
p
D
;
 g
en
s[
i]
.G
en
QM
ax
(t
mp
D)
;

fs
 

t
m
p
D
;
 g
en
s[
i]
.G
en
QM
in
(t
mp
D)
;

fs
 

t
m
p
D
;
 g
en

s[
i]

.G
en

PM
in

(t
mp

D)
;

fs
 

t
m
p
D
;
 g
en
s[
i]
.G
en
PM
ax
(t
mp
D)
;

/
/
 g
et
 t
he
 r
es
t 
of
 t
he
 l
in
e 
wh
ic
h 
co
nt
ai
ns
 c
os
t

I
I
 c
oe
ff
ic
ie
nt
s 
in
 i
nc
re
as
in
g 
or
de
r

fs
.g
et
li
ne
(t
mp
Ln
, 
51
2)
;

is
tr
st
re
am
 t
mp
St
r(
tm
pL
n)
;

wh
il
e(
tm
pS
tr
){

t
m
p
S
t
r
 

t
m
p
D
;

if
(t
mp
St
r)

ge
ns
[i
] .
Co
st
Po
ly
(t
mp
D)
;

}
} bu

se
s[
sw
in
gB
us
-l
].
Bu
sT
yp
e(
"S
WI
BG
")
;

bu
se

s[
sw

in
gB

us
-l

].
Ty

pe
(S

WI
NG

);
so

rt
(g

en
s.

be
gi

n(
),

 g
en
s.
en
d(
),
 l
es

sG
en

);
/
/
 t
hi
s 
m
u
s
t
 b
e 
d
o
n
e
 a
ft

er
 s
or

ti
ng

 g
en
s;

fo
r(
i 
=
 0
; 
i 
<
 g
en
s.
si
ze
()
; 
i
+
+
)
{

i
n
t
 b
u
s
l
n
d
x
;

bu
sl
nd
x 
=
 g
en
s[
i]
.G
en
Bu
sN
o(
) 
- 
1;

bu
se

s[
bu

sI
nd

x]
.G

en
(&

ge
ns

[i
])

; 
/
/
 a
tt

ac
h 
ge
ne
ra
to
r 
to

 b
us

bu
se
s [
bu
sl
nd
x]
 .V
(g
en
s [

i]
. G
e
n
 V(
))
;

} /
/
 r
ea
d 
in
 b
ra
nc
he
s 
da
ta

n
o
T
r
a
n
 =
 0
;

tr
an
s.
er
as
e(
tr
an
s.
be
gi
n(
),
 t
ra
ns
.e
nd
()
);

fo
r(

i 
=
 0
; 
i 
<
 n
oB

r;
 i
+
+
)
 {

br
an
ch
es
.p
us
h_
ba
ck
(B
ra
nc
h(
))
;

fs
 >
 t
mp
I;
 b
ra
nc
he
s[
i]
.B
rF
B(
tm
pI
);

fs
 ̂
 tm

pI
; 
br

an
ch

es
[i

].
Br

TB
(t

mp
I)

;
fs
 

t
m
p
D
;
 b
ra
nc
he
s[
i]
.B
rR
(t
mp
D)
;

fs
 

tm
pD
; 
br

an
ch

es
[i

].
Br
X(
tm
pD
);

fs
 

tm
pD
; 
br
an
ch
es
[i
].
Br
Bc
ap
(t
mp
D)
;

fs
 ̂
 t
mp
D;
 br

an
ch
es
[i
].
Br
Li
ne
Fl
ow
Li
mi
t(
tm
pD
);

fs
 ̂
 t
m
p
L
n
;
 b
ra
nc
he
s[
i]
.B
rL
in
eT
yp
e(
tm
pL
n)
;

if
(b

ra
nc

he
s[

i]
.B

rL
in

eT
yp

e(
) 
=
=
 "
TR
AN
")
{



o
r
O

n
o
T
r
a
n
+
+
;

tr
an
s.
pu
sh
_b
ac
k(
tm
pl
);

fs
 »
 t
mp
i;
 b
ra
nc
he
s[
i]
.B
rT
ap
Bu
s(
tm
pI
);

fs
 3
> 
tm

pI
; 
br

an
ch

es
[i

].
Br

No
nT

ap
Bu

s(
tm

pI
);

fs
 ̂
 t
m
p
D
;
 b
ra
nc
he
s[
i]
.B
rT
ap
Ra
ti
o(
tm
pD
);

}
} so

rt
(t
ra
ns
.b
eg
in
()
, 
tr
an
s.
en
d(
))
;

/
/
 o
rd
er
 b
ra
nc
he
s 
ac
co
rd
in
g 
to
 "
fr
om
 n
od
e"
 fi

rs
t 
..
..

so
rt

(b
ra

nc
he

s.
be

gi
n(

),
 b
ra
nc
he
s.
en
d(
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 l
es

sF
B)

;
ve
ct
or
<B
ra
nc
h>
::
it
er
at
or
 c
ur
, 
le

ft
;

le
ft
 =
 b
ra
ji
ch
es
.b
eg
in
O;

/
/
 t
he
n 
ac
co
rd
in
g 
to
 "
to
 n
od
e"
.

fo
r(

cu
r 
=
 b
ra
nc
he
s.
be
gi
n(
);
 c
ur

 <
 b
ra

nc
he

s.
en

d(
);

 c
ur

++
){

if
((
*l
ef
t)
.B
rF
B(
) !
=
 (
*c

ur
).

Br
FB

()
){

so
rt
(l
ef
t,
 c
ur
, 
le

ss
TB

);
le

ft
 =
 c
ur
;

}
} /
/
 G
e
t
 t
he

 c
ap

ac
it

or
s 
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he

 b
us

 d
at

a;
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ps
.e
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se
(c
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s.
be
gi
n(
),
 c
ap
s.
en
d(
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;

ca
ps
.r
es
er
ve
(n
oC
ap
);

fo
r(
i 
=
 0
; 
i 
<
 n
o
C
a
p
;
 i
+
+
)
{

fs
 

t
m
p
I
 ';$
> 
t
m
p
D
;

ca
ps

.p
us

h_
ba

ck
(t

mp
l)

;
bu
se
s[
tm
pl
 -
 l
].
YS
h(
tm
pD
);

} so
rt
(c
ap
s.
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gi
n(
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 c
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en
d(
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;

/
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I
I
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h
e
 d
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 r
ea
d 
fr
om
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ra
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h 

is
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r
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ra
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ra
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o
n
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=
=
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)

/
/
 T
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s 
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 p
ro
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h 
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p 
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y.

fo
r(
i 
=
 0
; 

i 
<
 b
ra
nc
he
s.
si
ze
()
; 
i
+
+
)
 {

bu
se
s[
br
an
ch
es
[i
].
Br
FB
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].
Ad
jB
ra
nc
h(
&b
ra
nc
he
s[
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);

bu
se
s [
br

an
ch

es
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].
Br

TB
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].

Ad
jB

ra
nc

h(
&b

ra
nc

he
s[

i]
);

} /
/
 T
ra
ci
ng
 t
he
 a
dj
ac
en
t 
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se
s 
sh
ou
ld
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a
k
e
 p
ro
gr
am
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ng
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y

/
/
 e
as

ie
r 
a
n
d
 f
ut

ur
e 
ex

ap
an

si
on

 s
im

pl
er

.
fo
r(
i 
=
 0
; 

i 
<
 b
us
es
.s
iz
e(
);
 !
+
+
)
{

ve
ct
or
<B
ra
nc
h 
*
>
 t
m
p
B
r
 =
 b
us
es
[i
].
Ad
jB
ra
nc
h(
);

fo
r(
in
t 
j 
=
 0
; j

 <
 t
mp
Br
.s
iz
e(
);
 j
+
+
)
{

if
(t
mp
Br
[j
]-
)-
Br
FB
()
 =
=
 i
+1
)

bu
se

s[
i]

.A
dj

Bu
s(

tm
pB

rp
]—

^-
Br
TB
O)
;

e
l
s
e

bu
se
s[
i]
.A
dj
Bu
s(
tm
pB
r[
j]
—^
Br
FB
()
);

bu
se

sp
] .
Li
ne
Fl
ow
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.p
us
h_
ba
ck
(0
);

}
} r
e
t
u
r
n
 t
ru
e;

} bo
ol
 N
et
::
Re
se
tB
us
es
()
 {

fo
r(
in
t 

i =
 0
; 
i 
<
 b
us

es
.s

iz
e(

);
 i
+
+
)
 {

if
(b

us
es

[i
].

Ty
pe
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 !
=
 S
W
I
N
G
)

if
(b
us
es
[i
].
Ge
n(
) !
=
 N
U
L
L
)
{

bu
se

s [
i]
. V
(b

us
es

[i
].

 G
e
n
 0
 
G
e
n
V(

))
;

bu
se

s [
i]
. Q

Va
rL

im
it

 (0
.0
);

bu
se

s[
i]

.T
yp

e(
GE

N)
;

bu
se
s[
i]
.B
us
Ty
pe
("
GE
M"
);

}
 e
ls
e 
{

bu
se
s[
i]
.V
(1
.0
);

bu
se
s[
i]
.Q
Va
rL
im
it
(0
.0
);

bu
se

sp
] .
T
y
p
e
(
L
O
A
D
)
;

bu
se

sf
i]

 .B
us

Ty
pe

( "
LO
AD
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;

}
} PM

is
ma
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h(
2.
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ax
Mi
sm
at
ch
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);

QM
is
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h(
2.

0*
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ax
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);
r
e
t
u
r
n
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e;
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ol

 N
et
:;
Pr
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o
s
)
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i
n
t
 i
;

io
s:
:f
mt
fl
ag
s 
ol
dF
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 =
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fl
ag
s(
);
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;
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C
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;

OS
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dl
;

OS
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 N
u
m
b
e
r
 
o
f
 
B
u
s
e
s
 =
 "
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<
C
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o
B
u
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;
OS
 
"
 N
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f 
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=
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\t
\t
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o
B
r
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en
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;

OS
 
"
 N
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r 
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Ge

ne
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"
\
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n
o
G
e
n
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en
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;

OS
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f 
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an
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;
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\t
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ra
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 e
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l;
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"
B
u
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 D
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u
m
b
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r
 
B
u
s
 
N
a
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e
 
M
u
 L
o
a
d
 
H
v
a
r
 L
o
a
d
 
H
i
g
h
 L
i
m
i
t
 L
o
u
 l
i
m
i
t

<
C
 e
nd
l;

II

"
 en
dl
;

=
 0
; 
i 
<
 n
oB
us
; 
i
+
+
)

bu
se
s [

i]
;

en
dl

;
"
G
e
n
e
r
a
t
o
r
 
D
a
t
a
"
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 e
nd

l 
en

dl
;

"
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u
s
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c
h
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d
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v
a
r
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 M
V
a
r
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o
u
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i
g
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C
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"
n
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G
e
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.
 
V
o
l
t
.
 
L
i
m
i
t
 L
i
m
i
t
 
L
i
m
i
t
 L
i
m
i
t
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en
dl
;

O
S
 <

O
S
 <

O
S
 <

O
S
 <

T
y
p
e
 "

O
S
 <

fo
r(
i

O
S

O
S
 <

O
S
 <

O
S
 <

O
S
 <

O
S
 <
 "

"
 en
dl
;

fo
r(

i 
=
 0
; 
i 
<
 n
oG

en
; 
i
+
+
)

OS
 <
 g
en
s[
i]
;

O
S
 •
C
 e
nd

l;
OS
 <
C
 "
B
r
a
n
c
h
 D
a
t
a
"
 

en
dl
;

O
S
 

en
dl
;

O
S
 ̂
 "
F
r
o
m
 T
o
 B
r
a
n
c
h
 
B
r
a
n
c
h
 L
i
n
e
 
B
r
a
n
c
h
 B
r
a
n
c
h
 
T
a
p
 
N
o
n
-
T
a
p
 
T
a
p
 "

■C
 e

nd
l;

OS
 

"B
us

 
Bu

s 
R 

X 
C

ha
rg

in
g 

M
va

 L
im

it 
Ty

pe
 

Bu
s 

Bu
s 

R
at
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" 
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 e
nd

l;
OS
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" 
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 e
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l;

fo
r(
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 0
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 <

 n
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+
)

OS
 <
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;
os

.s
et
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os

::l
ef

t, 
io

s:
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dj
us
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el
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;
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 L

is
t 

of
 c

ap
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ito
rs

 w
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 b
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de
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es

 h
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e.
OS

 
en

dl
 

"C
ap
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ito

rs
 
L
is

t"
 <

C 
en

dl
 <

C 
en

dl
;

OS
 

"B
us

 
Nu

m
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r 
" 
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C
ap
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ito

r 
V
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en

dl
;
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<
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+
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Sh
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l;
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i,j

,k
,f

b
,t

b
;
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;
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;
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OS
 <

OS
 <

OS
 <

O
S 
<

OS
 < en
dl

;
OS

 <

en
dl

;
"L

oa
d 

Fl
ow

 S
o
lu

tio
n
:"

 
en

dl
;

en
dl
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;

en
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M
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g 
se

tw
(7

) 
^
 s

et
pr

ec
is

io
n(
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c
n
t
o

c
o
n
s
t
 v
ec
to
r<
in
t>
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t
m
p
B
u
s
 =
 b
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es
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].
Ad
jB
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()
;

c
o
n
s
t
 v
ec
to
r<
co
mp
le
x<
do
ub
le
> 
>
 &
lf
 =
 b
us
es
[i
].
Li
ne
Fl
ow
()
;

fo
r(
j =
 0
; j
 <
 t
mp
Bu
s.
si
ze
()
; j
+
+
)
 {

fo
r 
(
k
 =
 1
; 
k
 <
=
 5
1;

 k
+
+
)

O
S
 <

OS
 <
 s
et

w(
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 t
mp
Bu
s[
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 <
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se
tw
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) 

<g
; s

et
pr
ec
is
io
n(
2)
 

(p
Ba

se
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f[
j]

.r
ea

l(
))

OS
 -
C 
se

tw
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) 
<C

 s
et
pr
ec
is
io
n(
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 <
C 
(p
Ba
se
*l
f[
j]
.i
ma
g(
))
 <
C 
"

OS
 

se
tw

(7
) 
<C
 s
et
pr
ec
is
io
n(
2)
 

(p
Ba
se
*a
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(l
f[
j]
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 t
C 
en
dl
;

}
} O
S
 <
C
 e
n
d
l
 <
g
 e
nd

l;
OS
 <
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Mw
 g
en
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"
 

se
tw
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) 

se
tp
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on
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) 

(p
Ba
se
*p
Ge
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ot
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 e
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l;

OS
 <

C 
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va
r 
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se

tw
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) 
<C

 s
et

pr
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is
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n(
3)

 <
C 

(p
Ba

se
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G
en

To
ta
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■C

 e
nd
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OS

 <
C 
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w 
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 -
C 

se
tw
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) 

se
tp
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ci

si
on
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) 

-C
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pB
as

e*
pL

oa
dT

ot
al

)
en

dl
;

OS
 

"M
va

r 
lo

ad
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 "
 -

C 
se

tw
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) 
se
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re

ci
sl

on
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)
(p

Ba
se
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ta
l) 
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 e
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l;

OS
 <
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ot
al
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 M
w 
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se
tw
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) 

se
tp
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en
dl
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C 
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ot
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se
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en
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;
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ot
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 c

ha
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g 
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ei
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se
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) 
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 s
et
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C
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Ba

se
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ta
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en
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—
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<

^
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C
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 e
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tu
rn

 t
ru

e
;
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 c
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d
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u
d

e
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w
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g 
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 p
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p 
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n 
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) 
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 m
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et
O
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H

el
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t 

ar
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*a
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v)
{

ce
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C

 e
nd
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rr
 

"U
sa
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: 
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 e
nd
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ce

rr 
<C
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rg
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0]

 <
C 
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pu

t 
fi
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>
 

[o
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io
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l 
ar
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m

en
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ce

rr
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 e

nd
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ce
rr
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C 

"W
he
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fl
a

g
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n 
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e
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h
e
r 
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a
ll 

o
r 

c
a
p
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a
l 

le
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e
r 

an
d
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e 
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" 
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;
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rr 
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' 
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>
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 f
il
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en
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;
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rr 
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 ' 
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m
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>
 p
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en
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;
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 p
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g 
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n
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e
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;

ce
rr 
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\t
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^
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s
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or
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m
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s
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;
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rr 
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s 
in
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rv

a
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a
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a
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s 
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g 
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 e
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rr 
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\t
' 
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c 

GA
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s 
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a
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s.
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§; 
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C 
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h 

P
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h
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 m
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sa
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O

pt
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ns
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 p
ar

se
s 

th
e 
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m

m
an

d 
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e 
an

d 
in
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al

iz
es

 t
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II
 d

at
a 

st
ru

ct
ur

es
 n

ee
de

d
vo

id
 G

et
O

pt
io

ns
(in

t 
ar
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, 

ch
ar
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o
r
C
O

G
e
t
O
p
t
 g
et
op
t(
ar
gc
, 
ar

gv
, 
"I

:i
;T

:t
:S

:s
:G

:g
:C

: :
c:

 :D
: :
d
:
 :
Z
:
 :
z
:
 :h
:

i
n
t
 o
pt

io
n_

ch
ar

;
wh

il
e(

(o
pt

io
n-

ch
ar

 =
 g
et
op
t(
))
 !
=
 E
O
F
)

sw
it

ch
(o

pt
io

n_
ch

ar
){

/
/
 n
et
wo
rk
 d
at
a 
in
 A
ll
en
 W
o
o
d
 f
or
ma
t

c
a
s
e
 '
I'
:

c
£
i
s
e
 '
i'
:

In
pu
tF
il
e-
St
r 
—
 g
et
op
t.
op
ta
rg
;

b
r
e
a
k
 ;

/
/
 Q
ua

dr
at

ic
 p
ro

gr
am

mi
ng

 o
ut
pu
t 
fi
le

c
a
s
e
 '
T
'
:

C
E
i
s
e
'
t
'
:

O
u
t
T
o
l
j
t
r
 =
 g
et
op
t.
op
ta
rg
;

O
u
t
T
o
l
-
S
t
r
 +
=
 "
.
t
o
u
t
"
;

b
r
e
a
k
;

/
/
 S
ys
te
m 
ou
tp
ut
 i
n 
Al
le
n 
W
o
o
d
 f
or
ma
t

c
a
s
e
 '
S
'
:

c
a
s
e
'
s
'
:

Sy
sO

ut
_s

tr
 =
 g
et
op
t.
op
ta
rg
;

b
r
e
a
k
;

/
 /
 G
A
 f
il

es
c
a
s
e
 '
G
'
:

c
a
s
e
 '
g'
:

G
A
P
a
r
m
s
-
s
t
r
 =
 g
et

op
t.

op
ta

rg
;

G
A
P
a
r
m
s
.
5
t
r
 +
=
 "
-g
a.
cf
g"
;

O
u
t
G
A
_
s
t
r
 =
 g
et
op
t.
op
ta
rg
;

O
u
t
G
A
_
s
t
r
 +
=
 "
.g
ou
t"
;

b
r
e
a
k
;

c
a
s
e
 '
D
'
:

c
a
s
e
'
d
'
:

in
te
rv
aJ
 =
 1
;

b
r
e
a
k
;

c
a
s
e
 '
Z
'
:

c
a
s
e
 '
z'

:

iZ
er
o 
=
 1
;

b
r
e
a
k
;

c
a
s
e
 '
C
'
:

c
a
s
e
 '
c
'
:

c
o
n
t
i
n
u
o
u
s
 =
 1
;

b
r
e
a
k
;

c
a
s
e

c
a
s
e
 '
h
'
:

Ge
tO
pt
io
ns
He
lp
(a
rg
c,
 a
rg

v)
;

ex
it
CE
XI
TJ
'A
IL
UR
F;
);

}; /
/
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h

/
*
 P
FS
ol
ve
.c
pp
 -
 J
ov
an
 I
li
c 
il
ic
@t
he
ta
us
a.
co
m 
W
e
d
 O
ct
 1
8
 2
0
0
0

* *
 $
L
o
g
$

*
/

#
i
f
n
d
e
f
 l
in
t

st
at
ic
 c
h
a
r
 *
rc

si
d 
=
 "
$
H
e
a
d
e
r
$
"
;

#
e
i
i
d
i
f

#
i
n
c
l
u
d
e
 "
N
e
t
.
h
p
p
"

#
i
n
c
l
u
d
e
 
<
i
m
s
l
.
h
>

bo
ol
 N
et
::
PF
So
lv
e(
) {

d
o
u
b
l
e
 t
2,
 t
l 
=
 i
ms
lj
ct
im
e(
);

i
n
t
 i
te
r 
=
 0
;

/
/
 r
es
er
ve
 t
he

 m
a
x
i
m
u
m
 s
iz

e 
fo
r 
N
-
R
 s
ol

ut
io

n
v
e
c
t
o
r
<
d
o
u
b
l
e
>
 X
(
2
*
n
o
B
u
s
,
 0
.0

);
wh

il
e(

(p
Mi

sm
at

ch
 >
 p
M
a
x
M
i
s
m
a
t
c
h
 |
|

qM
is
ma
tc
h 
>
 q
M
a
x
M
i
s
m
a
t
c
h
)
 &
&

(i
te
r 
<
 m
ax
lt
er
))
 {

if
((
it
er
 =
=
 0
)
 ||

 (
qM
is
ma
tc
h 
<
 1
0.
0*
pM
ax
Mi
sm
at
ch
 &
&

Ch
ec
kV
AR
Li
mi
ts
()
))
 {

Ma
ke
J(
);

J.
So
lv
e(
de
lP
Q,
 X
);

v
a
r
L
i
m
i
t
 =
 t
ru
e;

}
 e
ls
e 
{

Ma
ke
J(
);

J.
So

lv
e(

de
lP

Q,
 X
);

} i
n
t
 i
, 
i
n
d
x
;

i
n
d
x
 =
 0
;

/
/
 a
dj
us
t 
th
e 
ph
as
es

fo
r(
i 
=
 0
; 

i 
<
 b
us
es
.s
iz
e(
);
 i
+
+
)
 {

if
(b
us
es
[i
].
Ty
pe
()
 =
=
 S
W
I
N
G
)

c
o
n
t
i
n
u
e
;

bu
se
s[
i]
.V
(c
om
pl
ex
<d
ou
bl
e>
(b
us
es
[i
].
V(
).
re
al
()
, 
bu
se
sp
].
V(
).
im
ag
()



V
I

+
 X
[i
nd
x]
))
;

i
n
d
x
+
+
;

} /
/
 a
dj
us
t 
th
e 
ma
gn
it
ud
es

fo
r(
i 
=
 0
; 
i 
<
 b
us
es
.s
iz
e(
);
 i
+
+
)
 {

if
(b

us
es

[i
].

Ty
pe

()
 =
=
 S
W
I
N
G
 |
| 
bu

se
s[

i]
.T

yp
e(

) =
=
 G
E
N
)

c
o
n
t
i
n
u
e
;

bu
se

s[
i]

.V
 (c
om
pl
ex
<d
ou
bl
e>
 (b
us
es
[i
] .
V
 ()
 .r
ea
l(
)+
(b
us
es
[i
].
 V(
) .
re

al
()

*
X[
in
dx
])
, 
bu
se
s[
i]
.V
()
.i
ma
g(
))
);

i
n
d
x
+
+
;

} i
t
e
r
+
+
;

} /
/
 u
pd
at
e 
pN
et
ln
j 
an
d 
qN
et
ln
j 
ar
ra
ys

Ne
tl
nj
O;

r
e
t
u
r
n
 t
ru
e;

} /
/
 C
he

ck
s 
ge
ne
ra
to
r 
va

r 
li
mi
ts
 a
nd

 i
f 
ex
ce
ed
ed
, 
se

ts
 t
he

II
 b
us
 l
oa

d 
to
 t
he
 a
pp

ro
pr

ia
te

 l
im

it
 (
lo
w 
or

 h
ig

h)
 a
nd

I
I
 c
ha
ng
es
 t
he
 b
us

 t
o 
L
O
A
D
 t
yp
e.

bo
ol
 N
et
::
Ch
ec
kV
AR
Li
mi
ts
()
 {

i
n
t
 i
, j

, 
k
;

b
o
o
l
 v
l
m
t
 =
 f
al

se
;

fo
r(
i 
=
 0
; 
i 
<
 b
us
es
.s
iz
e(
);
 i
+
+
)
 {

if
(b
us
es
[i
].
Ty
pe
()
 =
=
 G
E
N
 h
h
 b
us

es
[i

].
QN

et
In

j(
) 
>

bu
se
s[
i]
.Q
Ge
nM
ax
()
){

bu
se

s [
i]
. Q
Va
rL
im
it
 (b
us
es
 [i
].

 Q
 G
e
n
M
a
x
 ()
);

bu
se
sp
] .
Ty
pe
(L
OA
r)
);

bu
se
s [

i]
 .B
us
Ty
pe
 ("
LO

AD
 "
 );

v
l
m
t
 =
 t
ru
e;

} if
(b
us
es
[i
].
Ty
pe
()
 =
=
 G
E
N
 &
&
 b
us

es
[i

].
QN

et
In

j(
) 
<

bu
se
s [

i]
. Q
G
e
n
M
i
n
 0
)
 {

bu
se
s[
i]
.Q
Va
rL
im
lt
(b
us
es
[i
].
QG
en
Mi
n(
))
;

bu
se
s[
i]
 .
T
y
p
e
(
L
O
A
D
)
;

bu
se
s [
i]
.B
us
Ty
pe
("
LO
AD
")
;

v
l
m
t
 =
 t
ru

e;

}
} r
e
t
u
r
n
 v
l
m
t
;
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#
i
f
n
d
e
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st
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#
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n
d
i
f

/
/
 #
in

cl
ud

e 
<
n
a
n
.
h
>

t
i
n
c
l
u
d
e
 <
g
a
/
g
a
.
h
>

#
i
n
c
l
u
d
e
 <
g
a
/
G
A
R
e
a
l
G
e
n
o
m
e
.
h
>

/
/
 #
in
cl
ud
e 
<
g
a
/
G
A
R
e
a
l
G
e
n
o
m
e
.
C
>

#
i
n
c
l
u
d
e
 "
N
e
t
.
h
p
p
"

e
x
t
e
r
n
 N
e
t
 t
st
;

fl
oa
t 
P
o
w
e
r
C
o
s
t
G
A
(
G
A
G
e
n
o
m
e
 &
g
)
 {

in
t 

i,
 j
, 
k;

fl
o
a
t
 O
F
V
a
l
u
e
 =
 0
.0

;
G
A
R
e
a
l
G
e
n
o
m
e
&
 g
e
n
o
m
e
 =
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G
A
R
e
a
l
G
e
n
o
m
e
&
)
g
;

/
/
 T
ra
ns
fe
r 
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le
le
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ue
s 
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he
 p
ow
er
 s
ys
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m 
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je
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T
h
e
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ll
el
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t
r
o
l

/
/
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 c
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at
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e 
ou
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ev
el
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 S
wi
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b
u
s
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s

I
I
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 c
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le
d 
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it
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u
s
t
 b
e 
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ed
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n 
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e 
ob
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ct
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e f

un
ct
io
n 
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lc
ul
at
io
ns
.

v
e
c
t
o
r
<
G
e
n
e
r
a
t
o
r
>
 &
g
s
 =
 c
on

st
_c

as
t<

ve
ct

or
<G

en
er

at
or

>
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(t
st
.G
en
sV
()
);

in
t 
sb
us
 =
 t
st
.S
wi
ng
Bu
s(
) 
- 
1;

/
/
 P
o
w
e
r
 F
lo
w 
fr

om
 b
us

 4
 t
o 
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s 
6
 s
ee
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o 

be
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ea
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in
g

I
I
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 l
im
it
.

ve
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or
<B
us
> 
&
b
s
 =
 c
on
st
-c
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t<
ve
ct
or
<B
us
> 
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(t
st
.B
us
es
V(
))
;

ve
ct

or
<c

om
pl

ex
<d

ou
bl

e>
 >
 &
lf

_4
 =
 b
s[
3]
.L
me
Fl
ow
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;

in
t 
s
w
n
g
l
n
d
x
 =
 0
;

fo
r(

i 
=
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; 

i 
<
 g
s.
si
ze
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+
+
)
{

if
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s[
i]
.G
en
Bu
sN
o(
) 
=
=
 t
st
.S
wi
ng
Bu
s(
))
{

s
w
n
g
l
n
d
x
 =
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;



O
l

C
7
T

c
o
n
t
i
n
u
e
;

} gs
[i
].
Ge
nP
(g
en
om
e.
ge
ne
(i
 -
 s
wn
gl
nd
x)
);

} ts
t.
Re
se
tB
us
es
()
;

ts
t.
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 c
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 c
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 p
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b
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 m
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 p
en
al
ty
 a
t 
0.
6 
an
d 
0.
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b
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 d
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b
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 d
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C

ob
je

ct
iv

e.
cp

p 
N

et
.h

pp
 

st
ds

.h
pp

 B
us

.h
pp

 \
G

en
er

at
or

.h
pp

 
B

ra
nc

h.
hp

p 
M

at
rix

S
P

D
.h

pp
 

ex
te

rn
s.

hp
p

P
FS

ol
ve

.o
: 

P
FS

ol
ve

.c
pp

 N
et

.h
pp

 
st

ds
.h

pp
 B

us
.h

pp
 G

en
er

at
or

.h
pp

 
\

B
ra

nc
h.

hp
p 

M
at

rix
S

P
D

.h
pp

 
ex

te
rn

s.
hp

p
Li

ne
F

lo
w

s.
o:

 
Li

ne
F

lo
w

s.
cp

p 
N

et
.h

pp
 

st
ds

.h
pp

 B
us

.h
pp

 
\

G
en

er
at

or
.h

pp
 

B
ra

nc
h.

hp
p 

M
at

rix
S

P
D

.h
pp

 
e

xt
e

rn
s.

h
p

p
P

ow
er

C
os

t.o
: 

P
ow

er
C

os
t.c

pp
 N

et
.h

pp
 

st
ds

.h
pp

 B
us

.h
pp

 \
G

en
er

at
or

.h
pp

 
B

ra
nc

h.
hp

p 
M

at
rix

S
P

D
.h

pp
 

ex
te

rn
s.

hp
p

P
ro

dC
os

t.o
: 

P
ro

dC
os

t.c
pp

 N
et

.h
pp

 
st

ds
.h

pp
 B

us
.h

pp
 G

en
er

at
or

.h
pp

 
\

B
ra

nc
h.

hp
p 

M
at

rix
S

P
D

.h
pp

 
ex

te
rn

s.
hp

p

//
 

C
++

 -
*-

/*
 e

xt
er

ns
.h

pp
 -

 J
ov

an
 I

lic
 il

ic
@

th
et

au
sa

.c
om

 M
on

 O
ct

 4
 1

99
9

* * 
$H

ea
de

r$
* 

$L
og

$
*/

#
if
n
d
e
f 

_
E

X
T

E
R

N
S

J
H

P
P

#
d
e
fi
n
e
 J

E
X

T
E

R
N

S
-H

P
P

e
xt

e
rn

 s
tr

in
g 

In
pu

tF
iIe

_s
tr;

e
xt

e
rn

 s
tr

in
g 

G
A

P
ar

m
s-

S
tr,

 E
rr

sG
A

^t
r,

 u
cl

n
^t

r,
 u

cO
ut

_s
tr;

e
xt

e
rn

 v
e
ct

o
r<

d
o
u
b
le

>
 u

cL
oa

d;



o
x
0
0

e
x
t
e
r
n
 i
n
t
 l
at
ex
;

e
x
t
e
r
n
 s
tr
in
g 
ga
St
ar
t_
st
r;

e
x
t
e
r
n
 v
oi
d 
Ge
tO
pt
io
ns
He
Ip
(i
nt
, 
c
h
a
r
 *
*)
;

e
x
t
e
r
n
 v
oi
d 
Ge
tO
pt
io
ns
(i
nt
, 
ch
ar
 *
*)
;

/
/
 M
ic
ro
so
ft
 V
C
+
+
 s
pe

ci
fi

c
#
i
f
d
e
f
 -
M
S
C
-
V
E
R

#
d
e
f
i
n
e
 
M
J
P
I
 3
.
1
4
1
5
9
2
6
5
3
5
8
9
7
9
3
2
3
8
4
6

#e
nd
if
 /
/
 -
M
S
C
-
V
E
R

#
e
n
d
i
f

/
/
 

C-
\—
}-

/
*
 G
en
er
at
or
.h
pp
 -
 J
ov

an
 I
li

c 
il

ic
@t

he
ta

us
a.

co
m 
T
u
e
 S
e
p
 5
 2
0
0
0

* *
 $
H
e
a
d
e
r
$

¤
 $
L
o
g
$

*
1

#
i
f
n
d
e
f
 .
G
E
N
E
R
A
T
O
R
J
H
P
P

#
d
e
f
i
n
e
 .
G
E
N
E
R
A
T
O
R
J
H
P
P

if
in

cl
ud

e 
"
s
t
d
s
.
h
p
p
"

#
i
n
c
l
u
d
e
 
<
m
a
t
h
.
h
>

cl
as
s 
Ge
ne
ra
to
r 
{

pr
iv
at
e:
 /
/
 m
a
k
e
 c
le
ar
 t
ha
t 
pr

iv
at

e 
pa
rt
 i
s 
fi
rs
t 
by

 d
ef
au
lt

e
n
u
m
 {
G
E
N
 =
 2
, 
L
O
A
D
,
 G
E
N
J
I
I
G
H
V
A
R
,
 G
E
N
X
O
W
V
A
R
,
 G
E
N
.
R
E
G
,

S
W
I
N
G
}
;

in
t 
g
e
n
B
u
s
N
o
,
 t
p;

d
o
u
b
l
e
 g
e
n
P
,
 g
e
n
V
,
 g
e
n
Q
M
a
x
,
 g
e
n
Q
M
i
n
;

/
/
 c
os
t 
fu

nc
ti

on
 c
al
cu
la
ti
on
 a
dd
it
io
ns

I
I
 T
hi

s 
co

ul
d 

al
so

 b
e 
a 

li
ne
 s
eg
me
nt
 d
es
cr
ip
ti
on

ve
ct
or
<d
ou
bl
e>
 c
os
tP
ol
y;
 /
/
 p
ol
y 

co
ef
fi
ci
en
ts
 i
n 
in
cr
ea
si
ng
 o
rd
er

d
o
u
b
l
e
 g
e
n
P
M
i
n
,
 g
e
n
P
M
a
x
;
 /
/
 g
en
er
at
io
n 
li
mi
ts

II
 U
C
 v
ar

ia
bl

es
in
t 
r
u
n
T
i
m
e
,
 m
i
n
D
o
w
n
T
i
m
e
,
 m
i
n
U
p
T
i
m
e
;

b
o
o
l
 o
n
;

pr
ot
ec
te
d:
 /
/
 p
ro
te
ct
ed
 m
e
m
b
e
r
s

pu
bl
ic
: 
/
/
 p
ub
li
c 
m
e
m
b
e
r
s

Ge
ne
ra
to
r(
){
 /
/
 d
ef
au
lt
 c
on
st
ru
ct
or

g
e
n
B
u
s
N
o
 =
 -
1;

t
p
 =
 G
E
N
;

g
e
n
P
 =
 g
e
n
V
 =
 g
e
n
Q
M
a
x
 =
 g
e
n
Q
M
i
n
 =
 0
.0
;

g
e
n
P
M
i
n
 =
 g
e
n
P
M
a
x
 =
 0
.0

;

r
u
n
T
i
m
e
 =
 -
2;
 m
i
n
D
o
w
n
T
i
m
e
 =
 2
;

m
i
n
U
p
T
i
m
e
 =
 2
;

o
n
 =
 f
al

se
;

} G
en

er
at

or
(c

on
st

 G
en

er
at

or
 &
g
)
{
 /
/
 c
op
y 
co

ns
tr

uc
to

r
g
e
n
B
u
s
N
o
 =
 g
.G

en
Bu

sN
o(

);
tp

 =
 g
-T

yp
e(

);
g
e
n
P
 =
 g
.
G
e
n
P
O
;

g
e
n
V
 =
 g
.G
en
V(
);

g
e
n
Q
M
a
x
 =
 g
.G

en
QM

ci
x(

);
g
e
n
Q
M
i
n
 =
 g
.G
en
QM
in
()
;

g
e
n
P
M
i
n
 =
 g
.G
en
PM
in
()
;

g
e
n
P
M
a
x
 =
 g
.G
en
PM
ax
()
;

co
st

Po
ly

 =
 c
on
st
_c
as
t<
Ge
ne
ra
to
r 
&>

(g
).

Co
st

Po
ly

V(
);

r
u
n
T
i
m
e
 =
 g
.R
un
Ti
me
()
;

m
i
n
U
p
T
i
m
e
 =
 g
.
M
i
n
U
p
T
i
m
e
(
)
;

m
i
n
D
o
w
n
T
i
m
e
 =
 g
.
M
i
n
D
o
w
n
T
i
m
e
(
)
;

o
n
 =
 g
.
O
n
Q
;

} Ge
ne

ra
to

r 
&;
op
er
at
or
=(
co
ns
t 
Ge

ne
ra

to
r 
&
g
)
{
 /
/
 o
ve
rl
oa
de
d 
=
 o
pe

ra
to

r
g
e
n
B
u
s
N
o
 =
 g
.G
en
Bu
sN
o(
);



tp
 =
 g
-T
yp
e(
);

g
e
n
P
 =
 g
.
G
e
n
P
O
;

g
e
n
V
 =
 g
.
G
e
n
V
O
;

g
e
n
Q
M
a
x
 =
 g
.
G
e
n
Q
M
a
x
O
;

g
e
n
Q
M
i
n
 =
 g
.G
en
QM
in
()
;

g
e
n
P
M
l
n
 =
 g
.G
en
PM
in
()
;

g
e
n
P
M
a
x
 =
 g
.
G
e
n
P
M
a
x
Q
;

co
st

Po
ly

 =
 c
on
st
_c
as
t<
Ge
ne
ra
to
r 
&>

(g
).

Co
st

Po
ly

V(
);

r
u
n
T
i
m
e
 =
 g
.R
un
Ti
me
()
;

m
i
n
U
p
T
i
m
e
 =
 g
.M
in
Up
Ti
me
()
;

m
i
n
D
o
w
n
T
i
m
e
 =
 g
.M
in
Do
wn
Ti
me
()
;

on
 =
 g
.O
n(
);

r
e
t
u
r
n
 *
t
h
i
s
:

C
n

(
D

} vi
rt
ua
l 
~G
en
er
at
or
()
{}
; 
/
/
 v
ir
tu
al
 d
es
tr
uc
to
r

in
t 
G
e
n
B
u
s
N
o
(
)
 c
on
st
 {
re

tu
rn

 g
en

Bu
sN

o;
}

vo
id
 G
e
n
B
u
s
N
o
(
c
o
n
s
t
 i
nt
 g
)
 {
g
e
n
B
u
s
N
o
 =
 g
;}

d
o
u
b
l
e
 G
e
n
P
(
)
 c
on
st
 {
 r
et

ur
n 
ge
nP
;}

vo
id
 G
e
n
P
 (c
on
st
 d
ou
bl
e 
gp

) (
ge
nP
 =
 g
p;

}

d
o
u
b
l
e
 G
e
n
V
(
)
 c
on
st
 {
 r
et

ur
n 
ge

nV
;}

vo
id
 G
e
n
V
(
c
o
n
s
t
 d
ou
bl
e 
gv

) {
 g
e
n
V
 =
 g
v;

}

d
o
u
b
l
e
 G
e
n
Q
M
a
x
O
 c
on
st
 {
re
tu
rn
 g
e
n
Q
M
a
x
;
 }

vo
id
 G
e
n
Q
M
a
x
(
c
o
n
s
t
 d
ou

bl
e 
gq

) 
{
g
e
n
Q
M
a
x
 =
 g
q;

}

d
o
u
b
l
e
 G
e
n
Q
M
i
n
(
)
 c
on
st
 {
 r
et
ur
n 
g
e
n
Q
M
i
n
;
}

vo
id
 G
e
n
Q
M
i
n
(
c
o
n
s
t
 d
ou

bl
e 
gq

) {
 g
e
n
Q
M
i
n
 =
 g
q;

 }

d
o
u
b
l
e
 G
e
n
P
M
a
x
(
)
 c
on
st
 {
 r
et

ur
n 
ge

nP
Ma

x;
}

vo
id
 G
e
n
P
M
a
x
(
c
o
n
s
t
 d
ou

bl
e 
gp

) {
 g
e
n
P
M
a
x
 =
 g
p;

}

do
ub
le
 G
e
n
P
M
i
n
(
)
 c
on
st
 {
re

tu
rn

 g
en

PM
in

;}
vo
id
 G
e
n
P
M
i
n
(
c
o
n
s
t
 d
o
u
b
l
e
 g
p)
 {
g
e
n
P
M
i
n
 =
 g
p;
}

/
/
 s
av

e 
(i

n 
or
de
r)
 a
 p
ol

yn
om

ia
l 
co

st
 c
oe

ff
ic

ie
nt

vo
id
 C
os
tP
ol
y(
co
ns
t 
d
o
u
b
l
e
 c
oe
f)
 {

co
st

Po
ly

.p
us

h_
ba

ck
(c

oe
f)

;

} /
/
 w
ho
le
 c
os
t 
ve
ct
or
 a
ss
ig
nm
en
t 
an
d 

re
tr
iv
al

co
ns
t 
ve

ct
or

<d
ou

bl
e>

 &
Co

st
Po

ly
V(

) {
 r
et
ur
n 
co

st
Po

ly
; }

vo
id
 C
os

tP
ol

y(
co

ns
t 
ve
ct
or
<d
ou
bl
e>
 &
c
)
 {
 co

st
Po
ly
 =
 c
;}

/
/
 f
or
 C
os
t(
) 
an
d 

Co
st
In
c(
),
 a
r
g
u
m
m
e
n
t
 s
ho
ul
d 

be
 b
et
we
en

/
/
 g
e
n
P
M
i
n
 a
nd
 g
e
n
P
M
a
x
.
 p
 s
ho
ul
d 

be
 n
on
-p
u 
po
we
r

I
I
 g
e
n
P
M
i
n
 a
nd
 g
e
n
P
M
a
x
 a
re
 a
ls
o 
no
t 
sc
al
ed

d
o
u
b
l
e
 C
os
t(
do
ub
le
 p
) 
co
ns
t 
{

d
o
u
b
l
e
 c
 =
 0
.0
;

/
/
 g
en
er
at
io
n 
li
mi
ts
 a
re
 h
er
e 
on
ly
 b
ec
au
se
 o
f 
th
e 
sw
in
g 

bu
s.

if
(p
 !
=
 0
.0
) {

if
(p
 <
 g
e
n
P
M
i
n
)

r
e
t
u
r
n
 4
.0
*C
os
t(
ge
nP
Ma
x)
;

if
(p
 >
 g
e
n
P
M
a
x
)

r
e
t
u
r
n
 4
*
C
o
s
t
(
g
e
n
P
M
a
x
)
;

} fo
r(
in
t 

i 
=
 0
; 
i 
<
 c
os
tP
ol
y.
si
ze
()
; 
i
+
+
)

c 
+
=
 c
os

tP
ol

yp
] 
*
 p
ow

(p
, 
st
at
ic
_c
as
t<
do
ub
le
>(
i)
);

r
e
t
u
r
n
 c
;

} d
o
u
b
l
e
 C
os
tl
nc
(d
ou
bl
e 
p
)
 {

d
o
u
b
l
e
 c
 =
 0
.0

;

if
(p
 <
 g
e
n
P
M
i
n
)

re
tu
rn
 C
os
tl
nc
(g
en
PM
in
);

if
(p
 >
 g
e
n
P
M
a
x
)

r
e
t
u
r
n
 C
os
tl
nc
(g
en
PM
ax
);

fo
r (
in
t 

i 
=
 1
; 

i 
<
 c
os

tP
ol

y.
si

ze
()

; 
i
+
+
)



c 
+
=
 c
os
tP
ol
yp
] 
*
 i 
*
 p
ow

(p
, 
st
at
ic
_c
as
t<
do
ub
le
>(
i 
- 
1)
);

r
e
t
u
r
n
 c
;

0
5
O

in
t 
Ty
pe
()
 c
on
st
 {
 r
et
ur
n 
tp
;}

vo
id
 T
yp

e(
co

ns
t 
in

t 
t)

 {
if

((
t 
<
=
 S
W
I
N
G
)
 &
&
 (
t 
>
=
 G
E
N
)
)

t
p
 =
 t
;

} in
t 
Ru

nT
im

e(
) 
co
ns
t 
{
 r
et

ur
n 
ru

nT
im

e;
}

vo
id
 R
un

Ti
me

(c
on

st
 i
nt

 r
t)

 {
 r
un
Ti
me
 =
 r
t;
}

in
t 
M
i
n
U
p
T
i
m
e
O
 c
on
st
 {
 r
et
ur
n 
mi

nU
pT

im
e;

}
vo
id
 M
in
Up
Ti
me
(c
on
st
 i
nt
 u
t)
 {
 m
i
n
U
p
T
i
m
e
 =
 u
t;
}

in
t 
Mi
nD
ow
nT
im
e(
) 
co

ns
t 
{
 r
et

ur
n 
mi

nD
ow

nT
im

e;
 }

vo
id
 M
m
D
o
w
n
T
i
m
e
(
c
o
n
s
t
 i
nt
 d
t)

 {
 m
i
n
D
o
w
n
T
i
m
e
 =
 d
t;
 }

bo
ol
 O
n
(
)
 c
o
n
s
t
 {
 r
e
t
u
r
n
 o
n;
}

v
o
i
d
 O
n
(
c
o
n
s
t
 b
oo

l 
o
)
 {
o
n
 =
 o
;}

fr
ie
nd
 o
st
re
am
 &
!o
pe
ra
to
r<
g;
(o
st
re
am
 &
,
 c
on
st
 G
en
er
at
or
 &
);

}; #
e
n
d
i
f

/
/
 

C~
\—
h

/
*
 m
ai
n.
cp
p 
-
 J
ov
an
 I
li
c 
il
ic
@t
he
ta
us
a.
co
m 
Fr
i 
A
p
r
 2
1 
2
0
0
0

* *
 $
L
o
g
$

*
1

#
i
f
n
d
e
f
 l
i
n
t

s
t
a
t
i
c
 c
h
a
r
 *
rc

si
d 
=
 "
$
H
e
a
d
e
r
$
"
;

#
e
n
d
i
f

#
i
n
c
l
u
d
e
 <
g
a
/
g
a
.
h
>

#
i
n
c
l
u
d
e
 <
g
a
/
G
A
R
e
a
l
G
e
n
o
m
e
 .
h
>

S
i
n
c
l
u
d
e
 <
g
a
/
G
A
R
e
a
l
G
e
n
o
m
e
.
C
>

t
i
n
c
l
u
d
e
 "
s
t
d
s
.
h
p
p
"

#
i
n
c
l
u
d
e
 "
G
e
t
G
p
t
.
h
"

#
i
u
c
l
u
d
e
 
<
l
i
m
i
t
s
>

#
d
e
f
i
n
e
 e
x
t
e
r
n

S
i
n
c
l
u
d
e
 "
e
x
t
e
r
n
s
.
h
p
p
"

S
u
n
d
e
f
 e
x
t
e
r
n

#
l
n
c
l
u
d
e
 
<
i
m
s
l
.
h
>

#
i
n
c
l
u
d
e
 "
N
e
t
.
h
p
p
"

N
e
t
 t
st

;

e
x
t
e
r
n
 f
lo
at
 P
o
w
e
r
C
o
s
t
G
A
(
G
A
G
e
n
o
m
e
 &
);

e
x
t
e
r
n
 f
lo
a
t
 O
bj
ec
ti
ve
(G
AG
en
om
e 
&g
);

in
t 
ma
in
(i
nt
 a
rg
c,
 c
h
a
r
 *
*a
rg
v)
 {

e
n
u
m
 {
G
E
N
 =
 2
, 
L
O
A
D
,
 G
E
N
-
H
I
G
H
V
A
R
,
 G
E
N
X
O
W
V
A
R
,
 G
E
N
J
I
E
G
,

S
W
I
N
G
}
;

in
t 

i,
 j,

 k
; 
/
/
 ,
 a
ct
iv
eC
ou
nt
;

c
o
n
s
t
 i
n
t
 s
a
m
p
l
e
N
o
 =
 1
0;

fl
o
a
t
 t
ot

Co
st

;
fl
o
a
t
 p
B
a
s
e
;

In
pu

tF
il

e-
St

r 
=
 "
n
o
n
e
"
;

G
A
P
a
r
m
s
^
t
r
 =
 "
n
o
n
e
"
;

E
r
r
s
G
A
^
t
r
 =
 "
n
o
n
e
"
;

uc
ln

-s
tr

 =
 "
n
o
n
e
"
;

uc
Ou

t-
St

r 
=
 "
n
o
n
e
"
;

ga
St
ar
t_
st
r 
=
 "
no
ne
";

la
te

x 
=
 0
;

fs
tr

ea
m 
c
f
g
G
A
J
s
,
 e
r
r
s
G
A
J
s
;

fs
tr
ea
m 
in

pu
tF

il
eJ

s,
 u
cl
n-
fs
, 
uc
Ou
t_
fs
;

Ge
tO
pt
io
ns
(a
rg
c,
 a
rg
v)
;



if
(I
np
ut
Fi
le
-S
tr
 =
=
 "
no

ne
")

{
ce

rr
 <
c
 "
S
y
s
t
e
m
 
d
e
s
c
r
i
p
t
i
o
n
 f
i
l
e
 
m
u
s
t
 
b
e
 
a
v
a
i
l
a
b
l
e
 f
o
r
 u
n
i
t

c
o
m
m
i
t
m
e
n
t
"
 

en
dl
;

Ge
tO
pt
io
ns
He
lp
(a
rg
c,
 a
rg
v)
;

ex
it
(-
l)
;

}e
ls
e{

in
pu
tF
il
eJ
s.
op
en
(I
np
ut
Ei
le
_s
tr
.c
jt
r(
),
 io

s:
:i
n)
;

if
(!
in
pu
tF
il
eJ
s)
 {

ce
rr

 <
C 
"
C
o
u
l
d
 n
o
t
 o
pe
n 
"
 

In
pu

tF
il

e-
St

r 
"
 i
o
r
 r
e
a
d
i
n
g
"
 -
C

en
dl

;
ex
it
(-
l)
;

} ts
t.
Re
ad
AW
(I
np
ut
Fi
le
-s
tr
);

ts
t.

Ma
ke

Y(
);

} if
(u
cO
ut
-s
tr
 !
=
 "
no
ne
")
{

uc
Ou
t_
fs
.o
pe
n(
uc
Ou
t^
tr
.c
^t
r(
),
 i
os
;;
ou
t)
;

if
(!
uc
Ou
t_
fs
.i
sj
op
en
{)
){

ce
rr

 
"
C
o
u
l
d
 n
o
t
 o
p
e
n
 "
 ■C

 u
cO

ut
-S

tr
 -

C
 "

 
fo

r 
v
ri
ti
n
g
" 

<C
 e

nd
l;

ex
it(

-l)
;

}
} if(

G
A

P
ar

m
s-

S
tr 

!=
 "

no
ne

") 
{

cf
gG

A_
fs

.o
pe

n(
G

AP
ar

m
s-

St
r.C

-S
tr(

), 
io

s:
:in

);
if(

!c
fg

G
A_

fs
) 

{
ce

rr
 ^

 "
C

an
no

t 
op

en
: 

" 
G

A
P

ar
m

S
-S

tr 
" 

fo
r 

re
ad

in
g"

 <
C

en
dl

;
ex

it(
-l)

;
}

} //
 r

ea
d 

in
 t

he
 lo

ad
 s

ch
ed

ul
e

d
o

u
b

le
 I

d;
w

hi
le

(u
cl

n_
fs

 ^
 ld

){
uc

Lo
ad

.p
us

h.
ba

ck
(ld

);
};

ve
ct

or
<G

en
er

at
or

> 
&

gn
s 

=
 c

on
st

-c
as

t<
ve

ct
or

<G
en

er
at

or
 >

&
>(

ts
t.G

en
sV

()
);

ve
ct

or
<B

us
> 

&b
s 

=
 c

on
st

-c
as

t<
ve

ct
or

<B
us

> 
&

>(
ts

t.B
us

es
V

()
);

//
 s

et
 u

p 
th

e 
G

A
LI

B
 r

ou
tin

es
. 

S
W

IN
G

 g
en

 is
 a

lw
ay

s 
on

G
A

lD
B

in
ar

yS
tri

ng
G

en
om

e 
ge

no
m

e(
ts

t.G
en

sV
().

si
ze

() 
- 

1, 
O

bj
ec

tiv
e)

;
gn

s[
ts

t.S
w

in
gB

us
() 

- 
l].

O
n(

tru
e)

;

G
AS

te
ad

yS
ta

te
G

A 
ga

(g
en

om
e)

;

G
A

P
ar

am
et

er
Li

st
 p

ar
am

s;
G

 A
Si

m
pl

eG
A:

 :r
eg

is
te

rD
ef

au
ltP

ar
am

et
er

s(
pa

ra
m

s)
;

if(
G

A
P

ar
m

s-
S

tr 
!=

 "
no

ne
")

 {
pa

ra
m

s.
re

ad
(G

AP
ar

m
s-

St
r.c

-s
tr(

));
} 

el
se

 {
pa

ra
m

s.
se

t(g
aN

nG
en

er
at

io
ns

, 2
0)

;
pa

ra
m

s.
se

t(g
aN

po
pu

la
tio

nS
iz

e,
 2

0)
;

pa
ra

m
s.

se
t(g

aN
sc

or
eF

re
qu

en
cy

, 
1)

;
pa

ra
m

s.
se

t(g
aN

flu
sh

Fr
eq

ue
nc

y,
 1

0)
;

pa
ra

m
s.

se
t(g

aN
se

le
ct

Sc
or

es
, 

4)
;

pa
ra

m
s .

se
t (

ga
N

m
in

im
ax

i, 
-1

);
ga

.s
et

(g
aN

sc
or

eF
ile

na
m

e,
 "

uc
 .p

it"
);

} ga
.p

ar
am

et
er

s (
pa

ra
m

s)
;

ga
.m

in
im

iz
e(

);

ga
.s

et
(g

aN
sc

or
eF

ile
na

m
e,

 "
u

c.
p

it"
);

ve
ct

o
r<

d
o
u
b
le

>
 n

om
in

al
Lo

ad
;

ve
ct

o
r<

d
o
u
b
le

>
 r

x;

//
 s

av
e 

no
m

in
al

 P
 lo

ad
s 

re
ad

 fr
om

 t
he

 c
on

fig
 fi

le
fo

r(
i =

 0
; 1

 <
 b

s.
siz

e(
); 

!+
+

){
no

m
in

£i
lL

oa
d.

pu
sh

_b
ac

k(
bs

[i]
.P

Lo
ad

())
;

rx
.p

us
h_

ba
ck

(0
.0

);
} fo

r(
i 

=
 0

; 1
 <

 s
am

pl
eN

o;
 !

+
+

){

ga
.e

vo
lv

e(
);



o
i
N
5

G
A
l
D
B
i
n
a
r
y
S
t
r
i
n
g
G
e
n
o
m
e
 &
g
e
n
 =
 (
G
A
l
D
B
i
n
a
r
y
S
t
r
i
n
g
G
e
n
o
m
e

&)
ga
.s
ta
ti
st
ic
s(
).
be
st
ln
di
vi
du
al
()
;

GA
Re
al
Al
le
le
Se
tA
rr
ay
 G
A
U
C
A
l
l
e
l
e
s
;

fo
r(
j 
=
 0
; 
j
 <
 G
AU
CA
ll
el
es
.s
iz
e(
);
 j
+
+
)

G
A
U
 CA

ll
el
es
 .r
em
ov
e (

j)
;

/
/
 s
et
up
 v
ar
ia
bl
e 
co
ns
tr
ai
nt
s

in
t 
s
w
n
g
l
n
d
x
 =
 0
;

p
B
a
s
e
 =
 t
st
.P
Ba
se
()
;

fo
r(
j 
=
 0
; 
j 
<
 g
ns
.s
iz
eO
; j
+
+
)
 {

if
(g

ns
[j

].
Ge

nB
us

No
()

 =
=
 t
st

.S
wi

ng
Bu

s(
))

 {
s
w
n
g
l
n
d
x
 =
 1
;

c
o
n
t
i
n
u
e
;

} if
(g
en
p 
- 
sw
ng
ln
dx
])

GA
UC
Al
le
le
s.
ad
d(
gn
s[
j]
.G
en
PM
in
()
/p
Ba
se
, 
gn

sp
].

Ge
nP

Ma
x(

)/
pB

as
e,

GA
Al
le
le
::
IN
CL
US
IV
E,
GA
Al
le
le
::
IN
CL
US
IV
E 
);

} G
A
R
e
a
l
G
e
n
o
m
e
 G
A
U
C
G
e
n
o
m
e
(
G
A
U
C
A
l
l
e
I
e
s
,
 P
o
w
e
r
C
o
s
t
G
A
)
;

G
A
P
a
r
a
m
e
t
e
r
L
i
s
t
 p
a
r
m
s
;

G
 AS

te
ad
yS
ta
te
G 
A
:
 :r
eg
is
te
rD
ef
au
lt
Pa
ra
me
te
rs
(p
ar
ms
);

G
A
S
t
e
a
d
y
S
t
a
t
e
G
A
 g
a
u
c
(
G
A
U
C
G
e
n
o
m
e
)
;

if
(g
aS
ta
rt
_s
tr
 !
=
 "
no
ne
")
{

pa
rm
s.
re
ad
(g
aS
ta
rt
^t
r.
c_
st
r(
))
;

}
 e
ls
e 
{

pa
rm
s.
se
t(
ga
Nn
Ge
ne
ra
ti
on
s,
 3
0)
;

pa
rm
s.
se
t(
ga
Np
op
ul
at
io
nS
iz
e,
 2
0)
;

pa
rm
s.
se
t(
ga
Ns
co
re
Fr
eq
ue
nc
y,
 1
);

pa
rm
s.
se
t(
ga
Nf
lu
sh
Fr
eq
ue
nc
y,
 1
0)
;

pa
rm
s.
se
t(
ga
Ns
el
ec
tS
co
re
s,
 4)

;
pa
rm
s.
se
t(
ga
Nm
in
im
ax
i,
 -1

);
ga
uc
.s
et
(g
aN
sc
or
eF
il
en
am
e,
 "
re
fi
ne
.p
it
")
;

}

ga
uc
.s
ca
li
ng
(G
AN
oS
ca
li
ng
()
);

ga
uc
.e
vo
Iv
e(
);

/
/
 S
av
e 
th
e 
"o
pt
im
al
" 
ge
ne
ra
ti
on
 s
ol
ut
io
n

G
A
R
e
a
l
G
e
n
o
m
e
&
 g
 =

(G
AR
ea
IG
en
om
e&
)g
au
c.
st
at
is
ti
cs
()
.b
es
tI
nd
iv
id
ua
l(
);

i
n
t
 i
n
d
x
 =
 0
;

s
w
n
g
l
n
d
x
 =
 0
;

fo
r(
j 
=
 0
; 
j 
<
 g
ns
.s
iz
eO
; j
+
+
)
{

gn
s[

j]
.G

en
P(

0.
0)

;

if
(g
ns
[i
].
Ge
nB
us
No
()
 =
=
 t
st
.S
wm
gB
us
()
){

s
w
n
g
l
n
d
x
 =
 1
;

c
o
n
t
i
n
u
e
;

} if
(g
en
p 
- 
sw
ng
ln
dx
])
{

gn
sp
].
On
(t
ru
e)
;

bs
[g
ns
p]
.G
en
Bu
sN
o(
) 
- 
l]

.T
yp

e(
GE

N)
;

gn
sp
].
Ge
nP
(g
[i
nd
x+
+]
);

}
 el

se
 {

gn
sp
].
On
(f
aI
se
);

bs
[g
ns
p]
.G
en
Bu
sN
o(
) 
- 
l]
.T
yp
e(
LO
AD
);

}
} ts

t.
Re
se
tB
us
es
()
;

ts
t.

PF
So

lv
e(

);
ts

t.
Li

ne
Pl

ow
sO

;

i
n
t
 I
nt

Sc
he

d;
In

tS
ch

ed
 =
 0
;

fo
r(
j 
=
 0
; 
j
 <
 g
en

.I
en

gt
h(
);
 j
+
+
)

in
tS
ch
ed
 +
=
 p
ow
(2
,j
) 
*
 s
ta
ti
c.
ca
st
<i
nt
>(
ge
np
])
;

ga
uc

.p
ar

am
et

er
s(

pa
rm

s)
;

fl
oa
t 
t
o
t
G
e
n
;



if
(u
cO
ut
_f
s.
is
jo
pe
n(
))
{

if
(l
at
ex
){

C
5

C
O

fo
r(
j 
=
 0
; j

 <
 g
en
.I
en
gt
hO
; j
+
+
)
 {

if
(g
en
[j
])

u
c
O
u
t
_
f
s
 <
 "
O
n
 
fe

e
l
s
e u
c
O
u
t
J
s
 <
 "
O
f
f
 
a
 "
;

} u
c
O
u
t
J
s
 <
S 
ts
t.
PL
oa
dT
ot
aJ
()
 <
 "
 6
 "

u
c
O
u
t
J
s
 <
C 
ts
t.
PG
en
To
ta
l(
) 
-C
 "
 ft

u
c
O
u
t
J
s
 <
C 
ts
t.
Pr
od
Co
st
()

u
c
O
u
t
J
s
 <
S 
"
 \
\
\
\
 \
\h
li
ne
" 
<
 e
nd

l;
}
 e
ls
e 
{

uc
Ou
t_
fs
 <
 (
i+
1)
 <
 "
,\
t"
;

/
/
 p
ri
nt
 o
ut
 s
ch
ed
ul
e

u
c
O
u
t
J
s
 

i
n
t
S
c
h
e
d
 -
C

/
/
 p
ri
nt
 o
ut

 b
us

 l
oa
ds

fo
r(
j 
=
 0
; 
j
 <
 b
s.
si
ze
()
; j
+
+
)

uc
Ou
tJ
fs
 -
C 

bs
[j
].
PL
io
ad
()

u
c
O
u
t
J
s
 "
C
 e
nd

l;

}
}
 e
ls

e 
{

if
(l

at
ex

){
fo
r(
j 
=
 0
; 
j
 <
 g
en
.I
en
gt
hO
; 
j
+
+
)
 {

if
(g

en
[j

])
C
O
U
t
 

"
O
n
 
ft
 "
;

e
l
s
e C
O
U
t
 -
C
 "
O
f
f
 
ft
 "
;

} CO
Ut

 <
C 
ts

t.
PL

oa
dT

ot
al

()
 <
C 
"
 ft
 "
;

co
ut
 <
C 
ts
t.
PG
en
To
ta
l(
) 
<C
 "
 f

t 
";

co
ut
 ̂
 t
st
.P
ro
dC
os
t(
) 
C
 "
 &
 "
;

co
ut
 <
C 
"
 \
\\
\ 
\\
hl
in
e"
 <
§;
 e
nd
l;

}e
ls

e 
{

co
ut

 
(
i
+
1
)
 <

/
/
 p
ri
nt
 o
ut

 s
ch

ed
ul

e
co
ut
 

in
tS
ch
ed
 <
C 
".
Vt
";

/
/
 p
ri
nt
 o
ut
 b
us
 l
oa
ds

fo
r(
j 
=
 0
; 
j 
<
 b
s.
si
ze
O;
 j
+
+
)

co
ut
 ̂
 b
s[

j]
.P

Lo
ad

()
 -
C

c
o
u
t
 <
C
 e
nd
l;

}
} /
/
 c
on
st
ru
ct
 n
ex
t 
lo
ad
 s
am
pl
e

im
sI

-d
_r

an
do

m_
un

if
or

m(
bs

.s
iz

e(
),

 I
M
S
L
_
E
I
E
T
U
R
N
_
U
S
E
R
,
 &r

x[
0]
,0
);

fo
r(
j 
=
 0
; 
j
 <
 b
s.

si
ze

()
; j
+
+
)

bs
p]

.P
Lo

ad
(r

x[
j]

 +
 0
.1

);

if
(c
fg
GA

_f
s.
is
jo
pe
n(
))
 {

cf
gG
AJ
s.
cI
os
e(
);

} if
(e
rr
sG
A_
fs
.i
s-
op
en
()
)

er
rs
GA
_f
s.
cl
os
e(
);

if
(i
np
ut
Fi
le
Js
.i
sj
op
en
()
)

in
pu
tF
iI
e_
fs
.c
lo
se
()
;

if
(u

cl
n_

fs
.i

s-
op

en
()

)
uc
In
Js
.c
lo
se
()
;

if
(u
cO
ut
_f
s.
is
jo
pe
n(
))

uc
Ou
t_
fs
.c
lo
se
()
;

r
e
t
u
r
n
 0
;

} /
/
 

C
+
+

/
*
 N
et

.c
pp

 -
 J
ov

an
 I
li

c 
il
ic
@t
he
ta
us
a.
co
m 
T
a
e
 S
e
p
 5
 2
0
0
0

*
 $
L
o
g
$

*1

S
i
f
n
d
e
f
 l
i
n
t

s
t
a
t
i
c
 c
h
a
r
 *
rc
si
d 
=
 "
$
H
e
a
d
e
r
$
"
;

#
e
n
d
i
f

#
i
n
c
l
u
d
e
 "
N
e
t
.
h
p
p
"



o
i
4
^

ex
te
rn
 b
oo

l 
le

ss
TB

(c
on

st
 B
ra

nc
h 
&
,
 c
on
st
 B
ra
nc
h 

&c
);

ex
te
rn
 b
oo

l 
le

ss
FB

(c
on

st
 B
ra

nc
h 
&
,
 c
on
st
 B
ra
nc
h 
&)
;

ex
te
rn
 b
oo

l 
le

ss
Ge

n(
co

ns
t 
Ge

ne
ra

to
r 
&
,
 c
on
st
 G
en

er
at

or
 &
);

ex
te
rn
 b
oo

l 
le
ss
Bu
s(
co
ns
t 
B
u
s
 &
,
 c
on
st
 B
u
s
 &
);

bo
ol
 N
et
::
Re
ad
AW
(c
on
st
 s
tr
in
g 
&f

) {

c
h
a
r
 t
mp
Ln
[5
12
];

i
n
t
 i
, 
t
m
p
i
;

d
o
u
b
l
e
 t
m
p
D
;

st
ri
ng
 t
m
p
S
t
r
;

fs
tr
ea
m 
fs
(f
.c
^t
r(
),
 io

s:
:i
n)
;

if
(!
fs
) {

ce
rr

 <
C 
"C

ou
ld

 n
ot
 o
pe
n:
 
"
 -
C 
f
 "
C
 "
 f
or

 r
ea
di
ng
."
 <
C 
en

dl
;

ex
it

(-
l)

;

} /
/
 G
et
 t
wo
 t
it
le
 l
in
es

fs
.g

et
li

ne
(t

mp
Ln

, 
51

2)
; 
Ti

tl
el

 =
 t
m
p
L
n
;

fs
.g

et
li

ne
(t

mp
Ln

, 
51

2)
; 
Ti
tl
e2
 =
 t
m
p
L
n
;

/
/
 r
ea
d 
n
u
m
b
e
r
 o
f 
bu

se
s,

 n
u
m
b
e
r
 o
f 
ge

ne
ra

to
rs

I
I
 n
u
m
b
e
r
 o
f 
br
an
ch
es
, 
an
d 
sw
in
g 
bu
s 
n
u
m
b
e
r

fs
 S
>
 n
o
B
u
s
 

n
o
G
e
n
 >
 n
o
B
r
 >
 s
w
i
n
g
B
u
s
 >
 n
o
C
a
p
;

/
/
 r
ea
d 
bu
s 
da
ta

fo
r(
i 
=
 0
; 
i 
<
 n
oB
us
; 
i
+
+
)
 {

bu
se
s.
pu
sh
_b
ac
k(
Bu
s(
))
;

fs
 ;:

!> 
tm
pI
; 
bu
se
s[
i]
.B
us
No
(t
mp
I)
;

fs
 S
> 
tm
pS
tr
; 
bu

se
s[

i]
.B

us
Na

me
(t

mp
St

r)
;

fs
 S
> 
t
m
p
D
;
 b
us
es
[i
].
PL
oa
d(
tm
pD
);

fs
 ̂
 t
m
p
D
;
 b
us

es
[i

].
QL

oa
d(

tm
pD

);
fs

 
t
m
p
D
;
 b
us

es
[i

].
VL

L(
tm

pD
);

fs
 

t
m
p
D
;
 b
us
es
[i
].
VH
L(
tm
pD
);

bu
se
s[
i]
.B
us
Ty
pe
("
LO
AD
")
; 
/
/
 d
ef
au
lt

bu
se
s[
i]
.T
yp
e(
LO
AD
);
 /
/
 d
ef
au
lt

} so
rt
(b
us
es
.b
eg
in
()
, 
bu
se
s.
en
d(
),
 l
es
sB
us
);

I
I
 r
ea
d 
in
 g
en
er
at
or
 d
at
a

fo
r(

i 
=
 0
; 

i 
<
 n
oG
en
; 
i
+
+
)
 {

ge
ns
.p
us
h_
ba
ck
(G
en
er
at
or
()
);

fs
 

tm
pI

; 
ge

ns
[i

].
Ge

nB
us

No
(t

mp
I)

;
bu

se
s[

tm
pl

-l
] .
Bu
sT
yp
e(
"G
EN
")
; 
bu
se
s[
tm
pl
-l
] .
Ty
pe
(G
EN
);

fs
 ;
i>
 t
m
p
D
;
 g
en

s[
i]

.G
en

P(
tm

pD
);

fs
 

t
m
p
D
;
 g
en

s[
i]

.G
en

V(
tm

pD
);

fs
 

t
m
p
D
;
 g
en
s[
i]
.G
en
QM
ax
(t
mp
D)
;

fs
 ̂
 t
m
p
D
;
 g
en
s[
i]
.G
en
QM
in
(t
mp
D)
;

fs
 

t
m
p
D
;
 g
en
s[
i]
.G
en
PM
in
(t
mp
D)
;

fs
 

t
m
p
D
;
 g
en
s[
i]
.G
en
PM
ax
(t
mp
D)
;

I
I
 g
et
 t
he

 r
es

t 
of
 t
he
 l
in
e 
wh

ic
h 
co
nt
ai
ns
 c
os

t
/
/
 c
oe

ff
ic

ie
nt

s 
in
 i
nc

re
as

in
g 
or
de
r

fs
.g
et
li
ne
(t
in
pL
n,
 5
12
);

is
tr
st
re
am
 t
mp
St
r(
tm
pL
n)
;

wh
il

e(
tm

pS
tr

) {
t
m
p
S
t
r
 

t
m
p
D
;

if
(t
mp
St
r)

ge
ns
[i
].
 Co
st
Po
ly
 (
t
m
p
D
)
;

}
} bu

se
s[
sw
in
gB
us
-l
].
Bu
sT
yp
e(

"S
WI

MG
")

;
bu
se
s[
sw
in
gB
us
-1
] .
'i
yp
e(
SW
IN
 G
);

so
rt

(g
en

s.
be

gi
n(

),
 g
en
s.
en
d(
),
 l
es
sG
en
);

/
/
 t
hi
s 
mu
st
 b
e 
do
ne
 a
ft
er
 s
or
ti
ng
 g
en
s;

fo
r(

i 
=
 0
; 
i 
<
 g
en

s.
si

ze
()

; 
i
+
+
)
{

i
n
t
 b
u
s
l
n
d
x
;

bu
sl
nd
x 
=
 g
en
s[
i]
.G
en
Bu
sN
o(
) 
- 
1;

bu
se
s[
bu
sI
nd
x]
.G
en
(&
ge
ns
[i
])
; 
/
/
 a
tt

ac
h 
ge
ne
ra
to
r 
to

 b
us

bu
se

s [
bu

sl
nd

x]
 .V
 (g
en

s[
i]

 .G
en

V(
))

;
} /
/
 r
ea
d 
in
 b
ra
nc
he
s 
da
ta

n
o
T
r
a
n
 =
 0
;

tr
an
s.
er
as
e(
tr
an
s.
be
gi
n(
),
 t
ra
ns
.e
nd
()
);

fo
r(

i 
=
 0
; 

i 
<
 n
oB

r;
 i
+
+
)
 {

br
an
ch
es
.p
us
h-
ba
ck
(B
ra
nc
h(
))
;

fs
 S
> 
tm
pI
; 
br
an
ch
es
[i
].
Br
FB
(t
mp
I)
;

fs
 ;
§>
 t
mp
I;
 b
ra
nc
he
s[
i]
.B
rT
B(
tm
pI
);

fs
 3
> 
t
m
p
D
;
 b
ra
nc
he
s[
i]
.B
rR
(t
mp
D)
;



0
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0
1

fs
 ̂
 t
m
p
D
;
 b
ra
nc
he
s[
i]
.B
rX
{t
mp
D)
;

fs
 ̂
 t
m
p
D
;
 b
ra
nc
he
s[
i]
.B
rB
ca
p(
tm
pD
);

fs
 3
> 
t
m
p
D
;
 b
ra
nc
he
s[
i]
.B
rL
in
eF
lo
wL
im
it
(t
mp
D)
;

fs
 3
> 
t
m
p
L
n
;
 b
ra
nc
he
s[
i]
.B
rL
in
eT
yp
e(
tm
pL
n)
;

if
(b
ra
nc
he
s[
i]
.B
rL
in
eT
yp
e(
) 
=
=
 "
TR
AN
")
{

n
o
T
r
a
n
+
+
;

tr
an
s.
pu
sh
_b
ac
k(
tm
pl
);

fs
 

tm
pi

; 
br

an
ch

es
[i

].
Br

Ta
pB

us
(t

in
pI

);
fs
 ̂
 t
mp
I;
 b
ra
nc
he
s[
i]
.B
rN
on
Ta
pB
us
(t
mp
I)
;

fs
 ̂
 t
m
p
D
;
 b
ra
nc
he
s[
i]
.B
rT
ap
Ra
ti
o(
ti
np
D)
;

}
} so

rt
(t
ra
ns
.b
eg
in
()
, 
tr
an
s.
en
d(
))
;

/
/
 o
rd
er
 b
ra
nc
he
s 
ac
co
rd
in
g 
to
 "
fr

om
 n
o
d
e
"
 fi

rs
t 
..

..
so
rt
(b
ra
nc
he
s.
be
gi
n(
),
 b
ra
nc
he
s.
en
d(
),
 l
es
sF
B)
;

ve
ct

or
<B

ra
nc

h>
::

it
er

at
or

 c
ur
, 
le

ft
;

le
ft
 =
 b
ra
nc
he
s.
be
gi
n(
);

/
/
 t
he
n 
ac

co
rd

in
g 
to

 "
to

 n
od

e"
.

fo
r(
cu
r 
=
 b
ra
nc
he
s.
be
gi
n(
);
 c
ur

 <
 b
ra

uc
he

s.
eu

d(
);

 c
u
r
+
+
)
{

if
((
*l
ef
t)
.B
rF
B(
) !
=
 (
*c
ur
).
Br
FB
()
){

so
rt
 (l
ef
t,
 c
ur
, 
le
ss
TB
);

le
ft
 =
 c
ur
;

}
} /
/
 G
e
t
 t
he

 c
ap

ac
it

or
s 
in
 t
he

 b
us

 d
at

a;
ca
ps
.e
ra
se
(c
ap
s.
be
gi
u(
),
 c
ap
s.
eu
d(
))
;

ca
ps
.r
es
er
ve
(u
oC
ap
);

fo
r(

i 
=
 0
; 
1 
<
 n
oC
ap
; !
+
+
)
{

fs
 

t
m
p
I
 

t
m
p
D
;

ca
ps
.p
us
h_
ba
ck
(t
mp
l)
;

bu
se
s[
tm
pl
 -
 l
].

YS
h(

tm
pD

);
} so

rt
(c
ap
s.
be
gi
u(
),
 c
ap
s.
en
d(
))
;

/
/
 t
hi
s 
is

 g
oo

d 
pl

ac
e 
to
 f
in
al
iz
e 
Bu
sr
.a
dj
Br
an
ch

I
I
 B
us
::
ad
jB
ra
nc
h 
sh

ol
d 

be
 e
ra
se
d 
he
re
 f
ir
st

/
/
 T
h
e
 d
es
ti
na
ti
on
 b
us
 r
ea
d 
f
r
o
m
 a
 B
ra
nc
h 

is
 e
it
he
r

I
I
 B
ra
nc
h:
:B
rF
B(
) 
or
 B
ra
nc
h:
:B
rT
B(
) 
de
pe
nd
in
g 
o
n
 w
hi
ch

II
 w
hi
ch
 o
ne

 i
s 
th
e 
cu
rr
en
t 
bu

s (
=
=
 "
bu

s 
nu

mb
er

" 
+
 1
)

II
 T
hi
s 
is

 p
ro
ba
bl
y 
an

 i
ss

ue
 w
it
h 
ta
p 
tr
an
sf
or
me
rs
 o
nl

y.
fo

r(
i 
=
 0
; 

i 
<
 b
ra
uc
he
s.
si
ze
()
; 
i
+
+
)
 {

bu
se

s [
br
an
ch
es
[i
].
Br
FB
()
-l
].
Ad
jB
ra
nc
h(
&b
ra
uc
he
s[
i]
);

bu
se
s [
br

an
ch

es
 [1]

. B
rT

B (
)-
1]
 .A
dj

 Br
an
ch
 (&
br

an
ch

es
 [i]

);

} /
/
 T
ra
ci
ng
 t
he
 a
dj

ac
en

t 
bu
se
s 
sh

ou
ld

 m
a
k
e
 p
ro

gr
am

mi
ng

 r
ea
ll
y

/
/
 e
as
ie
r 
an
d 
fu
tu
re
 e
xa
pa
ns
io
n 
si
mp
le
r.

fo
r(

i 
=
 0
; 
i 
<
 b
us
es
.s
iz
e(
);
 i
+
+
)
{

ve
ct

or
<B

ra
nc

h 
*
>
 t
m
p
B
r
 =
 b
us
es
[i
].
Ad
jB
ra
uc
h(
);

fo
r(
in
t 
j
 =
 0
; j
 <
 t
mp

Br
.s

iz
e(

);
 j
+
+
)
{

if
(t
mp
Br
[j
]—
>B
rF
B(
) 
=
=
 i
+
1
)

bu
se
s[
i]
.A
dj
Bu
s(
tm
pB
rp
]^
Br
TB
()
);

e
l
s
e

bu
se
s[
i]
.A
dj
Bu
s(
tm
pB
rp
]—
>B
rF
B(
))
;

bu
se
s[
i]
.L
in
eF
lo
w(
).
pu
sh
_b
ac
k(
0)
;

}
}

}
r
e
t
u
r
n
 t
ru
e;

bo
ol
 N
et
::
Re
se
tB
us
es
()
 {

fo
r(
in
t 

i 
=
 0
; 
i 
<
 b
us
es
.s
iz
e(
);
 i
+
+
)
 {

if
(b
us
es
[i
].
Ty
pe
()
 !
=
 S
W
I
N
G
)

if
(b
us
es
[i
].
Ge
u(
) !
=
 N
U
L
L
)
{

bu
se

s [
i]

 .V
(b

us
es

 [i
].
 Ge
u(

) 
G
e
n
 V
 ()
);

bu
se

s[
i]

.Q
Va

rL
im

it
(0

.0
);

if
 (b
us
es
 [i
].
 G
e
n
 0
O
u
(
)
)

bu
se
s[
i]
 .
T
y
p
e
(
G
B
N
)
;

el
se
 /
/
 G
en
er
at
or
 n
ot
 o
n

bu
se
s[
i]
 .
T
y
p
e
(
L
O
A
D
)
;

bu
se
s [

i]
. B
u
s
T
y
p
 e(

" G
EN
 ")
;

}
 e
ls
e 
{



o
i

o
i

bu
se
s[
i]
.V
(1
.0
);

bu
se
s[
i]
. Q

Va
rL

im
it

 (0
.0
);

bu
se
s[
i]
.T
yp
e(
LO
AD
);

bu
se

s[
i]

.B
us

'I
Yp

e(
"L

GA
D"

);
}

} PM
is

ma
tc

h(
2.

0*
PM

ax
Mi

sm
at

ch
()

);
QM

is
ma

tc
h(

2.
0*

QM
ax

Mi
sm

at
ch

()
);

r
e
t
u
r
n
 t
r
u
e
;

O
S
 <
C

<
C
 e
nd
l;

In
pu

tF
il

e-
st

r 
<
C
 e
n
d
l
 -
C

} bo
ol
 N
et
::
Pr
in
tA
W(
os
tr
ea
m 
&
o
s
)
 {

i
n
t
 i
;

io
s:
;f
mt
fl
ag
s 
ol
dF
la
gs
 =
 o
s.
fl
ag
s(
);

OS
 <
C 
en
dl
 <
C 
en

dl
 

"I
np
ut
 F

il
e 

Na
me

:
e
n
d
l
 -
C
 e
nd
l;

O
S
 <
C
 T
it

le
l 

en
dl
;

O
S
 <
C
 T
it

le
2 ̂
 e
nd
l;

OS
 <
C 
"
 N
um
be
r 
of

 B
us
es
 =
 "
 <
g 
"
\
t
\
t
"
 -
C
 n
o
B
u
s
 <
C 
en

dl
;

OS
 ̂
 "
 N
um
be
r 

of
 L
in

es
 =
 "
 <
C 
"
\
t
\
t
"
 ̂
 n
o
B
r
 

en
dl
;

OS
 <
C 
"
 N
um
be
r 

of
 G

en
er
at
or
s 
=
 "
 

"\
t"
 <
C 
n
o
G
e
n
 <

§;
 e
nd
l;

OS
 <
C 
"
 N
um
be
r 

of
 T

ra
ns

fo
rm

er
s 
=
 "
 <
§;

 "
\
t
"
 ̂
 n
o
T
r
a
n
 <

|;
 e
nd

l;
OS

 <
C 
"
 S
wi

ng
 B
us
 a
t 
bu
s 
nu
mb
er
 "
 <
C 
"
\
t
"
 

s
w
i
n
g
B
u
s
 <
C 
en

dl
;

OS
 ̂
 e
nd

l 
<
C
 "
B
u
s
 D
a
t
a
"
 

en
dl

 <
IC

 e
nd

l;
OS
 <
C
 "
B
u
s
 
V
o
l
t
a
g
e
 
V
o
l
t
a
g
e
 
B
u
s
 "
 <
C
 e
nd
l;

OS
 

"
N
u
m
b
e
r
 
B
u
s
 
N
a
m
e
 
M
w
 L
o
a
d
 
M
v
a
r
 
L
o
a
d
 
H
i
g
h
 
L
i
m
i
t
 L
o
u
 l
i
m
i
t

T
y
p
e
 "
 <
C
 e
nd
l;

O
S
 <
C
 "

"
 ̂
 e
nd

l;

fo
r(
i 
=
 0
; 
i 
<
 n
oB
us
; 
i
+
+
)

OS
 

bu
se
s [

i]
;

OS
 <
C
 e
nd
l;

OS
 <
C
 "
G
e
n
e
r
a
t
o
r
 
D
a
t
a
"
 <
C
 e
nd
l 
-
C
 e
nd
l;

OS
 <
C
 "
B
u
s
 M
u
 S
c
h
e
d
 
H
 
M
v
a
r
 
L
 M

Ve
ir

 L
o
w
 P
 
H
i
g
h
 P
 
C
 B
 
A 
"
 -
C
 e
nd

l;
OS
 <
C
 "
n
u
m
b
e
r
 
G
e
n
.
 
V
o
l
t
.
 
L
i
m
i
t
 
L
i
m
i
t
 
L
i
m
i
t
 
L
i
m
i
t
 "
 

en
dl
;

fo
r(

i 
=
 0
; 

i 
<
 n
oG

en
; 
i
+
+
)

OS
 <
 g
en
s[
i]
;

O
S
 <
C
 e
nd

l;
OS
 <
C
 "
B
r
a
n
c
h
 D
a
t
a
"
 <
C
 e
nd
l;

OS
 -
C
 e
nd

l;

OS
 -
C
 "
Fr
om
 T
o 
Br

an
ch

 B
ra

nc
h 
Li
ne
 B

ra
nc
h 
Br
an
ch
 T
ap
 N

on
-T
ap
 T
ap
 "

en
dl
;

OS
 <
C
 "
B
u
s
 B
u
s
 R
 
X
 
C
h
a
r
g
i
n
g
 
M
v
a
 L
i
m
i
t
 
T
y
p
e
 B
u
s
 B
u
s
 R
a
t
i
o
 "
 <
C
 e
nd

l;
O
S
 <

en
dl

;

fo
r(
i 
=
 0
; 

i 
<
 n
oB
r;
 1
+
+
)

OS
 ̂
 b
ra
nc
he
s [

1]
;

os
.s
et
f(
io
s:
:l
ef
t,
 i
os
::
ad
ju
st
fi
el
d)
;

/
/
 L
is

t 
of
 c
ap

ac
it

or
s 
wi
th
 b
us

 i
nd
ec
ie
s 
he
re
.

OS
 <
C
 e
n
d
l
 -
C
 "
C
a
p
a
c
i
t
o
r
s
 
L
i
s
t
"
 

e
n
d
l
 

en
dl
;

OS
 <
C
 "
B
u
s
 
N
u
m
b
e
r
 "
 ̂
 "
C
a
p
a
c
i
t
o
r
 
V
a
l
u
e
"
 

en
dl
;

OS
 <
 "
 

"
 <
 "
 

"
 <
 e
nd
l;

fo
r(

i 
=
 0
; 
1 
<
 n
oC

ap
; 
i
+
+
)
 {

OS
 <
C 
se

tw
(l

O)
 

se
tp

re
ci

si
on

(5
) 
-C
 c
ap
s[
i]
 <
C 
"
 "
 <
S

bu
se
s[
ca
ps
[i
]-
l]
.Y
Sh
()
 <
C 
en
dl
;

} os
.f
la
gs
(o
ld
Fl
ag
s)
;

r
e
t
u
r
n
 t
ru
e;

} bo
ol
 N
et
::
Pr
ln
tA
WO
ut
(o
st
re
am
 &
o
s
)
 {

i
n
t
 i
,j

,k
,f

b,
tb

;

d
o
u
b
l
e
 r
2d
 =
 1
80
.0
/M
-P
I;

io
s:
:f
mt
fl
ag
s 
ol
dF
la
gs
 =
 o
s.
fl
ag
s(
);



0
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os
.s
et
f(
io
s:
:r
ig
ht
, 
io
s:
:a
dj
us
tf
ie
ld
);

os
.s
et
f(
io
s:
:f
lx
ed
, 
io
s:
:f
lo
at
fi
el
d)
;

O
S
 <

O
S
 <

en
dl
;

OS
 <
C 
"
 S
o
l
u
t
i
o
n
 
Ou
tp
ut
 "
 <
|;
 e
nd

l;
O
S
 <

=
"
 <

O
S
 <

I
I en
dl
;

O
S
 -
C
 e
nd

l;

O
S
 

"
L
o
a
d
 
F
l
o
w
 S
o
l
u
t
i
o
n
:
"
 

en
dl

;
OS
 <
g
 e
nd
l;

O
S
 <
C
 "
f
i
l
e
:
 
"
 -
C
 I
np

ut
Pi

le
jt

r 
en
dl
;

O
S
 <
C
 e
nd
l;

O
S
 -
C
 T
it

le
l 
<
C
 e
nd
l;

O
S
 <
C
 T
it

le
2 
<
C
 e
nd
l;

O
S
 •
C
 e
nd
l;

O
S
 <
C
 "
F
r
o
m
 
V
o
l
t
.
 
V
o
l
t
.
 
M
w
 H
v
a
r
 
M
u
 
M
v
a
r
 
T
o
 M
w
 
M
v
a
r
 
M
v
a
 "
 <
C
 e
nd

l;
O
S
 <
C
 "
B
u
s
 
M
a
g
.
 

A
n
g
l
e
 L
o
a
d
 
L
o
a
d
 
G
e
n
.
 
G
e
n
.
 
B
u
s
 F
l
o
w
 F
l
o
w
 F
l
o
w
 "

<
C
 e
nd

l;
O
S
 <
 "

II 
^
 e
nd
l;

O
S
 

en
dl
;

fo
r(
i 
=
 0
; 

i 
<
 b
us
es
.s
iz
e(
);
 i
+
+
)
 {

O
S
 <
C
 e
nd
l;

OS
 <
 s
et
w(
4)
 <
 (i

 +
 1
) 
«
 "
 "
;

OS
 <
C 
se
tw
(5
) 

se
tp
re
ci
si
on
(3
) 
<C
 b
us
es
[i
].
V(
).
re
al
()
 
"
 "
;

OS
 •
<
 s
et

w(
7)

 -
C 
se

tp
re

ci
si

on
(3

) 
<C

 (
r2
d*
bu
se
s[
i]
.V
()
.i
ma
g(
))
 C
 "
 "
;

OS
 

se
tw
(7
) ̂
 s
et
pr
ec
is
io
n(
2)
 

(p
Ba
se
*b
us
es
[i
].
PL
oa
d(
))
 <
C 
"
 "
;

OS
 

se
tw
(7
) 
<C
 s
et
pr
ec
is
io
n(
2)
 -
C 
(p
Ba
se
*b
us
es
[i
].
QL
oa
d(
))
 <
C 
"
 "
;

if
(b
us
es
[i
].
Ge
n(
) !
=
 N
U
L
L
)
{

OS
 

se
tw
(7
) ̂
 s
et
pr
ec
is
io
n(
2)
 <
C 
(p
Ba
se
*b
us
es
[i
].
PG
en
()
) 
<S
 "
 "
;

OS
 <
C 
se

tw
(7

) 
<C
 s
et
pr
ec
is
io
n(
2)
 <
C 
(p

Ba
se

*b
us

es
[i

].
QG

en
()

) 
<C

 "
 "
;

}
 e
ls
e 
{

OS
 <
C 
se
tw
(7
) 
<C
 s
et
pr
ec
is
io
n(
2)
 <
C 
0.
0 
<
 "
 "
;

OS
 <
C 
se
tw
(7
) 
<C
 s
et
pr
ec
is
io
n(
2)
 <
C 
0.
0 
<C
 "
 "
;

} O
S
 <
C
 e
nd
l;

co
ns
t 
ve
ct
or
<i
nt
> 
&
t
m
p
B
u
s
 =
 b
us
es
[i
].
Ad
jB
us
()
;

co
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 t
he
 i
nd
ex
 a
ft
er
 t
he
 l
as
t 
of
 t
he
m.
 *
/

i
n
t
 f
ir
st
-n
on
op
t;

i
n
t
 l
as
t-
no
no
pt
;

v
o
i
d
 e
xc

ha
ng

e 
(c

hc
ir

 »
*a

rg
v)

;
p
u
b
l
i
c
:

/
*
 F
o
r
 c
om
mu
ni
ca
ti
on
 f
r
o
m
 '
ge
to
pt
' 
to
 t
he

 c
al

le
r.

W
h
e
n
 '
ge

to
pt

' f
in

ds
 a
n
 o
pt

io
n 
th

at
 t
ak

es
 a
n
 a
rg
um
en
t,

th
e 
a
r
g
u
m
e
n
t
 v
al
ue
 i
s 
re

tu
rn

ed
 h
er
e.

Al
so

, 
w
h
e
n
 '
or
de
ri
ng
' 
is
 R
E
T
U
R
N
-
I
N
-
O
R
D
E
R
,

ea
ch
 n
on
-o
pt
io
n 
A
R
G
V
-
e
l
e
m
e
n
t
 i
s 
re
tu
rn
ed
 h
er
e.
 *
/

c
h
a
r
 *
op
ta
rg
;

/
*
 I
nd
ex
 i
n 
A
R
G
V
 o
f 
th
e 
ne
xt
 e
le
me
nt
 t
o 
be
 s
ca
nn
ed
.

T
h
i
s
 i
s 
us

ed
 f
o
r
 c
o
m
m
u
n
i
c
a
t
i
o
n
 t
o 
a
n
d
 f
r
o
m
 t
he

 c
al
le
r

a
n
d
 f
o
r
 c
o
m
m
u
n
i
c
a
t
i
o
n
 b
et
we
en
 s
uc

ce
ss

iv
e 

ca
ll
s 
to

 '
ge

to
pt

'.
O
n
 e
nt

ry
 t
o 
'g

et
op

t'
, 
ze

ro
 m
e
a
n
s
 t
hi
s 
is
 t
he

 f
ir

st
 c
al

l;
 i
ni

ti
al

iz
e.

W
h
e
n
 '
ge
to
pt
' 
re

tu
rn

s 
E
O
F
,
 t
hi

s 
is

 t
he

 i
nd

ex
 o
f 
th

e 
fi
rs
t 
of

 t
he

no
n-
op
ti
on
 e
le

me
nt

s 
th

at
 t
he

 c
al
le
r 
sh

ou
ld

 i
ts
el
f 
sc

an
.

Ot
he
rw
is
e,
 '
op

ti
nd

' 
c
o
m
m
u
n
i
c
a
t
e
s
 f
r
o
m
 o
n
e
 c
al

l 
to

 t
he

 n
ex

t
h
o
w
 m
u
c
h
 o
f 
A
R
G
V
 h
as
 b
ee
n 
sc
an
ne
d 
so
 f
ar
. 
*
/

i
n
t
 o
pt
in
d;

/
*
 C
al
le
rs
 s
to
re
 z
er
o 
he

re
 t
o 
in

hi
bi

t 
th

e 
er

ro
r 
me
ss
ag
e

fo
r 
un
re
co
gn
iz
ed
 o
pt
io
ns
. 
*
/

in
t 
op

te
rr

;

in
t 
na
rg
c;

c
h
a
r
 *
*n
ar
gv
;

c
h
a
r
 *
no

pt
st

ri
ng

;

G
e
t
O
p
t
 (
in
t 
ar

gc
, 
c
h
a
r
 *
*a

rg
v,

 c
h
a
r
 *
op

ts
tr

in
g)

;
in
t 
o
p
e
r
a
t
o
r
 (
)
 (v

oi
d)
;

}; #
e
n
d
i
f
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/
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i
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u
d
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p
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as
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B
N
o
d
e
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pr
iv
at
e:
 /
/
 m
a
k
e
 c
le
ar
 t
ha
t 
pr
iv
at
e 
pa
rt
 i
s 
fi
rs
t 
by
 d
ef
au
lt

B
N
o
d
e
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ri

gh
t;

B
N
o
d
e
 H
ef

t;
B
N
o
d
e
 =
kp
ar
en
t;
 /
/
 t
hr
ea
de
d 

bi
n 
tr
ee
s
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o
o
l
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u
r
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 d
o
n
e
;

d
o
u
b
l
e
 t
hr
es
ho
ld
;

i
n
t
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tt

ri
bN

o;
/
/
 a
bo
ve
 v
al
ue
s 
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e 
in
te
rn
al
 r
ep
re
se
nt
at
io
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.

I
I
 l
ab
el
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s 
no
t 
ne
ed
ed
.

pr
ot
ec
te
d:
 /
/
 p
ro
te
ct
ed
 m
em
be
rs

pu
bl
ic
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/
/
 p
ub
li
c 
m
e
m
b
e
r
s

v
e
c
t
o
r
<
v
e
c
t
o
r
<
d
o
u
b
l
e
>
 *
 >
 d
at
a;

B
N
o
d
e
(
)
;
 /
/
 d
ef
au
lt
 c
on

st
ru

ct
or

B
N
o
d
e
(
c
o
n
s
t
 B
N
o
d
e
 &
);
 /
/
 c
op
y 
co
ns
tr
uc
to
r

B
N
o
d
e
 &
o
p
e
r
a
t
o
r
=
(
c
o
n
s
t
 B
N
o
d
e
 &
)
;
 /
/
 o
ve
rl
oa
de
d 
=
 o
pe

ra
to

r

~
B
N
o
d
e
(
)
;
 /
/
 v
ir
tu
al
 d
es
tr
uc
to
r 
(p
ur
e 
??
)

B
N
o
d
e
 *
Ri

gh
t(

)c
on

st
 ;

vo
id
 R
ig
ht
(c
on
st
 B
N
o
d
e
 *
);

B
N
o
d
e
 *
Le

ft
()

 c
o
n
s
t
 ;

vo
id
 L
ef
t(
co
ns
t 
B
N
o
d
e
 *
);

B
N
o
d
e
 *
Pa
re
nt
()
 c
on
st
;

vo
id
 P
ar
en
t(
co
ns
t 
B
N
o
d
e
 *
);

ve
ct
or
<v
ec
to
r<
do
ub
le
> 
*
 >
 D
at
a(
) 
co
ns
t;

vo
id
 D
at
a(
co
ns
t 
ve
ct
or
<v
ec
to
r<
do
ub
le
> 
*
 >
 &
dt
);

d
o
u
b
l
e
 T
hr

es
ho

ld
()

 c
on

st
;

vo
id
 T
hr
es
ho
ld
(c
on
st
 d
ou
bl
e)
;

in
t 
At
tr
ib
No
()
 c
on
st
;

vo
id
 A
tt
ri
bN
o(
co
ns
t 
in
t)
;

in
t 
L
a
b
e
l
O
 c
on

st
;

vo
id
 L
ab
el
(c
on
st
 i
nt
);

bo
ol

 D
o
n
e
(
)
 c
on

st
;

vo
id
 D
on
e(
co
ns
t 
bo
ol
);

bo
ol
 P
ur
e(
) 
co
ns
t;

vo
id
 P
ur
e(
co
ns
t 
bo
ol
 p
);

in
t 
la
be
l;
 /
/
 i
nt
er
na
l 
re
pr
es
en
ta
ti
on
 o
f 
a
 l
ab
el

}; #
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 b
as
e 
De
ci
si
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re
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 m
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im
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/
/
 f
un

ct
io

na
li
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n
d
 j
us

t 
se
rv
es
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o 
en

ca
ps

ul
at

e 
th

e 
tr
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ng

I
I
 s
et
 d
at
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 c
at
eg
or
ie
s 
an
d 
me
th
od
s 
un
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ke
ly
 t
o 
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 c
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ng
ed
 i
n

/
/
 t
he

 d
er

iv
ed

 c
la
ss
es
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De
ri
ve
d 
cl

as
se

s 
sh

ou
ld
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ro

vi
de
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dd
it
io
na
l

/
/
 f
un
ct
io
na
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ty
 f
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 b
ui
ld
in
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e 
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ci
si
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re
e,
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if
fe
re
nt
 s
pl
it
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ng

I
I
 c
ri

te
ri
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pu
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ty
 m
ea

su
re

s,
 c
om

pl
ex

it
y 
me
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ur
es
 e
tc

.

cl
as
s 
D
T
r
e
e
 {

pr
iv
at
e:
 /
/
 m
a
k
e
 c
le
ar
 t
ha
t 
pr
iv
at
e 
pa
rt
 i
s 
fi
rs
t 
by
 d
ef
au
lt

e
n
u
m
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E
R
R
 =
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1,
 R
O
O
T
,
 L
E
F
T
,
 R
I
G
H
T
,
 C
O
N
T
=
5
,
 D
I
S
C
 }
;

in
t 
In

it
St

at
sO
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st
ri
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 c
o
m
m
e
n
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B
e
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;

st
ri

ng
 d
el
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St
r;

st
ri

ng
 t
er

mS
tr

;
st
ri
ng
 a
tt

rD
el

im
;

st
ri

ng
 d
a
t
a
D
e
l
i
m
;

st
ri
ng
 s
pa
ce
s;

B
N
o
d
e
 *
ro
ot
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*c

ur
r;

/
/
 c
la
ss
es
 m
a
p

m
a
p
<
s
t
r
i
n
g
,
 i
nt
, 
le

ss
<s

tr
in

g>
 >
 c
la

ss
2i

nt
;

m
a
p
<
i
n
t
,
 st

ri
ng
, 
le
ss
<i
nt
> 
>
 i
nt

2c
la

ss
;

/
/
 N
a
m
e
s
 d
o 
no
t 
ha
ve
 i
nt
er
na
l 
re
pr
es
en
ta
ti
on
.

ve
ct
or
<s
tr
in
g>
 a
tt

ri
bs

;
v
e
c
t
o
r
<
i
n
t
>
 t
yp
es
;

/
/
 a
tt
r2
in
t 
a
n
d
 i
nt
Sa
tt
r 
ar
e 
m
a
p
s
 f
or
 v
al
id
 a
tt
ri
bu
te
 v
al
ue
s.

I
I
 i
f 
a
n
 a
tt
ri
bu
te
 i
s 
co
nt
in
uo
us
, 
it
s 
in
te
ge
r 
re
pr
es
en
ta
ti
on
 i
s 
-1
.

v
e
c
t
o
r
<
m
a
p
<
s
t
r
i
n
g
,
 i
nt
, 
le
ss
<s
tr
in
g>
 >
 >
 a
tt
r2
in
t;

v
e
c
t
o
r
<
m
a
p
<
i
n
t
,
 st

ri
ng
, 
le

ss
<i

nt
> 
>
 >
 i
nt
2a
tt
r;

/
/
 a
ll
 d
at
a 
is

 s
to
re
d 
in
 d
ou
bl
e 
fo

rm
at

 a
n
d
 i
nt
er
pr
et
ed
 a
cc

or
di

ng
 t
o

I
I
 a
tt
ri
bu
te
 d
ef
in
it
io
n 
as
 c
on
ti
nu
ou
s 
or
 c
at
eg
or
ic
al
.

/
/
 C
at
eg
or
ic
al
 v
al

ue
s 
ar
e 
st
or
ed
 i
n 
in
te
rn
al
 f
or
ma
t.

v
e
c
t
o
r
<
v
e
c
t
o
r
<
d
o
u
b
l
e
>
 >
 d
se

t;

/
/
 v
ec

to
r 
of
 v
ec
to
rs
 o
f 
le

af
 n
od
es
 t
o 
ba

ck
tr

ac
k 
th

e 
ru

le
s

/
/
 e
ac
h 
ve
ct
or
 o
f 
le
af
 n
od

es
 h
as

 t
he

 s
a
m
e
 l
ab

el
v
e
c
t
o
r
<
v
e
c
t
o
r
<
B
N
o
d
e
 »
>
 >
 l
ea
ve
s;

/
/
 c
ri

ti
ca

l 
va

ri
ab

le
d
o
u
b
l
e
 c
ri

tV
ar

;
i
n
t
 c
ri
tl
nd
x;

pr
ot
ec
te
d:
 /
/
 p
ro
te
ct
ed
 m
em
be
rs

pu
bl
ic
: 
/
/
 p
ub
li
c 
m
e
m
b
e
r
s

DT
Ve
e(
);
 /
/
 d
ef
au
lt
 e
on
st
ru
ct
or

DT
re
e(
co
ns
t 
D
T
r
e
e
 &
);
 /
/
 c
op
y 
co
ns
tr
uc
to
r

D
T
r
e
e
 &
o
p
e
r
a
t
o
r
=
(
c
o
n
s
t
 D
T
r
e
e
 &
);
 /
/
 o
ve
rl
oa
de
d 
=
 o
pe
ra
to
r

in
t 
Pa
rs
eN
am
es
(s
tr
in
g 
co
ns
t 
&)
;

in
t 
Pa

rs
eD

at
a(

st
ri

ng
 c
on
st
 &
);

in
t 
Pa

rs
eD

at
a(

st
ri

ng
 c
on
st
 &
,
 v
ec
to
r<
ve
ct
or
<d
ou
bl
e>
 >
 &
);

in
t 
Pr
in
tN
am
es
(o
st
re
am
 &
,
 bo

ol
);

in
t 
Pr
in
tD
at
a(
os
tr
ea
m 
&
,
 bo

ol
);

vi
rt
ua
l 
~D
Tr
ee
()
; 
/
/
 v
ir
tu
al
 d
es
tr
uc
to
r 
(p
ur
e 
??
)

B
N
o
d
e
 *
R
o
o
t
B
N
o
d
e
(
)
 c
on
st
 {
r
e
t
u
r
n
 r
oo
t;
}

vo
id
 R
o
o
t
B
N
o
d
e
(
c
o
n
s
t
 B
N
o
d
e
 *
b
n
)
 {
 r
oo
t 
=
 c
on
st
_c
as
t<
BN
od
e

*>
(b
n)
;}

B
N
o
d
e
 *
Cu
rr
BN
od
e(
) 
co
ns
t 
{r

et
ur

n 
cn

rr
;}

vo
id
 C
u
r
r
B
N
o
d
e
(
c
o
n
s
t
 B
N
o
d
e
 *
cu
){
 c
ur
r 
=
 c
on
st
-c
as
t<
BN
od
e 
*>
(c
u)
;

in
t 
Ty
pe
(c
on
st
 i
nt
) 
co
ns
t 
;

/
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 T
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 f
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m
u
s
t
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a
n
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t

in
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He
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de
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 N
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si
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am

 &
, 

bo
ol
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e 
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 N
U
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 r

ul
e 
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in

tin
g 
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 b
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ra
ck
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g 
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m
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f 
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ol 
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 p
rin
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e 
in
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al
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id

 P
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tR
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ra
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 m
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 b
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 c
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 c
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;
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in
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&

A
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2I
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tt
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t;

} ve
ct
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nt
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st
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> 

&
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;
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st
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t 
&)
;

in
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Te
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ub
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co
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o
u
b
l
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 T
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in
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gS
et
()
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in
t 
Sa
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st
ri
ng
 c
on
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o
n
s
t
 v
ec
to
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<d
ou
bl
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 >
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D
S
e
t
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 r
e
t
u
r
n
 d
se
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in
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Cr
it
ln
dx
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o
n
s
t
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ur
n 
cr
it
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dx
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o
u
b
l
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tV
ar
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 c
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 r
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n 
cr
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dV
ec

Le
ss

()
{}

;

bo
ol

 o
pe

ra
to

r(
)(

st
d:

:v
ec

to
r<

do
ub

le
> 

»p
, s

td
::v

ec
to

r<
do

ub
le

> 
*q

) 
{

re
tu

rn
 (

(*
p)

[s
or

tIn
dx

] 
< 

(*
q)

[s
or

tIn
dx

]);
}

}; ♦
e
n
d
if

//
 

C
++

I*
 e

xt
em

s.
hp

p 
- 

Sa
t S

ep
 4

 1
99

9
* 

<
ili

c@
ci

rc
p

cl
5

>
* * 

$H
ea

de
r$

* 
$L

og
$

*/

♦
if
n
d
e
f 

^
X

T
E

R
N

S
J
H

P
P

♦
d

e
fi
n

e
 _

E
X

T
E

R
N

S
-H

P
P

♦d
ef

in
e 

Lo
g2

 0
.6

93
14

71
80

55
99

45
30

94
2

♦d
ef

in
e 

Lo
g(

x)
 (

(x
) 

<
=

 0
 ?

 0
.0

 : 
lo

g(
x)

 /
 L

og
2)

e
xt

e
rn

 v
oi

d 
us

ag
e(

vo
id

);

e
xt

e
rn

 c
ha

r 
*f

in
, 

*f
ou

t, 
*c

pp
ou

t;
e

x
te

rn
 b

o
o

l 
fo

rm
:

vo
id

 G
et

O
pt

io
ns

(in
t, 

ch
ar

 ♦
*)

;
vo

id
 G

et
O

pt
io

ns
H

el
p(

in
t, 

ch
ar

 *
*)

;

st
rin

g:
:s

iz
e-

ty
pe

 G
et

To
ke

n(
st

rin
g:

:s
iz

e.
ty

pe
, 

st
rin

g 
&

, 
st

rin
g 

&
, 

st
rin

g 
&

);

♦
e
n
d
if



/
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C-
\—
h

/
*
 s
td
s.
hp
p 
-
 J
ov
an
 I
li
c 
il
ic
@t
he
ta
us
a.
co
m 
M
a
n
 M
a
y
 0
8
 2
0
0
0

* *
 $
H
e
a
d
e
r
$

*
/

t
i
f
n
d
e
f
 l
i
n
t

s
t
a
t
i
c
 c
h
a
r
 *
rc

si
d 
=
 "
$
H
e
a
d
e
r
$
"
;

#
e
n
d
i
f

S
i
n
c
l
u
d
e
 "
B
N
o
d
e
.
h
p
p
"

#
i
f
n
d
e
f
 _
S
T
D
S
-
H
P
P

t
d
e
f
i
n
e
 _
S
T
D
S
_
H
P
P

BN
od
e:
:B
No
de
()
{ 
/
/
 d
ef
au
lt
 c
on
st
ru
ct
or

#
i
n
c
l
u
d
e

#
i
n
c
l
u
d
e

#
i
n
c
l
u
d
e

#
i
n
c
l
u
d
e

#
i
n
c
l
u
d
e

#
i
n
c
l
u
d
e

#
i
n
c
l
u
d
e

#
i
n
c
l
u
d
e

#
i
n
c
l
u
d
e

<
i
o
s
t
r
e
a
m
>

<
s
t
r
i
n
g
>

<
s
t
a
c
k
>

<
f
s
t
r
e
a
i
n
>

<
v
e
c
t
o
r
>

<
m
a
p
>

<
a
l
g
o
r
i
t
h
m
>

<
i
t
e
r
a
t
o
r
>

<
c
t
i
m
e
>

#
i
n
c
l
u
d
e
 
<
s
t
d
l
i
b
.
h
>

us
in
g 
st
d:
:v
ec
to
r;

us
in
g 
st

d:
:c

ou
t;

us
in
g 
st

dn
ce

rr
;

us
in

g 
st

dn
en

dl
;

us
in

g 
st

d:
:s

tr
in

g;
us

in
g 
st

dn
fs

tr
ea

m;
us
in
g 
st
d;
:m
ap
;

us
in

g 
st
dn
le
ss
;

us
in
g 
st

d:
:o

st
re

an
a;

us
in
g 
st
d:
:s
ta
ck
;

us
in
g 
st

d:
:i

os
;

us
in

g 
st

d:
;o

st
re

am
Jt

er
at

or
;

us
in
g 
st

d:
:s

or
t;

us
in

g 
st
dn
cl
oc
k;

#
e
n
d
i
f

/
/
 

C-
\—
h

/
*
 B
No
de
.c
pp
 -
 J
ov
an
 I
li
c 
il
ic
@t
he
ta
us
a.
co
m 
Tu
e 
A
p
r
 2
5
 2
0
0
0

* *
 S
Lo
gS

*
!

I
I
 I
t 
wi

ll
 p
ro

ba
bl

y 
be

 n
ee

de
d 
fo
r 
tr

ee
 r
es

tr
uc

ta
ri

ng
pa

re
nt

 =
 N
U
L
L
;

ri
gh
t 
=
 N
U
L
L
;

le
ft

 =
 N
U
L
L
;

th
re

sh
ol

d 
=
 0
.0

;
at
tr
ib
No
 =
 -
1;

 /
/
 i
nv

al
id

 i
nd

ex
la

be
l 
=
 -
1;
 /
/
 i
nv

al
id

 l
ab

el
 m
a
p

d
o
n
e
 =
 f
al

se
;

p
u
r
e
 =
 f
al

se
;

} BN
od
e:
:B
No
de
(c
on
st
 B
N
o
d
e
 &
b
n
d
)
{
 /
/
 c
op
y 
co
ns
tr
uc
to
r

ri
gh
t 
=
 b
nd
.R
ig
ht
()
;

le
ft

 =
 b
nd

.L
ef

t(
);

pa
re

nt
 =
 b
nd
.P
ar
en
t(
);

da
ta
 =
 b
nd
.D
at
a(
);

th
re

sh
ol

d 
=
 b
nd

.T
hr

es
ho

ld
()

;
at
tr
ib
No
 =
 b
nd
.A
tt
ri
bN
o(
);

la
be

l 
=
 b
nd
.L
ab
el
()
;

do
ne
 =
 b
nd
.D
on
e(
);

pu
re

 =
 b
nd

.P
ur

e(
);

B
N
o
d
e
 &
BN
od
e:
:o
pe
ra
to
r=
(c
on
st
 B
N
o
d
e
 &
b
n
d
)
{
 /
/
 o
ve
rl
oa
de
d 

nn
op

er
at

or

ri
gh

t 
=
 b
nd
.R
ig
ht
O;

le
ft

 =
 b
nd

.L
ef

t(
);

pa
re

nt
 =
 b
nd
.P
ar
en
t(
);

da
ta
 =
 b
nd
.D
at
a(
);

th
re
sh
ol
d 
=
 b
nd
.T
hr
es
ho
ld
()
;

at
tr
ib
No
 =
 b
nd
.A
tt
ri
bN
o(
);



0
0

la
be
l 
=
 b
nd
.L
ab
el
()
;

do
ne
 =
 b
nd
.D
on
e(
);

pu
re

 =
 b
nd
.P
ur
e(
);

r
e
t
u
r
n
 *
th
is
;

} BN
od
e:
:~
BN
od
e(
){
};

B
N
o
d
e
 *
BN
od
e:
:R
ig
ht
()
 c
on
st
 {
 r
et
ur
n 
ri

gh
t;

}

vo
id
 B
No
de
::
Ri
gh
t(
co
ns
t 
B
N
o
d
e
 *
b
n
p
)
 {

ri
gh
t 
=
 c
on
st
_c
as
t<
BN
od
e 
*>
(b
np
);

co
ns
t_
ca
st
<B
No
de
 *
>(
bn
p)
—)
-P
ar
en
t(
th
is
);

} B
N
o
d
e
 *
BN

od
e:

:L
ef

t(
) 
co
ns
t 
{
 r
et
ur
n 

le
ft
; }

vo
id
 B
No
de
::
Le
ft
(c
on
st
 B
N
o
d
e
 *
b
n
p
)
 {

le
ft
 =
 c
on
st
-c
as
t<
BN
od
e 
*>
(b
np
);

co
ns
t_
ca
st
<B
No
de
 ♦

>(
bn

p)
 —

>^
Pa

re
nt

(th
is)

;
} BN

od
e 

*B
N

od
e:

:P
ar

en
t()

 c
on

st
 {

 r
e
tu

rn
 p

ar
en

t;}
vo

id
 B

N
od

e:
:P

ar
en

t(c
on

st
 B

N
od

e 
*b

np
) 

{
pa

re
nt

 =
 c

on
st

.c
as

t<
BN

od
e 

*>
(b

np
);

} ve
ct

or
<v

ec
to

r<
do

ub
le

> 
*>

 B
N

od
e:

:D
at

a(
) 

co
ns

t 
{ 

re
tu

rn
 d

at
a;

}
vo

id
 B

N
od

e:
:D

at
a(

co
ns

t v
ec

to
r<

ve
ct

or
<d

ou
bl

e>
 *

 >
 &

dt
) 

{
da

ta
 —

 d
t;

} do
ub

ie
 B

N
od

e:
:T

hr
es

ho
ld

() 
co

ns
t 

{ 
re

tu
rn

 th
re

sh
ol

d;
 }

vo
id

 B
N

od
e:

:T
hr

es
ho

ld
(c

on
st

 d
ou

bl
e 

th
) 

{
th

re
sh

ol
d 

=
 t

h;
} in

t 
BN

od
e:

:A
ttr

ib
N

o(
) 

co
ns

t 
{ 

re
tu

rn
 a

ttr
ib

N
o;

}
vo

id
 B

N
od

e:
:A

ttr
ib

N
o(

co
ns

t 
in

t 
an

) 
{

at
tr

ib
N

o 
=

 a
n;

} in
t 

BN
od

e:
:L

ab
el

() 
co

ns
t 

{
re

tu
rn

 l
ab

el
;

} vo
id

 B
N

od
e;

:L
ab

el
(c

on
st

 i
n
t 

Ib
l) 

{
la

be
l 
=

 I
bl

;
} bo

ol
 B

N
od

e:
:D

on
e(

) 
co

ns
t 

{ 
re

tu
rn

 d
on

e;
 }

vo
id

 B
N

od
e:

:D
on

e(
co

ns
t 

bo
ol

 d
n)

 {
do

ne
 =

 d
n;

} //
 d

et
er

m
in

e 
if
 th

e 
sa

m
pl

es
 b

el
on

gi
ng

 t
o 

a 
BN

od
e

//
 h

av
e 

th
e 

sa
m

e 
la

be
l

bo
ol

 B
N

od
e:

:P
ur

e(
) 

co
ns

t 
{

re
tu

rn
 p

ur
e;

} vo
id

 B
No

de
: :P

ur
e(

co
ns

t 
bo

ol
 p

) 
{

p
u
re

 =
 p

;

} //
 

C-
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|-
/*

 D
Tr

ee
.c

pp
 -

 S
un

 S
ep

 5
 1

99
9

* 
<i

lic
@

ci
rc

pc
l5

>
+ */

#
if
n

d
e

f 
li
n
t

st
a
tic

 c
ha

r 
*r

cs
id

 =
 "

$H
ea

de
r$

";
#
e
n
d
if

#
iii

cl
u
d
e
 "

D
T

re
e.

hp
p"

in
t 

D
Tr

ee
::I

ni
tS

ta
ts

()
 {

co
m

m
en

tB
eg

 =
 "

|"
;

d
e
lim

S
tr

 =
 "

,
te

rm
S

tr
 =

 "
.

a
tt

rD
e

li
m

 =



-
<
l

t
o

d
a
t
a
D
e
l
i
m
 =

sp
ac
es
 =
 "
 \
t\
n\
r"
;

ro
ot

 =
 n
e
w
 B
N
o
d
e
;

c
u
r
r
 =
 r
o
o
t
;

cr
it

Va
r 
=
 0
.0

;
cr
it
ln
dx
 =
 0
;

r
e
t
u
r
n
 0
;

} DT
re
e:
:D
Tr
ee
()
 {

In
it
St
at
s(
);

} DT
re
8:
:D
Tr
ee
(D
Tr
ee
 c
on
st
 &
d
t
)
 {

/
/
 t
hi
s 
ty
pe
 o
f 
as
si
gn
me
nt
 w
il
l 
ca
us
e 
th
e

/
/
 d
es
tr
uc
to
r 
to
 b
e 
ca
ll
ed
 m
ul
ti
pl
e 
ti
me
s 
fo
r 
th
e

I
I
 s
a
m
e
 a
ll

oc
at

ed
 m
e
m
o
r
y
 f
or
 t
he

 b
in

ar
y 
tr
ee

I
I
 n
ee
d 
re
fe
re
nc
e 
co
un
ti
ng
 o
r 
so
me
th
in
g 
si
mi
la
r

I
I
 r
ep
li
ca
ti
ng
 t
he
 e
nt
ir
e 
tr
ee
 m
ig
ht
 b
e 
to
o 
m
e
m
o
r
y
/
C
P
U

I
I
 i
nt
en
si
ve

ro
ot
 =
 d
t.
Ro
ot
BN
od
e(
);

cu
rr

 =
 d
t.

Cu
rr

BN
od

e(
);

In
it

St
at

s(
);

} Dl
Ve
e 
&D

Tr
ee

::
op

er
at

or
=(

DT
re

e 
co
ns
t 
&
d
t
)
 {

/
/
 t
hi
s 
ty
pe
 o
f 
as
si
gn
me
nt
 w
il
l 
ca
us
e 
th
e

/
/
 d
es
tr
uc
to
r 
to
 b
e 
ca
ll
ed
 m
ul
ti
pl
e 
ti
me
s 
fo
r 
th
e

I
I
 s
a
m
e
 a
ll
oc
at
ed
 m
e
m
o
r
y
 f
or
 t
he
 b
in
ar
y 
tr
ee

I
I
 n
ee
d 
re
fe
re
nc
e 
co
un
ti
ng
 o
r 
so
me
th
in
g 
si
mi
la
r

I
I
 r
ep
li
ca
ti
ng
 t
he
 e
nt
ir
e 
tr
ee
 m
ig
ht
 b
e 
to
o 
m
e
m
o
r
y
/
C
P
U

I
I
 i
nt
en
si
ve

In
it
St
at
s(
);

ro
ot
 =
 d
t.
Ro
ot
BN
od
e(
);

cu
rr
 =
 d
t.
Cu
rr
BN
od
e(
);

}

r
e
t
u
r
n
 *
th
is
;

/
/
 a
n
d
 v
ec
to
r<
ve
ct
or
<d
ou
bl
e>
 *
>
 d

se
t;

DT
re
e:
;~
DT
re
e(
) {

} /
/
 S
in
ce
 t
hi
s 
is
 a
 r
ec
ur
si
ve
 f
un
ct
io
n,
 i
t 
ca
nn
ot
 h
av
e 
a

I
I
 d
ef
au
lt
 a
rg
um
en
t 
or
 a
ny
th
in
g 

li
ke
 t
ha
t.

in
t 
DT
re
e:
:H
ei
gh
t(
BN
od
e 
*t

t)
 {

B
N
o
d
e
 *
t
 =
 t
t;

i
n
t
 h
 =
 0
;

if
(t
 !
=
 0
)
 {

in
t 
Ih
 =
 H
ei
gh
t(
t-
^L
ef
t(
))
;

in
t 
rh
 =
 H
ei
gh
t(
t-
>R
ig
ht
Q)
;

h 
=
 (
(I
h 
>
 r
h)
 ?
 I
h 
:
 r
h)
 +
 1
;

} r
e
t
u
r
n
 h
;

} in
t 
DT
re
e:
:T
yp
e(
co
ns
t 
in
t 
in
dx
) 
co
ns
t 
{

if
((

in
dx

 <
 0
) 

II 
(i
nd
x 
>
 t
yp

es
.s

iz
e(

) -
 1
))

r
e
t
u
r
n
(
E
R
R
)
;

e
l
s
e re
tu
rn
(t
yp
es
[i
nd
x]
);

/
/
 E
va
lu
at
es
 a
n
 i
ns
ta
nc
e 
an
d 
re
tu
rn
s 
th
e 
la
be
l

in
t 
DT
re
e:
:E
va
II
ns
t(
ve
ct
or
<d
ou
bi
e>
 c
o
n
s
t
 &
in
s)
 {

B
N
o
d
e
 *
cu
rr
 =
 R
oo
tB
No
de
()
;

b
o
o
l
 b
r
a
n
c
h
;

wh
il
e(
!c
ur
r—
>P
ur
e(
))
 {

if
(T
yp
e(
cu
rr
—>
At
tr
ib
No
()
) 
=
=
 D
I
S
C
)

if
(c

ur
r^

^T
hr

es
ho

ld
()

 =
=
 i
ns
[c
ur
r—
)-
At
tr
ib
No
()
])

b
r
a
n
c
h
 =
 t
ru

e;
e
l
s
e

b
r
a
n
c
h
 =
 f
al

se
;

/
/
 h
er
e 
w
e
 s
ho

ul
d 
cl

ea
n 
up
 t
he

 B
N
o
d
e
 *
ro
ot

if
(T
yp
e(
cu
rr
^A
tt
ri
bN
o(
))
 =
=
 C
O
N
T
)



0
0
o

if
(i
ns
[c
ur
r—
>-
At
tr
ib
No
()
] 
<
=
 c
ur
r-
>T
hr
es
ho
ld
()
)

b
r
a
n
c
h
 =
 t
ru

e;
e
l
s
e

b
r
a
n
c
h
 =
 f
al

se
;

if
(b
ra
nc
h)

cu
rr
 =
 c
ur
r—
>L
ef
t(
);

e
l
s
e cu
rr
 =
 c
ur
r—
>R
ig
ht
()
;

} re
tu
rn
(c
ur
r—
>L
ab
el
()
);

d
o
u
b
l
e
 D
Tr
ee
uT
es
tl
Va
in
in
gS
et
O 
{

i
n
t
 i
,k
, 
ri
gh
t 
=
 0
,
 w
r
o
n
g
 =
 0
;

in
t 
Ib
ll
nd
x 
=
 d
se
t[
0]
.s
iz
e(
) -

 2
;

fo
r(
i 
=
 0
; 
i 
<
 d
se
t.
si
ze
()
; 
i
+
+
)
{

if
((

k 
=
 E
va

II
ns

t(
ds

et
[i

])
) =
=
 d
se
t[
i]
 [I
bl
ln
dx
])

r
i
g
h
t
+
+
;

e
l
s
e w
r
o
n
g
+
+
;

} /
/
 r
et
ur
n 
th
e 
pr
op
or
ti
on
 o
f 
wr
on
gl
y 

cl
as
si
fi
ed
 i
ns
ta
nc
es

re
tu
rn
(s
ta
ti
c-
Ce
is
t<
do
ub
le
> (
wr

on
g)

 /
 (r
ig

ht
+w

ro
ng

))
;

in
t 
DT
re
e:
:T
es
tI
ns
t(
co
ns
t 
ve
ct
or
<d
ou
bl
e>
 &
in
s)
 {

B
N
o
d
e
 *
cu
rr
 =
 R
o
o
t
B
N
o
d
e
(
)
;

b
o
o
l
 b
r
a
n
c
h
;

cr
it

Va
r 
=
 l
el
O;

wh
il
e(
!c
ur
r—
>P
ur
e(
))
 {

if
(T
yp
e(
cu
rr
->
At
tr
ib
No
()
) 
=
=
 D
I
S
C
)

if
(c
ur
r—
>T
hr
es
ho
ld
()
 =
=
 i
ns
[c
ur
r—
>A
tt
ri
bN
o(
)]
)

b
r
a
n
c
h
 =
 t
ru
e;

e
l
s
e

b
r
a
n
c
h
 =
 f
al

se
;

if
(T

yp
e(

cu
rr

—>
At

tr
ib

No
()
) 
=
=
 C
O
N
T
)
{

if
(i

ns
[c

ur
r—

^-
At

tr
ib

No
O]
 <
=
 c
ur
r—
>T
hr
es
ho
ld
()
){

if
(c
ri
tV
ar
 >
 c
ur
r—
>-
Th
re
sh
ol
d(
) -

 i
ns

[c
ur

r—
>A

tt
ri

bN
o(

)]
) {

cr
it

Va
ir

 =
 c
ur

r—
>-

Th
re

sh
ol

d(
) 
- 
in

s[
cu

rr
-^

At
tr

ib
No

()
];

cr
it
ln
dx
 =
 c
ur
r—
^A
tt
ri
bN
oQ
;

} br
an
ch
 =
 t
ru

e;
}e
ls
e{

if
(c
ri
tV
ar
 >
 i
ns
[c
ur
r-
>A
tt
ri
bN
o(
)]
 -
 c
ur
r-
>-
Th
re
sh
ol
d(
))
 {

cr
it
Va
r 
=
 i
ns
[c
ur
r^
At
tr
ib
No
()
] 
- 
cu
rr
—^
Th
re
sh
ol
d(
);

cr
it
ln
dx
 =
 c
ur
r-
^A
tt
ri
bN
o(
);

} b
r
a
n
c
h
 =
 f
al

se
;

}
} if

(b
ra
nc
h)

cu
rr

 =
 c
ur

r—
>L

ef
t(

);
e
l
s
e cu
rr

 =
 c
ur
r—
>R
ig
ht
()
;

} re
tu

rn
(c

ur
r^

-L
ab

el
()

);
} /
/
 $
Lo

g:
 G
et
Op
t.
cp
p 
$

U
 R
ev
is
io
n 
0.

0 
19
93
/0
1/
15
 1
9:
19
:5
1 

il
ic

/
/
 T
hi
s 
is
 f
ir
st
 a
nd
 f
in
al
 v
er
si
on
 o
f 
G
N
U
 i
mp
le
me
nt
at
io
n

I
I
 o
f 
ge
to
pt
 f
un
ct
io
n.
 O
bs
er
ve
 t
he
 G
N
U
 c
op
yr
ig
ht
.

I
I

f
i
f
n
d
e
f
 l
i
n
t

st
at
ic
 c
he

ir
 ♦

rc
si

d 
=

 "
$I

d:
 

ge
to

pt
.c

c 
0.

0 
19

93
/0

1/
15

 
19

:1
9:

51
 
il
ic

Ex
p 

il
ic
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;
#
e
n
d
if

ti
n

c
lu

d
e

 
<

s
td

li
b

.h
>

#i
nc

lu
de

 "
G

et
O

pt
.h
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Ge
tO
pt
::
Ge
tO
pt
 (
in
t 
ar
gc
, 
c
ha
r 
**
ar
gv
, 
c
h
a
r
 *
op
ts
tr
in
g)
: 
op
te
rr
 (
1
)

{
j
*
 I
ni
ti
al
iz
e 
th
e 
in
te
rn
al
 d
at
a 
wh
en
 t
he
 f
ir
st
 c
al
l 
is
 m
a
d
e
.

St
ar
t 
pr
oc
es
si
ng
 o
pt
io
ns
 w
it
h 
A
R
G
V
-
e
l
e
m
e
n
t
 1
 (
si
nc
e 
A
R
G
V
-
e
l
e
m
e
n
t

0

is
 t
he
 p
ro
gr
am
 n
a
m
e
)
;
 t
he
 s
eq
ue
nc
e 
of
 p
re
vi
ou
sl
y 
sk
ip
pe
d

no
n-
op
ti
on
 A
R
G
V
-
e
l
e
m
e
n
t
s
 i
s 
em
pt
y.
 *
/

n
a
r
g
c
 =
 a
r
g
c
;

n
a
r
g
v
 =
 a
r
g
v
;

no
pt

st
ri

ng
 =
 o
pt

st
ri

ng
;

fi
rs

t j
xo

no
pt

 =
 l
as
tj
io
no
pt
 =
 o
pt
in
d 
=
 1
;

op
ta

rg
 =
 n
ex
tc
ha
r 
=
 0
;

/
*
 D
et
er
mi
ne
 h
o
w
 t
o 
ha

nd
le

 t
he

 o
rd
er
in
g 
of
 o
pt
io
ns
 a
nd
 n
on

op
ti

on
s.

 *
/

if
 (o

pt
st
ri
ng
[0
] 
=
=

or
de

ri
ng

 =
 R
E
T
U
R
N
 J
N
.
O
R
D
E
R
;

el
se
 i
f (
ge

te
nv

 (
"_
PO
SI
X.
DP
TI
ON
.O
RD
ER
")
 !
=
 0
)

or
de

ri
ng

 =
 R
E
Q
U
I
R
E
.
G
R
D
E
R
;

e
l
s
e or
de
ri
ng
 =
 P
E
R
M
U
T
E
;

} v
o
i
d

Ge
tO
pt
::
ex
ch
an
ge
 (
c
h
a
r
 *
*a
rg
v)

{
i
n
t
 n
on

op
ts

_s
iz

e
=
 (i

as
t_
no
no
pt
 -
 f
ir
st
Ji
on
op
t)
 *
 s
iz

eo
f (
ch

ar
 ¤

);
c
h
a
r
 *
*
t
e
m
p
 =
 (
c
h
a
r
 *
*)
 a
ii
oc
a 
(n
on
op
tS
-S
iz
e)
;

/
*
 I
nt
er
ch
an
ge
 t
he
 t
wo

 b
lo
ck
s 
of
 d
at

a 
in
 a
rg

v.
 *
/

m
e
m
c
p
y
 (
&a
rg
v[
fi
rs
t-
no
no
pt
],
 t
em
p,
 n
on
op
ts
^i
ze
);

m
e
m
c
p
y
 (
&a
rg
v[
la
st
_n
on
op
t]
, 
&a
rg
v[
fi
rs
t_
no
no
pt
],

(o
pt

in
d 
- 
la
st
_n
on
op
t)
 *
 s
iz

eo
f (
ch

ar
 *
))
;

m
e
m
c
p
y
 (
t
e
m
p
,
 &
ar
gv
[f
ir
st
_n
on
op
t 
+
 o
pt
in
d 
- 
la
st
_n
on
op
t]
,

no
no
pt
s_
si
ze
);

/
*
 U

pd
at
e 
re

co
rd

s 
fo
r 
th
e 
sl

ot
s 
th

e 
no

n-
op

ti
on

s 
n
o
w
 o
cc

up
y.

 *
/

fi
rs
t-
no
no
pt
 +
=
 (
op

ti
nd

 -
 i
as
tj
io
no
pt
);

ia
st

-n
on

op
t 
=
 o
pt
in
d;

/
*
 S
ca
n 
el
em
en
ts
 o
f 
A
R
G
V
 (
wh
os
e 
le
ng
th
 i
s 
A
R
G
C
)
 fo
r 
op
ti
on
 c
ha
ra
ct
er
s

gi
ve

n 
in

 O
P
T
S
T
R
I
N
G
.

If
 a
n
 e
le

me
nt

 o
f 
A
R
G
V
 s
ta

rt
s 
wi
th
 

a
n
d
 i
s 
no
t 
ex
ac
tl
y 

o
r

th
en
 i
t 
is
 a
n
 o
pt
io
n 
el

em
en

t.
 T
h
e
 c
ha
ra
ct
er
s 
of
 t
hi

s 
e
l
e
m
e
n
t

(a
si
de
 f
r
o
m
 t
he
 i
ni
ti
al
 '
-'
) 
ar
e 
op
ti
on
 c
ha
ra
ct
er
s.
 I
f 
'g
et
op
t'

is
 c
al

le
d 
re

pe
at

ed
ly

, 
it
 r
et

ur
ns

 s
uc
ce
ss
iv
el
y 
ea

ch
 o
f 
th
eo
pt
io
n 
ch
ar
ac
te
rs

f
r
o
m
 e
a
c
h
 o
f
 t
he
 o
pt

io
n 
el
em
en
ts
.

If
 '
ge

to
pt

' f
in
d
s
 a
no

th
er

 o
pt
io
n 
ch
ar
ac
te
r,
 i
t 
re

tu
rn

s 
th

at
 c
ha
ra
ct
er
,

up
da
ti
ng
 '
op
ti
nd
' 
a
n
d
 '
ne
xt
ch
ar
' 
s
o
 t
ha

t 
th
e 
n
e
x
t
 c
al
l 
to

 '
ge

to
pt

' 
c
a
n

r
e
s
u
m
e
 t
he

 s
ca
n 
wi
th
 t
he

 f
ol

lo
wi

ng
 o
pt
io
n 
ch

ar
ac

te
r 
o
r
 A
R
G
V
-
e
l
e
m
e
n
t
.

If
 t
he
re
 a
re
 n
o
 m
o
r
e
 o
pt
io
n 
ch

ar
ac

te
rs

, 
'g

et
op

t'
 r
et

ur
ns

 '
E
O
F
'
.

T
h
e
n
 '
op
ti
nd
' 
is
 t
he

 i
nd

ex
 i
n 
A
R
G
V
 o
f 
th

e 
fi
rs

t 
A
R
G
V
-
e
l
e
m
e
n
t

th
at
 i
s 
no
t 
a
n
 o
pt
io
n.
 (
T
h
e
 A
R
G
V
-
e
l
e
m
e
n
t
s
 h
av
e 
be
en
 p
er
mu
te
d

so
 t
ha

t 
th
os
e 
th
at
 a
re
 n
ot
 o
pt
io
ns
 n
o
w
 c
o
m
e
 l
as

t.
)

O
P
T
S
T
R
I
N
G
 i
s 
a
 s
tr

in
g 
co
nt
ai
ni
ng
 t
he

 l
eg
it
im
at
e 
op
ti
on
 c
ha

ra
ct

er
s.

A
 c
ol

on
 i
n 
O
P
T
S
T
R
I
N
G
 m
e
a
n
s
 t
ha

t 
th

e 
pr

ev
io

us
 c
ha
ra
ct
er
 i
s 
a
n
 o
pt
io
n

th
at

 w
a
n
t
s
 a
n
 a
r
g
u
m
e
n
t
.
 T
h
e
 a
r
g
u
m
e
n
t
 i
s 
ta

ke
n 
f
r
o
m
 t
he

 r
es

t 
o
f
 t
he

cu
rr
en
t 
A
R
G
V
-
e
l
e
m
e
n
t
,
 o
r
 f
r
o
m
 t
he

 f
ol

lo
wi

ng
 A
R
G
V
-
e
l
e
m
e
n
t
,

a
n
d
 r
et
ur
ne
d 
in

 '
op

ta
rg

'.

If
 a
n
 o
pt
io
n 
ch
ar
ac
te
r 
is
 s
e
e
n
 t
ha

t 
is
 n
o
t
 l
is
te
d 
in

 O
P
T
S
T
R
I
N
G
,

re
tu
rn
 '
?
'
 a
ft

er
 p
ri

nt
in

g 
a
n
 e
rr
or
 m
es
sa
ge
. 
If

 y
o
u
 s
et
 '
op
te
rr
' 
to

ze
ro
, 
th

e 
er
ro
r 
m
e
s
s
a
g
e
 i
s 
su

pp
re

ss
ed

 b
ut

 w
e
 s
ti

ll
 r
et
ur
n 
'?
'.

If
 a
 c
h
a
r
 i
n 
O
P
T
S
T
R
I
N
G
 i
s 
fo

ll
ow

ed
 b
y
 a
 c
ol

on
, 
th

at
 m
e
a
n
s
 i
t 
w
a
n
t
s
 a
n

a
r
g
, s
o
 t
he
 f
ol
lo
wi
ng
 t
ex

t 
in

 t
he
 s
a
m
e
 A
R
G
V
-
e
l
e
m
e
n
t
,
 o
r
 t
he
 t
ex

t 
o
f
 t
he

fo
ll

ow
in

g
A
R
G
V
-
e
l
e
m
e
n
t
,
 i
s 
re
tu
rn
ed
 i
n 
'o
pt
ar
g.
 
T
w
o
 c
ol
on
s 
m
e
a
n
 a
n
 o
pt

io
n 
th

at
w
a
n
t
s
 a
n
 o
pt

io
na

l 
ar

g;
 i
f 
th

er
e 
is
 t
ex

t 
in

 t
he

 c
ur
re
nt
 A
R
G
V
-
e
l
e
m
e
n
t
,

it
 i
s 
re

tu
rn

ed
 i
n 
'o

pt
ar

g'
.

If
 O
P
T
S
T
R
I
N
G
 s
ta

rt
s 
wi

th
 '

-'
, 
it
 r
eq
ue
st
s 
a
 d
if

fe
re

nt
 m
e
t
h
o
d
 o
f

ha
nd
li
ng
 t
he

no
n-
op
ti
on
 A
R
G
V
-
e
l
e
m
e
n
t
s
.
 S
e
e
 t
he

 c
o
m
m
e
n
t
s
 a
bo
ut

R
E
T
U
R
N
J
N
.
O
R
D
E
R
,
 a
bo
ve
. 
*
/

i
n
t

Ge
tO
pt
::
op
er
at
or
 (
)
 (
v
o
i
d
)



0
0
t
o

{
if
 (n

ex
tc
ha
r 
=
=
 0
 |
| 
*n
ex
tc
ha
r 
=
=
 0
){

if
 (o

rd
er
in
g 
=
=
 P
E
R
M
U
T
E
)
{

/
*
 I
f 
w
e
 h
av
e 
ju

st
 p
ro
ce
ss
ed
 s
o
m
e
 o
pt
io
ns
 f
ol

lo
wi

ng
 s
o
m
e

no
n-
op
ti
on
s,

ex
ch
an
ge
 t
he
m 
so
 t
ha
t 
th
e 
op
ti
on
s 
c
o
m
e
 f
ir
st
. 
*
/

if
 (f

ir
st
ji
on
op
t 
!
=
 l
as
t_
no
no
pt
 &
&
 l
as
tj
io
no
pt
 !
=
 o
pt
in
d)

ex
ch
an
ge
 (
na
rg
v)
;

el
se

 i
f (
la
st
_n
on
op
t 
!
=
 o
pt

in
d)

fi
rs
tj
io
no
pt
 =
 o
pt

in
d;

/
*
 N
o
w
 s
ki
p 
an
y 
ad
di
ti
on
al
 n
on
-o
pt
io
ns

an
d 
ex
te
nd
 t
he
 r
an
ge
 o
f 
no
n-
op
ti
on
s 
pr
ev
io
us
ly
 s
ki
pp
ed
. 
*
/

wh
il
e 
(o
pt
in
d 
<
 n
ar
gc

&
&
 (
na
rg
v[
op
ti
nd
][
0]
 !
=

II 
na
rg
v[
op
ti
nd
][
l]
 =
=
 0
))

o
p
t
i
n
d
+
+
;

la
st

ji
on

op
t 
=
 o
pt
in
d;

} /
*
 S
pe
ci
al
 A
R
G
V
-
e
l
e
m
e
n
t
 

m
e
a
n
s
 p
re
ma
tu
re
 e
nd
 o
f 
op
ti
on
s.

S
k
i
p
 i
t 
li
ke
 a
 n
ul
l 
op
ti
on
,

th
en
 e
xc

ha
ng

e 
wi

th
 p
re
vi
ou
s 
no

n-
op

ti
on

s 
as

 i
f 
it
 w
er
e 
a
n
 o
pt
io
n,

th
en
 s
ki
p 
ev
er
yt
hi
ng
 e
ls
e 
li
ke
 a
 n
on
-o
pt
io
n.
 *
/

if
 (o

pt
in

d 
!
=
 n
ar
gc
 

Is
tr

cm
p 
(n
ar
gv
[o
pt
in
d]
, "
—
"
)
)
{

o
p
t
i
n
d
+
+
;

if
 (f

ir
st
Ji
on
op
t 
!
=
 l
as
tj
io
no
pt
 &
&
 l
as
tj
io
no
pt
 !
=
 o
pt
in
d)

ex
ch

an
ge

 (
na
rg
v)
;

el
se

 i
f (

fi
rs

tJ
io

no
pt

 =
=
 l
as

tj
io

no
pt

)
fi
rs
tJ
io
no
pt
 =
 o
pt
in
d;

la
st

ji
on

op
t 
=
 n
ar

gc
;

op
ti

nd
 =
 n
ar

gc
;

} /
*
 I
f 
w
e
 h
av
e 
do
ne
 a
ll
 t
he
 A
RG
V-
el
em
en
ts
, 
st
op
 t
he
 s
ca
n

a
n
d
 b
ac

k 
ov
er
 a
n
y
 n
on

-o
pt

io
ns

 t
ha
t 
w
e
 s
ki

pp
ed

 a
n
d
 p
er
mu
te
d.
 *
/

if
 (o

pt
in

d 
=
=
 n
ar

gc
) {

/
*
 S
et
 t
he
 n
ex
t-
ar
g-
in
de
x 
to
 p
oi
nt
 a
t 
th
e 
no
n-
op
ti
on
s

th
at

 w
e
 p
re
vi
ou
sl
y 
sk

ip
pe

d,
 s
o 
th

e 
ca

ll
er

 w
il

l 
di

ge
st

 t
he

m.
 *
/

if
 (f

ir
st
Ji
on
op
t 
!
=
 l
as
tj
io
no
pt
)

op
ti
nd
 =
 f
ir
st
Ji
on
op
t;

r
e
t
u
r
n
 E
O
F
;

} /
*
 I
f 
w
e
 h
av
e 
c
o
m
e
 t
o 
a
 n
on

-o
pt

io
n 
a
n
d
 d
id

 n
ot
 p
er

mu
te

 i
t,

ei
th
er
 s
to
p 
th
e 
sc
an
 o
r 
de
sc
ri
be
 i
t 
to
 t
he
 c
al
le
r 
a
n
d
 p
as
s 

it
 b
y.
 *
/

if
 (n

ar
gv

[o
pt

in
d]

[0
] !
=
 

||
 n
ar

gv
[o

pt
in

d]
[1

] =
=
 0
){

if
 (o

rd
er

in
g 
=
=
 R
E
Q
U
I
R
E
.
O
R
D
E
R
)

r
e
t
u
r
n
 E
O
F
;

op
ta
rg
 =
 n
ar
gv
[o
pt
in
d+
+]
;

r
e
t
u
r
n
 0
;

} /
*
 W
e
 h
av
e 
fo
un
d 
an
ot
he
r 
op
ti
on
-A
RG
V-
el
em
en
t.

St
ar

t 
de

co
di

ng
 i
ts

 c
ha
ra
ct
er
s.
 *
/

ne
xt
ch
ar
 =
 n
ar
gv
[o
pt
in
d]
 +
 1
;

} /
*
 L
oo
k 
at
 a
nd
 h
an

dl
e 
th
e 
ne
xt
 o
pt
io
n-
ch
ar
ac
te
r.
 *
/

{
c
h
a
r
 c
 =
 *
n
e
x
t
c
h
a
r
+
+
;

c
h
a
r
 *
t
e
m
p
 =
 s
tr
ch
r 
(n
op
ts
tr
in
g,
 c
);

/
*
 I
nc
re
me
nt
 '
op
ti
nd
' 
wh

en
 w
e
 s
ta

rt
 t
o 
pr
oc
es
s 
it
s 
la
st
 c
ha
ra
ct
er
. 
*/

if
 (*

ne
xt
ch
ar
 =
=
 0
)

o
p
t
i
n
d
+
+
;

if
 (t
em

p 
=
=
 0
 II

 c
 =
=
 '
:'
){

if
 (o

pt
er
r 
!
=
 0
){

if
 (c

 <
 0
4
0
 II

 c
 

01
77
)

fp
ri

nt
f (

st
de
rr
, 
"7

,s
: 

un
re

co
gn

iz
ed

 o
pt

io
n,

 c
ha
ra
ct
er
 c

od
e 

0'
/,
o\
n"
,

e
l
s
e

na
rg
v[
0]
, 
c)
;

fp
ri

nt
f (

st
de
rr
, 
"°
/.
s:
 
un
re

co
gn

iz
ed

 o
pt
io
n 

'-■
/.c

'\n
",

na
rg

v[
0]

, 
c)

;
} re

tu
rn

 '
?'

;



0
0

C
O

} if
 (t

em
p[
l]
 =
=

if
 (t
em
p[
2]
 =
=

j*
 T
hi
s 
is
 a
n
 o
pt
io
n 
th
at
 a
cc
ep
ts
 a
n
 a
rg
um
en
t 
op
ti
on
al
ly
. 
*
/

if
 (*

ne
xt
ch
ar
 !
=
 0
){

op
ta

rg
 =
 n
ex

tc
ha

r;
o
p
t
i
n
d
+
+
;

} e
l
s
e o
p
t
a
r
g
 =
 0
;

ne
xt
ch
ar
 =
 0
;

}e
ls

e{
/
*
 T
hi
s 
is

 a
n
 o
pt

io
n 
th
at
 r
eq
ui
re
s 
a
n
 a
rg

um
en

t.
 *
/

if
 (*

ne
xt
ch
ar
 !
=
 0
){

op
ta

rg
 =
 n
ex

tc
ha

r;
/¤

 I
f 
w
e
 e
n
d
 t
hi

s 
A
R
G
V
-
e
l
e
m
e
n
t
 b
y 
ta
ki
ng
 t
he

 r
es
t 
as

 a
n
 a
rg

,
w
e
 m
u
s
t
 a
dv

an
ce

 t
o 
th

e 
ne
xt
 e
le
me
nt
 n
o
w
.
 *
/

o
p
t
i
n
d
+
+
;

}e
ls
e

if
 (o

pt
in

d 
=
=
 n
ar
gc
){

if
 (o

pt
er
r 
!
=
 0
)

fp
ri

nt
f (

st
de
rr
, 
"'

/,
s:

 
no
 a
rg

um
en

t 
f
o
r
 '

-7
,c

' 
op
ti
on
\n
",

na
rg

v[
0]

, 
c)
;

c
 =
 '
?'
;

}
 e
ls
e

/
*
 W
e
 a
lr

ea
dy

 i
nc
re
me
nt
ed
 '
op

ti
nd

' 
on
ce
;

in
cr
em
en
t 

it
 a
ga
in
 w
he
n 
ta
ki
ng
 n
ex
t 
A
R
G
V
-
e
l
t
 a
s 
ar
gu
me
nt
. 
*
/

op
ta
rg
 =
 n
ar
gv
[o
pt
in
d+
+]
;

ne
xt
ch
ar
 =
 0
;

}
} r
e
t
u
r
n
 c
;

}
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/
/
 e
xt
ra
ct
 a
 t
ok
en
 f
r
o
m
 a
 s
tr
in
g 
st
ar
ti
ng
 a
t 
th
e 
po
si
ti
on
 p
os
 a
nd

I
I
 r
et
ur
n 

it
 i
n 
st
ri
ng
 t
ok
en
. 
Re
tu
rn
 v
al
ue
 i
s 
th
e 
po
si
ti
on
 o
f 
th
e 
ne
xt

I
I
 t
ok
en
 o
r 
st
ri
ng
r.
np
os
 i
f 
it
 i
s 
th
e 
la
st
 t
ok
en
 e
xt
ra
ct
ed
.

I
I
 L
ea
di
ng
 a
nd
 t
ra
il
in
g 
wh
it
e 
sp
ac
es
 a
re
 s
tr
ip
pe
d 

of
f.

st
ri
ng
;:
si
ze
.t
yp
e 
Ge
tT
ok
en
(s
tr
in
g:
:s
iz
e-
ty
pe
 p
os
, 
st
ri
ng
 &
st
r,

st
ri
ng
 &
d
e
l
i
m
S
t
r
,

st
ri
ng
 &
to
ke
n)
 {

st
ri
ng
 s
pa
ce
s(
" 
\t

\n
\r

")
;

st
ri
ng
 t
m
p
S
t
r
;

st
ri
ng
::
si
ze
-t
yp
e 
po
sl
, 
po
sr
;

1
1
 i
f 
th

e 
fi
rs
t 
ch
ar
ac
te
r 
is

 a
 d
el

im
it

er
, 
j
u
m
p
 o
ve

r
if
(p
os
 =
=
 s
tr
.f
in
d_
fi
rs
t-
of
(d
el
im
St
r,
 p
os
))

po
sl
 =
 p
o
s
+
1
;

e
l
s
e po
sl
 =
 p
os

;

po
sr
 =
 s
tr
.f
in
dJ
ir
st
_o
f(
de
li
mS
tr
, 
po
sl
);

to
ke

n 
=
 s
tr

.s
ub

st
r(

po
sl

, 
po

sr
 -
 p
os

l)
;

to
ke
n.
er
as
e(
0,
 t
ok
en
.f
in
d_
fi
rs
t-
no
t_
of
(s
pa
ce
s)
);

to
ke
n.
er
as
e(
to
ke
n.
fi
nd
-l
as
t_
no
t.
of
(s
pa
ce
s)
+l
, 
to

ke
n.

si
ze

()
);

if
(p
os
r 
!
=
 s
tr
in
g:
:n
po
s)
 {

r
e
t
u
r
n
 p
os
r;

}
 el

se
 {

r
e
t
u
r
n
 s
tr

in
g:

 :n
po

s;

}
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 c
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rc
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a
d
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"
;
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e
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 c
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;

#
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"
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.
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p
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"

#
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e
 e
x
t
e
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n

S
i
n
c
l
u
d
e
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e
x
t
e
m
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.
h
p
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"

#
u
n
d
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f
 e
x
t
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#i
ii
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e 
"
G
e
t
O
p
t
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h
"

#
i
n
c
l
u
d
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o
d
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.
h
p
p
"

#
i
n
c
l
u
d
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D
T
r
e
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h
p
p
"

in
t 
ma
in
(i
nt
 a
rg
c,
 c
h
a
r
 *
*a
rg
v)

{

fi
n
 =
 "
n
o
n
e
"
;

fo
nt
 =
 "
n
o
n
e
"
;

c
p
p
o
u
t
 =
 "
n
o
n
e
"
;

f
o
r
m
 =
 f
al

se
;

f
o
r
m
 =
 f
al

se
;

Ge
tO
pt
io
ns
(a
rg
c,
 a
rg
v)
;

st
ri
ng
 I
np
ut
Fi
le
(f
in
);

if
(I

np
ut

Fi
le

 =
=
 "
no
ne
")
{

Ge
tO
pt
io
ns
He
lp
(a
rg
c,
 a
rg
v)
;

ex
it
(E
XI
T_
FA
IL
UR
E)
;

} D
T
r
e
e
 t
es

t;

/
/
 a
ll
 t
he
 i
np
ut
 f
il
es
 h
av
e 
th
e 
s
a
m
e
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te
m 
an
d 
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pr
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ri
at
e 

su
ff
ix
es

st
ri

ng
 N
am
es
Fi
le
 =
 I
np
ut
Fi
le
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 "
.n
am
es
";

st
ri

ng
 D
at

aF
il

e 
=
 I
np

ut
Fi

le
 +
 "
.d
at
a"
;

st
ri

ng
 A
ll

Da
ta

Fi
le

 =
 I
np

ut
Fi

le
 +
 "
.a

ll
";

st
ri

ng
 T
es
tF
il
e 
=
 I
np
ut
Fi
le
 +
 "
.t
es
t"
;

te
st
.P
ar
se
Na
me
s(
Na
me
sF
il
e)
;

//
te

st
.P

ri
nt

Na
me

s(
co

ut
, f

or
m)

;
te

st
.P

ar
se

Da
ta

(D
at

aF
il

e)
;

//
te
st
.P
ri
nt
Da
ta
(c
ou
t,
 f
or
m)
;

te
st
.T
ra
in
()
;

/
/
 s
av
e 
th
e 
tr
ai
ne
d 
tr
ee
 i
n 
in
te
rn
al
 f
or
ma
t

st
ri
ng
 T
re
eF
il
e(
fo
ut
);

if
(T
re
eF
il
e 
!
=
 "
no
ne
")
 {

} st
ri
ng
 C
PP
Fi
le
(c
pp
ou
t)
;

if
(C
PP
Fi
le
 !
=
 "
no

ne
")

 {
fs

tr
ea

m 
cp

po
s(

CP
PF

il
e.

c^
tr

()
, 
io

su
ou

t)
;

te
st
.P
ri
nt
CT
re
e(
cp
po
s,
 t
ru
e)
;

cp
po
s.
cl
os
e(
);

} d
o
u
b
l
e
 t
st

 =
 t
es
t.
Te
st
Tr
ai
ni
ng
Se
t(
);

c
o
u
t
 <
C
 "
m
i
s
s
c
l
a
s
s
i
f
i
e
d
 
t
r
a
i
n
i
n
g
 
s
e
t
 
i
n
s
t
a
n
c
e
s
 =
 "
 <
C
 t
st

 ̂
 

-
C

en
dl
;

co
ut
 <
C 
"H
ei
gh
t 

of
 t
he
 t
re
e 

is
 "
 

te
st
.H
ei
gh
t(
te
st
.R
oo
tB
No
de
()
) 
<C

en
dl
;

r
e
t
u
r
n
 0
;
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p
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u
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h
p
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"
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D
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in
t 
ma
in
(i
nt
 a
rg
c,
 c
h
a
r
 *
*a
rg
v)

{

fi
n
 =
 "
no
ne
";

fo
nt
 =
 "
n
o
n
e
"
;

c
p
p
o
u
t
 =
 "
n
o
n
e
"
;

f
o
r
m
 =
 f
al

se
;

f
o
r
m
 =
 f
al

se
;

Ge
tO
pt
io
ns
(a
rg
c,
 a
rg
v)
;

st
ri
ng
 I
np
ut
Fi
le
(f
in
);

if
(I
np
ut
Fi
le
 =
=
 "
no
ne
")
{

Ge
tO
pt
io
ns
He
lp
(a
rg
c,
 a
rg
v)
;

e
x
i
t
(
E
X
I
T
_
F
A
I
L
U
R
E
)
;

} D
T
r
e
e
 t
es

t;

/
/
 a
ll
 t
he
 i
np
ut
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il
es

 h
av
e 
th

e 
s
a
m
e
 s
te

m 
a
n
d
 a
pp

ro
pr

ia
te

 s
uf
fi
xe
s

st
ri

ng
 N
a
m
e
s
F
i
l
e
 =
 I
np
ut
Fi
le
 +
 "
 .n
am

es
";

st
ri
ng
 D
a
t
a
F
i
l
e
 =
 I
np

ut
Fi

le
 +
 "
.
d
a
t
a
"
;

st
ri

ng
 A
ll

Da
ta

Fi
le

 =
 I
np

ut
Fi

le
 +
 "
.a

ll
";

st
ri
ng
 T
es
tF
il
e 
=
 I
np

ut
Fi

le
 +
 "
.
t
e
s
t
"
;

te
st
 .P
ar

se
N a
m
e
s
(
N
 am

es
Fi

le
);

//
te
st
.P
ri
nt
Na
me
s(
co
ut
, f

or
m)
;

te
st
.P
ar
se
Da
ta
(D
at
aF
il
e)
;

//
te
st
.P
ri
nt
Da
ta
(c
ou
t,
 f
or
m)
;

te
st
.T
ra
in
()
;

/
/
 s
av
e 
th
e 
tr
ai
ne
d 
tr
ee
 i
n 
in
te
rn
al
 f
or
ma
t

st
ri
ng
 T
re
eF
il
e(
fo
ut
);

if
(T
re
eF
il
e !
=
 "
no

ne
")

 {

} st
ri
ng
 C
PP
Fi
le
(c
pp
ou
t)
;

if
(C
PP
Fi
le
 !
=
 "
no
ne
")
 {

fs
tr
ea
m 
cp
po
s(
CP
PF
il
e.
C-
St
r(
),
 i
os
uo
ut
);

te
st

.P
ri

nt
CT

re
e(

cp
po

s,
 t
ru

e)
;

cp
po

s.
cl

os
e(

);

} v
e
c
t
o
r
<
v
e
c
t
o
r
<
d
o
u
b
l
e
>
 >
 i
ns

ts
;

te
st

.P
ar

se
Da

ta
(a

rg
v[

3]
, 
in
st
s)
;

in
t 
Ib
ll
nd
x 
=
 i
ns
ts
[0
].
si
ze
()
 -
 2
;

in
t 
Wr

ig
ht

 =
 0
, 
w
r
o
n
g
 =
 0
;

fo
r(
in
t 

i =
 0
; 
i 
<
 i
ns

ts
.s

iz
eQ

; 
i+

+)
{

if
(i
ns
ts
[i
] [
Ib
ll
nd
x]
 =
=
 t
es
t.
Te
st
In
st
(i
ns
ts
[i
])
){

w
r
i
g
h
t
+
+
;

}
 e
ls
e 
{

w
r
o
n
g
+
+
;

fo
r(
in
t 
j 
=
 0
; j
 <
 i
ns
ts
[0
].
si
ze
()
 -
 1
; j
+
+
)

co
ut
 -
C
 i
ns
ts
[i
]p
] 
<C
 '
\t
';

co
ut
 

"C
["
 ̂
 t
es
t.
Cr
it
In
dx
()
 <
g;
 "
]
 =
 "
 <
C 
te
st
.G
ri
tV
ar
()
 <
g;
 e
nd
l;

}
} c
o
u
t
 

"
M
i
s
s
c
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s
i
f
 l
e
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t
e
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a
t
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st
at
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-c
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d
o
u
b
l
e
>
 (w
ro
ng
)/
st
at
ic
.c
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t <
d
o
u
b
l
e
>
 (w
ri

gh
t+

wr
on

g)
 *
 10
0.
0

«
 "
•/
."
 <
 e
nd
l;

r
e
t
u
r
n
 0
;
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f
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i
n
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s
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a
t
i
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 c
h
a
r
 *
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si
d 
=
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$
H
e
a
d
e
r
$
"
;

#
e
n
d
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f

S
i
n
c
l
u
d
e
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s
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s
.
h
p
p
"

#
d
e
f
i
n
e
 e
x
t
e
r
n

#
i
n
c
l
u
d
e
 "
e
x
t
e
r
n
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.
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p
p
"

#
i
i
n
d
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f
 e
x
t
e
r
n

#
i
n
c
l
u
d
e
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G
e
t
O
p
t
.
h
"

#
i
n
c
l
u
d
e
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B
N
o
d
e
.
h
p
p
"

#
i
n
c
l
u
d
e
 "
D
T
r
e
e
.
h
p
p
"

e
x
t
e
r
n
 i
nt
 d
Tr
ee
(c
on
st
 v
ec
to
r<
do
ub
le
> 
&
)
;

in
t 
ma
in
(i
nt
 a
rg
c,
 c
h
a
r
 *
*a
rg
v)

{

fi
n
 =
 "
n
o
n
e
"
;

fo
nt
 =
 "
n
o
n
e
"
;

c
p
p
o
u
t
 =
 "
n
o
n
e
"
;

f
o
r
m
 =
 f
aJ

se
;

f
o
r
m
 =
 f
al

se
;

Ge
tO
pt
io
ns
(a
rg
c,
 a
rg
v)
;

st
ri
ng
 I
np
ut
Fi
le
(f
in
);

if
(I
np
ut
Fi
le
 =
=
 "
no
ne
")
{

Ge
tO
pt
io
ns
He
Ip
(a
rg
c,
 a
rg
v)
;

ex
it
(B
XI
T-
FA
IL
UR
E)
;

} D
T
r
e
e
 t
es
t;

/
/
 a
ll
 t
he

 i
np
ut
 f
il
es

 h
av

e 
th

e 
s
a
m
e
 s
te

m 
a
n
d
 a
pp
ro
pr
ia
te
 s
uf
fi
xe
s

st
ri

ng
 N
a
m
e
s
F
i
l
e
 =
 I
np

ut
Fi

le
 +
 "
.
n
a
m
e
s
"
;

st
ri

ng
 D
at
aF
il
e 
=
 I
np
ut
Fi
le
 +
 "
.d

at
a"

;
st

ri
ng

 A
ll

Da
ta

Fi
le

 =
 I
np
ut
Fi
le
 +
 "
.
a
l
l
"
;

st
ri

ng
 T
es

tF
il

e 
=
 I
np

ut
Fi

le
 +
 "
.t

es
t"

;

te
st
 .P
ar
se
N a
m
e
s
 (
N
 am

es
Fi
le
);

//
te
st
.P
ri
nt
Na
me
s(
co
ut
, f

or
m)
;

te
st
 .P
ar
se
Da
ta
(D
at
aF
il
e)
;

//
te
st
.P
ri
nt
Da
ta
(c
ou
t,
 f
or
m)
;

c
o
n
s
t
 v
ec
to
r<
ve
ct
or
<d
ou
bl
e>
 >
 &
d
s
 =
 t
es
t.
DS
et
()
;

/
*

fo
r(

in
t 
i =
 0
; 
i 
<
 d
s.
si
ze
Q;
 i
+
+
)
 {

co
py

(d
s[

i]
.b

eg
in

()
, 
ds
[i
].
en
d(
),
 o
st

re
am

-i
te

ra
to

r<
do

ub
le

>(
co

ut
, 
"\
t"
))
;

co
ut
 «
 e
nd
l;
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1 in
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Ib
ll
nd
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=
 d
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.s

iz
e(
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, 
el
s,
 w
ri

gh
t 
=
 0
, 
wr

on
g 
=
 0
;

fo
r(
in
t 

i 
=
 0
; 
i 
<
 d
s.
si
ze
()
; 
i
+
+
)
{

el
s 
=
 d
Tr

ee
(d

s[
i]

);
if
(c
ls
 !
=
 d
s[
i]
 [I
bl
ln
dx
])

w
r
o
n
g
+
+
;

e
l
s
e w
r
i
g
h
t
+
+
;

} c
o
u
t
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C
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M
i
s
c
l
a
s
s
i
f
i
e
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ta
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st
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 *
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0.
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;
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;
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;
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 f
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 p
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 m
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{
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;
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C
 "
U
s
a
g
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;
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rr
 

ar
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 f
i
l
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 b
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a
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 l
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 m
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ce
rr
 

'\
t'

 -
C
 "
-
i
 <
i
n
p
u
t
 f
i
l
e
>
 
is

 t
he

 i
np

ut
 f
i
l
e
.
"
 -
C
 e
nd
l;

ce
rr
 <
C 
'\

t'
 

"
-
o
 
<
d
t
 f
i
l
e
>
 i
s 
th

e 
de

ci
si

on
 t
re
e 

ou
tp
ut
 f
i
l
e
.
 "
 <

en
dl
;

ce
rr
 <
C 
'\
t'
 <
C 
"~
c 
<
c
+
+
 f
il
e>
 
is
 t
he
 C
+
+
 t
re
e 
re
pr
es
en
ta
ti
on
."

^
 e
nd

l;
ce
rr
 <
C 
'\

t'
 <
S 
"
-
f
 p
ri
nt
 i

nt
er
na
l 
da
ta
 r
ep
re
se
nt
at
io
n.
" 
<C

 e
nd
l;

ce
rr
 ■

C 
'\
t'
 

P
rin

ts
 t

hi
s 

m
es

sa
ge

." 
en

dl
;

}; //
 G

et
O

pt
io

ns
f) 

pa
rs

es
 t

he
 c

om
m

an
d 

lin
e 

an
d 

in
iti

al
iz

es
 t

he
II

 d
at

a 
st

ru
ct

ur
es

 n
ee

de
d

vo
id

 G
et

O
pt

io
ns

(in
t 

ar
gc

, 
ch

ar
 *

*a
rg

v)
{

G
et

O
pt

 g
et

op
t(a

rg
c,

 a
rg

v,
 "

C
:c

:I
:i:

F
fO

:o
:h

:?
")

;
in

t 
op

tio
n-

ch
ar

;
w

hi
le

((
op

tio
n.

ch
ar

 =
 g

et
op

t()
) 

!=
 E

O
F)

sw
itc

h(
op

tio
n_

ch
ar

){
//

 d
om

ai
n 

ve
ct

or
s 

fil
e

c
a
s
e
 

'1
':

fin
 =

 g
et

op
t.o

pt
ar

g;
b
re

a
k 

;
//

 r
an

ge
 v

ec
tro

s 
fil

e
b

re
a

k;
//
 o

ut
pu

t f
ile

ca
se

 '
O

':
c
a
s
e
 '

o
':

fo
nt

 =
 g

et
op

t.o
pt

ar
g;

b
re

a
k;

c
a
s
e
 '

c
':

ca
se

 '
G

':
cp

po
ut

 =
 g

et
op

t.o
pt

ar
g;

br
ee

ik
;

//
 o

ut
pu

t f
or

m
at

: 
in

te
rn

al
 =

 i
, 

ex
te

rn
al

 =
 o

ca
se

 '
f:

fo
rm

 =
 t

ru
e;

b
re

a
k;

c
a
s
e

ca
se

 '
h

':
G

et
O

pt
io

ns
H

el
p(

ar
gc

, 
ar

gv
);

ex
it(

E
X

IT
_F

A
IL

U
R

E
);

}

}; //
 

0-
\—

h
/*

 P
ar

se
D

at
a.

cp
p 

~ 
W

ed
 S

ep
 2

2 
19

99
* 

<
ili

c@
ci

rc
p
cl

5
>

* * 
$L

og
$

*!

#
if
n
d
e
f 

li
n

t
st

a
tic

 c
h
a
r 

*r
cs

id
 =

 "
$H

ea
de

r$
";

#
e

n
d

if

#i
nc

lu
de

 "
D

Tr
ee

.h
pp

"

in
t 

D
Tr

ee
::P

ar
se

D
at

a(
st

rin
g 

co
ns

t 
&i

ns
ts

)
{

co
ns

t 
in

t 
LN

_S
IZ

E
 =

 1
02

4;

in
t 

dc
ou

nt
, 

ic
ou

nt
;



0
0

0
0

c
h
a
r
 l
n[
LN
-S
lZ
E]
;

st
ri

ng
 I
nS
tr
, 
tk
n;

ln
St

r.
re

se
rv

e(
LN

 .S
IZ
E)
;

tk
n.
re
se
rv
e(
LN
-S
IZ
E)
;

st
ri
ng
: i
si

ze
.t

yp
e 
t
m
p
P
o
s
;

fs
tr

ea
m 

dt
(i

ns
ts

.c
-s

tr
()

, 
io
s:
:i
n)
;

/
/
 s
ho
ul
d 
us
e 
ex
ce
pt
io
ns
 h
er
e!
!

if
(!
dt
) {

ce
rr

 <
 "
F
i
l
e
:
 
"
 <
 _
F
I
L
E
.
_
 <
 "
 l
i
n
e
:
 
"
 <
 _
L
I
N
E
_
 <
 e
nd

l;
ce

rr
 <
C
 "
C
o
u
l
d
 
n
o
t
 
o
p
e
n
:
 
"
 

in
st

s 
<
C
 "
 f
o
r
 r
e
a
d
i
n
g
.
"
 <
C
 e
nd

l;
ex
it
(-
l)
;

} ic
ou
nt
 =
 0
;

wh
il
e(
dt
.g
et
li
ne
(l
n,
 L
N-

SI
ZE

-1
))

 {

I
n
S
t
r
 =
 I
n;

/
/
 i
gn

or
e 
e
m
p
t
y
 l
in
es

if
(l
nS
tr
.f
ln
d J
rs

t-
no

t_
of

(s
pa

ce
s)

 =
=
 s
tr
in
g:
:n
po
s)

c
o
n
t
i
n
u
e
;

/
/
 s
tr
ip
 o
ff
 t
he
 H
ea
di
ng
 a
nd
 t
ra
il
in
g 
wh
it
e 
sp
ac
es

ln
St

r.
er

as
e(

0,
 ln

St
r.

fi
nd

Ji
rs

t-
no

t_
of

(s
pa

ce
s)

);
ln

St
r.

er
as

e(
ln

St
r.

fl
nd

Ja
st

_n
ot

-o
f(

sp
ac

es
)+

l,
 l
nS

tr
.l

en
gt

h(
))

;

//
 c
he
ck
 f
or

 w
ho
le
 l
in

e 
co
mm
en
ts

if
(I
nS
tr
[0
] 
=
=
'
]
'
)
{

c
o
n
t
i
n
u
e
;

} //
 s
tr
ip
 o
ff
 d
at
a 
te

rm
in

at
or

 (.
)

tm
pP
os
=l
nS
tr
.f
in
dJ
as
t_
of
(t
er
mS
tr
);

In
St

r.
er

as
e(

tm
pP

os
, 
ln
St
r.
le
ng
th
()
-t
mp
Po
s)
;

t
m
p
P
o
s
 =
 0
;

ds
et
 .p
us
h-
ba
ck
(v
ec
to
r<
 d
o
u
b
l
e
>
 ()
);

d
c
o
u
n
t
 =
 0
;

wh
il
e(
(t
mp
Po
s=
Ge
tT
ok
en
(t
mp
Po
s,
 I
nS
tr
, 
de
li
mS
tr
, 
tk
n)
) 
!=

st
ri
ng
; :
np
os
) {

if
(t
yp
es
[d
co
un
t]
 =
=
 C
O
N
T
)
 /
/
 c
on
ti
nu
ou
s

ds
et

[i
co

un
t]

.p
us

h_
ba

ck
(a

to
f(

tk
n.

c_
st

r(
))

);
el
se
 /
/
 d
is
cr
et
e

ds
et
[i
co
un
t]
.p
us
h_
ba
ck
(a
tt
r2
in
t [
dc
ou
nt
] [
tk
n]
);

d
c
o
u
n
t
+
+
;

} ds
et
[i
co
un
t]
.p
us
h_
ba
ck
(c
la
ss
2i
nt
[t
kn
])
;

/
/
 i
ns
ta
nc
e 
in
de
x 
ne
ed
s 
to
 g
o 

wi
th
 t
he
 i
ns
ta
nc
es

/
/
t
o
 k
ee
p 
m
a
p
s
 s
tr
ai
gh
t,
 i
t 
is

 p
us

he
d 
at

 t
he

 e
n
d

ds
et
 [i
co
un
t]
 .p
us
h_
ba
ck
(i
co
un
t)
;

i
c
o
u
n
t
+
+
;

r
e
t
u
r
n
 0
;

in
t 
DT
re
e:
:P
ar
se
Da
ta
(s
tr
in
g 
c
o
n
s
t
 &
in
st
s,
 v
ec
to
r<
ve
ct
or
<d
ou
bl
e>
 >

&t
st
)

{

c
o
n
s
t
 i
n
t
 L
N
-
S
I
Z
E
 =
 1
0
2
4
;

i
n
t
 d
c
o
u
n
t
,
 i
co

un
t;

c
h
a
r
 l
n[
LN
JI
ZE
];

st
ri

ng
 I
nS
tr
, 
tk
n;

ln
St
r.
re
se
rv
e(
LN
 .S
IZ
E)
;

tk
n.

re
se

rv
e(

LN
_S

IZ
E)

;

st
ri

ng
; :
si

ze
_t

yp
e 
t
m
p
P
o
s
;

fs
tr
ea
m 
dt
(i
ns
ts
.c
_s
tr
()
, 
io
s;
;i
n)
;



/
/
 s
ho
ul
d 
us
e 
ex
ce
pt
io
ns
 h
cT
eH

if
(!
dt
) {

ce
rr
 <
 "
F
i
l
e
:
 
"
 <
 -
JF
IL
E.
. 
<
 "
 l
i
n
e
:
 
"
 <
 _
L
I
N
E
_
 <
 e
nd
l;

ce
rr
 -
C
 "
C
o
u
l
d
 n
o
t
 
op

en
; 
"
 <
§;

 i
ns

ts
 
"
 f
o
r
 r
e
a
d
i
n
g
.
"
 -
C
 e
nd

l;
ex
it
(-
l)
;

} ic
ou

nt
 =
 0
;

wh
il
e(
dt
.g
et
li
ne
(l
n,
 L
N-

SI
ZE

-1
))

 {

In
St

r 
=
 I
n;

ts
t[
ic
ou
nt
].
pn
sh
_b
ac
k(
cI
as
s2
in
t[
tk
n]
);

/
/
 i
ns
ta
nc
e 
in
de
x 
ne
ed
s 
to
 g
o 

wi
th
 t
he
 i
ns
ta
nc
es

11
 t
o 
ke
ep
 m
a
p
s
 s
tr
ai
gh
t,
 i
t 
is
 p
us
he
d 
at
 t
he
 e
nd

ts
t [
ic
ou
nt
] .
pu
sh
-b
ac
k(
ic
ou
nt
);

i
c
o
u
n
t
+
+
;

r
e
t
u
r
n
 0
;

.
0
0

C
O

/
/
 i
gn
or
e 
em
pt
y 

li
ne
s

if
(I

nS
tr

.f
in

dJ
ir

st
_n

ot
-o

f(
sp

ac
es

) 
=
=
 s
tr
in
g:
 :n
po

s)
c
o
n
t
i
n
u
e
;

/
/
 s
tr
ip
 o
ff
 t
he

 H
ea

di
ng

 a
n
d
 t
ra

il
in

g 
wh
it
e 
sp
ac
es

ln
St
r.
er
as
e(
0,
 l
nS
tr
.f
in
dJ
ir
st
ji
ot
_o
f(
sp
ac
es
))
;

ln
St
r.
er
as
e(
ln
St
r.
fi
nd
Ja
st
-n
ot
-o
f(
sp
ac
es
)+
l,
 l
nS
tr
.l
en
gt
h(
))
;

/
/
 c
he
ck
 f
or
 w
ho
le
 l
in
e 
c
o
m
m
e
n
t
s

if
(l
nS
tr
[0
] 
=
=
 T
)
 {

c
o
n
t
i
n
u
e
;

} /
/
 s
tr
ip
 o
ff
 d
at
a 
te
rm
in
at
or
 (
.)

tm
pP
os
=l
nS
tr
.f
in
dJ
as
t-
of
(t
er
mS
tr
);

ln
St
r.
er
as
e(
tm
pP
os
, 
ln
St
r.
le
ng
th
()
-t
mp
Po
s)
;

t
m
p
P
o
s
 =
 0
;

ts
t.
pu
sh
_b
ac
k(
ve
ct
or
<d
ou
bl
e>
()
);

d
c
o
u
n
t
 =
 0
;

wh
iI
e(
(t
mp
Po
s=
Ge
tT
ok
en
(t
mp
Po
s,
 I
nS
tr
, 
de
li
mS
tr
, 
tk
n)
) 
!=

st
ri
ng
::
np
os
) {

if
(t
yp
es
[d
co
un
t]
 =
=
 C
O
N
T
)
 /
/
 c
on
ti
nu
ou
s

ts
t [
ic
ou
nt
] .
pu
sh
_b
ac
k(
at
of
(t
kn
.c
-S
tr
()
))
;

el
se
 /
/
 d
is
cr
et
e

ts
t [
ic

ou
nt

] .
pu

sh
_b

ac
k(

at
tr

2i
nt

 [d
co
un
t]
 [t
kn

])
;

d
c
o
u
n
t
+
4
-
;

}

in
t 
DT
re
e:
:P
ri
nt
Da
ta
(o
st
re
am
 &
os
, 
bo
ol
 i
nt
er
na
l)

{

in
t 

i,
 j
;

/
/
 t
he

 l
as
t 
c
o
l
u
m
n
 i
s 
th

e 
in
st
an
ce
 i
nd

ex
fo
r(
i 
=
 0
; 

i 
<
 d
se

t.
si

ze
()

; 
i
+
+
)
{

#
i
f
d
e
f
 D
E
B
U
G

OS
 -
C
 d
se
t[
i]
[d
se
t[
i]
.s
iz
e(
) -

 1
] 
<C

#
e
n
d
i
f

fo
r(
j 
=
 0
; 
j 
<
 d
se
t[
i]
.s
iz
e(
) -

 1
; j
+
+
)

if
(j
 <
 (
ds
et
[i
].
si
ze
()
-2
))

if
(i

nt
er

na
l)

OS
 <
 d
se
t[
i]
p]
 <

e
l
s
e if
(t
yp
es
[j
] !
=
 G
O
N
T
)
 /
/
 d
is
cr
et
e

OS
 <
 in

t2
at
tr
[j
][
ds
et
[i
][
j]
] <

e
l
s
e OS
 <
 d
se
t[
i]
[j
] 
<

e
l
s
e

if
(i
nt
er
na
l)

OS
 <
 d
se
t[
i]
p]
 <
 
<
 e
nd
l;

e
l
s
e OS
 

in
t2
cl
as
s[
ds
et
[i
][
j]
] 
<C
 

en
dl
;



o

r
e
t
u
r
n
 0
;

} /
/
 

C
+
+

/
*
 P
a
r
s
e
N
a
m
e
s
.
c
p
p
 -
 S
u
n
 S
ep

 5
 1
9
9
9

*
 <
il

ic
@c

ir
cp

cl
5>

¤ +
$
L
o
g
$

*
/

#
i
f
n
d
e
f
 l
i
n
t

s
t
a
t
i
c
 c
h
a
r
 *
rc
si
d 
=
 "
$
H
e
a
d
e
r
$
"
;

#
e
n
d
i
f

#
i
n
c
l
u
d
e
 "
D
T
r
e
e
.
h
p
p
"

/
/
 l
ab
el
s 
ar
e 
o
n
 t
he
 s
in
gl
e 
li
ne
 a
s 
we
ll
 a
s 
th
e

I
I
 v
ar
ia
bl
e 
de
fi
ni
ti
on
s.

in
t 
DT
re
e:
;P
ar
se
Na
me
s(
st
ri
ng
 c
on
st
 &
n
a
m
e
s
)

{

c
o
n
s
t
 i
n
t
 L
N
-
S
I
Z
E
 =
:
 1
0
2
4
;

b
o
o
l
 C
L
A
S
S
 =
 t
ru
e;

c
h
a
r
 l
n[
LN
-S
IZ
E]
;

i
n
t
 c
la

ss
Lb

l 
=
 0
,
 a
t
C
n
t
 =
 0
;

v
e
c
t
o
r
<
i
n
t
>
 a
tt
rC
nt
;

st
ri
ng
::
si
ze
_t
yp
e 
t
m
p
P
o
s
;

st
ri

ng
 I
nS
tr
, 
tk
n;

ln
St
r.
re
se
rv
e(
LN
 -S
IZ
E)
;

tk
n.
re
se
rv
e(
LN
 -S
IZ
E)
;

fs
tr
ea
m 
nm
(n
am
es
.c
.s
tr
()
, 
io
s:
:i
n)
;

/
/
 s
ho
ul
d 
us
e 
ex
ce
pt
io
ns
 h
er
e!
!

if
(!
nm
) 
{

ce
rr

 <
 "
F
i
l
e
:
 
"
 <
 -
J
F
I
L
E
-
 <
 "
 l
i
n
e
:
 
"
 <
 -
J
L
I
N
E
-
 <
 e
nd

l;

ce
rr

 <
C 
"
C
o
u
l
d
 n
o
t
 o
p
e
n
:
 
"
 <
C
 n
a
m
e
s
 
"
 f
o
r
 r
e
a
d
i
n
g
.
"
 <
C 
en

dl
;

ex
it
(-
l)
;

} wh
il
e(
nm
.g
et
li
ne
(l
n,
 L
N-
SI
ZE
-1
))
 {

In
St

r 
=
 I
n;

/
/
 i
gn
or
e 
em
pt
y 
li
ne
s

if
(l
nS
tr
.f
in
d_
9r
st
-n
ot
-o
f (
sp
ac
es
) 
=
=
 s
tr
in
g:
 :n
po
s)

c
o
n
t
i
n
u
e
;

/
/
 s
tr
ip
 o
ff
 t
he
 H
ea
di
ng
 a
nd
 t
ra
il
in
g 
wh
it
e 
sp
ac
es

ln
St
r.
er
as
e(
0,
 I
nS
tr
.f
in
d-
fl
rs
t-
no
t-
of
(s
pa
ce
s)
);

ln
St
r.
er
as
e(
ln
St
r.
fi
nd
Ja
st
-n
ot
-o
f(
sp
ac
es
)+
l,
 l
nS
tr
.l
en
gt
h(
))
;

/
/
 c
he
ck
 f
or
 w
ho

le
 l
in

e 
c
o
m
m
e
n
t
s

if
(l
nS
tr
[0
] 
=
=
 T
)
 {

c
o
n
t
i
n
u
e
;

} /
/
 s
tr
ip
 o
ff
 d
at

a 
te

rm
in

at
or

 (
.)

tm
pP
os
=l
nS
tr
.f
in
dJ
as
t-
of
(t
er
mS
tr
);

ln
St
r.
er
as
e(
tm
pP
os
, 
ln
St
r.
le
ng
th
()
-t
mp
Po
s)
;

/
/
 r
ea
di
ng
 c
la
ss
es
 l
ab

el
s

i
f
(
C
L
A
S
S
)
 {

t
m
p
P
o
s
 =
 G
et
To
ke
n(
0,
 I
nS
tr
, 
de
li
mS
tr
, 
tk
n)
;

wh
il
e(
tm
pP
os
 !
=
 s
tr
in
g:
:n
po
s)
 {

cl
as
s2
in
t[
tk
n]
 =
 c
la
ss
Lb
l;

in
t2
cl
as
s [
cl
as
sL
bl
] 
=
 t
kn
;

c
l
a
s
s
L
b
l
+
+
;

t
m
p
P
o
s
 =
 G
e
t
T
o
k
e
n
(
t
m
p
P
o
s
,
 I
nS

tr
, 
de

li
mS

tr
, 
tk

n)
;

} cl
as
s2
in
t[
tk
n]
 =
 c
la
ss
Lb
l;

in
t2
cl
as
s[
cl
as
sL
bl
] =
 t
kn
;

C
L
A
S
S
 =
 f
al

se
;



}
 el

se
 {
 /
/
 c
la
ss
 d
es
cr
ip
ti
on
 a
re

 s
ca

ne
d.

r
e
t
u
r
n
 0
;

/
/
 g
et
 t
he
 a
tt
ri
bu
t 
n
a
m
e

t
m
p
P
o
s
 =
 G
et
To
ke
n(
0,
 I
nS
tr
, 
at

tr
De

li
m,

 t
kn
);

at
tr
ib
s.
pu
sh
_b
ac
k(
tk
n)
;

at
tr
Cn
t.
pu
sh
_b
ax
:k
(0
);

ty
pe
s.
pu
sh
_b
ac
k(
DI
SC
);

/
/
 i
nd
ex
 o
ff
se
t 
of
 1
 i
s j
u
m
p
 o
ve
r 
'
 wh
ic
h 

is
 n
ot
 t
he
 d
el
im
it
er

I
I
 a
ny
mo
re
.

t
m
p
P
o
s
 =
 G
et
To
ke
n(
tm
pP
os
+l
, 
In
St
r,
 d
el
im
St
r,
 t
kn
);

at
tr
2i
nt
.p
us
h_
ba
ck
(m
ap
<s
tr
in
g,
 i
nt
, 
le
ss
<s
tr
in
g>
 >
()
);

in
t2
at
tr
.p
us
h_
ba
ck
(m
ap
<i
nt
, 
st
ri
ng
, I

es
s<
in
t>
 >
()
);

if
(t
kn
.f
in
d(
"c
on
ti
nu
ou
s"
) 
!
=
 s
tr
in
g:
:n
po
s)
{

at
tr
Cn
t[
at
Cn
t]
 =
 -
1;

at
tr

2i
nt

[a
tC

nt
][

tk
n]

 =
 a
tt

rC
nt

[a
tC

nt
];

in
t2
at
tr
[a
tC
nt
][
at
tr
Cn
t[
at
Cn
t]
] :

= 
tk

n;
ty
pe
s[
at
Cn
t]
 =
 C
O
N
T
;

at
Cn
tH
—{
-;

c
o
n
t
i
n
u
e
;

} wh
il
e(
tm
pP
os
 !
=
 s
tr
in
g:
;n
po
s)
 {

at
tr

2i
nt

[a
tC

nt
][

tk
n]

 =
 a
tt

rC
nt

[a
tC

nt
];

in
t2
at
tr
[a
tC
nt
][
at
tr
Cn
t[
at
Cn
t]
] 
=
 t
kn
;

at
tr
Cn
t [
at
 C
n
t
]
+
+
;

t
m
p
P
o
s
 =
 G
et
To
ke
n(
tm
pP
os
, 
In
St
r,
 d
el
im
St
r,
 t
kn
);

} at
tr

2i
nt

[a
tC

nt
][

tk
n]

 =
 a
tt

rC
nt

[a
tC

nt
];

in
t2
at
tr
[a
tC
nt
][
at
tr
Cn
t[
at
Cn
t]
] 
=
 t
kn
;

at
Cn

t-
kd

-;

in
t 
DT

re
e:

:P
ri

nt
Na

me
s(

os
tr

ea
m 
&o

s,
 b
oo
l 
in
te
rn
al
)

{

i
n
t
 i
;

s
t
d
:
:
m
a
p
<
i
n
t
,
 s
tr

in
g,

 l
e
s
s
<
i
n
t
>
 >
::

it
er

at
or

 i
2s

p;

OS
 -
C
 "
I 
Cl
as
ss
es
 :
 
"
 

en
dl
 <
C 
en
dl
;

fQ
r(

i2
sp

 =
 i
nt

2c
la

ss
.b

eg
in

()
; 
i2

sp
 !
=
 i
nt
2c
la
ss
.e
nd
()
; )

{
if

(i
nt

er
na

l)
OS

 <
IC
 i
2s

p^
fi

rs
t;

e
l
s
e OS
 ̂
 i
2s

p-
>s

ec
on

d;
if
(+
+i
2s
p 
=
=
 i
nt
2c
la
ss
.e
nd
()
)

O
S
 <
C
 

e
n
d
l
 -
C
 e
nd

l;
e
l
s
e

O
S
 <

} OS
 ̂
 "
I 
At
tr
ib
ut
es
 w

it
h 

po
ss

ib
le

 v
al
ue
s 
:
 
"
 

en
dl

;

fo
r(

i 
=
 0
; 
i 
<
 a
tt

ri
bs

.s
iz

e(
);

 i
+
+
)
 {

OS
 

at
tr
ib
s[
i]
 <
C 
":
\t
";

fo
r(

i2
sp

 =
 i
nt

2a
tt

r[
i]

.b
eg

in
()

; 
i2

sp
 !
=
 i
nt
2a
tt
r[
i]
.e
nd
()
;)
{

if
(i
nt
er
na
l)

OS
 

i2
sp

—>
fl

rs
t;

e
l
s
e

OS
 <
g;

 i
2s

p—
>s

ec
on

d;
if

(+
+i

2s
p 
=
=
 i
nt

2a
tt

r[
i]

.e
nd

()
)

OS
 -
C
 
C
 e
nd

l;
e
l
s
e

O
S
 < }

}



r
e
t
u
r
n
 0
;

OS
 <
C 
"\
tT
he
 c

ur
re
nt
 d
at
e 

an
d 
ti
me
 i
s:
 
"
 -
C 
ct
im
e(
&t
im
er
);

OS
 

"\
tT
he
 t
ra
in
in
g 
fi
le
 i

s 
fr
om
 t
he
 s
et
: 
"
 <
C 

fi
n 
<C
 "
\n
*/
"

e
n
d
l
 

en
dl
;

t
o

os
tr

ea
m 
&o
pe
ra
to
r<
C(
os
tr
ea
m 
&o
s,
 D
Tr
ee
 c
on
st
 &
:d

t)
{

r
e
t
u
r
n
 o
s
;

} I
j
 

C-
\—
h

/
*
 P
ri
nt
CT
re
e.
cp
p 
-
 J
ov
an
 I
li
c 
il
ic
@t
he
ta
us
a.
co
m 
Tu
e 
A
u
g
 0
8
 2
0
0
0

*
/

#
i
f
n
d
e
f
 l
in
t

s
t
a
t
i
c
 c
h
a
r
 *
rc
si
d 
=
 "
$
H
e
a
d
e
r
$
"
;

#
e
n
d
i
f

#
i
n
c
l
u
d
e
 "
D
T
r
e
e
.
h
p
p
"

/
/
 N
on
-r
ec
ur
si
ve
 s
ub
tr
ee
 t
ra
ve
rs
al
.

/
/
 T
hi
s 
is
 j
us
t 
a
n
 e
xa
mp
le
 o
f 
h
o
w
 t
o 
pr
in
t 
a 

tr
ee
. 
R
e
m
e
b
e
r
 t
ha
t 
th
er
e 
ar
e

I
I
 i
nt
er
na
l 
a
n
d
 e
xt
er
na
l 
da
ta
 r
ep
re
se
nt
at
io
n.
 G

en
er
at
in
g 
co
de
 i
s 
pr
ob
ab
ly

I
I
 t
oo
 c
om
pl
ic
at
ed
 d
u
e
 t
o 
th
is
 d
if
fe
re
nc
e 
bu
t 

it
 s
ho
ul
d 

be
 e
as

y 
to
 g
en
er
at
e

/
/
 v
ar
io
us
 g
ra

ph
ie

al
/t

ex
t 
re

pr
es

en
ta

ti
on

s 
of
 t
he

 t
re

e 
as

 w
el

l 
as

 s
ta

ti
st

ic
s.

vo
id
 D
Tr
ee
: :
Pr
in
tC
Tr
ee
(o
st
re
ai
n 
&o
s,
 b
oo
l 
in
te
rn
al
, 
B
N
o
d
e
 *
t)
 {

ti
me

.t
 t
im
er
;

ti
me
(&
ti
me
r)
;

if
(t
 =
=
 N
U
L
L
)

t 
=
 R
o
o
t
B
N
o
d
e
(
)
;

i
n
t
 i
;

s
t
a
c
k
<
B
N
o
d
e
 *
>
 p
at
h;

pa
th
.p
us
h(
t)
;

bo
ol
 1
ft

 :
= 
tr
ue
;

/
/
 p
ri
nt
 o
ut
 t
he
 h
ea
de
r

OS
 

"\
n/
*\
n\
tT
hi
s 
fi
le
 «

as
 p
ro
du
ce
d 

by
:
"
 <
 "
d
t
"
 <
 e
nd
l;

OS
 <
g
 "
#
i
n
c
l
u
d
e
 
<
v
e
c
t
o
r
>
"
 ̂
 e
nd
l;

OS
 

"u
si
ng
 n
am
es
pa
ce
 s
t
d
;
"
 <
C 
en

dl
 

en
dl
;

OS
 -
C 
"i
nt
 d
Tr
ee
(v
ec
to
r<
do
ub
le
> 

co
ns
t 
&
C
)
 {
"
 

en
dl
;

wh
il
e(
!p
at
h.
em
pt
y(
))
 {

t 
=
 p
at
h.
to
pQ
; 
pa
th
.p
op
O;

if
(t
—>
^P
ur
e(
))
 {

fo
r(
i 
=
 0
; 

i 
<
 p
at
h.
si
ze
()
; 
i
+
+
)

O
S
 <

if
(l
ft
)

OS
 
"
 r
e
t
u
m
C
"
 •
C
 t
—t
La
be
lQ
 <
C 

en
dl
;

el
se
 {

OS
 

"
e
l
s
e
"
 ■

C 
en

dl
;

fo
r(

i =
 0

; i
 <

 p
at

h.
si

ze
() 

+
 1

; i
+

+
)

OS
 <

OS
 <

C 
"r

et
ur

nC
 <

C 
t—

>L
ab

el
() 

■C
 

<C
 e

nd
l;

} 1f
t 
=

 f
al

se
;

} 
el

se
 {

fo
r(

i =
 0

; 
i <

 p
at

h.
si

ze
();

 i
+

+
)

O
S 
<

if(
lft

) 
{

if(
T

yp
e(

t-
>A

ttr
ib

N
o(

))
 =

=
 D

IS
C

)
OS

 ^
 "

if
" 

"(
C

["
 <

C 
t^

A
tt
ri
b
N

o
()

 <
§; 

"]
 

=
=

 "
 -

C 
t^

T
hr

es
ho

ld
()

<
")

"<
e

n
d

l;
if(

T
yp

e(
t^

A
ttr

ib
N

o(
))

 =
=

 C
O

N
T)

OS
 <

 "
if
" 

<
 "

(C
["

 <
 t

->
A

ttr
ib

N
o(

) 
<

 "
] 

<
=

 "
 <

 t-
>T

hr
es

ho
ld

()
<

 "
)"

 <
 e

nd
l;

} 
el

se
 {

OS
 <

g; 
"e

ls
e

" 
<|C

 e
nd

l;;
fo

r(
i 
=

 0
; 

i 
< 

pa
th

.s
iz

e(
) 

+
 1

; i
+

+
)

OS
 <

if(
T

yp
e(

t^
A

ttr
ib

N
o(

))
 =

=
 D

IS
C

)
OS

 <
 "

if
" 

<
 "

(C
["

 <
 t

-)
-A

ttr
ib

N
o(

) 
<

 "
] 

=
=

 
" 
<

 t
-+

Th
re

sh
ol

d(
)

«
 "

)"
 <

 e
nd

l;
if(

Ty
pe

(t—
tA

ttr
ib

N
oO

) 
=

=
 C

O
N

T)
OS

 <
 "

if
" 

<
 "

(C
["

 <
 t

->
A

ttr
ib

N
o(

) 
<

 "
] 

<
=

 "
 <

 t
-tT

hr
es

ho
ld

()
«

 "
)"

 «
 e

nd
l;

1f
t 

=
 t

ru
e;



}

C
O

C
O

pa
th
.p
us
h(
t—
> R
ig
ht
 0)
;

pa
th

.p
us

h(
t—

>L
ef

t(
))

;
1f

t 
=
 t
ru

e;

}
} OS

 <
 "
}
 /
/
 E
nd
 o

f 
d
T
r
e
e
O
 "
 <
 e
nd
l;

} /
/
 

C
H
—
h

j
*
 P
ri
nt
Ru
le
s.
cp
p 
-
 J
ov

an
 I
li

c 
il

ic
@t

he
ta

us
a.

co
m 
Fr
i 
A
u
g
 1
1
 2
0
0
0

*
!

#
i
f
n
d
e
f
 l
i
n
t

s
t
a
t
i
c
 c
h
a
r
 *
rc

si
d 
=
 "
$
H
e
a
d
e
r
$
"
;

#
e
n
d
i
f

♦i
nc

lu
de

 "
D

Tr
ee

.h
pp

"
♦i

nc
lu

de
 "

st
ds

.h
pp

"

vo
id

 D
Tr

ee
::P

rin
tR

ul
es

(o
st

re
am

 &
os

, b
oo

l f
or

m
) 

{

in
t 

i, 
j;

B
N

od
e 

*n
d;

st
ac

k<
B

N
od

e 
*>

 I
S

ta
ck

;

fo
r(

i 
=

 0
; i

 <
 le

av
es

.s
ize

();
 i+

+
) 

{
fo

r(
j 

= 
0; 

j 
< 

le
av

es
[i]

.s
ize

();
 j+

+
){

nd
 =

 le
av

es
[i]

p]
;

//
 e

m
pt

y 
th

e 
st

ac
k 

fi
rs

t
w

hi
ie

(!l
S

ta
ck

.e
m

pt
y(

))
IS

ta
ck

.p
op

O
;

do
{

IS
ta

ck
.p

us
h(

nd
);

nd
 =

 n
d^

P
ar

en
t()

;
} 

w
hi

le
(n

d 
!=

 N
U

LL
);

w
hi

le
( l

lS
ta

ck
.e

m
pt

y 0
) {

nd
 =

 IS
ta

ck
.to

pO
; 

lS
ta

ck
.p

op
();

} //
 

O-
i—

h
/*

 P
st

.c
pp

 -
 J

ov
an

 I
lic

 il
ic

@
th

et
au

sa
.c

om
 F

ri 
Au

g 
4 

20
00

* * 
$L

og
$

*t

♦
if
n

d
e

f 
li
n
t

st
a
tic

 c
h
a
r 

*r
cs

id
 =

 "
$H

ea
de

r$
";

♦
e

n
d

if

♦i
n
cl

u
d
e
 "

D
T

re
e.

hp
p"

♦i
nc

lu
de

 "
it
i.
p
s
t.
h
"

in
t 

D
Tr

ee
::S

av
eP

ST
(s

tri
ng

 c
on

st
 &

ps
tf)

 {

fs
tre

am
 p

st
st

r(
ps

tf.
c-

st
r(

), 
io

s:
:o

ut
);

if(
!p

st
st

r)
 {

ce
rr

 <
C 

"C
ou

ld
 n

ot
 o

pe
n 

fo
r 

re
ad

in
g:

 
" 

<g
 p

st
f 

en
dl

;
ex

it(
-l)

;
} B

N
od

e 
*t

re
e_

no
de

 =
 r

oo
t;

re
tu

rn
 0

;
} I j
 

G-
\—

h
/*

 S
pl

itl
D

S
.c

pp
 -

 J
ov

an
 I

lic
 il

ic
@

th
et

au
sa

.c
om

 T
ue

 J
ul

 1
8 

20
00

*/

♦
if
n

d
e

f 
li
n
t

st
a
tic

 c
h
a
r 

*r
cs

id
 =

 "
$H

ea
de

r$
";

♦
e

n
d

if



#
i
n
c
l
u
d
e
 
<
n
i
a
t
h
.
h
>

v
e
c
t
o
r
<
v
e
c
t
o
r
<
d
o
u
b
l
e
>
 *
>
 &
i
n
s
t
s
 =
 n
d
—
>
d
a
t
a
;

(
O

#
i
n
c
l
u
d
e
 "
s
t
d
s
.
h
p
p
"

#
i
n
c
l
u
d
e
 "
e
x
t
e
r
n
s
.
h
p
p
"

#
i
n
c
l
u
d
e
 "
B
N
o
d
e
.
h
p
p
"

#
i
n
c
l
u
d
e
 "
D
T
r
e
e
.
h
p
p
"

♦i
nc

lu
de

 "
dV

ec
Le

ss
 .h

pp
" 
//

 f
un

ct
io

n 
ob

je
ct

do
ub

le
 E

nt
ro

py
(c

on
st

 v
ec

to
r<

in
t>

 &
);

//
 t

hi
s 

is
 fo

r 
nu

m
er

ic
al

 v
ec

to
rs

te
in

pl
at

e<
cl

as
s 

T
>

T
 S

um
(c

on
st

 v
ec

to
r<

T
> 

&v
ec

) 
{

T
 s

um
 =

 0
;

fo
r(

in
t 

i =
 0

; i
 <

 v
ec

.s
ize

();
 i

+
+

)
su

m
 +

=
 v

ec
[i]

;

re
tu

rn
 s

um
;

} cl
oc

k-
t 

to
ta

l 
=

 0
;

//
 S

pl
itl

D
S

 s
ho

ul
d 

al
wa

ys
 b

e 
pa

ss
ed

 a
 n

od
e 

th
at

 n
ee

ds
 t

o 
be

II
 s

pl
it,

 s
o 

th
er

e 
ar

e 
ce

rta
in

ly
 s

ub
br

an
ch

es
. 

dt
 is

 n
ee

de
d 

fo
r

//
 a

dd
iti

on
al

 in
fo

rm
at

io
n 

ab
ou

t 
th

e 
in

st
an

ce
s,

 e
tc

.
bo

ol
 S

pl
itI

D
3(

B
N

od
e 

*n
d,

 D
Tr

ee
 &

dt
) 

{

tim
e

-t
 s

or
tT

im
e;

//
 t

hi
s 

en
um

 s
ho

ul
d 

m
at

ch
 t

he
 e

nu
m

 in
 D

Tr
ee

.h
pp

en
um

 {
E

R
R

 =
 -

1,
 R

O
O

T,
 L

E
FT

, 
R

IG
H

T,
 O

O
N

T=
5,

 D
IS

C
 }

;

In
t 

i, 
j, 

k;
 /
/ 

co
un

te
r 

de
cla

ra
tio

ns
 t

o 
m

ak
e 

M
SG

 h
ap

py
do

ub
le

 E
 =

 0
.0

, 
be

st
C

ai
n 

=
 0

.0
; 
//

 o
ve

ra
ll 

en
tro

py
 a

nd
 i

nf
o 

ga
in

II
 g

ai
n 

ca
le

ul
at

io
ns

in
t 

ye
sS

um
, 

no
S

um
, 

su
m

;
d
o
u
b
le

 y
es

E
,n

oE
,s

ub
G

,G
ai

n 
=

 0
.0

;

do
ub

le
 f

ea
tu

re
Sp

lit
; 
//

 c
on

tin
uo

us
 o

r 
de

sc
re

te
 s

pl
itt

in
g 

va
lu

e
in

t 
fe

at
ur

el
nd

x;
 /
/ 

fe
at

ur
e 

va
ria

bl
e 

in
de

x 
us

ed
 fo

r 
sp

lit
tin

g

II
 c

hi
ld

re
n 

no
de

s
B

N
od

e 
*l

ef
tB

r 
=

 n
ew

 B
N

od
e(

);
BN

od
e 

*r
ig

ht
B

r 
=

 n
ew

 B
N

od
e(

);

//
 l

ab
el

 c
ou

nt
s 

us
ed

 fo
r 

ov
er

al
l e

nt
ro

py
 a

nd
 g

ai
n 

ca
lc

ul
at

io
ns

ve
ct

or
<i

nt
> 

Ib
lC

ou
nt

(d
t.I

nt
2C

la
ss

()
.s

iz
e(

), 
0)

;

//
 t

he
 la

st
 c

ol
um

n 
is

 in
st

an
ce

 in
de

x
in

t 
Ib

lln
dx

 =
 in

st
s[

0]
—

>s
ize

() 
- 

2;

//
 c

ou
nt

s 
ne

ed
ed

 fo
r 

in
fo

rm
at

io
n 

ga
in

 c
al

cu
la

tio
ns

ve
ct

or
<i

nt
> 

ye
sC

ou
nt

(d
t.I

nt
2C

la
ss

().
si

ze
(),

0)
;

ve
ct

or
<i

nt
> 

no
C

ou
nt

(d
t.I

nt
2C

lc
is

s(
).s

iz
e(

),0
);

//
 e

ve
ry

th
in

g 
ne

ed
ed

 t
o 

fin
d 

th
e 

ov
er

al
l e

nt
ro

py
fo

r(
i 

=
 0

; 
i 

<
 in

st
s.

si
ze

Q
; 
i+

+
){

lb
lC

ou
nt

[(*
in

st
s[

i])
[lb

lIn
dx

]]+
+;

} //
 m

ax
(E

nt
ro

py
) 

sh
ou

ld
 b

e 
les

s 
th

an
 lo

gS
(n

um
be

r-o
f-l

ab
el

s)
E 

=
 E

nt
ro

py
(lb

lC
ou

nt
);

fo
r(

i =
 0

; 
i <

 in
st

s[
0]

—
>s

ize
() 

- 
1; 

i+
+

) 
{

if(
dt

.T
yp

e(
i) 

=
=

 C
O

N
T)

 {

so
rtT

im
e 

=
 c

lo
ck

();
so

rt(
in

st
s.

be
gm

(),
 in

st
s.

en
d(

), 
dV

ec
Le

ss
(i)

);
to

ta
l +

=
 c

lo
ck

() 
- 

so
rtT

im
e;

//
 v

ec
to

r 
of

 p
os

sib
le

 t
hr

es
ho

ld
s.

 
Th

er
e 

sh
ou

ld
 a

lre
ad

y 
be

II
 m

or
e 

th
an

 o
ne

 la
be

l f
or

 e
ac

h 
va

ria
bl

e.
ve

ct
o

r<
d

o
u

b
le

>
 t

hr
es

hs
;

fo
r(

j 
=

 0
; j

 <
 i

ns
ts

.s
iz

e(
)-

l; 
j+

+
)

if(
 (

♦i
ns

ts
p]

)[l
bl

ln
dx

] 
!=

 (
*i

ns
ts

p+
l])

[lb
lln

dx
] 

){
11

 d
o 

no
t 

du
pl

ic
at

e 
th

re
sh

ol
ds



<
0

C
J
\

d
o
u
b
l
e
 t
hr

es
hs

Tm
p 
=
 ((

*i
ns
ts
[j
])
[i
] +
 (*

in
st
s[
j+
l]
)[
i]
 )
/2

.0
;

if
(t
hr
es
hs
.s
iz
e(
) 
=
=
 0
) {

th
re

sh
s.

pu
sh

-b
ac

k(
th

re
sh

sT
mp

);
c
o
n
t
i
n
u
e
;

} if
 (t

hr
es
hs
Tm
p 
!
=
 t
hr
es
hs
[t
hr
es
hs
.s
iz
e(
) 
- 
1]
)

th
re
sh
s.
pu
sh
_b
ac
k(
 t
hr
es
hs
Tm
p)
;

}

/
/
 c
ou
nt
in
g 
co
ul
d 

be
 o
pt
im
iz
ed
 a
 l
it
tl
e 
bi
t 
m
o
r
e

fo
r(
j 
=
 0
; 
j 
<
 t
hr
es
hs
.s
iz
e(
);
 j
+
+
)
{

fo
r(
k 
=
 0
; 
k 
<
 y
es

Co
un

t.
si

ze
()

; 
k
+
+
)
 {

ye
sC
ou
nt
[k
] 
=
 0
;

no
Co

un
t[

k]
 =
 I
bl
Co
un
t[
k]
;

} /
/
 e
qu

al
it

y 
be

ca
us

e 
th

e 
th

re
sh

ol
d 
co

ul
d 

be
 t
he
 s
a
m
e
 a
s

I
I
 f
ea
tu
re
 v
ar
ia
bl
e 
va
lu
e

fo
r(
k=
0;
 k
 <
 i
ns
ts
.s
iz
e(
);
 k
+
+
)

if
((

*i
ns

ts
[k

])
[i

] 
<
=
 t
hr
es
hs
[j
])
{

ye
sC

ou
nt

[(
*i

ns
ts

[k
])

[l
bI

In
dx

]]
++

;
n
o
C
o
u
n
t
 [(
*i
ns
ts
[k
])
 [I
bl
ln
dx
]]
—;

}

y
e
s
S
u
m
 =
 S
um
(y
es
Co
un
t)
;

n
o
S
u
m
 =
 S
u
m
(
n
o
C
o
u
n
t
)
;

s
u
m
 =
 y
e
s
S
u
m
 +
 n
o
S
u
m
;

ye
sE
 =
 E
nt
ro
py
 (y
es
Co
un
t)
;

n
o
E
 =
 E
nt

ro
py

(n
oC

ou
nt

);

s
u
b
G
 =

(s
ta
ti
c_
ca
st
<d
ou
bl
e>
(y
es
Su
m)
/s
ta
ti
c_
ca
st
<d
ou
bl
e>
(s
um
)*
ye
sE
 +
 \

st
at
ic
_c
as
t<
do
ub
le
>(
no
Su
m)
/s
ta
ti
c-
ca
st
<d
ou
bI
e>
(s
um
)*
no
E)
;

G
a
i
n
 =
 E
 -
 s
u
b
G
;

/
/
 r
ec
or
d 

be
st

 G
ai

n,
 b
es

t 
th

re
sh

ol
d,

 b
es

t 
sp

li
ti

ng
 v
ar
ia
bl
e 
in

de
x

if
(b

es
tG

ai
n 
<
 G
ai

n)
{

b
e
s
t
G
a
i
n
 =
 G
a
i
n
;

fe
at
ur
eS
pl
it
 =
 t
hr
es
hs
p]
;

fe
at

ur
el

nd
x 
=
 i
;

/
/
 p
ur
et
y 
ca
n 

be
 d
ef
in
ed
 i
n 

di
ff
er
en
t 
wa
ys

I
I
 n
od
e 
do
es
 n
ot
 h
av
e 
to
 b
e 
re
al
ly
 "
pu
re
" 
to
 b
e 
de
fi
ne
d 
as
 s
uc
h

if
(y
es
E 
=
=
 0
.0
)

le
ft
Br
—>
Pu
re
(t
ru
e)
;

e
l
s
e le
ft
Br
—)
-P
ur
e(
fa
Is
e)
;

if
(n
oE
 =
=
 0
.0
)

ri
gh
tB
r—
)-
Pu
re
(t
ru
e)
;

e
l
s
e ri
gh
tB
r—
>P
ur
e(
fa
Is
e)
;

}
} }
 /
/
 i
f(
dt
.T
yp
e(
i)
 =
=
 C
O
N
T
)

I
I
 n
o
w
 d
o 
th
e 
s
a
m
e
 i
f 
th
e 
va
ri
ab
le
 i
s 
di
sc
re
te

if
(d

t.
Ty

pe
(i

) 
=
=
 D
I
S
C
)
 {

/
/
 h
er

e 
w
e
 d
o
 n
ot
 n
ee

d 
a
n
y
 s
or

ti
ng

 o
r 
th

re
sh

ol
d

I
I
 f
in
di
ng
, 
on
ly
 y
es
-n
o 
co
un
ti
ng
.

in
t 
no
Fe
at
ur
es
 =
 d
t.
At
tr
2I
nt
()
[i
].
si
ze
()
;

/
/
 f
or
 e
ac
h 
fe
at
ur
e 
va
lu
e

fo
r(
k 
=
 0
; 
k
 <
 n
oF
ea
tu
re
s;
 k
+
+
)
 {

/
/
 i
ni
ti
al
iz
e 
th
e 
co
un
te
rs

fo
r(
j 
=
 0
; 
j 
<
 y
es
Co
un
t .

si
ze

 0
;
 j
+
+
)
{

ye
sC

ou
nt

p]
 =
 0
;

no
Co
un
tp
] 
=
 I
bl
Co
un
tp
];

} /
/
 c
ou
nt
 i
ns
ta
nc
es
 w
it
h 
ye
s-
no
 d
ec
is
io
ns

fo
r(
j 
=
 0
; 
j 
<
 i
ns
ts
.s
iz
e(
);
 j
+
+
)
{

if
((
*i
ns
ts
p]
)[
i]
 =
=
 k
){

ye
sC
ou
nt
 [(
*i
ns
ts
p]
)[
lb
ll
nd
x]
]+
+;

no
Co
un
t[
(*
in
st
sp
])
 [I
bl
ln
dx
]]
—;

}
} /
/
 c
al

cu
la

te
 i
nf

or
ma

ti
on

 g
ai

n



C
O

y
e
s
S
u
m
 =
 S
um
(y
es
Co
un
t)
;

n
o
S
u
m
 =
 S
um
(n
oC
ou
nt
);

s
u
m
 =
 y
e
s
S
u
m
 +
 n
o
S
u
m
;

ye
sE
 =
 E
nt
ro
py
(y
es
Co
un
t)
;

n
o
E
 =
 E
nt
ro
py
 (n
oC
ou
nt
);

s
u
b
G
 =

(s
ta
ti
c_
ca
st
<d
ou
bl
e>
(y
es
Su
m)
/s
ta
ti
c-
ca
st
<d
ou
bl
e>
(s
um
)*
ye
sE
 +
\

st
at

ic
_c

as
t <
d
o
u
b
l
e
>
 (n
oS
um
)/
st
at
ic
.c
as
t <
d
o
u
b
l
e
>
 (
s
u
m
)
 *n
oE

);

G
a
i
n
 =
 E
 -
 s
u
b
G
;

/
/
 r
ec

or
d 
be

st
Ga

in
, 
be
st
 d
ec
is
io
n 
va
ri
ab
le
 a
n
d
 v
al
ue

if
(b
es
tG
ai
n 
<
 G
ai
n)
 {

b
e
s
t
G
a
i
n
 =
 G
a
i
n
;

fe
at

ur
eS

pl
it

 =
 k
;

fe
at

ur
el

nd
x 
=
 i
;

/
/
 p
ur
el
y 
ca
n 

be
 d
ef
in
ed
 i
n 

di
ff
er
en
t 
wa
ys

I
I
 n
od
e 
do
es
 n
ot
 h
av
e 
to
 b
e 
re
al
ly
 "
pu
re
" 
to
 b
e 
de
fi
ne
d 
as
 s
uc
h

if
(y
es
E 
=
=
 0
.0
)

le
ft
Br
-^
Pu
re
(t
ru
e)
;

e
l
s
e le
ft

Br
-^

Pu
re

(f
al

se
);

if
(n
oE
 =
=
 0
.0
)

ri
gh
tB
r—
>P
ur
e(
tr
ue
);

e
l
s
e ri
gh

tB
r-

^P
ur

e(
fa

ls
e)

;

} } /
/
 f
r
o
m
 t
he

 s
pl

it
ti

ng
 i
nf

or
ma

ti
on

, 
f
o
r
m
 t
he

 c
hi
ld
re
n 
no

de
s 
a
n
d
 c
on
ne
ct

t
h
e
m

1
1
 t
o 
th
e 
pa
re
nt
 n
od
e 
th
at
 i
s 
be
in
g 

sp
li
t.

/
/
 s
to

re
 s
pl

it
ti

ng
 i
nf

o 
at

 n
od
e.

nd
—)
'A
tt
ri
bN
o(
fe
at
ur
eI
nd
x)
;

nd
—>
Th
re
sh
ol
d(
fe
at
ur
eS
pl
it
);

/
/
 c
on
ne
ct
 t
he

 p
ar

en
t 
no

de
le
ft
Br
—>
Pa
re
nt
(n
d)
; 
ri
gh
tB
r—
^P
ar
en
t(
nd
);

/
/
 c
on
ne
ct
 t
he
 c
hi
ld
re
n 
no
de
s

nd
-^
Ri
gh
t(
ri
gh
tB
r)
; 
nd
->
Le
ft
 (l
ef

tB
r)

;

/
/
 s
ep
ar
at
e 
po
in
te
rs
 t
o 
sa
mp
le
 i
ns
ta
nc
es

fo
r(
i 
=
 0
; 
i 
<
 i
ns
ts
.s
iz
e(
);
 i
+
+
)
{

if
(d
t.
Ty
pe
(f
ea
tu
re
In
dx
) 
=
=
 D
I
S
C
)

if
((
*i
ns
ts
[i
])
[f
ea
tu
re
ln
dx
] 
=
=
 f
ea
tu
re
Sp
li
t)

Ie
ft
Br
->
da
ta
.p
us
h_
ba
ck
(i
ns
ts
[i
])
;

e
l
s
e

ri
gh
tB
r—
>d
at
a.
pu
sh
_b
ac
k(
in
st
s[
i]
);

if
(d
t.
Ty
pe
(f
ea
tu
re
In
dx
) 
=
=
 G
O
N
T
)

if
((
*i
ns
ts
[i
])
[f
ea
tu
re
ln
dx
] 
<
=
 f
ea
tu
re
Sp
li
t)

le
ft
Br
—)
-d
at
a.
pu
sh
_b
ac
k(
in
st
s[
i]
);

e
l
s
e

ri
gh
tB
r—
>d
at
a.
pu
sh
_b
ac
k(
in
st
s[
i]
);

} 11
 i
f 
ch
il
de
m 
ar
e 
pu
re
 a
ss
ig
n 
t
h
e
m
 l
ab
el
s

if
(l

ef
tB

r—
)-

Pu
re

()
) {

le
ft
Br
—>
La
be
l(
(*
le
ft
Br
—>
da
ta
[0
])
[l
bl
In
dx
])
;

} e
l
s
e le
ft
Br
->
La
be
l(
-l
);

if
(r
ig
ht
Br
—>
Pu
re
()
){

ri
gh
tB
r—
>L
ab
el
((
*r
ig
ht
Br
^d
at
a[
0]
)[
lb
lI
nd
x]
);

} e
l
s
e ri
gh
tB
r—
>L
ab
el
(-
l)
;

r
e
t
u
r
n
 t
r
u
e
;

d
o
u
b
l
e
 E
nt

ro
py

(c
on

st
 v
ec
to
r<
in
t>
 &
d
a
t
a
)
 {

i
n
t
 i
;

d
o
u
b
l
e
 S
 =
 0
.0
, 
e
 :

0.
0;

fo
r(
i 
=
 0
; 
i 
<
 d
at
a.
si
ze
()
; 
i
+
+
)

S
 +
=
 d
at
a[
i]
;



fo
r(
i 
=
 0
; 

i 
<
 d
at
a.
si
ze
()
; 
i
+
+
)
 {

Ib
ll
nd
x 
=
 c
ur
r—
>^
da
ta
[0
]—
>s
iz
e(
) -

 2
;

-
a

(s
ta

ti
c_

ca
st

<d
ou

bl
e>

(d
at

a[
i]

)/
S)

*(
Lo

g(
st

at
ic

_c
as

t<
do

ub
le

>(
da

ta
[i

])
/S

))
;

} r
e
t
u
r
n
 e
;

} I
I
 

C~
\—
h

I
*
 T
Ya
in
.c
pp
 -
 J
ov
an
 I
li
c 
il
ic
@t
he
ta
us
a.
co
m 
Fr
i 
Ju
n 
0
2
 2
0
0
0

* *
 $
L
o
g
$

*
!

#
i
f
n
d
e
f
 l
i
n
t

s
t
a
t
i
c
 c
h
a
r
 *
rc

si
d 
=
 "
$
H
e
a
d
e
r
$
"
;

#
e
n
d
i
f

#
i
n
c
l
u
d
e
 "
D
T
r
e
e
.
h
p
p
"

S
i
n
c
l
u
d
e
 "
 e
x
t
e
r
n
s
.
h
p
p
"

bo
ol
 S
pl
it
ID
3(
BN
od
e 
*,
 D
Tr
ee
 &
);

B
N
o
d
e
 *
DT

re
e;

:T
ra

in
()

 {

i
n
t
 i
, 
Ib

ll
nd

x,
 I
bl

;

s
t
a
c
k
<
B
N
o
d
e
 *
>
 n
od

es
;

cu
rr

 =
 r
oo

t 
=
 n
e
w
 B
No
de
()
;

/
/
 I
ni
ti
al
iz
e 
th
e 
ro
ot
 n
od
e.

cu
rr
—f
da
ta
.r
es
er
ve
(d
se
t.
si
ze
()
);

fo
r(
i 
=
 0
; 
i !
=
 d
se
t.
si
ze
()
; 
i
+
+
)

cu
rr
—t
da
ta
.p
us
h_
ba
ck
(&
ds
et
[i
])
;

/
/
 r
oo
t 
no
de
 c
on
ta
in
s 
no
 i
ns
ta
nc
es

I
I
 c
hi

ld
re

n 
po
in
te
rs
 a
re
 N
U
L
L

if
(c
ur
r—
^d
at
a.
si
ze
()
 <
 1
 )
{

cu
rr

—>
La

be
l(

ER
R)

;
r
e
t
u
r
n
 c
u
r
r
;

}

/
/
 r
oo

t 
no

de
 i
s 
pu

re
/
/
 c
hi
ld
re
n 
po
in
te
rs
 a
re
 N
U
L
L

if
(c
ur
r—
>P
ur
e(
))
 {

cu
rr

—>
La

be
l(

(*
cu

rr
-4

da
ta

[0
])

 [I
bl

ln
dx

])
;

r
e
t
u
r
n
 c
ur
r;

} /
 /
 p
us
h 
ro

ot
 t
o 
be

 r
ev
is
it
ed
 l
at

er
 o
n

no
de
s.
pu
sh
(r
oo
t)
;

le
av

es
.e

ra
se

(l
ea

ve
s.

be
gi

n(
),

 l
ea
ve
s.
en
d(
))
;

fo
r(

i 
=
 0
; 
i 
<
 i
nt
2c
la
ss
.s
iz
e(
);
 i
+
+
)

le
av

es
.p

us
h_

ba
ck

(v
ec

to
r<

BN
od

e 
*>

()
);

/
/
 r
oo
t 
no
de
 h
as
 i
ns
ta
nc
es
 n
ot
 b
el
on
gi
ng
 t
o 
th
e 
s
a
m
e
 c
la
ss

I
I
 w
e'
ll
 s
pl
it
 t
he
m 

by
 m
in
im
iz
in
g 
th
e 
en
tr
op
y

wh
il
e(
!n
od
es
.e
mp
ty
()
) {
 /
/
 w
hi
le
 t
he
re
 a
re
 n
od
es
 t
o 
sp
li
t

I
I
 g
et
 t
he

 n
ex

t 
no

de
 f
r
o
m
 t
he

 s
ta

ck
cu
rr
 =
 n
od

es
.t

op
O;

no
de
s.
po
pO
;

/
/
 t
hi
s 
se
em
s 
to
 b
e 
th
e 
on
ly
 I
D
S
 s
pe
ci
fi
c 
po
in
t 
in
 T
ra
in
lD
S 
fu
nc
ti
on

I
I
 S
pl
it
lD
S 
sp
li
ts
 c
ur
re
nt
 n
od
e 
us
in
g 
I
D
S
 e
nt
ro
py
 m
in
im
iz
at
io
n

I
I
 a
nd
 a
ss
ig
ns
 t
he
 c
hi
ld
re
n 
no
de
s.

Sp
li

tI
D3

(c
ur

r,
 *
th

is
);

/
/
 H
er
e 
w
e
 a
ss
ig
n 
th
e 
no
de
 l
ab
el
 i
f 
it
 i
s 
a
 p
ur
e 
no
de
. 
Ad
di
ng
 n
e
w

/
/
 i
ns
ta
nc
es
 t
o 
th
e 
no
de
 m
u
s
t
 i
nv
al
id
at
e 
th
e 
la
be
l 
if
 t
he
 p
ur
it
y 
is
 n
ot

pr
es

er
ve

d.
if

(!
cu

rr
—t

 Ri
gh

t (
)—

)-
Pu

re
()

){
no
de
s.
pu
sh
(c
ur
r—
tR
ig
ht
O)
;

} el
se
 {

Ib
l 
=
 (
*c
ur
r—
tR
ig
ht
()
—>
da
ta
[0
])
[l
bl
ln
dx
];

cu
rr
—>
Ri
gh
t(
)—
>-
La
be
l(
lb
l)
;

le
av
es
 [I
bl
].
pu
sh
_b
ac
k(
cu
rr
—>
 Ri

gh
t 0
);

} /
/
 T
h
e
 s
a
m
e
 i
s 
do
ne
 w
it
h 
th
e 

le
ft
 c
hi
ld
. 
No
te
 t
ha
t 
w
e
 a
lw
ay
s



t
o
C
O

I
I
 f
ol
lo
w 
th
e 

le
ft
 b
ra
nc
h 
fi
rs
t.

if
(!
cu
rr
->
Le
ft
()
-^
Pu
re
()
){

no
de
s.
pu
sh
(c
ur
r—
>L
ef
t(
))
;

} el
se
 {

Ib
l 
=
 (*

cu
rr

^L
ef

t(
)^

da
ta

[0
])

[l
bl

In
dx

];
cu
rr
^L
ef
t (
)
 ->
La
be
l(
lb
l)
;

le
av
es
 [I
bl
] .
pu
sh
.b
ac
k(
cu
rr
->
Le
ft
 ()
);

}

} e
x
t
e
r
n
 c
lo

ck
-t

 t
ot
al
;

co
ut
 <
C 
"
S
o
r
t
i
n
g
 t
i
m
e
 =
 "
 ̂
 t
ot
al
 

en
dl
;

r
e
t
u
r
n
 0
;
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