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ABSTRACT

The aim of this thesis is to formulate a balanced routing strategy for constructing

efficient airline networks in situations where travel demand is sparse. The strategy must strike a

balance between the various objectives of both the airline operator and the passengers. Integer

programming was used to develop three routing algorithms. The algorithms were then used to

create three efficient air networks. The networks were designed to attain specific objectives.

The first network minimized the total cost of airline operations. This was accomplished by

consolidating the traffic demands at a few efficient hub locations to reduce the unit cost of

operations, and by reducing the minimum number of required flights that meet all traffic

demands. The second network minimized the cost of travel of the passengers by reducing their

travel and schedule delay times. The third network was designed to minimize the total

combined cost of both the airline and the passengers. This was done by minimizing the airline

unit costs of operations, schedule delays, and travel times.

As a case study, the domestic air transportation network of the Kingdom of Saudi Arabia

were examined. The routes and links between the different airports in the network were

restructured. The study showed that the algorithms were successful in achieving their design

goals. The study also showed that the attributes of air transport networks influence both the

passengers’ travel cost and the airline operating cost. The total cost and network structure are

not independent. Hence, air transport networks must be developed in such a fashion that total

costs are minimized and travel service within the network maximized.
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1. INTRODUCTION

1.1.0 Background

Transportation networks are developed to move people and goods. The total cost of

travel around a network depends on the capital costs of the fixed facilities and the operating cost

within the network. The attributes of the network influence both the capital cost and operating

cost. The total cost and network structure are not independent but must be developed in such a

fashion that total costs are minimized and travel service within the network maximized. The

general problem addressed in this study is that of developing an efficient network when demand

is sparse and spread over a large geographical area. The problem reduces to that of sparse

networks. Such a problem is interesting to study because as will be seen later in the literature

review chapter of this thesis, no research has been specifically published dealing with sparse

demand levels. Most of the published work on optimizing airlines operations has concentrated

on making existing routes more profitable by optimizing crew and flights scheduling.

Air transport services are characterized by high fixed costs at airports and operating

costs that depend on the routing structure and travel demand. In networks with low demand for

travel, operating costs are thought to become even more critical and the shape of the network

has greater impact on the final per unit cost of travel. The network’s structural shape is dictated

by the airline routing strategy. The most commonly used strategies are shown in Figure 1.1.

These strategies are : the Linear Point to Point Connection Strategy and the Hub and Spoke

Strategy.
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Figure 1. 1 Airline Routing Strategies

Linear Point to Point Connection Strategy

Hub and Spoke Routing Strategy
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As it will be shown later, airline routing strategies fall into two categories, they are

Point to Point Connection or Hub and Spoke. Air transport networks having high degree of

direct point to point connectivity and sparse travel demands are often costly to operate. Hub

and spoke networks tend to increase travel time and its associated cost. Yaw Jeng1 has shown

that a sound routing strategy can increase the air carrier’s operational efficiency and provide

more convenience for the air travellers. Therefore, in sparse travel demands situations a

balanced routing strategy must be formulated to simultaneously consolidate travel demand and

reduce travel time in order to minimize the total unit cost of travel. The importance of a good

routing strategy is more evident when dealing with large geographical areas with sparse travel

demand levels. The air routes that develop in such situations are normally characterized by low

levels of demands and low load factors on the aircraft. In addition, the frequency of service is

low and the size of the aircraft used on such networks tend to be small. Smaller aircraft have

been found by Schwieterman2to be less cost effective per seat mile supplied relative to larger

aircraft as flight distance increases. On short routes however, smaller aircraft have a relative

advantage over larger ones. To provide a better understanding of the two strategies, the

following will be a detailed discussion of their evolution, attributes, advantages, and

disadvantages.

1.2.0 Routing Strategies

Through the years different routing strategies have been developed to fulfil some

specific needs of moving people and goods between demand locations. In the U.S., the earliest

routes were determined by airmail requirements. The early airmail routes were established
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between large cities and areas of high population concentrations. Not long after,

transcontinental routes were developed to link the entire country. Prior to the airline

Deregulation Act of 1978 in the U.S., routes were regulated by the government and the airline’s

routing strategy was accordingly dictated. A common strategy in most public transportation

systems at that time was to establish linear route structures with relatively closely spaced stops.

This strategy has also been used in air transportation, where it is called “hedgehopping”.

However, the costs and passengers inconvenience entailed in making stops along the route is

much greater in air transportation than it is in other modes3. Also the preference of passengers

for a minimum number of stops along the way is very strong4. These preferences combined

with deregulation has caused the U.S. route system to be mostly shaped by competition between

the airlines and the new hub and spoke routing strategy has come to existence. Carriers have

taken deregulation as an opportunity to redeploy their resources and to make major changes in

their route networks5.

1.2.1 Hub And Spoke Strategy

A hub and spoke network can be thought of as a radial system of roads such as existed

in older cities. The central city is equivalent to the hub of a wheel and the routes radiating

from it are the spokes that serve the outlying suburbs. In this type of network, the hubs act as

collection and dissemination points where the traffic demands are consolidated and an indirect

connection through the hub city between many city pairs that by themselves cannot generate

enough traffic to justify direct flights is permitted6. Flights converge on a hub at approximately

the same time, this convergence of flights is referred to as “bank” or “complex”. Each bank
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lasts from the time the first inbound flight arrives at the hub until the last outbound flight has

departed7. Flights are normally scheduled in such a way that passengers can transfer between

flights on a bank after an adequate time to allow passengers and baggage to be exchanged.

Wheeler8 listed the advantages and disadvantages for hub and spoke networks. The

main advantages are as follows:

• A hub and spoke network provides high frequency service to a large number of low

density city pairs. This type of network allows a carrier to market many origin and destination

possibilities to each spoke city. This strategy allows the carrier to compete in many markets

while using relatively few resources. The resulting high frequency service is more desirable

because it is attractive to business passengers and also it increases the carrier’s chance of

achieving top line display in the computer reservation system (CRS)9.

• If there is high demand for non-stop service, a hub and spoke operator can realize higher

than average fares on a non-stop route that it monopolizes.

• The large number of origin and destination markets that are normally served by this type

of network allows a hub and spoke operator to be less dependent on any particular market or

group of markets. Hence, the economic effects of traffic demand fluctuations in a particular

market will be minimized by this type of network due to the large number of other markets it

usually serves.

• A hub and spoke operator can normally market a large number of possible itineraries

and thereby increase the number of passengers that he can serve. Also passengers tend to like

using the same carrier for the entire trip if the trip involves a transfer. Hence, because of the

large possible itineraries, the operator will be most likely able to serve these transfer passengers.
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This is highly desirable because the carrier can then keep a connecting passenger’s full fare,

rather than a portion of it.

• The large number of possible routing of aircraft and crew at hubs permits greater use of

equipments and labour, as well as increased operational flexibility.

According to Wheeler’° the main disadvantages of using hub and spoke networks are as

follows:

• A hub and spoke network contributes to congestion and delay at major airports and in

the traffic sectors that serve these airports. Although in most countries specially in the United

States these problems are largely the result of the narrowing gap between system capacity and

the volume of aircraft movements, they are exacerbated by the self imposed delay that results

from the “banking” of flight schedules by hub carriers for the purpose of connecting flights.

• The consolidation of a carriers operations at its hub results in over use of terminal staff,

and equipments. This network type consequently has higher departure cost than lineargates,

networks.

• Finally, poor weather conditions at a hub airport can result in increased delays and costs

through the system because of reaccommodation of misconnected passengers, prevention of

illegal scheduling of crew, and other operational problems.

6



1.2.2 Point To Point Connection Strategy

In this strategy as the name implies, long-haul multistage connections between large

cities are normally provided by the carrier. For example, Figure 1.1 shows that passengers

travelling from airport 1 to airport 8 must make three stops along the way. The figure also

shows that the route system does not have any dominant focus. Almost all airports in the

network have the same number of links connected to them. Oum and Tretheway” indicated

that this route structure is sometimes referred to as a “Linear route system”. The reason behind

this name is the original government awards of the components of the route system tended to be

straight line routes. For example, the airline may initially have been awarded the right of

service from 1 to 2 to 3 to 5. It may have been subsequently awarded the service right from 1 to

6 to 7 to 8. The remaining routes were most likely awarded later in time.

Long stage lengths require larger aircraft for range, and because of the lack of feeder

traffic on this type of network the service frequency and passenger load factors tend to be low

which increases the cost per passenger unless the city pairs themselves are high traffic

generators. The low service frequency tend to increase the average schedule delay of

passengers. Schedule delay is defined as the difference in time between when a person would

like to make a trip and the time he is constrained to make the trip because of the airline’s

schedul&2. Long travel distances may require overnight layovers, which reduce aircraft

utilization rates. Depending on the size of network, aircraft servicing and apron services may

have to be performed at various locations. Finally, it is well known that major linear routes

between important cities tend to suffer from intense competition and significant discounting 13
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1.3.0 Problem Definition

If properly developed, hub and spoke networks are more cost efficient for the airline

especially when demand is sparse because they consolidate the traffic at the hubs and reduce the

minimum number of required flights. However, they tend to increase travel circuity. Circuity

is defined as the extra distance needed to serve an origin destination (OD) pair by hub and

spoke rather than point to point operatio&4. As a result of increased circuity, hub and spoke

networks increase both the travel time and its associated cost which is incurred by the

passengers. In contrast, point to point connection networks tend to do the opposite. They

reduce the travel time and its associated cost because of the direct connections. However, they

are less cost efficient for the airline than the hub and spoke type specially when demand is

sparse. The lack of feeder traffic on this type of network reduces passenger load factors unless

the OD pairs themselves are high traffic generators. The reduced load factors increase the cost

of operations per passenger mile because of the high fixed cost of service that is normally

allocated to airline operations. Also, the increased direct connectivity increases the minimum

number of required flights which in return increases the operating cost of the airline. Evidently,

serving large areas with sparse travel demands constitutes a unique problem. The problem here

is to formulate a balanced routing strategy which will minimize the airlines operating cost by

consolidating the demands at some locations in the network. Also the strategy must minimize

the passengers travel times and satisfy all the service demands.

8



1.4.0 Thesis Objectives

Given the two routing strategies, and the complexities of demand in large sparse

networks it becomes important to develop a balanced strategy for routing aircraft throughout the

network. Therefore, the objective of this thesis is to develop integer programming algorithms

that will yield efficient routing strategies for sparse demand levels. The strategies will then be

used to develop efficient air network structures. The structures must be developed in such a

way as to minimize the travel unit costs of both the carrier and the passengers. The carrier’s

cost will be minimized by consolidating the travel demands at some ideal hub locations in the

network. These ideal locations will be identified by the algorithms in accordance to the demand

distribution throughout the network and the ability of these locations to generate and attract

traffic. The passengers’ cost will be minimized by routing the traffic on routes that reduce

travel times and schedule delays. The number of transfers that a passenger has to go through

will be limited to one. Limiting the number of transfers to one is practical in two ways. First, it

is realistic since in practice the majority of travellers try to limit their transfers. Second, this

limitation greatly reduces the number of possible link combinations between any two airports in

the network. As a result, this limitation reduces the number of variables and constraints and

speeds up the computations. The algorithms must also be flexible enough to allow the user to

model some real life constraints and needs. For example, a specific link between any given two

nodes can be included or excluded in the final network structure for any given reason. Also, the

algorithms must be able to deal with the possibility or impossibility of developing a certain

airport as a hub in the final network structure. This is necessary because some airports do not

have the gate capacity that will allow them to be developed as hubs. Finally, the routing
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algorithms will be built into a computer package that will develop the complete integer

programming formulations of the efficient air network structure. The package will also

evaluates the network’s effects on the airline operations and passengers services in terms of load

factors, operating cost, flight frequencies, and travel times.

1.5.0 Description Of The Study

Some form of integer programming will be employed. The thesis will develop a model

which will link air transportation demand levels to an efficient routing strategy. Generalized

cost functions will be developed and used as disutility measures of all possible routes between

the various demand locations to develop the efficient routing strategy. The cost functions will

include elements of demand levels, passenger cost of travel time and schedule delay, airlines

cost per passenger, and elements of the two routing strategies. Assuming that the airline can

provide enough flight capacity to satisfy the demands between all the different origin and

destination pairs, the model constraints will then be limited to providing a route between any

pair. All possible links between the different demand locations according to the hub and spoke

and point to point connection strategies will be used in the generalized cost function as the

decision variables of the model. However, only links that contain a maximum of one transfer

point connecting any pair of demand locations will be considered. This restriction is used to

reduce the large number of possible route combinations if more than one transfer is considered.

The model will also be flexible and will allow the user to include or exclude any particular link

in the network according to his/her judgement.

10



1.6.0 Case Study

Initially, this thesis attempted to study the air transport networks of Australia and

northern Canada. However, this was not possible due to the lack of publicly available data

elements of these networks. Alternatively, the domestic air transportation network of Saudi

Arabia which consist of 25 airports that have sparse demand levels between the majority of

these airports was selected as a case study. The routes and links between the different airports

in the network were examined and restructured. This particular network was selected as a case

study because it represents a unique opportunity since the network size is large, demand is

sparse, and there is no other fast alternative of mass travel modes.

During the planning phase of this network, the network plan placed strong emphasis on

objectives such as the country’s political integration, the establishment of direct links between

all population centres, and the social well-being of the population. As a result, all the

Kingdom’s centres of population are directly connected to the air transport system by their own

airports. The majority of these airports are directly connected to one another even though

demand levels do not necessarily justify direct connections. This high degree of direct

connectivity and the low travel demands resulted in lowering the load factors on the majority of

flights.

11



2. LITERATURE REVIEW

Most of the published work in the area of optimizing airlines networks has concentrated

on developing optimum schedules for a predetermined set of routes. This is possibly so because

airline routes were regulated by the government. Thus, the majority of authors have treated

airline routing and scheduling as one single process. The separation of these processes is

important since it has been found that the efficient selection of routes leads to more profitable

scheduling’5. Hence, the determination of the sequence of stops for each aircraft through the

network of cities prior to scheduling is a critical function. Efficient routing selection is even

more critical when dealing with sparse demand, because it can consolidate passengers from

different origins destined to one city through a hub airport and ultimately increase the overall

aircraft load factor. Aircraft load factor is defined as the percentage of occupied seats, which is

a measure of capacity utilization of the aircraft. Therefore, this thesis will treat airlines routing

and airlines scheduling as a separate but highly related processes. Airlines routing which is the

main concern of this thesis is defined as the sequence of cities where one aircraft lands. A

schedule is constructed when the routes are assigned specific departure times for each city and

is evaluated for constraints and factors not included in the route construction process such as

crew scheduling, terminal operation requirements, and maintenance requirements of aircraft.

Airline scheduling process normally encompasses complicated tasks of, synthesizing a multiple

of interrelated political, economic, social, legal, and technical factors, to produce a balanced

pattern of flights with a timetable that is consistent with the airline’s objectives and constraints.

In practice, route construction, traffic forecasting, and operational evaluntions are the major

activities that form the nucleus of the scheduling process. Traffic forecasts are normally

12



prepared by using information on the general economic conditions, competitive schedules, and

fare structures. This forecasting process estimates the expected traffic by flight segment as an

average for a given period. Then, an initial set of routings is constructed by combining the

information on forecasted traffic with the previously flown timetable and routes to produce a

preliminary schedule. A new forecast is then made using the preliminary schedule along with

the other inputs. Based on identified operational inconsistencies and the previous demand,

another set of routings is constructed. the process continues to iterates through these steps until

the final, operational timetable is produced (Richardson)’6.

Prior to the airline deregulation act of 1978 in the U.S. when routes were dictated by

the government, most of the optimization work focused on determining the optimal airline

scheduling scheme for the regulated routes. Gordon and De Neufville’7 presented a fleet

allocation model that optimizes the level of service of a given air transportation network by

minimizing the total delay, D, experienced by passengers being served by a fleet with a given

number of aircraft over a given set of routes. The concept of schedule delay was introduced in

this model as a measure of the value of a given frequency of service. Schedule delay was

defined as the difference in time between when a person would like to make a trip and the time

he is constrained to make the trip because of the inflexibility of the airline’s schedule. If the load

factor is fixed on the given routes, it was assumed that schedule delay could be represented with

sufficient accuracy as proportional to:

(1—p)’ ; s1

13



where

s = un determined constant that was assumed to be equal to 1.

p = the load factor on link i which is assumed to be fixed by the airlines.

Based on the above equation, the total schedule delay which is measured in passenger hours for

all passengers was represented as:

D = av1(1 .pS)_l/SN1

where

a = proportionality constant that is assumed to be the same along every link.

V1 the volume of passengers on link i.

JV = the number of aircraft on route i.

The model then basically minimizes the total schedule delay given by the above

equation. However, the amount of service provided can not exceed the capability of the aircraft

fleet, S, which is measured in units of available seat-hours over a given period of time. In

practice, S would be calculated form the knowledge of the average utilization, capacity, and

cruise speed of the aircraft in the fleet. Hence, the model is subject to the following constraint:

N1ct1 S

where

c = the capacity of aircraft

= the total gate-to-gate or block time for an aircraft over route i.

14



The model can be solved for any specific patterns of demand, size of aircraft, network

configuration and number of aircraft in the fleet. By manipulating these variables and solving

the problem and then comparing the results of the solutions, it becomes possible to determine

optimal values of these factors.

Dantzig and Ferguson’8 formulated the original linear programming model that

determine the optimal frequency of flights between each city pair to maximize revenue.

Etschmaier’9related the airline demand to its frequency of service and the attractiveness of

different aircraft types as well as to the general competitive position of that airline in the

market. Kushige2°considered the case where flight frequencies are symmetrical on the routes

but the demand is not.

After the Deregulation, a new trend in airline’s routing has emerged. Airlines have taken

deregulation as an opportunity to redeploy their resources and to allow market competition

forces to shape their networks. Since then more work that specifically deals with airline’

routing has been published. The following literature review includes some of the published

works on airline routing.

2.1.0 The Split Routing Strategy

Jeng2’proposed what he called the split routing strategy. The strategy is primarily based

on serving passengers demands by providing either a direct point to point connection or a

connection through a hub airport according to the relative locations of origins and destinations.

15



The costs to be minimized in this strategy include airline operating costs and passenger travel

time costs. The key network parameters include demand level, network size, and number of

cities or nodes served by the network. The demand is assumed to be homogeneous and constant

throughout the network. And the airline network is structured in a circular configuration. The

circular network configuration shown in Figure 2.1 assumes that all non-hub nodes are

uniformly located along the circumference of a circle with a hub at the center. To apply this

strategy, airline networks are approximated as circular network needing only the radius of a

Figure 2. 1: Illustration of Split Routing

circle and the number of nodes. The radius of the circle can be calculated by averaging all the

distances between non-hub nodes and the hub. According to the strategy, destinations are

served by splitting them depending on their relative locations to the origin, with either point

to point or hub and spoke operation. The main idea behind split routing is to reduce the circuity

when serving any origin destination pair (OD). For example, the circuity to serve OD pair AB

4

B

A

)
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in figure 2.1 by hub and spoke operation is much greater than the circuity to serve OD pair AC

by the same operation. Therefore, it is reasonable and logical to serve the nodes closer to the

origin with point to point and the others with hub and spoke operations. The problem then

becomes finding the number of neighbouring nodes on each side of a non-hub origin that can be

served by direct point to point operation such that the total cost of the service is minimized for

both the airline and the passengers. This is solved by finding an optimum value for the split

angle W as shown in figure 2. 1. The optimum value of P as derived by Jeng is presented by the

following equation:

= O.5it
Where:

n = the number of nodes in the system

p = Average demand per O-D pair (Passengers / day)

d Radius of circular network (mi)

The optimum split angle in radians

2.1.1 Discussion Of The Model

Jeng’s study may provides good understanding of the trade-offs and cause-effect

relationships among key network components and their impacts on the shape of the network.

However, the simplified assumptions used in the study such as; the homogeneity of the demand,

the inelasticity of the demand with respect to time and cost, and the circular shape of the

network with one single hub are too restrictive for actual applications. Hence, the accuracy of

its results specially those that relate to the optimum shape of the network is questionable.
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Also, serving sparse demand requires the consolidation of that demand in order to increase the

load factor to minimize the cost per passenger, the model provided in this study does not has the

mechanism to do so. In this method traffic may be consolidated at the single hub in the network

but only in accordance to the relative geographical locations of the origin and destination.

2.2.0 Heuristic Frequency Planning Model

Ghobrial, Balakrishanan, and Kanafani22 developed a two-phase heuristic model for

airline frequency planning and aircraft routing for small size airlines. The first phase of the

model which is the most relevant to this thesis yields a frequency plan by using an economic

equilibrium model between passenger demand for flying a particular route and airline’s supply

of flights on that route given the operating characteristics of aircraft flown. According to the

authors, a frequency plan specifies the configuration of the network (non-stop or multi stop

routes), frequency of service, and the type of aircraft assigned to each flight. The model

however assumes only one aircraft type will be used for all flights. The second phase uses a

time-of-day model to develop an assignment algorithm for aircraft routing. Together, both

phases are referred to as the schedule construction process.

The model is built on the assumption that airlines tend to compete against each other by

providing more flight frequency. This is so because airline’s traffic share of a given market tend

to increase as its frequency share in the market increases. Therefore, while airlines try to

minimize their operating cost by flying the minimum number of flights in the market, their

flight frequency competition pushes them to operate at their break-even load factors. Given
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individual airlines price and operating cost, market equilibrium is reached when each airline

operates at its break-even load factor subject to indivisibility of flights and assuming a

reasonable return on investment23. Given a set of origin-destination markets, a set of candidate

routes (i.e. possible connecting routes for each origin and destination pair while keeping in

mind that a route can be composed of a single or multiple links, and any link in the network

could serve one or more routes connecting different city-pairs.), aircraft types, yield and

operating cost functions, the objective of the model is to find a set of supply decisions. These

decisions include aircraft type, frequency, and routings which achieves a certain goal such as

maximizing airline profits.

Figure 2.2, shows the flowchart of a computer based solution algorithm which was

developed by Ghobrial etal to incorporate a set of modules that constitute the frequency

planning model. As shown in the figure, a set of candidate routes is defined by the user for

each city-pair in the network. These routes represent the possible ways in which service can be

provided between them (i.e. non-stop and multi-stop). The basic requirement for the network

representation is to ensure a conservation of flow at each node. This can be accomplished by

the following constraints:

0 fj=o,d (1)
1od =

+ D0d fj = d V o, d pair (2)

—Dod ff=O (3)

where:
od

= 0 - D traffic using link id.

D0d = 0 - D traffic (demanded at d)
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Figure 2.2: Flowchart of The Frequency Planning Model
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Another set of constraints is used to ensure the structural relationship between link and

route frequencies. The frequency of service on a given route must be the minimum of

frequencies on all links contained in that route

FrMjfl {F} (4)
1] Lr

Where:

Fr = Service frequency on route r.

Lr = Set of links contained in route r.

F. Service frequency on link ij.

To run the model, unit frequencies are initially assigned to all available routes in the

network. The traffic is then distributed to these routes (and then to the links) on the bases of a

route choice model. The route choice model is built on the concept that traffic demand for

flying a particular route is dependent on the different levels of service attributes of that route

(i.e. travel time, frequency of flights, travel cost, number of transfers, etc.). The traffic between

any O-D pair will be distributed among the different routes joining that pair according to the

different service levels offered on these routes. This traffic distribution process is accomplished

by using the multinomial logit model which relates the flows on different routes joining any

city-pair as follows in equation (5):

e v (r)

flr (5)
k eKod
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flijflr (6)
reR

where:

11r = Passenger flow on the r th route connecting the O-D pair

K0 d = set of all routes connecting the O-D pair

R1 = set of all routes containing link ij

V(r) utility function for the rth route

fl1 = traffic on link ij

Equation (6) is used to ensure that the flow on any link is equal to the sum of all flows

on all routes containing that link. The utility function V(r) is used as a measure of the service

attributes of the route and it is assumed to be linear. Service attributes considered in this model

include flight frequency, travel time, and air fare. For example, If Fr is the service frequency

on route r, Tr is the travel time on route r, andj is the fare on route r, then the utility function

V(r) can be formulated as:

V(r) = cx Fr +13 Tr + 4fr + +6 (7)

where cx, f3, 4 , are the attribute coefficients in the utility function and 6 S the error term of

estimation. A characteristic of the logit model is worthy of noting here is that choice elasticity

is not constant but is directly proportional to the value of attributes in the utility function (e.g.

flight frequency) and inversely proportional to the probability of choice. This implies that the

more likely a particular choice is, the less sensitive it is to changes in the value of the utility
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function (e.g. diminishing returns of choice with respect to increased frequency). The inclusion

of both time and frequency in the utility equation (7) will then guarantee the convergence of the

traffic assignment process.

According to the flowchart, new link frequencies are then calculated to satisfy the load

factor constraints. The following set of equations are used to ensure that links with unprofitable

flights are dropped out from the initial route network. The flight frequency F on link i j is

expressed as:

mt - if jL mt (.L) (8 a)

mt <mt (8 b)

0 if nil < 24s (8c)

= F S if > 1 (9 a)

U = U FS 1 (9 b)

=
I (9c)

where:

fl = initial number of passengers on link ij.

fl = actual number of passengers on link ij.

= actual load factor on link ij
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2P = break-even load factor on link ij.

S = aircraft capacity in terms of number of seats

According to Ghobrial eta!, equations (8 a) and (8 b) ensure that an airline operates at

least at its break-even load factor given indivisibility of flights. Equation (8 c) guarantees that

any link is deleted if its traffic does not justify profitable operation of a single flight when its

resulting load factor is below the break-even level. This is the main reason for airline hubbing

where low traffic density markets are served through a hub airport24 to consolidate the traffic

demand and to increase the load factor. Because the indivisibility of flights, the frequencies

obtained from equations (8 a) and (8 b) may result in load factors exceeding 100 %. This can

take place when serving thin traffic market where providing two flights can result in a load

factor below the break-even level. In such case, the airline will then have to operate only one

full flight carrying fl, passengers. In this case however, the airline will lose (flu
-

unaccommodated passengers to its competitors. This condition is accounted for in equations

(9 a) and (9 b).

Finally, The flowchart indicates that, the O-D demands are re allocated to different

routes to account for the effects of the new frequencies on the route choice. The process is

repeated until network equilibrium is reached when no change in both link frequencies and

passengers flow take place. At this stage the scanning routine is used to delete all links with

load factors below the break-even level. Consequently, all routes containing these links will also

be deleted. According to Ghobrial etal, this entire process is iteratively repeated until network

equilibrium is reached and the resulting load factors on all links are economically feasible.
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2.2.1 Discussion Of The Model

In a competitive market with a high level of demand, this model is a good tool for

determining the optimum flight frequency plan for a given set of candidate routes, and as a

consequence it will yield an optimum shape or configuration of the network. This can be

accomplished by deleting links and routes from the initial set that do not meet the load factor

constraints and keeping those that do. However, it can not be used as a stand alone model to

provide an optimum frequency plan when the demand is sparse and airlines competition does

not exist. This is because of the fact that the model was built mainly on the concept that

frequency competition between airlines pushes them to operate at their break-even load factor.

Hence, the main objective of the model is to formulate a frequency plan that will allow the

airline to operate only on those routes that meet its break-even load factor constraints given the

indivisibility of flights. The model does not consolidate the demand and it is not intended to do

so. As will be shown later, when demand is sparse a more appropriate objective for the airline

would be the minimisation of its operating cost by consolidating the demand and operating

through a hub airport. In many situations as it will be seen in the case study later on, airlines

are subsidized to provide air transport as a social service when operating uneconomical flights

due to the lack of demand. In such situations, the airline will operate on some routes that will

not meet its break-even load factor constraints. In such cases the frequency planning model can

be used as a second step to provide a flight frequency plan for a pre optimized set of routes that

consolidate the demand.
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2.3.0 The Hierarchical-Hub (Hierhub) Model For Airline Networks

Y.H. Chou25 developed the hierhub model based on the hierarchical structure of the hub

and spoke network which is shown in Figure 2. 3 - D. Four basic patterns of hub-and-spoke

networks are shown in Figure 2.3. The names clearly indicate the attributes as : the single-hub,

the double-hub, and the multiple-hub. Node 5 in Figure 2. 3 - A is the only hub that acts as a

single transfer location connecting all the other nodes in the network. In the double-hub pattern

nodes 4 and 5 serve as the transfer locations through which all flights have to go. In single and

double-hubs the number of links is minimal and it is equal to N - 1 where N is the number of

nodes in the network. This will imply the existence of only a single path between any two

nodes which will basically eliminates the need for any trip assignment process since all trips

will be assigned to that path. Consequently, traffic demands will be consolidated at the hub

locations. In multiple-hub networks however, as hubs are all directly connected, the number of

links is larger than that for a minimally connected network. Therefore, multiple paths will exist

and provide greater flexibility in routing, resulting in more convenience to passengers.
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2. 3 - A. Single-hub Network 2. 3 - B. Double-hub Network

2. 3 - C. Multiple-hub 2. 3 - D. Hierarchical-hub

4
Local
hub

Princi
hub

10 9 8

Local hub

Figure 2.3 Patterns of hub-and-spoke networks

When sufficient air travel demand exist, multi-hub networks are in general more

realistic because major carriers operate on networks with multiple paths. The provision of

multiple paths in a network is the result of a balance between the savings in operational costs
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and the increased revenues from higher passenger patronage. In a hierarchical-hub networks,

hubs may or may not be directly connected. The number of links is minimum, and there is only

one possible path for each trip. Consequently, once the hubs are identified, links can be

established and flows are assigned accordingly eliminating the need for a separate trip

assignment process. As can be seen in Figure 2.3 - D, in this type of network pattern, a node

may be the principal hub, a local hub, or a spoke depending on siting and trip assignment. The

total number of hubs is determined by the structure of the optimal hierarchical network. All the

nodes that provide any degree of switching are considered hubs.

To summarize, the hierarchical-hub network may be considered as an early stage version

of the multi-hub network. At a later stage, as traffic demand increase and the need for multiple

paths emerges, a carrier may increase links and upgrade the network into a multi-hub system.

This makes the hierarchical-hub an intermediate network between the double-hub and the

multi-hub systems. In addition, both the single-hub and the double-hub networks can be

considered as special cases of the hierarchical-hub network.

According to hierarchical-hub model the following exogenous variables are required for

modeling Hierhub networks:

N = The number of nodes in the network.

= The traffic flow originating from node i.

= The traffic flow destinated for node j.

= The traffic volume from node i to node j.

= The unit transport cost between node i and node j.
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The structure of a hierarchical hub-and-spoke network is expressed mathematically by

an N X N connectivity matrix26. The first degree connectivity matrix shows the presence or

absence of a direct link between each origin-destination (O-D) nodes in the network. If a direct

link exist, its representing element in the matrix will be assigned a value of 1; otherwise the

element will be assigned a value of zero. Similarly, the second degree connectivity matrix

shows the indirect connectivity between each O-D pair utilizing the combination of two direct

links.

For developing the hierhub model, connectivity matrices are modified into the E

matrices. These E matrices are developed for a minimally connected network. A network is

considered minimally connected if all of its nodes are connected by N - 1 links. The first degree

E matrix, E’, is similar to the first degree connectivity matrix except that the E1 matrix must be

minimally connected. is the ith - row and jth - column element. It is equal to one if there is

a direct link between the corresponding nodes; otherwise it is equal to zero. Similarly, The

second and the third degree E matrices, E2, E3 , are constructed. The degree of E matrices

ranges from one to the diameter of the tree which is defined as the minimal number of steps or

links between the most distant node pair in the network. An important distinction between E

matrices and connectivity matrices is that for each O-D pair only the shortest path is recorded in

the E matrices. And if a path appears in a lower degree E matrix for any O-D pair, the same

O-D pair in all higher degree matrices will be zero. Mathematically, the E matrices are specified

by Chou as follows:

e (0, 1) V i,j,k (1)
U
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Vi,k (2)

(3)
kij

(4)
ii ii

iE’=2(N—1) (5)
ii ii

(6)
ju
E’N—1 (7)
iU

The above equations were developed to satisfy the following constraints: Equation (1)

requires that each element in the E matrix is either 1 or 0 depending on the presence or absence

of connectivity (link) for the corresponding degree k. Equation (2) requires that all path from

one node to itself are non-existent. Equation (3) indicates that only the shortest path for each

O-D is considered. Equation (4) states that each O-D pair has symmetrical paths. Equation (5)

ensures the matrix to be minimally connected. Equation (6) ensures that each node to be directly

connected with at least one other node. Equation (7) requires every node to be directly

connected to no more than N-i other nodes to guarantee no circuit exists in the network.

For illustrative purposes, Figure 2.4 shows an example of a 6-node network which is

minimally connected. The largest degree of the E matrices is four since the diameter of the

network is equal to four. This is because the longest path which is between nodes 4 and 6 in the

network takes four steps; 4 to 3, 3 to 2, 2 to 1, and 1 to 6.
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5 010000
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3
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4 000001
5 000000
6 000100

Figure 2. 4 Example Of The E matrices Of A 6-Node Network

According to Chou, the first step of the hierhub modeling is to build a minimal spanning

tree for each node as the root of the tree and the node is denoted as r. For each tree at least an

E’ matrix is obtained and a new transport cost, can be determined which is defined as the

total cost of travel from node i to node j in the tree such that:

a4

2

E
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C =

+(Cim + Cmj)EmEjEj

+(Cim + Cmp +

+ + (Cim + + Cqj)E

where d is the diameter of the tree.

The number of elements in the above equation will be equal to the diameter of the tree. The first

element is composed of direct links. The second element consists of two steps indirect paths,

i.e., when transfer through an intermediate node is necessary to move from origin to destination.

Similarly, the third element consists of three steps indirect paths, and so forth. It should be

noted here that, for each i
-

j pair there is one meaningful element only. For example, in the

rooted spanning tree of figure 2. 4, between nodes 1 and 5 only E215 equals one while all the

other Ek15 are zero. Accordingly, the defines the actual transport cost for the two steps

indirect path between nodes 1 and 5.

The cost (r-cost) can be greater than, equal to, or less than the given transport cost,

C, depending on the structure of the tree. It can be greater than C if the direct link of minimal

cost between nodes i and j is not included in the tree. In this case the new cost is higher because

an indirect path of higher cost must be used in connecting these nodes. The r-cost is equal to the

transport cost either when the direct link is included in the tree or when the total transport cost

of the indirect path is identical to C. . The r-cost can be less than C, when there exists an

indirect path of which the total transport cost is less than that of the direct link. This situation
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can take place due to the scale effects associated with larger traffic volume which can result as

the traffic gets consolidated along the indirect path.

After determining the cost for each O-D of each tree rooted at each node, the model

searches for the system which minimizes the total transport cost while satisfying the flow

constraints. This can be mathematically formulated as follows:

MinZ=2CW V r
ii

subject to:

wu=oi

The final result of the model includes an optimum spanning tree which connects all the

nodes in the network, the traffic volume assigned to each link, and the traffic volume going

through each node. In the optimal system, any node having traffic volume larger than its O-D

volume is a hub because it handles connecting traffic. Otherwise it is a spoke. The hierarchical

structure can be identified from both the linkages of the spanning tree and the assigned traffic

volumes.

2.3.1 Discussion Of The Model

One important feature of this model is its ability to endogenously derive the optimal

number of hubs and also identify their locations in the network. Models that require this number
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to be provided arbitrarily as an exogenous variable have some difficulty in justifying that

number. In order to accept an arbitrary number, one must solve the problem for different

numbers of hubs and compare the solutions. Such comparative process can be time consuming

and costly. However, this feature might not be desirable in all situations. For example, in some

occasions a carrier might decide for one reason or another to establish a network with a certain

number of hub facilities. In other occasions, some airports can not be developed as hubs either

due to their lack of capacity or due to some other reasons. At the same time some other airports

will be more suitable for that purpose but this model does not have any control mechanism that

will help in dealing with this problem. Also, the model does not allow its user to add or delete

any specific link in the network. Consequently, travelling between two non-hub airports might

require two or even more transfers resulting in longer travel times. This is because the model

was built to optimize the network for the carrier purposes and completely ignored the traveller.

2.4.0 Other Work

Todoroki, Hanzawa, and Fukuda27 proposed an integer programming model that

identifies the optimum location(s) of hub airport(s) among all airports in the network. The

model basically assumes that all flights must go through a hub airport. The objective of the

optimization is the minimisation of the total trip-distance. For a single-hub air network the

objective function is:

Min{YOi d(p1,H) + D1d(H,p)}

I
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where:

= the amount of trips originated at airport i and terminated at airport j.

H = the serial number of an airport which is chosen as the hub.

p. = the serial number of an airport i.

d(x, y) = the distance between airport x and airport y.

In the case of a multiple-hub network, the model assumes that each local airport is

served by only the nearest hub airport. Also two flight patterns exist, one with flight path that

goes through one hub only and the other with flight path that goes through two hub airports. In

this case the model is formulated as follows:

MinW,{d(p1,Hi) + d(H1,H2)+ d(H2,p3)}
ii

For this model to work the number of hub airports in the network has to be chosen

arbitrarily by the user as an exogenous variable and the earlier mentioned comparative approach

of different numbers must be taken to determine the optimal number.

2.5.0 Summary

To summarize, It is safe to conclude that prior to the airline deregulation act of 1978 in

the U.S., the majority of the academic work has concentrated on developing models that

provide optimal solutions for scheduling flights over given sets of pre determined routes. The
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main concern of those models was to make the existing routes more profitable to operate. This

was the case because routes were dictated by the government and the airlines did not have the

freedom to alter them. For example, the previously discussed models that were developed in

that time were created to either produce airline schedules that minimize the schedule delay time

of the passengers, or to provide the optimal frequency of flights that will minimize the

operating cost of the airlines on the given routes. After the deregulation, models were

developed to provide optimal network configuration, optimal frequency of service, and optimal

hub locations. It is important to remember that these models, as with any mathematical models,

can not represent the real world in perfect detail. Also, there is no specific criteria as to what

detail is sufficient enough. Inescapably, a model will not meet someone’s notions of what is the

right level of details because each model has a limited scope and certain objectives to satisfy.

However, any model can not generally be judged right or wrong. Every model has a certain

value, which depends on how important the problem being modelled is, and how much insight

the model provides into the problem. Finally, dealing with networks that serve sparse demands

is unique because such networks have not been specifically addressed in the published literature.
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3. METHODOLOGY

This chapter outlines the methodology to develop the routing algorithms. Also a short

review of linear and integer programming techniques will be given. A presentation of the

mechanics, the assumptions, and the implications of the assumptions involved in these two

techniques will be discussed to provide a better understanding of the methodology. The routing

algorithms and the necessary data elements required to optimize sparse networks will also be

presented.

3.1.0 Linear And Integer Programming

According to Wu and Coppins28,linear programming is a mathematical technique that is

normally used as a decision aid tool for selecting the best course of action ( the optimum

alternative or solution) from a given set of feasible alternatives. It is called linear because the

relationships between the variables involved are linear.

A typical linear programming problem can be presented as follows: Optimize (either

maximize or minimize) a dependent variable which is a linear function of some independent

variables subject to a series of linear constraints involving the independent variables. The

dependent variable is known as the “objective function” and usually involves economic

concepts such as; profits, revenues, costs, sales, time, distance, etc. The objective function is an

equation that defines the quantity to be optimized. The independent variables in the objective

function equation are called “the decision variables” because the decision maker must determine
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the values of the variables that optimize the objective in order to solve the problem. An optimal

solution to any linear program includes a set of values for the decision variables or sets of

values in some cases when the solution is not unique. It also includes the corresponding values

of the objective function. A standard linear program can be written in symbols as follows:

Optimize f=clxl+c2x2+ +CX;1 or
1=1

Subjectto allxl+a12x2+ +alnxn bi

a2lxI+a22x2+ +a2x b2

a1 Xi +a12x2 + +a1x b1

amixl+am2x2+....+amnxn bm

or i=1
1=1

X1,X2 ,XO

where

x, , x2 , X, = decision variables

= objective function

C, , C2 , C, = coefficients of decision variables in the objective function

a1 1 a2 , a1,, = coefficients of decision variables in the ith constraint

b1 = constant (the right hand side of the ith constraint)

Since in practice linear programming problems normally deal with a very large number

of variables and constraints29,they are mostly presented in vector and matrix notation. Thus:

Max or Mm f=CX
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Subject to A X or B

where C, X, and B are row and column vectors, and A is the matrix of a1, parameters of the

variables in the system of constraints.

3.1.1 Assumptions

According to De Neufville30,the power of linear programming is a direct result of the

assumptions it makes about a problem. The main assumption of linear programming is that the

objective function and all the constraints are linear. Also, the decision variables are assumed to

be nonnegative and continuous in the case of linear programming. In the case of integer

programming the decision variables are assumed to be nonnegative and integers.

Linearity. The idea of linearity here is more specific and limited than the general idea that the

majority of people have about a linear equation. Generally, a linear equation is thought of as

one with all variables contained in the equation are raised to the power of one.

Formally, a function f (X) = f (X , X) is linear if, for all variables X and

constants S1:

f(S1X1 SX)=S1f(X1)+ +Sf(X)

This definition can be split into two equivalent statements:

1. Constant returns. A linear function must have constant returns or economics of scale. This

implies that f(SX) Sf(X)
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which really means that multiplying every decision variable by a common factor S leads to an

S-fold change in the objective function or constraint.

2. Additivity. A linear function must be additive which means that the value of the function

with all X simultaneously is equal to the sum of the values of that function with each Xi by

itself:

f(S1X1 SX)=S1f(X1)-F +Sf(X)

this implies that the contribution of each Xi to f (X) should not depend on the presence or

absence of any others.

Continuity. As mentioned previously, linear programming assumes that the decision variables

are both continuous and nonnegative. The continuity assumption means, as a practical

matter, that the physical realities do not restrict them to integer or discrete values. This

restriction can be seen as a difficulty since many systems do indeed consist of design elements

that can only be integer or discrete. For instance, the number of aircraft in a fleet must be an

integer, as must be the number of warehouses in a distribution system. In practice however, the

assumption of continuity dose not constitute a major difficulty. This assumption can be dealt

with in two ways. First, we can simply assume that integer variables are continuous and round

off our results. In many situations this will be satisfactory if the possible error of a few percent

is within the accuracy with which we can formulate any real problem. Second, in some

situations, some people might argue that the rounding off approach might violate some of the

constraints or it might produce a nonoptimal solution. In such situations, integer programming

which offers a way to formulate linear programs that can cope with integer values can be used.
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Nonnegativity. This assumption which restricts all of the decision variables to nonnegative

values is merely a technicality imposed by the way a linear program finds the optimal solution.

In practice, this requirement does not really restrict us since we can always define variables so

that they are not negative. Consequently, this assumption just requires that we be careful in the

way we formulate a linear program.

3.1.2 Graphical Presentation Of Linear Programming

As long as the number of decision variables is 2, linear programs can be analysed and

solved graphically. Consequently, a graphical approach is not practical since most real world

problems involves a large number of decision variables. However, a graphical presentation here

for a hypothetical problem as seen in figure 3. 1 will provide valuable insight into the

relationships and solution procedure of linear programming in general.

For illustration purposes, the following problem is to be analysed:

Maximize f = 12 X1 + 8 X2

Subjectto 6X1+2X2l20
3X1+4X2 120
x1,x2 o

where:

the objective function f ( X1,X2) can be thought of as the profit from selling two products. The

coefficients in the function represent the per unit profit from each product. X1, X2 are the two

products. The right hand side of the two constraints represent the amount of two resources

available for manufacturing the two products, while the coefficients in the constraints represent
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the amount required per each unit of production. The problem here is to find the most profitable

mix of the two products.

The above problem is presented graphically in figure 3. 1 by letting the horizontal axis

represent ( X1) and the vertical axis represent ( X2 ). The nonnegativity constraints mean that

only the first quadrant is meaningful. The two constraints are plotted by finding their intercepts

on each axis and lines were connected through them. Any feasible solution or production mix of

the two products must satisfy the two constraints simultaneously. Therefore, the set of feasible

solutions is the intersection of the sets of points which satisfy each constraint. This set is shown

in figure 3. 1 by the shaded area in the figure. To find the optimal solution, the objective

function ( f) must be considered. But since we cannot graph ( f) per se since it does not have a

fixed value, its “iso line “ for a particular value can be graphed. In this example, its iso line

for f= 120 is drawn. “Iso “means the “ same “, in this case each point on the line f= 120 is a

combination of the two products that will yield a profit of 120. Since this problem requires the

maximization of the objective function, this means that we must construct the “iso line” which

has the largest value of the objective function and still passes through the set of feasible

solutions. Alternatively, the process of finding the optimal solution can be envisioned as

drawing an iso line for the objective function through the set of feasible solution and then

pushing it as far as it can go while still passing through the set. In this example, the optimal

solution occurs at point (A), which is the only point in the feasible region through which the

maximum iso line ( f ) passes.
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Figure 3. 1 Graphical Presentation Of Linear Programming

As mentioned above, the optimal solution to the given example occurred at point (A),

which is a corner point in the set of feasible solutions. This did not happen by a chance. It can

be shown by the solution concept discussion which will be presented below, that the solution to

linear programming problem always can be found at a corner point or points of the set of

feasible solutions.

3.1.3 Solution Concept

The solution to any linear programming problem no matter how complex or

sophisticated the problem is, is entirely based on two important consequences of theassumption
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of linearity of the objective function and constraints. In order to present the solution concept, it

is first essential to present the effects of the linearity assumptions, which provide the basis for

all linear programming procedures.

Effects Of Linearity Assumptions.

The linearity assumption has two effects, they are:

1. If it exist, the feasible region is convex.

2. The optimum solution is located at an edge of this region, particularly at one of its corners.

These two facts greatly reduce the optimization procedure to a search through a limited set of

well defined possible solution combinations located specifically on the edges of the feasible

region, which is very small compared to the infinite number of solution possibilities contained

in the entire feasible region.

To facilitate the following discussion of the effects of linearity assumption, it is

important to define what is meant by a convex feasible region. Formally, a feasible region is

convex if every straight line between any two points in the region lies entirely in the region.

As it can be seen in figure 3. 2 , a convex feasible region is therefore one that has no reentrant

boundaries, no edges that intrude or dent into its space. It is worth to mention that, the

convexity of the region does not simply depend on the shape of its boundary. As it can be seen

in the same figure, the same boundary can be associated with both convex and nonconvex

regions.
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4 N

To explain the two effects of linearity, it is helpful to visualize the feasible region to be

consisting of two parts. As shown in figure 3.3, these two parts are:

1. The space defined by the constraints.

2. The volume defined by the relationship of the decision variables to the objective function.

If the feasible region defined by the linear constraints exist, it must be convex since any

two points that satisfy any constraint must be on one side of that constraint inside the feasible

region to satisfy all the other constraints and any line between them will be entirely in the

feasible region. Therefore the operational definition of convexity is met. At this point it is

worth mentioning that, a feasible region might not exist at all. This situation can take place if

the constraints are contradictory and there is no possible set of decision variables that will

X2 X2

Nonconvex

Region Reentrant A

Covex Feasible
Region
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Figure 3. 2 Convex And Nonconvex Feasible Regions
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satisfy all constraints simultaneously. In this case the solution is infeasible. A good example for

this situation in the real world is the possibility of not being able to meet some environmental

standard with the available technology or resources.

4

Feasible Region
For X

xl

Figure 3. 3 The Two Convex Parts Of The Feasible Region

By the same argument as before, the volume defined by the objective function and

constraints is also convex. And since the objective function is linear, it can be concluded that

the rate of change from any point interior to the region in any direction is constant. Hence, there

must be an edge that has a value of the objective function equal to or greater than any interior

point in the region. Only one exception to this can occur if the problem is unbounded so that
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it is possible by the way the constraints are set to increase the objective function infinitely.

Similarly, since the rate of change of the objective function a long every edge is constant, the

value of the objective function must be equal to or greater at one of the corner points to that

edge than anywhere in the middle of the edge. Therefore it can be concluded that the optimal

solution must be located at a corner point. In the example of figure 3.3, when maximizing the

objective function the solution must be at R, 5, or T.

It is possible to have multiple optimal solutions for a linear program. This situation can

take place when the rate of change of the objective function along an edge is zero (The

objective function and a constraint have the same slope). In such case, the entire edge,

including its corner points, constitutes a set of optimal solutions.

Numerous computer programs are available for solving linear programming problems.

They differ in their degree of sophistication and range from smaller routines that run on

personal computers to very large programs that can deal with thousands of variables. To solve

a linear programming problem, all programs are essentially developed to conduct an organized

search for the solution through the corner points. The general procedure for finding the optimal

solution can be described as follows:

1. Find a corner point as a feasible solution to all constraints.

2. Proceed sequentially to other corner points that provide better solutions to the problem.

3. The search should stop at the corner point from which no adjacent corner leads to a

better value of the objective function.
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In practice, the different computer programs utilize different methods to execute the

procedure outlined above. These methods will not be presented in this thesis since they are not

the main concern.

3.1.4 Integer Progrannning

Integer programming is a variation of linear programming which forces the solution to

be integer31. In many real world situations it is necessary for the decision variables to take on

only integer values. For instance, the number of aircraft in a fleet must be an integer, as must be

the number of warehouses in a distribution system. Also as it will be seen later in this thesis,

any alternative route between to locations in a given transportation network can either take on

the value of one or zero. One if the route should be included in the final optimal network or

zero if it should not. Such situations can be dealt with in two ways. First, we can simply

assume that integer variables are continuous and round off our results. In many situations this

will be satisfactory if the possible error of a few percent is within the accuracy with which we

can formulate any real problem. Second, in some situations, some people might argue that the

rounding off approach might violate some of the constraints or it might produce a nonoptimal

solution. In such situations, integer programming which offers a way to formulate linear

programs that can cope with integer values can be used. For this thesis, it is satisfactory to

consider integer programming as only a slight variation of linear programming. The problems

in both techniques are set-up in the same manner and with the exception of the continuity

assumption, all other assumptions are the same in both cases.
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3.2.0 Formulation Of The Problem.

Before introducing the formulation designed for the problem it is helpful to present

some definitions that will be used in the remainder of the thesis. In this thesis, an air transport

network consist of nodes, routes, and links. Nodes represent the airports in the network. Each

node or airport is assigned a specific number. Routes represent the paths that flights are

assigned to and follow between the origin and destination airports. Each route in this thesis can

consist of one or two links. If a route contains one link only, then it is a direct route. If it

contains two links, then it is a transfer route. Links represent direct connections between two

airports. A single link can constitute a direct route.

When designing a transport network the interests of both the passenger and the airline

operator must be considered. It is assumed that passengers are rational and they will try to

minimize their travel time and the costs associated with it while maintaining a certain level of

convenience. For example, a rational passenger will try to minimize the number of transfers

and reduce travel circuity. An airline operator however will try to minimize his cost of

operation. If that operator is monopolizing the transport market as is the case in our case study

or in the majority of areas where demand is sparse and there is only one airline operator serving

the market, then travel circuity and the number of transfers are not as important to the operator

as his cost of operation. Evidently, a conflict of interest might exist between the operator and

the passenger. Therefore, three routing algorithms will be formulated to produce three distinct

designs of “efficient air transport networks” to satisfy all interests. The algorithms will be

similar in all aspects except that their cost functions will be tailored to reflect the interests of the
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passenger, the operator, and the combined interests of the two together. The resulting network

designs will provide valuable insight for the decision maker on how to best meet the

expectations and the objectives of both the passenger and the operator. Any resulting design

should not be considered or looked at in isolation as a final design by it self. The three designs

must be evaluated together and used as a decision making tool that helps the decision maker.

The objective functions and the constraints of the algorithms can take the general mathematical

form presented below:

Minimize:

(CjY + CimjYimj) V i, j, m where paxjj,paxjm,paxmj >0
i=1 j=l m=l

ji mzorj

Subject to:

1. Yi + Yimj 1 V i&j = 1,2,3 ,n; and ij
m=1
miorj

2. Yim — Yimj 0 V i,j, &m = 1,2,3 n; and ij,i m,jm

3. Ymj — Yi mj 0 V i, j, & m = 1,2,3 n; and i j, i m,j m

4. Y13 & Yimj 0 V i,j, &m = 1,2,3 n; andij, i m,jm

5. Y1 = 1 or 0 all i,j e n

The above costraints are only applicable where Fax1,Fax1 m’ &1Cmj > 0

Where:

i = origin airport index.

j = destination airport index.

m = hub or transfer airport index where Paxi m & Paxmj
0.

fl = the total number of airports in the network.

C = the unit cost function of transport between airports i andj; where C f(Pax, S. FC,
BT, ADT, VT, NF, OFF).

C1 mj = the unit cost function of transport between airports i and j through airport m;

where C =f(Fax, S. FC, BT, CT, ADT, VT, NF, OFF).
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= direct link between origin and destination airports. It is a decision variable with a
value of either 1 or 0.

mj = transfer link between i and j through m. It is a decision variable with a value of
either 1 or 0.

Fax the number of passengers.
S = aircraft seating capacity.
FC = cost of one flight linking two airports.
BT = block time.
CT = average flight connection time spent by passengers at a transfer airport = 1.5 hr.
ADT = average schedule delay time.
VT = value of time.

= minimum number of flights required to satisfy all demand = Fax /S.
OFF operating period.

The objective function as presented above, will compare the unit costs of transport of the

two routing strategies for each origin-destination pair in the network. The least costly strategy

for any given pair will then be selected. The cost provided by this objective function is not an

accounting cost, but it is a heuristic that provide sensible results in the cases examined. All

airports in the network that has travel demand interaction with both the origin and destination

airports are considered as potential transfer airports. The first constraint of the model is

imposed to select only one routing strategy and one route for each origin destination pair in the

network. This constraint in effect will constitutes a process similar to the “all or nothing” route

assignment process of the urban transportation planning. The second and third constraints are

imposed to only select transfer airports that has direct link with both the origin and destination

airports in the final network design. The fourth constraint is the general none negativity

constraint of linear programming. The fifth constraint is optional side constraint, any additional

side constraint of the form = 1 would specify links (i, j) that are necessarily included in the

final network’s design. This type of constraint is necessary to model any proposed improvement

in the network or to evaluate the development of a particular airport as a hub in the network.
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3.2.1 Airline’s Network Design

The first network is designed to meet the operator objective by minimizing the airline’s

total operating cost. This can be achieved by consolidating the travel demands at some ideal

hub or transfer locations which will be determined by the algorithm in accordance to the

demand distribution throughout the network. Consolidating the travel demands will inevitably

minimize the airline’s operating unit cost of transporting passengers between the different

demand locations. The unit cost of transporting passengers can be defined as the cost of

transporting one passenger between the origin and destination airports. The following is the

mathematical formulation of the cost functions that will minimize the operator’s cost of

operations as can be used in the general algorithm as presented above:

C, = FC13 * NF1÷ Fax13

Cimj = FCim *NF1m ÷ (Pax +Paxim)+FCmj *NFmj ÷ (Pax +Paxmj)

Where:

NF = Pax/S3 ; = (Pax1+Paxim )im NFmj (Pax3 + Paxmj)/Smj

The above cost functions are designed to calculate the airline’s unit cost of transport for

each origin destination pair that must be served according to the two routing strategies.

Calculating the cost of direct routes is a straightforward task as indicated above. Calculating the

cost of indirect routes for any given origin-destination (OD) pair however, must take account of

the fact that passengers travelling between the (OD) pair can be flown on the same flights with
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passengers who are travelling between the origin and transfer airports, and those who are

travelling between the transfer and destination airports.

The resulting savings in operational cost can either then be passed to the passengers in

terms of reduced ticket prices, or they can be kept by the airline to improve its profitability.

Passing the savings to passengers might stimulate more traffic which might further reduce the

unit cost of operation however, this is a policy decision and calculating the effect of price

reductions on traffic demand is not within in the scope of this thesis.

3.2.2 Passenger’s Network Design

The second network is designed to minimize the passengers’ cost of travel. This can be

accomplished by selecting the routes that minimize both the travel time and the average

schedule delay time required for passenger trips between the origins and destinations airports.

It must be noted here that the actual cost of travel in term of ticket prices is not included in this

design because it is directly related to the operational cost of the airline operator which is dealt

with in the first design. Also, the third network design which will be presented later, will deal

with this cost element to provide a balanced routing strategy that will provide a balance between

the various costs involved. Travel time can be measured in many ways one of which is the door

to door time. However, for reasons that will be explained later, travel time will be assumed

equal to the “Block time” which is defined as the time span between the moment when the

aircraft leaves the departing terminal and the moment when it stops at the arriving terminal32.

Schedule delay time is defined as the difference in time between when a person would like or
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desire to make a trip and the time he or she is constrained to make the trip because of the

availability of a flight according to the airline’s schedule33. By assuming that the desired

departure time is uniformly distributed over the entire period of flight operating hours per day,

the average schedule delay time per day can be calculated as:

ADT
— Length OfOperating Period

— OFF
— 2 * Flight Frequency — 2* NF

This assumption may seems unreasonable in cases where the true distribution is not uniform.

However, several studies including Oum’s, and Tretheway’s34 indicated that the assumption is

adopted by the airline industry, therefore it will be satisfactory for the purposes of this thesis.

Minimizing the travel and schedule delay times is important because when a passenger

wants to travel from one place to another he or she, must not only pay a price for it, but must

also reckon with some other disadvantages including discomfort and must sacrifice a certain

amount of time. While transportation costs and their prices are measured in terms of money,

travel and schedule delay times are measured in time units. Consequently, these measures can

not be added together because they are based on different criteria. This means that they must

be grouped under a common denominator: either the common denominator of time or that of

value. Traditionally, the common denominator of value has been used in most transportation

studies to group the two elements. Thus, it is assumed that time equals money, and the time

spent travelling or waiting to travel can be converted to its monetary equivalence by multiplying

the time units by the value of travel time. The value of travel time is not an absolute value, this

is so because the value depends not only on the trip circumstances, but also on the calculation

method35.
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Several Methods are available for estimating the value of travel time, For example,

Bruzelius36 presented the “Beesley method”. The method is called after its originator M. E.

Beesley. This method is built on the hypothesis that if a passenger can choose between two

travel alternatives, e.g. modes, then the passenger will choose alternative 1 if:

aoi +pl + aqi <ao2 +p2 + aq2

= Fixed cost of alternative 1.
= Price of alternative 1.
= Travel time of alternative 1.
= The value of time.
= Fixed cost of alternative 2.
= Price of alternative 2.
= Travel time of alternative 2.

According to Bruzelius, the method assumes only one value of time exist, so that the

passenger’s willingness to pay to save time is the same for the two travel alternatives. To

estimate this value of time, a sample of observations including data on the chosen alternative,

prices, and time are recorded in a coordinate system as shown in Figure 3.4.

where

a01

P1

a

a02

P2
q2

7- N
p1 — p2

= Choice of alternative I
o = Choice of alternative 2

x
x

x

—

0

Figure 3.4 : Beesley’s Method For Estimating The Value of Time
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A straight line is then drawn to separate the points representing the choices of the two

alternatives. Bruzelius indicated that a perfect separation between the points can not be

expected but an effort has to be made to make the number of points ending up on the wrong

side of the line as small as possible. After the best line is located, the value of time is inferred

from the slope of the line, and the difference in the fixed costs as represented by point B. The

full details of this method is available in Beesley’s paper which was published in 1965.

Tarski38 presented the “production-based method”. The method is built on the

hypothesis that shortening travel time of workers releases an additional amount of labour as a

production factor that will increase the net and gross output of the society. Thus, a worker

could add to the gross or net output during one hour of the time he would save on travelling.

Hence, Tarski presented the following equation to estimate the value of time:

Jr P
“P

—
2000p

where

VP = The value of one hour of travel time.

P = The annual amount of the gross or net product (in monetary units).

p = The average number of persons employed in material production.
The 2000 is the average number of’ effective working hours in one year.

Harrison and Quarmby39 presented the “revealed preference method”. In this method, a

sample of travellers are asked to make a choice between 2 different travel modes with different

travel times, costs, and other travel characteristics. Their choices are recorded and then used to

calibrate the logit model of the Urban Transportation Planning process as presented below:
L(x)

L(x) = a1x and Pi (x)
= 1 e
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where

X = a vector of values of relative characteristics of the two travel modes (time, cost, etc.).

a. = a vector of parameters who’s values are to be determined by the calibration process.
L(x) = the relative disutility of the two modes.
P1 (x) = the probability of a traveller or a group of travellers choosing mode 1.

After calibrating the model, the value of time can then be estimated by dividing the time

coefficients by the cost coefficients.

It it clear that there are various methods of calculating the value of travel time, but the

most suitable method for the purposes of this thesis in terms of the data availability is the “cost

saving method” presented by Harrison and Quarmby40. The method simply estimates the value

of time by reference to the wage rates. Harrison and Quarmby indicated that this method is

based on the marginal productivity theory of factor rewards which states “Employers hire

labour until it is no longer worth their while to do so”. Thus, the wage rate is a satisfactory

measure of the value of production gained or lost by changes in labour force. And since

reducing travel time of workers releases an additional amount of labour, then the wage rate is

also a satisfactory measure of the value of time.

Due to the lack of data and studies on the value of travel time in Saudi Arabia, this

thesis will utilize the cost saving method as mentioned above, and it will assume that the value

of travel time is equal to the average hourly wage rate. Urban transportation studies traditionally

use two thirds of the wage rate as an estimate of travel time. This traditional value will not be

used in this study because air travellers usually earn more money than travellers using other
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modes of travel. Subsequently, air travellers time is more valuable41,and the full wage rate is

more reasonable to use in this case. Also, the majority of domestic travellers in Saudi Arabia

are business travellers42. Hence, any changes in travel times will greatly affect their work

production, and the full wage rate will provide a better reflection of these changes. The value

of the schedule delay time however, is assumed to be equal to half of the average hourly wage

rate since it can be argued that this delay time can be used for accomplishing different

productive tasks other than travelling. The average hourly wage rate in Saudi Arabia is

estimated to be 28 Saudi Riyals (SR) per hour which is equivalent to 9 $ Canadian. This

estimate was made by pooling a number of people in different types of occupations, and by

using the background knowledge of this author about the country. The following is the

mathematical formulation of the cost functions that will minimize the passenger’s cost of travel

as can be used in the general algorithm as previously presented:

C = VT(BTZJ) + 0.5 VT * ADTIJ

Cimj = VT(B Tim + B Tmj + CTmj) + 0.5 VT * ADT; where
xx = i rn f NFim <NFmj

xx = mj if NFim NFmj

The above cost functions use the value of time to calculate the passenger’s cost of

travel time for each origin destination pair according to the two routing strategies. For this

thesis, it is assumed that travel time is comprised of the following three components only:

block and schedule delay times which were defined previously, and connection time which can

be defined as the time spent in a transfer airport in order to get on a connecting flight to the

final destination. The minimum connection time is assumed to be 1.5 hr. This assumption was

made based on information provided by officials of the Saudi Arabian Airlines43. Only these
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time components were considered because they are the only time components that can be

affected by the route choice. Calculating the cost of direct routes is a straightforward task.

Calculating the cost of indirect routes however involves determining the connection time and

the largest possible schedule delay time that a passenger has to experience because of the flight

frequency at either the origin airport or the transfer airport.

3.2.3 Combined Airline & Passenger Network Design

The third network is designed to minimize and provide a balance between both the

operator and passengers’ cost of travel. This can be accomplished by selecting the routes that

minimize passengers’ travel and schedule delay times with their associated costs, as will as the

airlines’ unit cost of operation between any given origin and destination airports. Striking a

balance between the passenger and the operator costs of travel is important because as can be

seen in Figure 3.5 some routes with their travel and schedule delay times might increase the

passenger cost of travel because they either increase travel circuity or because they have low

flight frequency. The same routes however might reduce the operator cost by consolidating the

passenger demands and visa versa. Therefore, the following is the mathematical formulation of

the cost functions that will provide a balanced routing strategy for both the passenger and the

airline by minimizing their total cost of travel:

C =FC * NF ÷ Pax3 + VT(BTZJ) + 0.5 VT * ADT13

Cimj = FCim * NFim ÷ (Pax + PtlXim) + FCm3 * NFmj ÷ (Ptix + PWCm3)

+VT(BT1m+BTmj+CTmj)+O.SVT*ADTxx; where
XX im fNFim <NFmj

L xx=mj ifNFimNFmj
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Figure 3.5 Finding The Optimal Economic Cost Of Travel

3.2.4 Discussion And Validation Of The Formulations

The formulations presented above seek to find efficient routing strategies for all

demands between all (OD) pairs in the network. The two routing strategies that were previously

mentioned were embodied in the formulations. The hub and spoke strategy will consolidate

passenger demands on the least costly links in the network by abandoning the more costly ones.

This consolidation process is accomplished by comparing the unit cost on the direct route

between any given origin destination pair and all unit costs on potential routes that include a

transfer. The least costly route weather it is a direct or a transfer route is then selected and

passengers are assigned to it. This cost comparison in essence is really then nothing but a

comparison between the two airline’ routing strategies. The main advantage of this formulation

is the fact that it keeps all options or route combination possibilities that can satisfy all travel
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demands in the system open for comparison. This advantage enables the formulation to do an

exhaustive search for all routes that minimize the total cost of operations.

Due to the nature of air transportation, comparing unit costs turn out to be a great idea.

This is so because once a flight departs, the airline incurs its cost regardless of how many

passengers were flying on that flight. Therefore, the consolidation process reduces the number

of flights required to satisfy all demands throughout the network. Reducing the number of

required flights will then eventually reduces the total operating cost of the airline. Also, the

usage of unit costs links the demand distribution throughout the network to the process of

creating the network. This will result in the creation of a network that is “demand driven”.

Hence, if the demand distribution change, the network shape will also change to accommodate

the new demand distribution. This is so because any change in the demand distribution will

cause a change in the unit costs.

The following two examples will help in demonstrating the consolidation effects and

compare this thesis approach of constructing the transportation network with the traditional

approach of the urban transportation planning process. The first example will also prove

numerically that the results produced by the formulation are the least costly among all other

possible alternatives. The second example in particular will show that the formulation is robust

and it can produce good results for networks with different number of airports and costs of

operations.
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Example 1:

Let us assume that we want to find the optimal routing strategy for trips on the simple

network shown in figure 3.6. Assuming that we have unit demands between all (OD) pairs in

both directions in the network and the costs of the vehicle or aircraft trips are as indicated in the

figure. To prove the validity of the formulation, all possible solutions to the problem will be

generated at first and then they will be compared with the solution produced by the formulation.

Solutions:

C= 12

Figure 3.6: Example 1, Network Problem

The traditional approach of the urban transportation planning process was used to

produce the first solution. This problem was solved by constructing the minimum cost trees for

each node at first and then these trees were overlaid together to get to the final shape of the

network as shown in figure 3.7.

c=11
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Mm cost tree for i Mm cost tree for 2 Mm cost tree for 2

The complete solution Total cost of operation = 6,,)

Figure 3.7 : The Tradditional Urban Planning Solution

According to the first solution, three Bi-directional links must be established between

the three nodes. This will require a total of six flights to serve the demand. The total cost of

operating the system will then be 66 units. This solution while it might be suitable for assigning

personal trips using the automobile it is not suitable for assigning them using the aircraft. This

is so because of the nature of air travel where personal trips can be consolidated and the number

of required flights can then be reduced as discussed before.

A second possible solution is to use the hedgehopping strategy by creating a “loop of

flights” to serve the network. This is shown in figure 3.8. This solution will require a total of 4

flights. The first flight will depart from 1 to 2 and it will take 2 passengers. One passenger

would be travelling between 1 and 2 and the second passenger will be travelling between 1 and

3 through 2. The second flight will depart from 2 to 3 and it will take 3 passengers. The first
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passenger is the one travelling to 3 from 1, the second is the one travelling between 2 and 3, and

the last passenger is the one travelling between 2 and 1 through 3. The third flight will depart

form 3 to 1 and it will take 3 passengers. The first passenger is the one travelling to 1 from 2,

the second is the one travelling between 3 and 1, and the last passenger is the one travelling

between 3 and 2 through 1. The fourth flight will depart form 1 to 2 and it will take the

passenger travelling from 3 to 2 through 1. The total cost of operating this system will then be

43 units. Although, this solution consolidates the demands and reduces the number of the total

flights required it is not the least costly solution that can be found. In fact, the least costly

solution is going to be the one produced by the formulation.

Figure 3.8: The Loop Solution

The third and fourth solutions (as presented in figure 3.9) can be established by using

airports number 1 and 3 as transfer airports respectively. A total of four flights will be required

for each solution with a total cost of operations of 44 and 46 units respectively.

4

c=1o

NF 2

c=11
NF 1

Total cost of operation = 43
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Figure 3.9: The Third & Fourth Possible Solutions

Finally, Figure 3.10 presents the last possible solution which is produced by the

formulation. The solution is established by using airport number 2 as the transfer airport in a

manner similar to the fourth and fifth solutions. This solution however is the optimal one since

its resulting total cost of operation is only 42 units which is the least cost among all alternatives.

Figure 3.10: The optimal Solution For Example 1

Example 2:

This example is particularly designed to show the robustness of the formulation and its

ability to react to and handle different networks. As can be seen in Figure 3.11, the same

network of the first example is used with the exception that a fourth airport is added. Also the

Total cost of operation = 44

The third solution

c=11
NF =2

C=12 NF=2
L 3

Total cost of operation = 46

The fourth solution

2
=1o/Jç

0
Total cost of operation =42
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cost of operations on the new links connecting the fourth airport are less than the operation

costs on other links.

4

c=1o

G13

C=8 C=9

Figure 3.11: Example 2, Network Problem

Solution

The solution is presented in Figure 3.12. It shows that the formulation has reacted to the

introduction of the fourth airport with its less costly links. Flights were then shifted away from

the previous links which were identified as least costly in example 1 and assigned to the new

links.

()
C=7

NF =2

Total cost of operations = 48

Figure 3.12: The Optimal Solution For Example 2
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3.3.0 Discussion Of The Methodology

To summarize, the construction of “an efficient air transport network” will be

accomplished by conducting an exhaustive search for the least costly routes among all possible

direct and transfer route alternatives. This search is done by comparing the total unit cost of

transporting passengers according to the two routing strategies and by selecting the least costly

routing strategy that can serve the demands between each orign-destination pair in the network.

The usage of unit costs links the demand distribution throughout the network to the process of

creating the network. This will result in the creation of a network that is “demand driven”.

Hence, if the demand distribution change, the network shape will also change to accommodate

the new demand distribution. This is so because any change in the demand distribution will

cause a change in the unit costs. Depending on the type of network design required, different

cost elements can be included in the total unit cost. For example, if the network is intended to

minimize the airline operating cost then only the airline operating costs are considered.

Possible routes are those that offer a direct connection or a connection through a transfer

airport. The number of transfers for any trip is limited to one merely for the convenience of

passengers. However, this limitation will definitely eliminate any hedgehopping in the network.

Such elimination is reasonable when the network size is relatively small as is the case in the

case study of the thesis, or when the convenience of the passengers in terms of reducing their

transfer time is among main objectives of creating the network. In larger networks however,

hedgehopping may need to be considered for any given reason. In that case, the restriction on

the number of transfer must be relaxed by modifying the model. All airports in the network that

have travel interaction with both the origin-destination pair at hand can be considered as
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transfer airports. Assuming that all trips between any two demand locations (origin and

destination) can only be assigned to one path which has the least unit cost. In effect a process

similar to the “all or nothing trip assignment” of the urban transportation planning process will

be used to create the network.

One potential advantage of this formulation that is worth to note is the noticeably short

computation time. This may be a result of the limited number of sets of constraints imposed on

the objective function.

3.4.0 Computerizing The Formulation

Writing all the elements of the above objective functions and constraints for a large

network with many airports can be a cumbersome task. It is possible to have a huge number of

alternative route combinations that trips can be assigned to between the different demand

locations, hence mistakes can occur. For this reason a computer program written in “C”

language was developed to write the complete forms of the objective function and constraints

as presented in appendix (B) . A detailed discussion of the program will be provided in the

following chapter.

68



4. THE COMPUTER PROGRAM

This chapter outlines the mentioned computer program developed to formulate the

routing algorithms and to analyse the design networks. The program’s data inputs and output

files along with its flow chart and the tasks that it is suppose to accomplish will be presented.

In addition, network performance measures are developed. These measures will help analysing

the different network implications on airline operations and passenger service.

4.1.0 The Program

As previously mentioned, writing all the elements of the routing algorithms for a large

network with many airports can be a cumbersome task. Also, when dealing with networks that

have large numbers of airports to be served, it is possible to have a huge number of alternative

route combinations that trips can be assigned to between the different demand locations. As the

number of possible combinations increases mistakes in the formulation can occur. For this

reason a personal computer based program written in “C” language was developed to write the

complete forms of the objective function and constraints as presented in appendix (B). The

program is also designed to help its user in evaluating the performance of the designed networks

against the existing network. Figure 4.1 shows the program flowchart which will help in

showing the interrelationships between the various tasks involved and it will also help in

facilitating a better understanding of the program.
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Figure 4.1 : Program Flowchart
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Before running the program it is necessary to assign numbers to all airports in the

network. Those numbers will be used by the program to identify the different airports and to

also identify the links between them. It is also recommended to prepare the necessary

information about traffic demands, flights operating cost, travel times and distances between the

different origins and destinations in matrix formats. This is important to ease and speed the

data entry process as required by the program. The program was designed to be user friendly

and to accomplish the following four tasks:

1. Input data, and create data and problem formulation files.

2. View and edit existing data files.

3. Read existing data files and create problem formulation files.

4. Analyse the resulting network designs

As seen in the flowchart, the program is designed to start by presenting its main menu

which will enable the user to select one of the four mentioned tasks or to stop the program. The

following will be a detailed discussion of each task.

4.1.1 Input Data. And Create Data And Problem Formulation Files

If no “Data File” is already in existence, the user must select the first task to create one.

In that case, the program will request the user to enter a data file name and a problem

formulation file name which the program will create for later use. The names will then be

assigned to those files with the extension “DAT” added to the data file name and the extension
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“FUN” added to the problem formulation file name. The program will then ask about the

required network design, i.e whether the network design is intended to suit the passenger, the

airline, or both. And it will also ask for the total number of airports in the network and the

value of time or the hourly wage rate. After this, a new screen as presented in Figure 4.2 will

appear. On this screen, the airport indices (numbers) are generated automatically and the

following information will then be requested for entry as the cursor moves and blinks under the

needed information:

1. Passengers flow (Fax) between the given origin destination pair. This is necessary to

determine the demand distribution throughout the network and to calculate the unit

costs of transport. In our case study, weekly demands are used because in some parts of

the network the daily demands are very low. Weekly demands were obtained by

dividing annual demands as given by the airlines by 52.

2. The cost of operating a direct single flight (FC) according to the aircraft type used

between the given origin destination pair. This is necessary to calculate the total and

unit cost of transport. In our case study, actual costs of flying in thousands of Saudi

Riyals were provided by the airline.

3. The number of seats (5) according to the aircraft type used between the given origin

destination pair. This is necessary for calculating the number of required flights (NP)

which is equal to the number of passengers divided by the number of seats and always

rounding up the results in our case study to accommodate ll passengers.

4. The average block time in hours (BT) of the flight between the given origin destination

pair. This is necessary to minimize the travel times of passengers and to convert time

units to cost units. In our case study this data element is provided by the airline.
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5. The distance in miles (D) between the given origin destination pair. This is necessary

to calculate the costs of operations per passenger mile or seat mile. In our case study

this data element is provided by the airline.

Number_of_airports: 25
Value_of_time: 28.40
From To Flow F.Cost Seats Time Dist From To Flow F. Cost

Pax * 1000 hr Mi Pax * 1000

1 2 0 0.00 0 0.00 0 2 1 0 0.00
1 3 0 0.00 0 0.00 0 3 1 0 0.00
1 4 0 0.00 0 0.00 0 4 1 0 0.00
1 5 2 8.33 102 0.49 125 5 1 2 8.33
1 6 77 66.97 102 1.81 607 6 1 77 66.97
1 7 0 0.00 0 0.00 0 7 1 0 0.00
1 8 0 0.00 0 0.00 0 8 1 0 0.00
1 9 0 0.00 0 0.00 0 9 1 0 0.00
1 10 0 0.00 0 0.00 0 10 1 0 0.00
1 11 0 0.00 0 0.00 0 11 1 0 0.00
1 12 0 0.00 0 0.00 0 12 1 0 0.00
1 13 0 0.00 0 0.00 0 13 1 0 0.00
1 14 404 37.13 258 0.79 106 14 1 442 37.24
1 15 0 0.00 0 0.00 0 15 1 0 0.00

Figure 4.2: Input Screen, Typical Example.

Upon the completion of the data entry process, the program will then provides its user a

chance to enter any specific side constraints, i.e, include or exclude any specific link or links

between any given pair of origin and destination airports in the final design of the network.

Those side constraints are important because they will allow the user to examine the effects of

creating different situations such as developing a specific airport as a hub on the efficiency of
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the network. The program will then create a “Data File” which can be viewed and edited later

on if necessary (see appendix (A)). After creating the data file, the program will call a

subroutine to generate the “Problem Formulation File” which can be seen in the appendix (B).

The subroutine embodies in it the general objective function and all constraints equations as

well as all the different cost functions that were mentioned in the methodology chapter. As

shown in the flowchart, the problem formulation file which contains the formulated objective

function and constraints has then to be used as an input for a linear optimization package called

“Lindo” which is available on the Mainframe computer of the university. Lindo will solve the

problem and will then provide the network design in the “Network Solution File” which

contains the set of links between the different airports that comprises the final network design.

The solution file is presented in appendix (C). As shown in the flowchart, once a selected task

is accomplished, the program reverts back to the main menu. The user will then have the

chance to either select another task, or to stop the program.

4.1.2 View And Edit Existing Data File

When entering a large set of data as required by this program, mistakes can happen. For

this reason, the program is designed to view and edit any existing data file. Once this option is

selected, the program asks the user to enter the name of the data file to be edited. The user

response will then prompt the program to start a text editor namely “Microsoft Dos Edit” and

open the data file for editing. The user must then edit and save the file to return to the main

menu.
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4.1.3 Read Existing Data File And Create Problem Formulation File

Once this option is selected, the program will ask its user to enter the names of the data

file and the problem formulation file. All information in the data file will then be used by the

previously mentioned subroutine to create the problem formulation file.

4.1.4 Analyse Network Designs

In order to provide a better understanding of the network designs and to evaluate them

against an existing network, the program is designed to read the network solution files and

provide the analysis results in the “Analysis Result File” ( see appendix (D)). To start the

analysis, the program will first read the data file in order to retrieve all information relating to

the traffic demand levels and flight costs. Network analyse will be conducted according to two

analysis categories, these are:

1. Link analysis. This analysis category is used to evaluate the impact of implementing

the new network designs on traffic flows over the different links that make up the

network. Airline operating performance and passenger’ services will be evaluated on

each link. In this analysis category, all links that make up the network are scanned

form the network solution file. The numbers of passengers using each link either as a

direct link or as a transfer link between their origin and destination airports are read

from the data file and added together to give the total number of passengers assigned to

each link. The required number of flights on each link can then be determined by
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dividing the total number of passengers assigned to the link by the number of seats

according to the aircraft type that is going to be used by the airline on that link. It is

assumed that the airlines will continue to use the same type of aircraft that it is currently

using between the origin and destination airports. The user however can evaluate the

impact of using different aircraft on the shape of the network. Since flights are

indivisible, all fractions in the division result are rounded up to accommodate all

passengers. In addition, some performance indicators as will be seen later were created

to evaluate the impact of implementing any new network design on flight operations

and passengers’ services on the different links.

2. Entire network as a system. This analysis category is intended to evaluate the

performance of the network as a whole system. The impacts of implementing any new

network design on the airline operations and passenger’ service is analysed. In this

analysis category, information relating to link operations are either added or averaged

to quantify network performance. Various performance indicators were utilized to

evaluate the different impacts.

4.1.5 Performance Indicators And Analysis Data

The airline industry has established a set of performance indicators to evaluate different

aspects of airlines operations and performance. In this thesis however, the main test of

improvements in airline operations as a result of implementing the new networks is the

reduction in the total and unit costs of providing the service. Improvements in passenger
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services are mainly measured in terms of flight frequencies, and schedule delays. These

improvements will reduce the passenger’s costs of travel. The following will be a presentation

of the data items to be analysed and their related performance indicators which were utilized in

this thesis to evaluate the different impacts of implementing all the new design networks:

1. Number of passengers (Fax). This is the total number of passengers using each

individual link including direct and transfer passengers. The number is necessary to

determine the minimum number of flights that can accommodate the demand. It is also

important for calculating unit costs as will be seen later.

2. Number of flights (NF). The total minimum number of required flights on each link is

important for determining schedule delay time of passengers. In this thesis, the number

is calculated as: NF = FAX / S where S being the number of seats on the aircraft.

Given the indivisibility of flights, the result must be rounded up to accommodate all

passengers. The number is also used for calculating the total operating cost for each

link and the entire system. NF is calculated for each link as shown above, and for the

entire system by adding up the costs of flights on individual links.

3. Average schedule delay time (ADT). As previously defined, this is used as a measure

of the level of service being offered to passengers. In this thesis, passenger’s travel

demand was assumed to be uniformly distributed over the week44, hence, ADT is

calculated as: ADT = total operating hours in the week/2 NF. ADTis calculated for

each link as shown, and for the entire network system by adding the link numbers to

get the total system delay time. Average system schedule delay time for all links is also

calculated by dividing the total system delay by the number of links in the network.

4. Total onerating cost (TC). This is the major operation’s improvement measures. For

link analysis it is calculated as: TC = FC * NF. The total system cost is then obtained

by adding the costs of providing the service on all links.
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5. Passenger miles flown (Fax Mi). Because not all flights have the same flight distance,

passengers on different flights are assigned different “weights”. This number is defined

as the sum of the products obtained by multiplying the number of passengers carried on

each flight by the flight distance45. The number can also be used as a measure of the

dispersion of the network.

6. Available seat miles (ASMi). This is a measure of the capacity provided by the airline.

It is defined as the sum of the products obtained by multiplying the number of

passenger seats available for sale on each flight by the flight distance46. This measure is

calculated for the system analysis category, but it is also used to calculate the cost per

seat mile for each link.

7. Passenger load factor (LF). This is a measure of the capacity utilization. It is defined

as the percentage of passenger miles from the available seat miles. Hub and spoke

networks which usually consolidate passengers demands usually has higher load factors

than point to point connection networks.

8. Cost per seat mile (C / SMi. This is a measure of the airline productivity. It is

calculated as: C / SMi = TC / ASMi . This measure is calculated for both the link

analysis and the system analysis categories. Network configurations that provide

smaller numbers usually indicates better performance. However this can be misleading

because as the airline provide more capacity in some segments of the market, this

capacity might not be fully utilized.

9. Cost per passenger mile (C/Fax Mi. This is a measure of the airline productivity. It is

calculated as: C / Fax Mi = TC / Fax Mi. This measure is calculated for both the link

analysis and the system analysis categories. A network configuration that provide

smaller numbers usually indicates better performance.
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4.1.6 Sample Output

For illustration purposes, a sample of the outputs of the integer programming package

“Lindo” and the “C” program will be presented below. As can be seen below, Lindo’s output is

a list of the routes that make-up the designed network. The C program output is comprised of

two parts. The first part is a list of all the links in the network with the performance indicators

associated with each link. The second part is the result of the calculations of all system

performance indicators. The sample given below is an extract of the analysis result of the

existing airline network in Saudi Arabia.

1. Lindo’s Output: “Network Solution File”

Y1T5 1.0000 This indicates the presence of a direct route between 1 and 5.

Y1T18T6 1.0000 This indicates the presence of a transfer route between 1 and 6 through 18.

Y1T14

Y1T18

Y2T18T6

The sample given above is a list of the routes that make up the network. The complete

network files for the existing network and the proposed new networks are presented in appendix

(C).
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2 The “fl” Proram Oiitrnit “Anlvsi File”

Link Total Total Schedule Total Cost per Cost per Load
Fr To Flow Flights Delay Cost (SR) Seat Mile Pax Mile Factor

1 5 2 1 49.00 8330.00 0.65 33.32 0.02
1 14 404 2 24.50 74260.00 1.36 1.73 0.78
1 18 808 5 9.80 216150.00 0.59 0.74 0.80
2 14 3134 16 3.06 730720.00 0.79 0.82 0.97
2 18 3596 18 2.72 1057320.00 0.63 0.64 0.99
2 19 77 1 49.00 15680.00 0.52 0.68 0.75

System Flights = 778 System Cost = 32989960.00 System Delay = 3736.87
System Seat-Mi Cost = 0.56 System Pax-Mi Cost = 0.60
Average Delay = 26.69 System Load Factor = 0.94
Average Seat-Mi Cost = 0.66 Average Pax-Mi cost = 2.54
Average Load Factor = 0.66

Available Seat-Mile = 58683524 Passenger-Mile Flown = 54875896

The complete analysis files for the existing network and the proposed new networks are

presented in appendix (D).
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5. THE CASE STUDY

As a case study, the domestic air transportation network of the Kingdom of Saudi Arabia

which consists of 25 airports that have sparse demand levels between the majority of these

airports were examined. The routes and links between the different airports in the network were

restructured. This particular network was selected as a case study because as it will be shown in

the discussion of the existing network conditions, this network represents a unique opportunity

since the network size is large, demand is sparse, and there is no other fast alternatives of mass

travel modes.

5.1.0 Existing Network Conditions

In general, any transport network plan that matches supply with demand has to be

governed by constraints imposed by the availability of resources and economic efficiency. In

this regard, the domestic air transport network plan of the Kingdom of Saudi Arabia is no

exception. However when planning this network, the national airline (Saudia) was able to

consider aspects that extend beyond economic efficiency. The network plan placed strong

emphasis on objectives such as the country’s political integration, the establishment of direct

links between all population centres, and the social well-being of the population47. As a result,

all the Kingdom’s centres of population are directly connected to the air transport system by

their own airports. The majority of these airports are directly connected to one another even

though demand levels may not necessarily justify direct connections.
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5.1.1 The Structural Shape Of The Existing Network

Saudia currently provide air transport services that link 25 airports with direct flights in

most cases48. Figure 5. 1 shows the structural shape of the existing network. The network

currently has a total of 172 routes connecting 172 city pairs of origins and destinations. Out of

the 172 routes, only 32 routes include a transfer. A casual inspection of this network might

mislead the reader into thinking that this is a multi hub and spoke network that has 23 hubs.

However, by definition a hub airport is a focal airport that facilitates flights transfer between

various origins and destinations. In this sense, Riyadh ( airport number 18 ), Jeddah (airport

number 14 ), and Tabuk ( airport number 22) airports are the only hubs in the network. In

reality, the network provides direct point to point service to 140 city pairs and only 32 city pairs

are served by transfer routes.
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Figure 5. 1: The Existing Domestic Air Transport Network

of The Kingdom of Saudi Arabia
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5.1.2 Operational Characteristics Of The Existing Network

Travel demand throughout the network with the exception of demands to or from Jeddah

or Riyadh is sparse. A quick examination of the average weekly travel demand matrix

provided in appendix (A) will show that travel demand between some city pairs is as low as 2

passengers per week. Saudia officials indicated that the airline currently provide scheduled air

transport services between such city pairs as social services that are subsidized by the

government. Given these low demand levels and the size of the Boeing 737 (102 seats) which

is the smallest aircraft that the airline currently operates for scheduled service, load factors

throughout the network are low. Figure 5.2 shows the estimated load factor distribution in the

existing network if the airline operates only the minimum number of flights that can satisfy

Figure 5. 2: Estimated Load Factors Distribution In Existing Network
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all travel demands. The figure indicates that up to 29 % of links in the network have load

factors between 1 and 40 percent. According to some Saudia officials, the actual operating load

factors which were not available for this research are even less than those presented in the

Figure. This is so because the airline currently operates more flights than the required minimum

for different policy reasons. These policies include reasons that relates to the social well being

of the population49. For this research the minimum number of flights is used as a base for

conducting network analysis throughout the remainder of this thesis. This will help in

providing a uniform basis for comparing the performance of the various network structures.

Also, since there is no available data on how Saudia decides on the number of flights scheduled

on each link, the minimum number is a viable solution to problems caused by the lack of data.

Figure 5. 3 shows the estimated number of flights distribution in the existing network if Saudia

operates the minimum number of flights to improve its economic efficiency of operations.

Figure 5. 3: Estimated Number Of Flights Distribution In Existing Network
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In this case, Saudia will have to operate a minimum of 778 flights per week to meet all travel

demands. The figure shows that 38 % of the links will only support the operation of one flight

per week for maximum economic efficiency. The figure also shows that up to 59 % of all links

in the network have only 1 or 2 flights per week. This will have an implication on the quality

of service that will be offered to passengers. For example, the low number of flights on the

majority of links will greatly increase the schedule delay in the entire system. In fact, if the

airline only operates the minimum number of flights, the total schedule delay for all links in the

network will be 3,736 hours per week. Figure 5.4 indicates that 38 % of the links in the

network would have schedule delay of 50 hours per week. The same figure also indicates that

only 16 % of the links in the existing network have schedule delay up to 5 hours.

Figure 5. 4: Estimated Schedule Delay Distribution In Existing Network
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the estimated distribution of this cost in terms of the operating cost per passenger-mile. The

figure shows a wide range of costs per passenger-miles that spreads between 0.5 SR to 40 SR on

the different links. 57 % of the links in the existing network have a cost that ranges between 0.5

SR to 1.0 SR. This can be explained by Figure 5.2 which indicated that approximately 58 % of

the links have load factors that ranges between 80% to 100 %.

To summarize, The existing network is mostly directly connected. About 81 % of the

routes in the network are direct connection routes. This high degree of direct connectivity

coupled with the low demand levels and the size of the smallest aircraft that is currently being

used by the airline clearly explain the low load factors that characterize the current operations.

In return, the low load factors on the majority of flights explains the high cost of operations per

passenger-miles.

Per Passenger-Mile Cost Distribution
On Links Of The Existing Network
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Figure 5.5 : Estimated Cost Per Passenger-Mile Distribution In Existing Network
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5.2.0 Case Study Results

Network restructuring was accomplished by applying the developed formulations. As a

result, three new efficient network structures were constructed. Figure 5.6 shows the first

network structure which was designed to minimize the total cost of the airline operations by

consolidating travel demands through the usage of the hub and spoke routing strategy. Figure

5.7 shows the second network structure which was intended to reduce the cost of travel of

passengers by reducing their travel time and schedule delay. When designing this network, it

was assumed that ticket prices which passengers have to pay for the trips will remain unchanged

regardless of the chosen routes. Figure 5.8 shows the third network structure which was

developed to reduce the combined costs of both passengers and airline. This was done because

as was seen in Figure 3.5, reducing the sum of the airline’s and passengers’ costs will produce

the efficient level of service with its efficient economic cost.

5.3.0 Analysis Of Results

The following discussion will be a detailed analysis of the three efficient networks. The

implications of each network structure on airline operations and passengers services will be

presented. Items such as load factor distribution, number of flights distribution, schedule delay

distribution, and operating cost distribution throughout the network will be discussed to

compare the performance of each network structure.
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Figure 5. 7: Efficient Passengers’ Cost Network
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Figure 5. 8: Efficient Combined Cost Network
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5.3.1. Efficient Airline’s Cost Network

This new network has a total of 172 routes connecting 172 city pairs of origins and

destinations. The solution file of this network (see appendix C) indicates that the number of

routes that include a transfer has increased from 32 routes in the existing network to 66 routes

in this network. Consequently, the total number of direct routes has been reduced from 140 in

the existing network to 106 in this network. This happened as a result of the traffic

consolidation process and the abandonment of the most expensive point to point connection

routes where traffic volumes did not justify direct connections. Consequently, load factors in

this network are higher than those in the existing network. Figure 5.9 shows the estimated load

factor distribution throughout the network if only the minimum number of flights is operated to

meet all travel demands. The figure indicates that links with load factors under 40% have

Figure 5. 9 : Estimated Load Factor Distribution In Efficient Airline Network
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decreased from 29% in the existing network to only 4% in this network. Also, the fraction of

links with load factors higher than 80% has increased from 58% in the existing network to 83%

in this network.

Traffic consolidation has also resulted in reducing the total number of required flights.

The analysis file of this network (see appendix D) indicates that a total of 745 flights per week

are required to serve all travel demands. Links with low traffic volumes were removed and

their flights were cancelled. These low traffic volumes were then re-routed on links that has

higher traffic demands. This re-routing process has increased the frequency of flights on the

majority of links in this network. Figure 5.10 shows the estimated number of flights

distribution throughout the network. The figure shows that the fraction of links with one

Figure 5. 10: Estimated Number Of Flights Distribution In Efficient Airline Network
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weekly flight has been reduced from 38% in the existing network to 22% in this network. The

figure also indicates that 38% of the links in this network can be served by more than 5 weekly

flights. This clearly shows the effects of the shape of the network on airline operations and

passengers service. By adopting this network, the airline can reduce the total number of flights

and simultaneously improve passenger’s service by re-routing low traffic volumes on links that

has higher flight frequency.

Higher flight frequencies resulted in reducing the schedule delay in the network. By

adapting this network structure, the total schedule delay can be reduced by 42% from 3736

hours per week in the existing network to 2160 hours per week in this network. Figure 5.11

shows the estimated schedule delay distribution throughout the network. The figure indicates

that the fraction of links that have schedule delay of 50 hours per week has been reduced from

38% in the existing network to 22% in this network. The figure also indicates that 42% of the

routes in the network can experience schedule delays up to 10 hours per week.
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Figure 5. 11: Estimated Schedule Delay Distribution In Efficient Airline Network

Finally, the abandonment of routes with low traffic volumes, the selection of the least

costly routes, and the subsequent reduction of the number of required flights can lead to

reductions in airline operating cost. By adopting this network, the airline can reduce its current

estimated operating cost from 33.0 millions SR per week to 32.4 millions SR. Figure 5. 12

shows the estimated distribution of the estimated cost in terms of the operating cost per

passenger-mile. The figure clearly reflects the abandonment of the most costly routes. The

highest cost per passenger-mile in this network is 4.5 SR and it can only be found on one

percent of the links in the network.
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Figure 5. 12 Estimated Cost Per Passenger-Mile Distribution In Efficient Airline Network

To summarize, the algorithms has produced a network that reduces the airline operating

cost by eliminating the most costly direct connection routes and re-routing low traffic volumes

through the hub airports. Jeddah and Riyadh airports were identified as the major and most

dominant hubs in this new network because of their huge ability to generate and attract traffic.

Consequently, the total number of required flights has been reduced and at the same time flight

frequencies on the remaining transfer routes has increased providing better service to the

passengers by reducing their expected schedule delays. Load factors on the majority of routes

are higher in this network than those in the existing network. This fact alone clearly indicates

that by adopting this network the airline can improves its operational efficiency and reduces its

operating cost. Hansen and Kanafani5°researched the effects of load factors on the operating

cost and they have clearly stated”If hubbing resulted in higher load factors or higher average

aircraft size, it would also result in lower costs “. Their conclusion is important since it will help

in explaining the changes in airline operation cost according to the changes in load factors.
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5.3.2. Efficient Passenger’s Cost Network

This network was particularly designed to minimize the total travel cost of passengers.

This travel cost includes elements such as the ticket price, the cost associated with travel time,

and the cost associated with schedule delay. The ticket price between any origin and destination

airports was assumed to remain constant regardless of the trip route. Hence only the remaining

two cost elements were reduced in this network. This was accomplished by selecting the routes

that minimize the total travel time and the schedule delay time. Travel time can be calculated in

many ways. One way is to consider the door to door time. In this study however, only the

travel time components that relate to the air mode is considered. These time components can

includes elements such as check-in time, waiting time, block time, and transfer time. But since

the first two elements can not be affected by the chosen travel route, only the last two time

elements were used and minimized in this network.

The origin destination matrix presented in appendix (A) clearly shows that travel

demand levels have wide variations between the different origin destinations pairs. This can

cause wide variations in the required flight frequencies between the different airport pairs. In

return, this made the schedule delay time the most dominant time element. Hence this network

is mostly comprised of routes that reduces the schedule delay time. The network has a total of

172 routes. 67 of these routes are direct routes and 105 are transfer routes.

As indicated by the network solution file presented in appendix (C) and the map of this

network presented in figure 5.7, the majority of these routes are transfer routes that send traffic

through Jeddah (airport number 14) or Riyadh (airport number 18) airports. These two airports
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are the major traffic generators in the network, and therefore they generate the largest flight

frequencies. For this reason the majority of trips are routed through these two airports.

Figure 5.13 shows the estimated load factor distribution throughout the network if only

the minimum number of flights is operated to serve all demands. A comparison between

figures 5.2 and 5.13 indicates that this network has higher load factors than the existing network

on approximately 36% of the routes. This fact alone shows that by adopting this network traffic

can be consolidated on some routes. At the same time, the figure indicates that 10% of the

routes have load factors under 20%. Comparing this fact with figure 5. 9 which indicated that

only 4 % of the routes in the efficient airline network has load factors under 50% clearly

indicates that the degree of traffic consolidation in this network is not as large as that in the

efficient airline network. This is observation is expected since this network is intended to

reduce the passenger travel cost and not the airline operating cost.
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Figure 5. 13 : Estimated Load Factor Distribution In The Efficient Passenger Network

Since this network was designed to minimize the cost of travel of passengers, the

majority of its routes has the highest flight frequencies as compared to the previous two

networks. Figure 5.14 shows the estimated number of flights distribution throughout the

network. The figure indicates that the fraction of links with one flight per week is reduced to

only 12% as compared to 39% and 22% in the previous two networks. The figure also indicates

that 64% of the links in the network can be served by more than 5 weekly flights. To provide

these flight frequencies it is estimated that this network would require a minimum of 766

flights per week to be operated to serve all traffic demands.
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Figure 5. 14: Estimated Number Of Flights Distribution In The Efficient Passenger’s Network

Routing traffic on links with the highest flight frequencies has resulted in huge reduction

in schedule delays in this network. By adapting this network, the total schedule delay can be

reduced by 77% from 3736 hours per week in the existing network to 843 hours per week in

this network. Figure 5.15 shows the estimated schedule delay distribution throughout the

network. The figure indicates that only 12% of the links in this network are expected to

experience schedule delay that ranges between 25 and 50 hours per week. The figure also

indicates that 43% of the routes can have schedule delays under 5 hours per week. This clearly

indicates that this network would provide better levels of service to the passenger than the two

previous networks.
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Figure 5. 15 : Estimated Schedule Delay Distribution In The Efficient Passenger’s Network

Finally, figure 5.16 shows the estimated distribution of the cost of operations in terms of

the operating cost per passenger-mile. A casual examination of this figure alone can be

misleading because it indicates that the majority of links in this network has lower per

passenger-mile costs than those links in the existing network. This might lead the reader into

thinking that this network would be less costly to operate than the existing network. However,

operating this network will be more costly to the airline. Airline operating cost is estimated to

increase from 33.0 millions to 34.4 millions SR per week if this network is adapted. This

increase in cost can be explained by comparing figures 5.2 and 5.13. The comparison shows

that this network has higher load factors on approximately one third of its routes than the

existing network. However, since these higher load factors were limited to a minority of routes

in this network and the routes were selected to minimize the travel cost of the passengers,

airline operating cost of this network is higher than that of the existing network. Also, the
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routes in this network are not necessarily the least costly to operate on, they are however the

ones that provide the least travel and schedule delay times. This is so because the objective of

developing this network is the reduction of the travel cost of the passengers.

To summarize, this network provide better service levels to the travellers by routing

them on routes that have high flight frequencies. High flight frequencies minimizes schedule

delays which in return reduces the passengers cost of travel. Traffic is consolidated on some

routes in this network. This is clearly indicated by comparing figure 5.13 with figure 5.2. The

comparison shows that this network has higher load factors on approximately one third of its

routes than the existing network. However, since these higher load factors were limited and the

routes were selected to minimize the travel cost of the passengers, airline operating cost of this

network is higher than that of the existing network.
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5.3.3. Efficient Combined Cost Network

This network was specifically designed to minimize the total cost of both the airline and

the passengers. This has resulted in developing a network that is comprised of a collection of

links from the efficient airline and passengers networks. The solution file provided in the

appendix shows that this network has 76 direct routes and 96 routes that include a transfer either

through Jeddah or Riyadh airports.

Load factors in this network are higher than any other network indicating a high level of

traffic consolidation on its routes. Figure 5.17 shows the estimated load factor distribution

throughout the network if only the minimum number of flights are operated to serve all travel

demands. The figure shows that the majority of routes (64%) will have load factors that ranges

Figure 5. 17: Estimated Load Factor Distribution In The Efficient Combined Cost Network
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between 90 1 nd 100 percent. The figure also indicates that only 1% of the links in the network

have the lowest load factor of 30%. 95% of the links will have load factors higher than 60%.

Traffic consolidation resulted in reducing the number of direct links in the network and

the number of required flights. It is estimated that a total of 744 flights per week will be

required to serve all travel demands in this network. Figure 5.18 shows the estimated number

of flight distribution throughout the network. The figure indicates that the fraction of links with

one weekly flight has been significantly reduced from 38% in the existing network to 3% in this

network. It is worth to note that flight frequencies of the majority of links are higher in this

network than the frequencies of the existing network even though the total number of required

flights is lower in this network.

Figure 5. 18 : Estimated Number Of Flights Distribution In Efficient Combined Cost Network
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Higher flight frequencies resulted in reducing the schedule delays and improved the

service levels. By adapting this network structure, the total schedule delay can be reduced by

76% from 3736 hours per week in the existing network to 881 hours per week in this network.

Figure 5.19 shows the estimated schedule delay distribution throughout the network. The figure

indicates that the fraction of links that have schedule delay of 50 hours per week has been

reduced from 38% in the existing network to 3%. The figure also indicates that 62% of the

routes in the network can experience an average schedule delays up to 10 hours per week.

Figure 5. 19 : Estimated Schedule Delay Distribution In The Efficient Combined Cost Network

Traffic consolidations and reduction in the number of flights have reduced the total cost

of airline operations. By adapting this network, the airline can reduce its current estimated cost

of operations from 33.0 millions SR per week to 32.8 millions SR per week. Although this

network has the highest degree of traffic consolidations as indicated by its load factors

distribution in figure 5.17, its savings in operation cost is not as high as those of the efficient
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airline network. This is so because some of the routes in this network are not necessarily the

least costly to operate on. These routes were included in the network to particularly reduce the

travel cost of the passengers. In essence a trade off between the two costs have taken place to

reduce the total sum of the two costs. To understand this trade off it is helpful to remember that

the objective of developing this network is to minimize the total costs of both the airline and the

passengers. Figure 5.20 shows the estimated distribution of the airline operating cost in terms

of the operating cost per passenger-mile. A casual comparison of this figure with figure 5.12

can be misleading. This is so because this figure indicates that the majority of the links in this

network have lower per passenger-mile cost than those links in the efficient airline network.

Therefore, this network should have lower total cost of operations than the efficient airline

network. However, this is not the case, this network has higher cost of operations. The higher

cost can be explained by the absolute numbers of links and their operating costs in each

network. This network has less number of links that have low operating costs than the other

network. For example, the efficient airline network has 63 links with an operational cost of 1.0

SR per passenger mile. This network has only 52 links that falls in the same cost category.
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Figure 5. 20 : Estimated Cost Per Passenger-Mile Distribution
In The Efficient Combined Cost Network

To summarize, the algorithm successfully produced a network that fulfilled its design

objective by reducing the total cost of travel for both the airline and the passenger. By adapting

this network the airline can save 0.2 million SR per week as compared to their current

operations. Passengers’ savings are much higher, this network will reduce the total schedule

delays and its associated cost by 76%.

5.4.0 Summary

The above networks analysis clearly indicates that the developed routing algorithms

have successfully created networks that meet their specific design objectives. The new

networks reduce both the airline operating cost, and passengers’ travel cost. Any of these
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networks should not be considered or looked at in isolation as a final network design by it self.

The three network designs must be viewed as a decision making tool that helps the decision

maker. To select a network for operations, all network designs must be evaluated against a set

of predetermined goals and objectives that relates to airline operations and passengers’ service

levels. Finally, table 5.1 offers comparisons between key attributes of the different networks.

Existing Airline Passengers Combined
Network Network Network Network

Number of Direct Routes 140 106 67 76
Number of Transfer Routes 32 66 105 96

Average Load Factor (%) 66 83 84 89

Number of Flights 778 745 766 744

Average Sched. Delay (hr/week) 26.96 20.38 12.60 11.60
Total Sched. Delay (hr/week) 3736 2160 843 881

Average Operating Cost (SRJPassenger - mi) 2.54 0.84 1.58 0.71
Total Operating Cost (Million SRI week) 33.0 32.4 34.4 32.8

Total Passenger-miles Flown 54,875,896 55,231,064 59,562,624 56,543,592

Table 5.1: Attributes of Existing And Design Networks

It is interesting to note in this table that the average operating cost per passenger-mile of the

efficient combined network (0.71 SR) is lower than that of the efficient airline network (0.84

SR). Hence, one might think that the combined network is less costly to operate than the

efficient airline network but, this is not the case. In fact, the total operating cost of the efficient

airline network is estimated to be 32.4 Million SR/week while the total operating cost of the

combined network is estimated to be 32.8 Million SR/week. The lower average operating cost

per passenger-mile of the combined network can be explained by the fact that the size of this

network in terms of the passenger-miles flown (56,543,592) is larger than the size of the

efficient airline network (55,231,064).
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6. CONCLUSIONS

This thesis developed efficient routing algorithms for routing air traffic in situations

where demand levels are sparse and spread over large geographical areas. Three algorithms

were developed and used to create three efficient network structures. The networks were

designed to attain specific objectives. The first network minimized the total cost of airline

operations. The minimum airline cost network consolidated traffic demands at a few ideal hub

locations, and reduced the minimum number of required flights that meet all traffic demands.

The second network minimized the cost of travel of the passengers by reducing their travel and

schedule delay times. In this network trips were assigned to the links with the least travel and

schedule delay times. The third network minimized the total combined cost of both the airline

and the passengers. This was done by consolidating the traffic at a few ideal hub locations to

minimize the airline unit costs of operations, and by assigning the trips to the routes that have

the least schedule delays, and travel times.

The case study showed that all algorithms have successfully achieved their design

objectives, and made it possible to explore the influence of the structural shape of air transport

networks on the operational cost of the airline, the passengers cost of travel, and the level of

service. Also, in the analysis part of the study, the following conclusions were reached:

1. The attributes of air transport networks influence both the passengers’ travel cost and

the airline operating cost. The total cost and network structure are not independent.
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Hence, air transport networks must be developed in such a fashion that total costs are

minimized and travel service within the network maximized.

2. In networks with sparse demand for travel, operating costs are greatly influenced by the

shape of the network. Increased direct point to point connectivity in such networks will

increase the airline operating cost, reduce load factors, and increase schedule delays.

3. In sparse demand networks, the consolidations of traffic demands through the usage of

the hub and spoke routing strategy will increase load factors, increase the frequency of

service, reduce schedule delays, and minimize the airline operating cost.

4. The usage of unit costs links the demand distribution throughout the network to the

process of creating the network. This will result in the creation of a network that is

“demand driven”. Hence, if the demand distribution change, the network shape will also

change to accommodate the new demand distribution. This is so because any change in

the demand distribution will cause a change in the unit costs.

5. The new passengers’ network design showed that traffic consolidation alone does not

automatically reduces the airline operating cost. In order to do so, the network routes

must be selected in such a fashion that minimizes the unit costs of transport.

6. In Saudi Arabia the existing airline network was designed to meet all passengers

demands regardless of the sparse volumes. As a result of government policies, the

political integration of the country as well as the social well-being and the comfort of
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the population were given greater considerations over the economical operations of the

airline. Consequently, all the kingdom’s centres of population are directly connected to

one another even though demand levels do not necessarily justify direct connection.

7. Figures 6.1 shows the cancelled links of the existing network in the new airline’s,

passengers’, and combined networks. The figure also shows the population

concentrations around the different airports in Saudi Arabia. It is interesting to note

that the majority of the cancelled links provide direct connections between areas with

low population concentrations in the northern part of the country. These low population

concentrations explain the cancellations of the direct links in the new networks since

such population levels can only generate low traffic demands which result in higher unit

costs and low frequency of service on these links. The same figure also shows the

added links to the new networks. These links were added as substitutes for some of the

deleted links.

111



f/ -- //
If \\ \J—--=(17)’..

\JL\ \\ P( N - -

Arabian
11

Gulf

8 6

2
/

\Red
Sea ‘.

20 /

—

10 -

Population Centres & Airports Of Saudi Arabia

10000<50000 /\iooooo< 150000,/’\200000<500000 (Zi 1000000<2000000

Q ____Cancelled
Unks In Effi. Networks

50000< 100000 () 150000<200000 500000< 1000000 Added Links In Effi. Networks

Figure 6.1: Cancelled Links From The Existing Network In The Efficient Networks

112



7. FURTHER RESEARCH

In this thesis, demand volumes and distributions were treated as static parameters.

However, air traffic demand is dynamic and responds to changes in a wide variety of factors

including cost of travel, and frequency of service. As previously mentioned, all design

networks will improve the frequency of service. These improvements can positively stimulate

the demand levels. And since any changes in the demands can alter the unit costs on the various

links in the network, the network configuration may change. If demand levels grow

substantially, more direct links will be created. However, if the growth is marginal, hubbing

will be reinforced. Demand levels do not change quickly, therefore, demand levels and

distribution throughout the network should be periodically monitored. The routing algorithms

developed in this thesis may be linked to a demand forecasting model to revise the network

structure. Also, to further improve the airline operations in Saudi Arabia, a flight scheduling

model must be developed and linked to the routing algorithms as can be seen in Figure 7.1.

Demands

Eedulin

Model Output
Schedule

Model Feedback ien,J

Figure 7.1: Required Models For Efficient Airline Operations
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The developed networks must be refined by refining some of the parameters used in

their creation. For example accurate measure of the value of travel time in Saudi Arabia must

be determined. This is important because the value of travel time is a western concept, its

applicability and its magnitude in a country like Saudi Arabia must be determined for accurately

converting time units of schedule delays and travel times into their equivalent monetary values.

Also, the full average hourly wage rate was used in this thesis as a measure of the value of

travel time. It must be noted that the model is not limited to this value, but this value was used

because several studies on the value of air travel time including Gronau’s51 suggested justifiably

the usage of the full wage rate. The common justification in these studies is the notion that

travel time is mostly wasted in the sense that it can not be used for conducting any productive

work. These studies have also argued that the majority of air travellers earn more money than

travellers using other modes of travel. Therefore, air travellers time is argued to be more

valuable and thus the full wage rate was used. However, with the development of notebook

computers it can be argued that some portion of the travel time can be used for conducting

productive work. In this case, the full wage rate is not an accurate measure. Therefore, an

accurate measure of the value of air travel time must be determined and used in such a case.

The impact of using smaller air craft size on the shape of the network can be

investigated. In this thesis it was assumed that the airline will use the same type of aircraft that

it is currently using. It must be noted that the model is not limited to the current aircraft size,

and any aircraft size can be used as an input to the model. Using smaller aircraft will definitely

change the shape of the design networks simply because different aircraft types have different

operating costs which will be reflected on the unit costs of operations on the different links.
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Also, when using smaller aircraft traffic may not need to be consolidated as much as is the case

when using larger aircraft. Hence, more direct routes can be established in the network with the

usage of smaller aircraft size.

This model was particularly developed for routing air traffic in situations where travel

demand is sparse and air services are monopolized by one, or a small number of airlines. Its

applicability in competitive and large demand situations is not known at this time, but it can be

investigated.

Finally, while the developed networks were for Saudi Arabia, the applicability of the

algorithms to other areas with similarly sparse demands such as Australia, Northern Canada

could be investigated.
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APPENDIX A:
DATA FILE

DATA FILE

Number of airports: 25
Value_of_time: 28.40
From To Flow Cost Seats Time Dist From To

1 2 00 0.00 0 0.00 0 2 1
1 3 0 0.00 0 0.00 0 3 1
1 4 0 0.00 0 0.00 0 4 1
1 5 2 8.33 102 0.49 125 5 1
1 6 77 66.97 102 1.81 607 6 1
1 7 0 0.00 0 0.00 0 7 1
1 8 0 0.00 0 0.00 0 8 1
1 9 0 0.00 0 0.00 0 9 1
1 10 0 0.00 0 0.00 0 10 1
1 11 0 0.00 0 0.00 0 11 1
1 12 0 0.00 0 0.00 0 12 1
1 13 0 0.00 0 0.00 0 13 1
1 14 404 37.13 258 0.79 106 14 1
1 15 0 0.00 0 0.00 0 15 1
1 16 0 0.00 0 0.00 0 16 1
1 17 0 0.00 0 0.00 0 17 1
1 18 731 43.23 201 1.31 362 18 1
1 19 0 0.00 0 0.00 0 19 1
1 20 0 0.00 0 0.00 0 20 1
1 21 0 0.00 0 0.00 0 21 1
1 22 0 0.00 0 0.00 0 22 1
1 23 0 0.00 0 0.00 0 23 1
1 24 0 0.00 0 0.00 0 24 1
1 25 0 0.00 0 0.00 0 25 1
2 3 0 0.00 0 0.00 0 3 2
2 4 0 0.00 0 0.00 0 4 2
2 5 0 0.00 0 0.00 0 5 2
2 6 577 91.52 244 2.08 734 6 2
2 7 0 0.00 0 0.00 0 7 2
2 8 0 0.00 0 0.00 0 8 2
2 9 0 0.00 0 0.00 0 9 2
2 10 0 0.00 0 0.00 0 10 2
2 11 0 0.00 0 0.00 0 11 2
2 12 0 0.00 0 0.00 0 12 2
2 13 0 0.00 0 0.00 0 13 2
2 14 3096 45.67 202 1.10 286 14 2
2 15 19 54.36 102 1.51 466 15 2
2 16 0 0.00 0 0.00 0 16 2
2 17 0 0.00 0 0.00 0 17 2
2 18 3019 58.74 202 1.54 461 18 2
2 19 77 15.68 102 0.99 298 19 2
2 20 212 30.30 202 0.94 229 20 2
2 21 0 0.00 0 0.00 0 21 2
2 22 19 73.26 102 2.22 798 22 2
2 23 0 0.00 0 0.00 0 23 2
2 24 0 0.00 0 0.00 0 24 2
2 25 0 0.00 0 0.00 0 25 2
3 4 0 0.00 0 0.00 0 4 3
3 5 0 0.00 0 0.00 0 5 3
3 6 0 0.00 0 0.00 0 6 3
3 7 0 0.00 0 0.00 0 7 3
3 8 0 0.00 0 0.00 0 8 3
3 9 19 24.00 102 1.08 333 9 3

Flow Cost
0 0.00
0 0.00
0 0.00
2 8.33

77 66.97
0 0.00
0 0.00
0 0.00
0 0.00
0 0.00
0 0.00
0 0.00

442 37.24
0 0.00
0 0.00
0 0.00

769 52.37
0 0.00
0 0.00
0 0.00
0 0.00
0 0.00
0 0.00
0 0.00
0 0.00
0 0.00
0 0.00

538 87.36
0 0.00
0 0.00
0 0.00
0 0.00
0 0.00
0 0.00
0 0.00

3058 40.96
58 54.36

0 0.00
0 0.00

3192 68.04
115 17.68
308 33.94

0 0.00
38 73.26

0 0.00
0 0.00
0 0.00
0 0.00
0 0.00
0 0.00
0 0.00
0 0.00

19 20.13
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3 10 0 0.00 0 0.00 0 10 3 0 0.00
3 11 58 18.75 102 0.80 184 11 3 58 15.12
3 12 0 0.00 0 0.00 0 12 3 0 0.00
3 13 0 0.00 0 0.00 0 13 3 0 0.00
3 14 173 28.56 102 1.68 548 14 3 173 27.54
3 15 0 0.00 0 0.00 0 15 3 0 0.00
3 16 0 0.00 0 0.00 0 16 3 0 0.00
3 17 0 0.00 0 0.00 0 17 3 0 0.00
3 18 577 32.66 102 1.58 483 18 3 577 25.53
3 19 0 0.00 0 0.00 0 19 3 0 0.00
3 20 0 0.00 0 0.00 0 20 3 0 0.00
3 21 28 9.38 102 0.67 149 21 3 17 14.74
3 22 0 0.00 0 0.00 0 22 3 0 0.00
3 23 19 18.04 102 0.78 158 23 3 19 11.25
3 24 0 0.00 0 0.00 0 24 3 0 0.00
3 25 0 0.00 0 0.00 0 25 3 0 0.00
4 5 0 0.00 0 0.00 0 5 4 0 0.00
4 6 0 0.00 0 0.00 0 6 4 0 0.00
4 7 0 0.00 0 0.00 0 7 4 0 0.00
4 8 0 0.00 0 0.00 0 8 4 0 0.00
4 9 0 0.00 0 0.00 0 9 4 0 0.00
4 10 0 0.00 0 0.00 0 10 4 0 0.00
4 11 0 0.00 0 0.00 0 11 4 0 0.00
4 12 0 0.00 0 0.00 0 12 4 0 0.00
4 13 0 0.00 0 0.00 0 13 4 0 0.00
4 14 0 0.00 0 0.00 0 14 4 0 0.00
4 15 0 0.00 0 0.00 0 15 4 0 0.00
4 16 0 0.00 0 0.00 0 16 4 0 0.00
4 17 4 20.16 102 0.84 640 17 4 2 22.56
4 18 385 22.22 102 0.92 219 18 4 462 16.73
4 19 0 0.00 0 0.00 0 19 4 0 0.00
4 20 0 0.00 0 0.00 0 20 4 0 0.00
4 21 0 0.00 0 0.00 0 21 4 0 0.00
4 22 0 0.00 0 0.00 0 22 4 0 0.00
4 23 0 0.00 0 0.00 0 23 4 0 0.00
4 24 0 0.00 0 0.00 0 24 4 0 0.00
4 25 0 0.00 0 0.00 0 25 4 0 0.00
5 6 58 32.64 102 1.92 661 6 5 77 28.80
5 7 0 0.00 0 0.00 0 7 5 0 0.00
5 8 0 0.00 0 0.00 0 8 5 0 0.00
5 9 0 0.00 0 0.00 0 9 5 0 0.00
5 10 0 0.00 0 0.00 0 10 5 0 0.00
5 11 0 0.00 0 0.00 0 11 5 0 0.00
5 12 0 0.00 0 0.00 0 12 5 0 0.00
5 13 0 0.00 0 0.00 0 13 5 0 0.00
5 14 385 17.58 102 0.99 227 14 5 404 18.03
5 15 0 0.00 0 0.00 0 15 5 0 0.00
5 16 0 0.00 0 0.00 0 16 5 0 0.00
5 17 0 0.00 0 0.00 0 17 5 0 0.00
5 18 615 20.44 102 1.34 361 18 5 596 21.32
5 19 0 0.00 0 0.00 0 19 5 0 0.00
5 20 0 0.00 0 0.00 0 20 5 0 0.00
5 21 0 0.00 0 0.00 0 21 5 0 0.00
5 22 0 0.00 0 0.00 0 22 5 0 0.00
5 23 0 0.00 0 0.00 0 23 5 0 0.00
5 24 7 10.98 102 0.61 149 24 5 7 10.72
5 25 0 0.00 0 0.00 0 25 5 0 0.00
6 7 96 28.28 102 2.02 704 7 6 96 38.38
6 8 0 0.00 0 0.00 0 8 6 0 0.00
6 9 173 21.75 102 1.25 391 9 6 173 30.45
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6 10
6 11
6 12
6 13
6 14
6 15
6 16
6 17
6 18
6 19
6 20
6 21
6 22
6 23
6 24
6 25
7 8
7 9
7 10
7 11
7 12
7 13
7 14
7 15
7 16
7 17
7 18
7 19
7 20
7 21
7 22
7 23
7 24
7 25
8 9
8 10
8 11
8 12
8 13
8 14
8 15
8 16
8 17
8 18
8 19
8 20
8 21
8 22
8 23
8 24
8 25
9 10
9 11
9 12
9 13
9 14
9 15
9 16
9 17
9 18

192 32.62
38 24.90

0 0.00
0 0.00

4231 96.80
346 55.92

0 0.00
0 0.00

7385 38.76
0 0.00

365 89.30
0 0.00
0 0.00
0 0.00
0 0.00
0 0.00
0 0.00
0 0.00

19 12.75
0 0.00
0 0.00
0 0.00

577 24.12
0 0.00
0 0.00
0 0.00

712 23.97
38 12.24

0 0.00
0 0.00
0 0.00
0 0.00
0 0.00
0 0.00
0 0.00
0 0.00
0 0.00
0 0.00
0 0.00

115 24.50
19 21.16

0 0.00
0 0.00

19 35.91
0 0.00
0 0.00
0 0.00

38 16.03
0 0.00
0 0.00
0 0.00
0 0.00
4 12.78
0 0.00
0 0.00

942 51.12
77 49.95
19 19.80

0 0.00
1115 21.59

102 2.14 808
102 1.66 538

0 0.00 0
0 0.00 0

253 2.01 763
180 1.82 620

0 0.00 0
0 0.00 0

251 0.99 257
0 0.00 0

102 1.90 650
0 0.00 0
0 0.00 0
0 0.00 0
0 0.00 0
0 0.00 0
0 0.00 0
0 0.00 0

102 0.75 159
0 0.00 0
0 0.00 0
0 0.00 0

102 1.33 389
0 0.00 0
0 0.00 0
0 0.00 0

102 1.53 514
102 0.72 158

0 0.00 0
0 0.00 0
0 0.00 0
0 0.00 0
0 0.00 0
0 0.00 0
0 0.00 0
0 0.00 0
0 0.00 0
0 0.00 0
0 0.00 0

102 1.08 324
102 0.89 235

0 0.00 0
0 0.00 0

102 1.89 646
0 0.00 0
0 0.00 0
0 0.00 0

102 0.66 175
0 0.00 0
0 0.00 0
0 0.00 0
0 0.00 0

102 0.71 175
0 0.00 0
0 0.00 0

201 1.34 443
251 1.12 284
102 1.12 365

0 0.00 0
201 0.86 210

212 30.07
38 29.88

0 0.00
0 0.00

4327 86.56
346 41.58

0 0.00
0 0.00

7000 39.11
0 0.00

365 89.30
0 0.00
0 0.00
0 0.00
0 0.00
0 0.00
0 0.00
0 0.00

19 12.75
0 0.00
0 0.00
0 0.00

596 21.56
0 0.00
0 0.00
0 0.00

731 24.75
19 12.75

0 0.00
0 0.00
0 0.00
0 0.00
0 0.00
0 0.00
0 0.00
0 0.00
0 0.00
0 0.00
0 0.00

96 24.64
19 18.27

0 0.00
0 0.00

19 28.35
0 0.00
0 0.00
0 0.00

38 15.63
0 0.00
0 0.00
0 0.00
0 0.00
6 12.75
0 0.00
0 0.00

962 42.16
77 51.52
19 19.32

0 0.00
1348 23.58

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
10
11
12
13
14
15
16
17
18

6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
9
9
9
9
9
9
9
9
9
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9 19 0 0.00 0 0.00 0 19 9 0 0.00
9 20 0 0.00 0 0.00 0 20 9 0 0.00
9 21 0 0.00 0 0.00 0 21 9 0 0.00
9 22 38 22.88 102 1.29 466 22 9 38 19.55
9 23 23 22.35 102 1.49 529 23 9 19 19.20
9 24 0 0.00 0 0.00 0 24 9 0 0.00
9 25 0 0.00 0 0.00 0 25 9 0 0.00

10 11 0 0.00 0 0.00 0 11 10 0 0.00
10 12 0 0.00 0 0.00 0 12 10 0 0.00
10 13 0 0.00 0 0.00 0 13 10 0 0.00
10 14 1712 22.80 102 1.19 336 14 10 1673 20.32
10 15 0 0.00 0 0.00 0 15 10 0 0.00
10 16 0 0.00 0 0.00 0 16 10 0 0.00
10 17 0 0.00 0 0.00 0 17 10 0 0.00
10 18 1750 25.21 102 1.45 565 18 10 1673 19.01
10 19 77 17.28 102 0.89 150 19 10 58 12.87
10 20 0 0.00 0 0.00 0 20 10 0 0.00
10 21 0 0.00 0 0.00 0 21 10 0 0.00
10 22 0 0.00 0 0.00 0 22 10 0 0.00
10 23 0 0.00 0 0.00 0 23 10 0 0.00
10 24 0 0.00 0 0.00 0 24 10 0 0.00
10 25 0 0.00 0 0.00 0 25 10 0 0.00
11 12 0 0.00 0 0.00 0 12 11 0 0.00
11 13 0 0.00 0 0.00 0 13 11 0 0.00
11 14 365 34.95 180 1.28 393 14 11 365 27.24
11 15 19 29.82 180 0.85 231 15 11 19 22.64
11 16 38 16.82 102 1.21 245 16 11 38 31.97
11 17 38 12.92 102 0.73 192 17 11 38 19.00
11 18 1442 33.65 180 1.16 386 18 11 1500 33.34
11 19 0 0.00 0 0.00 0 19 11 0 0.00
11 20 0 0.00 0 0.00 0 20 11 0 0.00
11 21 5 16.95 102 1.13 291 21 11 7 21.34
11 22 19 49.45 258 1.08 306 22 11 19 44.95
11 23 0 0.00 0 0.00 0 23 11 0 0.00
11 24 0 0.00 0 0.00 0 24 11 0 0.00
11 25 0 0.00 0 0.00 0 25 11 0 0.00
12 13 0 0.00 0 0.00 0 13 12 0 0.00
12 14 0 0.00 0 0.00 0 14 12 0 0.00
12 15 0 0.00 0 0.00 0 15 12 0 0.00
12 16 0 0.00 0 0.00 0 16 12 0 0.00
12 17 0 0.00 0 0.00 0 17 12 0 0.00
12 18 154 13.92 102 0.91 245 18 12 173 15.04
12 19 0 0.00 0 0.00 0 19 12 0 0.00
12 20 0 0.00 0 0.00 0 20 12 0 0.00
12 21 0 0.00 0 0.00 0 21 12 0 0.00
12 22 0 0.00 0 0.00 0 22 12 0 0.00
12 23 0 0.00 0 0.00 0 23 12 0 0.00
12 24 0 0.00 0 0.00 0 24 12 0 0.00
12 25 0 0.00 0 0.00 0 25 12 0 0.00
13 14 77 32.64 102 2.04 717 14 13 58 32.64
13 15 0 0.00 0 0.00 0 15 13 0 0.00
13 16 0 0.00 0 0.00 0 16 13 0 0.00
13 17 0 0.00 0 0.00 0 17 13 0 0.00
13 18 269 15.93 102 0.82 191 18 13 269 16.04
13 19 0 0.00 0 0.00 0 19 13 0 0.00
13 20 0 0.00 0 0.00 0 20 13 0 0.00
13 21 0 0.00 0 0.00 0 21 13 0 0.00
13 22 0 0.00 0 0.00 0 22 13 0 0.00
13 23 0 0.00 0 0.00 0 23 13 0 0.00
13 24 0 0.00 0 0.00 0 24 13 0 0.00
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13 25 0 0.00 0 0.00 0 25 13 0 0.00
14 15 4288 40.45 253 0.86 213 15 14 4173 41.12
14 16 115 35.68 102 2.23 805 16 14 115 42.37
14 17 0 0.00 0 0.00 0 17 14 0 0.00
14 18 15231 73.37 253 1.59 522 18 14 14962 76.78
14 19 135 29.92 102 1.76 586 19 14 135 29.92
14 20 77 26.39 201 0.64 95 20 14 38 29.50
14 21 0 0.00 0 0.00 0 21 14 0 0.00
14 22 1904 53.07 249 1.52 503 22 14 1750 52.64
14 23 96 35.82 102 1.99 692 23 14 96 35.82
14 24 58 25.08 102 1.32 377 24 14 58 22.44
14 25 1327 13.86 102 0.77 197 25 14 1308 14.88
15 16 19 19.04 102 1.27 448 16 15 19 25.96
15 17 0 0.00 0 0.00 0 17 15 0 0.00
15 18 2000 41.61 201 1.45 440 18 15 1942 53.71
15 19 0 0.00 0 0.00 0 19 15 0 0.00
15 20 77 48.02 102 0.92 218 20 15 58 31.24
15 21 0 0.00 0 0.00 0 21 15 0 0.00
15 22 269 36.02 201 1.03 315 22 15 308 34.79
15 23 0 0.00 0 0.00 0 23 15 0 0.00
15 24 0 0.00 0 0.00 0 24 15 0 0.00
15 25 0 0.00 0 0.00 0 25 15 0 0.00
16 17 0 0.00 0 0.00 0 17 16 0 0.00
16 18 481 29.90 102 1.61 547 18 16 481 24.53
16 19 0 0.00 0 0.00 0 19 16 0 0.00
16 20 0 0.00 0 0.00 0 20 16 0 0.00
16 21 0 0.00 0 0.00 0 21 16 0 0.00
16 22 0 0.00 0 0.00 0 22 16 0 0.00
16 23 19 18.66 102 0.86 230 23 16 19 10.68
16 24 0 0.00 0 0.00 0 24 16 0 0.00
16 25 0 0.00 0 0.00 0 25 16 0 0.00
17 18 154 30.59 102 1.41 393 18 17 173 20.45
17 19 0 0.00 0 0.00 0 19 17 0 0.00
17 20 0 0.00 0 0.00 0 20 17 0 0.00
17 21 7 25.83 102 1.23 321 21 17 7 23.31
17 22 0 0.00 0 0.00 0 22 17 0 0.00
17 23 0 0.00 0 0.00 0 23 17 0 0.00
17 24 0 0.00 0 0.00 0 24 17 0 0.00
17 25 0 0.00 0 0.00 0 25 17 0 0.00
18 19 115 19.50 102 1.50 462 19 18 96 24.00
18 20 1577 56.21 201 1.46 451 20 18 1615 53.66
18 21 77 32.16 102 2.01 701 21 18 77 42.21
18 22 1231 55.96 201 1.75 671 22 18 1154 47.85
18 23 308 29.03 102 1.90 736 23 18 269 22.28
18 24 231 18.30 102 1.13 293 24 18 212 17.68
18 25 192 25.48 102 1.60 545 25 18 154 22.08
19 20 0 0.00 0 0.00 0 20 19 0 0.00
19 21 0 0.00 0 0.00 0 21 19 0 0.00
19 22 0 0.00 0 0.00 0 22 19 0 0.00
19 23 0 0.00 0 0.00 0 23 19 0 0.00
19 24 0 0.00 0 0.00 0 24 19 0 0.00
19 25 0 0.00 0 0.00 0 25 19 0 0.00
20 21 0 0.00 0 0.00 0 21 20 0 0.00
20 22 58 61.05 258 1.65 535 22 20 96 61.05
20 23 0 0.00 0 0.00 0 23 20 0 0.00
20 24 0 0.00 0 0.00 0 24 20 0 0.00
20 25 0 0.00 0 0.00 0 25 20 0 0.00
21 22 6 20.79 102 0.99 317 22 21 6 13.16
21 23 0 0.00 0 0.00 0 23 21 0 0.00
21 24 0 0.00 0 0.00 0 24 21 0 0.00
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21 25
22 23
22 24
22 25
23 24
23 25
24 25

o o.oo 0 25 21
102 0.95 198 23 22

0 0.00 0 24 22
25 22
24 23
25 23

0 0.00 0 25 24

0 0.00
58 13.30

0 0.00
0 0.00
0 0.00
0 0.00
0 0.00

0 0.00
58 14.25

0 0.00
0 0.00
0 0.00
0 0.00
0 0.00

0 0.00 0
0 0.00 0
0 0.00 0
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+4165.OOY1T5+1212.28Y1T6T5+360.54Y1T14T5+
449.82Y1TI8TSi-869.74Y1T6+589.OOY1T5T6÷
508.17Y1T14T6+427.78Y1T18T6+183.81Y1T14+
260.32Y1T5T14+1092.96Y1T6T14+533.33Y1T18T14+
236.55Y1T18-i-303.5 1Y1TST18+820.67Y1T6T18+
457.75Y1T14T18+475.84Y2T6+589.26Y2T14T6+
8 17.54Y2T15T6+454.04Y2T18T6+1 1O1.60Y2T20T6+
236.02Y2T14+78 1.80Y2T6T14+705.03Y2T15T14+
603.92Y2T18T14+454.46Y2T19T14+306.32Y2T20T14-’-
946.32Y2T22T14+2861.05Y2T15-i-920.29Y2T6T15+
403.63Y2T14T15+583.25Y2T18T15+668.05Y2T20T15+
2140.68Y2T22T15+291.85Y2T18+538.23Y2T6T18+
525.00Y2T14T18+744.06Y2T1 5T18+395.85Y2T19T18+
427.96Y2T20T18+964.23Y2T22T18+203.64Y2T19÷
653.69Y2T14T19+506.69Y2T18T19+285.85Y2T20+
1392.58Y2T6T20+417.33Y2T14T20+1204.45Y2T15120+
573.66Y2T18T20+1347.86Y2T22T20÷3855.79Y2T22+
455.36Y2T14T22+1680.67Y2T15T22+622.74Y2T18T22+
1055.19Y2T20T22+1263.16Y3T9+753.5 1Y3T1 1T9+
512.3 8Y3T14T9+449.54Y3T18T9+980.00Y3T23T9+
323.28Y3T1 1+517.82Y3T9T1 1+564,1OY3T14T1 1+
552.62Y3T18T1 1-i-437.38Y3T21T1 1+330.17Y3T14+
525.09Y3T9T14+438.39Y3T1 1T14+652.75Y3T18T14+
587.40Y3T23T14+339.62Y3T18+356.45Y3T9T18+
406.69Y3T1 1T18+597.04Y3T14T18+544.8 1Y3T21T18+
418.63Y3T23T18+335.00Y3T21+73 1.66Y3T1 1T21+
936.47Y3T18T21+949.47Y3T23+1 163.72Y3T9T23+
920.46Y3T14T23+683,90Y3T18T23+5040.00Y4T17+
459.56Y4T18T17+230.86Y4T18+547.82Y4T17T18+
4165.OOY5T1+1391.72Y5T6T1+349,45Y5T14T1+
503.60Y5T18T1+562.76Y5T6+1 130.98Y5T1T6+
553.74Y5T14T6+373.30Y5T18T6+182.65Y5T14+
274.34Y5T1T14+766.84Y5T6T14+509.58Y5T18T14+
365.3 1Y5T24T14+232.65Y5T18+3 19.33Y5T1T18+
494.5 3Y5T6T18+467.50Y5T14T18+3 15.98Y51’24T18+
I 568.57Y5T24-i-565.23Y5T14T24+460.70Y5T18T24+
869.74Y6T1+479.47Y6T5T1+619.72Y6T14T1+
465.34Y6T18T1+487.14Y6T2+590.69Y6T14T2+
863.54Y6T15T2+503.13Y6T18T2+1090.62Y6T20T2+
374.03Y6T5+975.18Y6T1T5+591.88Y6T14T5+
377.58Y6T18T5+294.58Y6T7+561.53Y6T10T7+
620.77Y6T14T7+424.78Y6T18T7÷25 1.45Y6T9+
496.49Y6T1 1T9+618.51Y6T14T9+529.32Y6T15T9+
283.00Y6T18T9+339.79Y6T10+475.86Y6T7T10+
600.95Y6T14T10+352.25Y6T18T10+655.26Y6T1 1+
613.53Y6T9T1 1+588.26Y6T14T1 1+834.07Y6T15T11+
35 1.75Y6T18T1 1+388.94Y6T14+8 12.65Y6T1T14+
596.99Y6T2T14-i-462.66Y6T5T14+521.83Y6T7T14+
474.24Y6T9T14-’-550.85Y6T10T14-’-442.69Y6T1 1T14+
484.02Y6T15T14+460.86Y6T18T14+1045.80Y6T20T14+
323.24Y6T15i-991.02Y6T2T15+487.62Y6T9T15+
504.47Y6T1 1T15+567.69Y6T14T15+437.12Y6T18T15+
1 188.49Y6T20T15+157.45Y6T18+882,52Y6T1T18+
657.45Y6T2T18+487.45Y6T5T18+5 16.57Y6T7T18+
325.05Y6T9T18+571.26Y6T10T18+435.48Y6T1 1T18+
675.3 1Y6T14T18+5 19.41Y6T1 5T18+1 144.02Y6T20T18+
978.63Y6T20+544.52Y6T2T20+579.29Y6T14T20+
857.8 1Y6TI 5T20+444.48Y6T18T20+399.79Y7T6+
612.26Y7T10T6+603.14Y7T14T6+397.16Y7T18T6+
671.05Y7T10+1 13 1.27Y7T6T10+446.98Y7T14T10±
453.32Y7T18T10+38 1.88Y7T19T10+250.8 1Y7T14+
801.86Y7T6T14+357.45Y7T10T14+548.09Y7T18T14+
433.47Y7T19T14+235.66Y7T18+537.97Y7T6T18+
395.53Y7T10T18+537.79Y7T14T18+368.18Y7T19T18+

322.1 1Y7T19+524,21Y7T10T19+620.43Y7T14T19+
5 10.58Y7T18T19+426.09Y8T14-I-478.84Y8T15T14+
841.52Y8T18T14+435,34Y8T22T14+1 1 13.68Y8T1 5+
534.72Y8T14T1 5+1218.89Y8T18T15-i-494.01Y8T22T15+
1890.00Y8T18+659.15Y8T14T18+783.54Y8T1 5T18+
525.99Y8T22T18+421 .84Y8T22+538.88Y8T14T22±
605.89Y8T15T22+938.68Y8T18T22+1059.47Y9T3+
752.02Y9T1 1T3+552.85Y9T14T3+371.25Y9T18T3+
828.20Y9T23T3+352.02Y9T6+569.24Y9T1 1T6+
621.33Y9T14T6+440.15Y9T1 5T6+275.46Y9T18T6+
3 195.OOY9TI 1+1 177.64Y9T3T1 1+936.92Y9T6T1 1+
491.65Y9T14T11+1601.O1Y9TISTJI+1622.06Y9T16T11+
3 15.27Y9T18T1 1+2499.1 1Y9T22T1 1±27 1.34Y9T14+
491.23Y9T3T14+693.37Y9T6T14+349.02Y9T1 1T14+
413.91Y9T1 5T14+646.97Y9T16T14+419.60Y9T18T14+
448.57Y9T22T14+61 1.20Y9T23T14+648.70Y9T1 5+
762.00Y9T6T15+468.40Y9T1 1T15+467.8 1Y9T14T15+
476.67Y9T16T1 5+401.30Y9T18T15+578.64Y9T22T15+
1042.1 1Y9T16+850.74Y9T1 1T16+798.51Y9T14T16+
1021.37Y9T15T16+359.53Y9T18T16+8 13.20Y9T23T16+
1 16.18Y9T18+541.16Y9T3T18+462.38Y9T6T18+
323.03Y9T1 1T18+565.13Y9T14T18+423.25Y9T15T18+
509.27Y9T16T18+491 . 19Y9T22T18+461.05Y9T23T18+
602.1 1Y9T22+l 171.83Y9T1 1T22+479.44Y9T14T22+
669.01Y9T15T22+42I.03Y9T18T22+504.94Y9T23T22+
971.74Y9T23+908.8 1Y9T3T23+866.89Y9T14T23+
915.71Y9T16T23+464.65Y9T18T23+55l.01Y9T22T23+
425.52Y10T6+664.03Y10T7T6+568.42Y10T14T6+
414.25Y10T18T6+671.05Y10T7+882.35Y10T6T7+
469.32Y10T14T7+520.52Y10T18T7+5 I 5.53Y10T19T7+
226.40Y10T14+687.86Y10T6T14+367.58Y10T7T14+
55 1.50Y10T18 14+481 .65Y10T1914+259.30Y10T18+
463.52Y10T6T18+373.13Y10T7T18+517.73Y10T1418+
417.27Y10T1918+224.42Y10T19+345.68Y10T7T19+
652.80Y10T1419+45 l.50Y10T18 19+260.69Y1 1T3+
460.65Y1 1T9T3+605.53Y1 1T14T3+483.33Y1 1T1 8T3+
465.58Y1 1T21T3+786.32Y1 1T6+722.71Y1 1T9T6+
617.12Y1 1T14T6+848.OOY1 1T15T6+365.78Y1 1T18T6+
2125.OOY1 1T9+l 196.25Y1 1T3T9+922.l 1YI 1T6T9+
500.38Y1 1T14T9+1813.52Y1 1T15T9+1 155.07Y1 1T16T9+
331.06Y1 1T18T9+2422.32Y1 1T22T9+287.26Y1 1T14+
497.24Y1 1T3T14+696.75Y1 1T6T14+41 l.25Y1 1T9T14+
396.07Y1 1T15 14+608.30Y1 1T16 14+5 10.42Y1 1T18 14+
481.55Y1 1122 14+1569.47Y1 1T1 5+983.83Y1 1T6T15+
1030.31Y1 1T9T15+442.1OYI 1T1415+978.25Y1 1T1615+
481.18Y1 1T1815+1514.1OYI 1T2215-i-442.63Y1 1T16+
637.14Y1 1T9T16+726.58Y1 IT1416+857.19Y1 1T1516+

488.21Y1 1T18 16+340.OOY1 1T17+495.39Y1 1T1817+
912.19Y1 1T21 17+210.02Y1 1T18+474.73Y1 1T3T18+
460.92Y1 1T6T18+241,84Y1 1T9T18+503.19Y1 1T1418+
401.30Y11TI518+465,90Y1 1T1618+437.61Y11T1718+
592.53Y1 1121 18+442.70Y1 1T2218+3390.OOY1 1121+
524.24Y1 1T3T21+2452.97Y1 1T1721+601.49Y1 1T1821+
3256.78Y1 1T2221+2602.63Y1 1122+91 l.40Y1 1T9T22+
493.83Y1 1T1422+1034.88Y1 1T1522+520.67Y1 1T1822+
1537.85Y1 1T2122+180.78Y12T18+423.90Y13T14+
490.49Y13T18 14+177.66Y13T18+670.82Y13T1418+
168.51Y14T1+285.61Y14T5T1+l 1 19.08Y14T6T1+
592.96Y14T18T1+214.3 1Y14T2+716.04Y14T6T2+
706.00Y14T15T2-t-630.33Y14T18T2i-478.16Y14T19T2+
306.10Y14T20T2+947.45Y14T22T2+3 18.38Y14T3+
432.56Y14T9T3+348.26Y14T1 1T3+562.87Y14T18T3+
516.67Y14T23T3+178.5 1Y14T5+258.14Y14T1TS+
647.01Y14T6T5+504.15Y14T18T5+401.84Y14T24T5+
360.08Y14T6+8 17.46Y14T1T6+597.12Y14T2T6+
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499. 19Y14T5T6+596.40Y14T7T6+5 19.72Y14T9T6+
497.93Y14T10T6+451.1OY14T1 1T6+395.68Y14T15T6+
45 1.44Y14T18T6+1007.32Y14fl0T6+217.05Y14T7+
637.72Y14T6T7+351.10Y14T10T7+553.17Y14T18T7+
472.56Y14T19T7+256.67Y14T8+483.82Y14T15T8-i-
785.05Y14T18T8+472.10Y14T22T8+219.13Y14T9+
535.82Y14T3T9+573.64Y14T6T9+295,93Y14T1 1T9+
409.73Y14T15T9+561.36Y14T16T9+417.01Y14T18T9+
417.71Y14T22T9+568.14Y14T23T9+206,48Y14T10-i-
678.56Y14T6T10+346.65Y14T7T10+478.29Y14T18 10+
424.27Y14T1910+223.89Y14T1 1+528.77Y14T3T1 1+
597.67Y14T6T1 1+360.93Y14T9T1 1+342.05Y14T151 1+
688.99Y14T161 1+488.32Y14T181 1+468.01Y14T221 1+
562.76Y14T13+488.94Y14T18 13+160.37Y14T15+
749.02Y14T2T1 5+665.42Y14T6T15+452.93Y14T8T15+
422.80Y14T9T15+318.38Y14T1 1 15+615.73Y14T1615+
560.45Y14T1815+442.10Y14T2015+388.37Y14T2215+
620.52Y14T16+530.40Y14T9T16+390.12Y14T1 116+
449.54Y14T15 16+538.59Y14T18 16+668.69Y14T23 16+
293.8 5Y14T18+36 1.60Y14T1T18+496.70Y14T2T18+
591.99Y14T3T18+378.82Y14T5T18+501.17Y14T6T18+
448.55Y14T7T1 8+595.96Y14T8T18+3 19.20Y14T9T18+
447.47Y14T1018+339.65Y14T1 1 18+476A5Y14T1318+
369.32Y14T15 18+646.05Y14T1618+530.47Y14T1918+
400.3 1Y14T2018+453. 17Y14T2218+571.38Y14T23 18+
420.08Y14T2418+353.15Y14T25 18+443.26Y14T19+
427. 14Y14flT19+377.45Y14T7T19+446.83Y14T1019+
525.26Y14T1 8 19+342.73Y14T20+418.73Y14T2T20i-
I 363.97Y14T6T20+790.44Y14T1520+598.23Y14T1820+
567.21Y14T2220+222.98Y14T22+930.21Y14T2T22+
411 .49Y14T8T22+456.29Y14T9T22+361.79Y14T1 122+
345.65Y14T1522+576.77Y14T1822+382.15Y14T2022+
493.78Y14T2322+373.12Y14T23+620.88Y14T3T23+
614.72Y14T9T23+83 1.82Y14T1623+579.43Y14T1823+
423.88Y14T2223+432.41Y14T24+364.05Y14T5T24+
482.70Y14T1824+146.22Y14fl5+544.06Y14T1825+
937.24Y15T2-i-748.49Y15T6T2+375.54Y1 5T14T2+
578.3 1Y15T18T2+896.87Y15T20T2+983.43Y15T22T2+
240.35Y15T6+934.84Y15T2T6+595.62Y15T9T6+
497.33Y15T1 1T6+515.73Y15T14T6+372.56Y15T18T6+
1446.80Y15T20T6+961 .58Y15T8+595.28Y15T14T8+
972.75Y15T18T8+524.35Y15T22T8+669.09Y1 5T9+
555.89Y15T6T9+389.45Y15T1 1T9+407.94Y15T14T9+
399.58Y15T16T9+352.75Y15T18T9+548.21Y1 5T22T9+
1 191.58Y15T1 1+778.60Y15T6T1 1+1092.32Y15T9T1 1+
379.57Y15T1411+1061.93Y15T1611+424.24Y15T1811+
1433.03Y15T221 1+167.5 1YI 5T14+765.80Y1 5T2T14+
630.85Y15T6T14+428.73Y15T8T14+465.93Y15T9T14+
329.86Y15T1 1 14+615.65Y15T1614+513.91Y15T1814+
621.67Y15T2014+399.80Y1 5T2214+1002.1 1Y15T16+
1057.72Y15T9T16+890.88Y15T1 1 16+699.29Y15T1416+
472.00Y15T1816+208.05Y15T18+847.28Y15T2T18+
405.07Y15T6T18+536.70Y15T8T18+334.14Y15T9T18+
330.09Y15T1 I 18+460.34Y15T1418+489.90Y15T1618+
752.70Y15T2018+433.24Y15T2218+623.64Y1 5T20+
101 5.02Y15T2T20+1 305.07Y15T6T20+335.84Y15T1420+
526.23Y15T1820+561.10Y15T2220+267.8 1Y15T22+
1428.08Y15T2T22+399.17Y15T8T22+595.91Y15T9T22+
500.62Y15T1 122+386.43Y15T1422+5 18.52Y15T1822+
928.54Y15T2022+1016.84Y16T9+1070.88Y16T1 1T9+
847.27Y16T14T9+1219.82Y16T1 5T9+419.75Y16T18T9+
996.32Y16T23T9i-841,32Y16T1 1+643.23Y16T9T1 1+
756.64Y16T141 1+852.63Y16T151 1+540.76Y16T181 1+
736.87Y16T14+578.54Y16T9T14+636.35Y16T1 114+
550.49Y16T1514+606.56Y16T1814+787.80Y16T23 14+

1366.32Y16T15+1028.73Y16T9T15+1345.61Y16T1 115+
801.44Y16T1415+572.89Y16T18 15+310.8 1Y16T18+
301.42Y16T9T18+562.08Y16T1 1 18+720.73Y16T1418+
477.63Y16T15 18+424.25Y16T23 18+982.1 1Y16T23+
1040.56Y16T9T23+1255.34Y16T1423+654.1 1Y16T1823+
1 1280.00Y17T4+572.46Y17T18T4+500.OOY17T11+
513.74Y17T181 1+1048.22Y17T21 1 1+397.27Y17T18+
536.58Y17T4T18+387.67Y17T1 1 18+869.05Y17T21 18+
3690.00Y17T21+1834.72Y17T1 121+762.86Y17T1821+
272.41Y18T1+305.1OY18T5T1+868.50Y18T6T1+
461.25Y18T14T1+341.05Y18T2+532.06Y18T6T2+
507.68Y18T14T2+807.24Y18T1 5T2+371.01Y18T19T2+
457.43Y18T20T2+1016.79Y18T22T2+265.48Y18T3+
325.14Y18T9T3+359.30Y18T1 1T3+600. 1 1Y18T14T3+
493.1 1Y18T21T3+408.48Y18T23T3+18 1.06Y18T4+
468.54Y18T17T4+2 14.63Y18T5+352.14Y1 8T1T5+
459. 17Y18T6T5-’-486.28Y18T14T5+305.82Y18T24T5+
156.44Y18T6+925.3 IY18T1T6+726.98Y18T2T6+
534.22Y18T5T6+621.91Y18T7T6+420.04Y18T9T6+
484.53Y18T10T6+481.21Y18T1 1T6+648.04Y18T14T6+
502.36Y18T15T6+1 166.92Y18T20T6+270.86Y18T7+
464.59Y18T6T7+325.78Y18T10T7+535.70Y18T14T7+
343.45Y18T19T7+1492.1 1Y18T8+736.03Y18T14T8+
754.68Y18T15T8+587.59Y18T22T8+122.45Y18T9+
497.78Y18T3T9+373.79Y18T6T9+3 19.13Y18T1 1T9+
525.00Y18T14T9+494.46Y18T15T9+439.27Y18T16T9+
479.55Y18T22T9+494.65Y18T23T9+193,17Y18T10+
490. LSY18T6T1O+375.19Y1 8T7T10±505.03Y18T1410+
322.70Y18T1910+200.04Y18T1 1+450.68Y18T3T1 1+
415.48Y18T6T1 1+251.65Y18T9T1 1+468.49Y181141 1+
415.02Y18T151 1+580.24Y18T161 1+405.46Y18T171 1+
538.70Y18T21 1 1+464.42Y18T221 1+173.87Y18T12+
178.88Y18T13+706.77Y18T1413+307.90Y18T14+
407.98Y18T1T14+564.93Y18T2T14+532.54Y18T3T14+
382.64Y18T5T14+540.02Y18T6T14+480.37Y18T7T14+
518.68Y18T8T14+375.69Y18T9T14+41 1.67Y18T1014+
382.43Y18T1 1 14+479.18Y18T1314+433.39Y18T1514+
657.36Y18T1614+486.71Y18T1914+429.59Y18T2014+
494.1 1Y18T2214+637.23Y18T23 14+400.58Y18T2414+
396.86Y18T25 14+276.57Y18T15+898.98Y1 8T2T15+
475.18Y18T6T15+504.95Y18T8T15+344.50Y18T9T15+
361.OOY18T1 1 15-i-466.64Y18T1415+507.73Y18T1615+

599.92Y18T2015+467.73Y18T2215+254.99Y18T16+
326.92Y18T9T16+396.41Y1 8T1 1 16+667.45Y18T1416+
478.57Y18T15 16+401.15Y18T23 16+236.42Y18T17+
412.22Y18T4T17+382.98Y18T1 1 17+644.92Y18T21 17+
339J3Y18T19+5 13. 10Y18T2T19+423.30Y18T7T19+
371.38Y18T1019+664.59Y18T1419+285.15Y18T20+
494.84Y18T2T20+1079.27Y18T6T20+449.99Y18T1420+
768.29Y18T1520+534.44Y18T2220+417.66Y18T21+
45 1.92Y18T3T21+396.98Y18T1 121+552.90Y18T1721+
458.03Y18T2221+318.21Y18T22+l l00,33Y18T2T22+
459.06Y18T8T22+353.25Y18T9T22+393.13Y18T1 122+
528.27YI8T1422+462.94Y18T1522+5 17.06Y1 8T2022+
538.12Y18T2122+435.94Y18T2322+377.01Y18T23+
480.30Y18T3T23+398.24Y18T9T23+661.37Y18T1423+
476.98Y18T1623+446.63Y18T2223+237.66Y18124+
370.42Y18T5T24+568.62Y18T1424+265.42Y18T25+
440.87Y18T1425+307.48Y19T2+565.58Y19T14T2+
691.00Y19T18T2+671.05Y1917+502.67Y19T10T7+
633.97Y19T14T7+681.39Y19T18T7+221 .90Y19T10+
331.17Y19T7T10+509.61Y19T1410+498.38Y19T18 10+
443.26Y19T14+438.32Y19T2T14+402.72Y19T7T14+
367.91Y19T1014+616.84Y19T1814+250.00Y19T18+
553.09Y19T2T18+459.07Y19T7T18+426.62Y19T1018+
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680.58Y19T1418+220.39Y20T2+1341 .88Y20T6T2+
377.39Y20T14T2+935.52Y20T15T2+628.96Y20T18T2+
1 180.54Y20T22T2-i-978.63Y20T6+590.34Y20T2T6+
570. 12Y20T14T6+603.19Y20T1 5T6+430.32Y20T18T6+
776.32Y20T14+429.34Y20T2T14+1271.83Y20T6T14+
491.42Y20T1 5 14+599.28Y20T18 14+871.46Y20T2214+
538.62Y20T1 5+891 .44Y20T2T1 5+1470.80Y20T6T15+
474.83Y20T1415+557.22Y20T18 15+7 16.40Y20T2215+
299.03Y20T1 8+468.04Y20T2T18+1057.06Y20T6T18+
452.42Y20T141 8+524.63Y20T15 18+497.37Y20T2218+
1052.59Y20T22+1 136.89Y20T2T22+523.68Y20T1422+
758.93Y20T1522+592.56Y20T1822+867.06Y21T3+
1090.77Y2 1T1 1T3+706.92Y21T18T3+3048.57Y21T1 1+
902.63Y2 JT3T11+2087.22Y2 1T17 11+70 1.6 1Y2 1T18 11+
3328.08Y21T221 1+3330.00Y21T17+1811.40Y21T1 117+
729.72Y21T18 17+548.18Y21T18+506.38Y21T3T18+
453.42Y21T1 1 18+674.77Y21T1718+522.58Y21T2218+
3465.00Y21T22+3619.54Y21T1 122+825.22Y21T1822+
1927.89Y22T2+447.21Y22T14T2+767.35Y22T15T2+
577.90Y22T18T2+65 1.78Y22T20T2+41 1.32Y22T8+
603.29Y22T14T8+521.62Y22T15T8+738.22Y22T18T8+
514.47Y22T9+1078.37Y22T1 1T9+446.33Y22T14T9+
649.10Y22T15T9+359.95Y22T18T9+485.28Y22T23T9+
2365.79Y22T1 1+898.63Y22T9T1 1+450.87Y22T141 1+
808.57Y22T1511+442.29Y22T1811+1347.17Y22T2111+
240.64Y22T14+963.70Y22T2T14+406.95Y22T8T14+
462.67Y22T9T14+376.17Y22T1 1 14+352.57Y22T15 14+
554.98Y22T1 814+41 3.06Y22T2014+5 10.55Y22T23 14+
225.91Y22T15+1 511 .89Y22T2T15+439.53Y22T8T15+
485.49Y22T9T15+457.3 1Y22T1 I 15+397.43Y22T1415+
548.29Y22T18 15+643.65Y22T2015+248.79Y22T18+
1033.12Y22T2T18+524.71Y22T8T1 8+3 10.99Y22T9T18+
386.04Y22T1 1 18+508.58Y22T1418+401.45Y22T1518+
51 5.50Y22T2018+58 I .90Y22T21 18+360.29Y22T23 18+
635.94Y22T20+1290.19Y22T2T20+380.67Y22T1420+
S 13.49Y22T1520+570.34Y22T1820+2193.33Y22T21+
3338.91Y22T1 121+634.97Y22T1821+245.69Y22123+
479.57Y22T9T23+698.12Y22T1423+593.63Y22T1823+
592.1 1Y23T3+1035.00Y23T9T3+909.83Y23T14T3+
489. 10Y23T18T3+10 l0.53Y23T9+927.63Y23T3T9+
837.84Y23T14T9+789.47Y23T16T9+352.83Y23T18T9+
51 5.71Y23T22T9+373. 12Y23T14+5 14.17Y23T3T14+
629.40Y23T9T14+788.16Y23T1614i-550.10Y23T18 14+
400.85Y23T2214+562.1 1Y23T16+1026.32Y23T9T16+
1 155.49Y23T1416+477.38Y23T1816+248.48Y23T18+
464.63Y23T3T18+309.20Y23T9T18+686.03Y23T1418+
430.18Y23T1618+43 1.70Y23T2218+229.3 1Y23T22i-
487.68Y23T9T22+68 1.59Y23T1422+576.43Y23T1822+
1531 .43Y24T5+564.57Y24T14T5+454.33Y24T18T5-’-
386.90Y24T14+363.34Y24T5T14+503.16Y24T18 14+
250. 19Y24T18+369.29Y24T5T18+543.90Y24T1418+
147.89Y25T14+533.28Y25T18 14+286.75Y25T1 8+
443.57Y25T1418
ST
Y1T6-Y1T6T5 >= 0
Y6T5-Y1T6T5 >= 0
Y1T14-Y1TI4T5 >= 0
Y14T5-Y1TI4T5 >= 0
Y1T18-Y1T18T5 >= 0
Y1ST5-Y1T18T5 >= 0
Y1T5-Y1T5T6 >= 0
Y5T6-Y1T5T6 >= 0
Y1T14-Y1T14T6 >= 0
Y14T6-Y1T14T6 >= 0
Y1TI8-YIT18T6 >= 0

YIST6-YLT18T6>=0
Y1T5-Y1T5T14>=0
Y5T14-Y1TST14 >= 0
Y1T6-Y1T6T14>=0
Y6T14-Y1T6T14 >= 0
YITI8-YITI8T14 >= 0
Y18T14-Y1T18TI4 >= 0
Y1T5-Y1T5T1S >= 0
Y5T18-Y1T5T18 >= 0
Y1T6-Y1T6T18 >= 0
Y6T18-YJT6T18 >= 0
Y1T14-YIT14T18 >= 0
Y14T18-Y1T14TI8 >= 0
Y2T14-Y2T14T6 >= 0
Y14T6-Y2T14T6 >= 0
Y2T15-Y2T15T6 >= 0
Y15T6-Y2T15T6 >= 0
Y2T18-Y2T18T6 >= 0
Y18T6-Y2T18T6 >= 0
Y2T20-Y2720T6 >= 0
Y20T6-Y2T20T6 >= 0
Y2T6-Y2T6T14 >= 0
Y6T14-Y2T6T14 >= 0
Y2TIS-Y2T15T14 >= 0
Y15T14-Y2T15T14 >= 0
Y2T18-Y2T1ST14 >= 0
Y18T14-Y2T18T14 >= 0
Y2T19-Y2T19T14 >= 0
Y19T14-Y2T19T14 >= 0
Y2T20-Y2T20T14 >= 0
Y20T14-Y2T20T14 >= 0
Y2T22-Y2T22T14 >= 0
Y22T14-Y2T22T14 >= 0
Y2T6-Y2T6T15 >= 0
Y6T15-Y2T6T1S >= 0
Y2T14-Y2T14T1S >= 0
Y14T15-Y2T14T15 >= 0
Y2T18-Y2T1ST15 >= 0
Y1ST15-Y2TIST15 >= 0
Y2T20-Y2T2OT1S >= 0
Y20T15-Y2T20T15 >= 0
Y2T22-Y2T22T15 >= 0
Y22T15-Y2T22T15 >= 0
Y2T6-Y2T6T1S >= 0
Y6T18-Y2T6T18 >= 0
Y2T14-Y2T14T18 >= 0
Y14T18-Y2T14T18 >=0
Y2T15-Y2T15T18 >= 0
YI5T1S-Y2T15T18 >= 0
Y2T19-Y2T19T18 >= 0
Y19T18-Y2T19T18 >=0
Y2T20-Y2T20T18 >= 0
Y20T18-Y2T20T18 >= 0
Y2T22-Y2T22T18 >= 0
Y22T18-Y2T22T18 >= 0
Y2T1Y2T14T19 >= 0
Y14T19-Y2T14T19 >= 0
Y2T18-Y2T18T19 >= 0
Y18T19-Y2T18T19 >= 0
Y2T6-Y2T6T20 >= 0
Y6T20-Y2T6T20 >= 0
Y2T14-Y2T14T20 >= 0
Y14T20-Y2T14T20 >= 0
Y2T15-Y2T15T20 >= 0
Y15T20-Y2T15T20 >= 0
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Y2T18-Y2T18T20 >= 0
Y18T20-Y2T18T20 >= 0
Y2T22-Y2T22T20 >= 0
Y22T20-Y2T22T20 >= 0
Y2T14-Y2T14T22 >= 0
Y14T22-Y2T14T22 >= 0
Y2T15-Y2T15T22 >= 0
Y15T22-Y2T15T22 >= 0
Y2T1S-Y2T18T22 >= 0
Y18T22-Y2T18T22 >= 0
Y2T20-Y2T20T22 >= 0
Y20T22-Y2T20T22 >= 0
Y3T1 1-Y3T1 1T9 >= 0
Yl 1T9-Y3T1 1T9 >= 0
Y3T14-Y3T14T9 >= 0
Y14T9-Y3T14T9 >= 0
Y3T18-Y3T1ST9 >= 0
Y18T9-Y3T18T9 >= 0
Y3T23-Y3T23T9 >= 0
Y23T9-Y3T23T9 >= 0
Y3T9-Y3T9T1 1 >= 0
Y9T11-Y3T9T11 >= 0
Y3T14-Y3T14T1 1 >= 0
Y14T11-Y3T14T11 >=0
Y3T18-Y3T18T11 >= 0
Y18TI1-Y3T18T11 >=0
Y3T21-Y3T21T11 >=0
Y21T1 1-Y3T21T1 1 >= 0
Y3T9-Y3T9T14 >= 0
Y9T14-Y3T9T14 >= 0
Y3T11-Y3T11T14 >=0
Y11T14-Y3T11T14>=0
Y3T18-Y3T18T14 >= 0
Y18T14-Y3T18T14 >= 0
Y3T23-Y3T23T14 >= 0
Y23T14-Y3T23T14 >= 0
Y3T9-Y3T9T18 >= 0
Y9T18-Y3T9T1S >= 0
Y3T11-Y3T11T1S >= 0
Yl 1T18-Y3T1 1T18 >= 0
Y3T14-Y3T14T1S >= 0
Y14T1S-Y3T14T1S >=0
Y3T21-Y3T21T1S >= 0
Y21T1S-Y3T21T18 >= 0
Y3T23-Y3T23T18 >= 0
Y23T18-Y3T23T18 >= 0
Y3T11-Y3T1IT21 >=0
Y11T21-Y3TI1T2I >=0
Y3T18-Y3T18T21 >= 0
Y1ST21-Y3T18T21 >= 0
Y3T9-Y3T9T23 >= 0
Y9T23-Y3T9fl3 >= 0
Y3T14-Y3T14T23 >= 0
Y14T23-Y3T14T23 >= 0
Y3TIS-Y3T18T23 >= 0
Y18T23-Y3T18T23 >= 0
Y4T18-Y4T18T17 >= 0
Y18T17-Y4T1ST17 >= 0
Y4T17-Y4T17T18 >= 0
Y17T1S-Y4T17T18 >= 0
Y5T6-Y5T6TI >= 0
Y6T1-Y5T6T1 >= 0
Y5T14-Y5T14T1 >= 0
Y14T1-Y5T14T1 >=0
Y5T18-Y5TI8T1 >= 0
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Y18T1-Y5T18TI >= 0
YST1-Y5TIT6 >= 0
Y1T6-Y5T1T6 >= 0
Y5T14-Y5T14T6 >= 0
Y14T6-YST14T6 >= 0
YSTI8-Y5T18T6 >= 0
Y18T6-Y5T1ST6 >= 0
Y5T1-Y5TIT14 >= 0
Y1T14-YST1T14>=0
YST6-YST6T14 >= 0
Y6T14-YST6T14 >= 0
Y5T1S-Y5T1ST14 >= 0
Y1STI4-Y5T18T14 >= 0
Y5T24-Y5T24T14 >= 0
Y24T14-Y5T24T14 >= 0
Y5T1-Y5T1TI8 >= 0
Y1T18-Y5TITI8 >= 0
Y5T6-Y5T6T18 >= 0
Y6T1S-Y5T6T18 >= 0
YST14-YST14T1S >= 0
Y14TIS-YST14T1S >= 0
Y5T24-Y5T24T18 >= 0
Y24T18-YST24T1S >= 0
Y5T14-Y5T14T24 >= 0
Y14fl4-Y5T14T24 >= 0
Y5T1S-Y5T18T24 >= 0
Y18T24-Y5T18T24 >= 0
Y6T5-Y6T5T1 >= 0
Y5T1-YÔT5T1 >= 0
Y6T14-Y6T14T1 >= 0
Y14TI-Y6T14T1 >=0
Y6TI8-Y6T1STI >= 0
Y1ST1-Y6T1STI >= 0
Y6T14-Y6T14T2 >= 0
Y14T2-YGTI4T2 >= 0
Y6T15-Y6T15T2 >= 0
Y15T2-Y6T1ST2 >= 0
Y6T18-Y6T18T2 >= 0
Y18T2-Y6T18T2 >= 0
Y6T20-Y6T20T2 >= 0
Y20T2-Y6T20T2 >= 0
Y6T1-Y6T1T5 >= 0
Y1T5-Y6T1T5 >= 0
Y6T14-Y6T14T5 >= 0
Y14T5-Y6T14T5 >= 0
Y6T1S-Y6T18TS >= 0
Y1ST5-Y6T18T5 >= 0
Y6T10-Y6T10T7 >= 0
Y10T7-YÔT10T7 >= 0
Y6T14-Y6T14T7 >= 0
Y14T7-Y6T14T7 >= 0
Y6T1S-Y6T18T7 >= 0
Y18T7-Y6T18T7 >= 0
Y6T1 1-Y6T1 1T9 >= 0
Y11T9-Y6T11T9>=0
Y6T14-Y6T14T9 >= 0
Y14Th-Y6T14T9 >= 0
YÔT15-Y6T15T9 >= 0
Y15T9-Y6T15T9 >= 0
Y6T1S-Y6T1ST9 >= 0
Y1ST9-Y6T1ST9 >= 0
Y6T7-Y6T7T10 >= 0
Y7T10-Y6T7T10 >= 0
Y6T144’6T14T10 >= 0
Y14T1O-Y6T14T1O >= 0
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Y6TJS-Y6T1ST1O >= 0
Y1ST1O-YoT18T10 >= 0
Y6T9-Y6T9T1 1 >= 0
Y9T1 1-Y6T9T1 1 >= 0
Y6T14-Y6TI4T1I >=0
Y14T11-YoT14TI1 >=0
Y6T15-YGT1ST11 >= 0
Y15T11-YGT15T11 >=0
Y6T1S-YGT18T11 >= 0
Y1ST1 1-YST18T1 1 >= 0
Y6T1-Y6T1T14 >= 0
Y1TI4-Y6T1T14 >= 0
Y6T2-Y6T2T14 >= 0
Y2T14-Y6T2T14 >= 0
Y6T5-Y6T5T14 >= 0
Y5T14-YGTSTI4 >= 0
Y6T7-Y6T7T14 >= 0
Y7T14-Y6T7T14 >= 0
Y6T9-Y6T9T14 >= 0
Y9T14-Y6T9T14 >= 0
Y6T10-Y6T10T14 >= 0
Y10T14-Y6T10T14 >= 0
Y6T11-Y6T11T14>=0
Y11T14-Y6T11T14>=0
Y6T15-Y6T15T14 >= 0
Y1ST14-Y6T15T14 >= 0
Y6T1S-Y6TIST14 >= 0
Y18T14-Y6T18T14 >= 0
Y6T20-Y6T20T14 >= 0
Y20T14-Y6T20T14 >= 0
Y6T2-Y6T2T1S >= 0
Y2T15-Y6T2T15 >= 0
Y6T9-Y6T9T15 >= 0
Y9T15-Y6T9T15 >= 0
Y6T11-Y6T11T15 >= 0
Y11T15-Y6T11T1S >= 0
Y6T14-Y6T14T15 >= 0
Y14T15-Y6T14T15 >= 0
Y6T1S-Y6T18T1S >= 0
Y1ST15-Y6T1ST1S >= 0
Y6T20-Y6T20T15 >= 0
Y2OT1 5-Y6T2OT1 S >= 0
Y6T1-Y6T1T1S >=0
Y1T18-Y6T1T1S >= 0
Y6T2-Y6T2T1 8 >= 0
Y2T18-Y6T2T18 >= 0
Y6TS-YoT5T18 >=0
Y5T18-Y6T5T18 >= 0
Y6T7-Y6T7T18 >= 0
Y7T18-Y6T7T18 >= 0
Y6T9-Y6T9T18 >= 0
Y9T18-Y6T9T18 >= 0
Y6T10-Y6T10T18 >= 0
Y10T18-YGT1OTI8 >= 0
Y6TI1-Y6T11T18 >= 0
Y11T18-Y6T11TI8 >= 0
Y6T14-Y6T14T18 >= 0
Y14T18-Y6T14T18 >= 0
Y6T15-Y6T1ST18 >= 0
Y15T18-Y6T1ST18 >= 0
Y6T20-Y6T2OT1S >= 0
Y20T18-Y6T2OT18 >= 0
Y6T2-YÔT2T2O >= 0
Y2T20-Y612T20 >= 0
Y6T14-Y6T14T20 >= 0
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Y14T20-Y6T14T20 >= 0
Y6T15-Y6T15T20 >= 0
Y15120-Y6T15T20 >= 0
Y6T1S-Y6T18120 >= 0
Y18T20-Y6T18T20 >= 0
Y7T10-Y7T10T6 >= 0
Y10T6-Y7T1OT6 >= 0
Y7T14-Y7T14T6 >= 0
Y14T6-Y7T14T6 >= 0
Y7T18-Y7T18T6 >= 0
Y18T6-Y7T18T6 >= 0
Y7T6-Y7T6T10 >= 0
Y6T1O-Y7T6T10 >= 0
Y7T14-Y7T14T10 >= 0
Y14T10-Y7T14T1O >= 0
Y7T18-Y7TI8T1O >= 0
Y18T1O-Y7T18T10 >= 0
Y7T19-Y7T19T10 >= 0
Y19T10-Y7T19T10 >= 0
Y7T6-Y7TOT14 >= 0
Y6T14-Y7T6T14 >= 0
Y7T10-Y7T10T14 >= 0
Y10T14-Y7T10T14>=0
Y7T18-Y7T18T14 >= 0
Y18T14-Y7T18T14 >= 0
Y7T19-Y7T19T14 >= 0
Y19T14-Y7T19T14 >= 0
Y7T6-Y7T6T18 >= 0
Y6T18-Y7T6T18 >= 0
Y7T10-Y7T10T18 >= 0
Y10T18-Y7T10T18 >= 0
Y7T14-Y7T14T18 >= 0
Y14T18-Y7T14T18 >= 0
Y7T19-Y7T19T18 >= 0
Y19T18-Y7T19T18 >= 0
Y7T1O-Y7T1OTI9 >= 0
Y1OT19-Y7T1OT19 >= 0
Y7T14-Y7T14T19 >= 0
Y14T19-Y7T14T19 >= 0
Y7T18-Y7T18T19 >= 0
Y18T19-Y7T18T19 >= 0
Y8T15-Y8T15T14 >= 0
Y15T14-Y8T15T14 >= 0
Y8T18-Y8T18T14 >= 0
Y18T14-Y8T18T14 >= 0
Y8T22-Y8T22T14 >= 0
Y22T14-Y8T22T14 >= 0
Y8T14-Y8T14T1S >= 0
Y14T15-Y8T14T15 >= 0
Y8T18-Y8T18T15 >= 0
Y18T1S-Y8T18T1S >= 0
Y8T22-Y8T22T15 >= 0
Y22T15-Y8T22T15 >= 0
Y8T14-Y8T14T18 >= 0
Y14T18-Y8T14T18 >= 0
Y8T15-Y8T15T18 >= 0
Y15T18-Y8T15T18 >= 0
Y8T22-Y8T22T18 >= 0
Y22T18-Y8T22T18 >= 0
Y8T14-Y8T14T22 >= 0
Y14T22-Y8T14T22 >= 0
Y8T15-Y8T15T22 >= 0
Y15T22-Y8T15T22 >= 0
Y8T18-Y8T18T22 >= 0
Y18T22-Y8T18T22 >= 0
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Y9T1I-Y9T11T3 >=O
Y11T3-Y9T11T3 5=0
Y9T14-YQT14T3 >= 0
Y14T3-Y9T14T3 >= 0
Y9T18-Y9T1ST3 >= 0
Y18T3-Y9T1ST3 >= 0
Y9T23-Y9T23T3 >= 0
Y23T3-Y9T23T3 >= 0
Y9T1I-Y9T11T6 >=0
YI1T6-Y9T11T6>=0
Y9T14-Y9T14T6 >= 0
Y14T6-Y9T14T6 >= 0
Y9T1S-Y9T15T6 >= 0
Y15T6-Y9T15T6 >= 0
Y9T18-Y9TIST6 >= 0
Y18TG-Y9T1ST6 >= 0
Y9T3-Y9T3T1 1 >= 0
Y3T11-Y9T3TI1 >=0
Y9T6-Y9T6T1 1 >= 0
Y6T1I-Y9T6T11 >=0
Y9T14-Y9T14T1 1 >= 0
Y14T11-Y9T14T1I >=0
Y9T15-Y9TI5T11 >= 0
Y1ST11-Y9TI5T11 >= 0
Y9T16-Y9T16T1 1 >= 0
Y16T1 1-Y9T16T1 1 >= 0
Y9T18-Y9T18TI 1 >= 0
Y1ST1 1-Y9T18TI 1 >= 0
Y9T22-Y9T22T1 1 >= 0
Y22T11-Y9T22T11 >= 0
Y9T3-Y9T3T14 >= 0
Y3T14-Y9T3T14 >= 0
Y9T6-Y9T6T14 >= 0
Y6T14-Y9T6T14 >= 0
Y9TI 1-Y9T1 1T14 >= 0
Y11T14-Y9T11T14>= 0
Y9T15-Y9T15T14 >= 0
Y15T14-Y9T15T14 >= 0
Y9T16-Y9T16T14 >= 0
Y1GT14-Y9T16T14 >= 0
Y9T1S-Y9T18T14 >= 0
Y18T14-Y9T1STI4 >= 0
Y9T22-Y9T22T14 >= 0
Y22T14-Y9T22T14 >= 0
Y9T23-Y9fl3T14 >= 0
Y23T14-Y9T23T14 >= 0
Y9T6-Y9T6T1S >= 0
Y6T15-Y9T6T15 >= 0
Y9T1 1-Y9T1 1T1S >= 0
Yl 1T15-Y9TI 1T15 >=0
Y9T14-Y9T14T15 >= 0
Y14T15-Y9T14T15 >= 0
Y9T16-Y9T16T15 >= 0
Y16T15-Y9T16T15 >=0
Y9T1S-Y9T18T1S >= 0
Y1STL5-Y9T1ST1S >= 0
Y9T22-Y9T22T15 >= 0
Y22T15-Y9T22T15 >= 0
Y9T11-Y9T11T16 >=0
Y11T16-Y9T11T16 >= 0
Y9T14-Y9T14T16 >= 0
Y14T16-Y9T14T16 >= 0
Y9T15-Y9T15T16 >= 0
Y15T16-Y9T1ST16 >= 0
Y9TJS-Y9T18T16 >= 0

Y18T16-Y9T1ST16 >= 0
Y9T23-Y9T23T16 >= 0
Y23T16-Y9T23T16 >= 0
Y9T3-Y9T3T1S >= 0
Y3T18-Y9T3T18 >= 0
Y9T6-Y9T6T1S >= 0
Y6T1S-Y9T6T18 >= 0
Y9T11-Y9T11T1S >= 0
Y11T18-Y9T11T1S >= 0
Y9T14-Y9TI4TIS >= 0
Y14T18-Y9T14T18 >= 0
Y9T15-Y9T15T18 >= 0
Y1ST1S-Y9T15T18 >= 0
Y9T16-Y9T16T18 >= 0
Y16T18-Y9T16T18 >= 0
Y9T22-Y9T22T18 >= 0
Y22T18-Y9T22T18 >= 0
Y9T23-Y9T23T18 >= 0
Y23T18-Y9T23T18 >= 0
Y9T1 1-Y9T1 1T22 >= 0
Y11T22-Y9T11T22 >= 0
Y9T14-Y9T14T22 >= 0
Y14T22-Y9T14T22 >= 0
Y9T1S-Y9T15T22 >= 0
Y15T22-Y9T15T22 >= 0
Y9T1R-Y9T18T22 >= 0
Y18T22-Y9T18T22 >= 0
Y9fl3-Y9T23T22 >= 0
Y23T22-Y9T23T22 >=0
Y9T3-Y9T3T23 >= 0
Y3T23-Y9T3T23 >= 0
Y9T14-Y9T14T23 >= 0
Y14T23-Y9T14T23 >= 0
Y9T16-Y9T16T23 >= 0
Y16T23-Y9T16T23 >= 0
Y9T18-Y9T18T23 >= 0
Y18T23-Y9T18T23 >= 0
Y9T22-Y9T22T23 >= 0
Y22T23-Y9T22T23 >= 0
Y1OT7-Y10T7T6 >= 0
Y7T6-Y10T7T6 >= 0
Y1OTI4-Y10T14T6 >= 0
Y14T6-Y1OT14T6 >= 0
Y1OTI8-Y1OT18T6 >= 0
Y1ST6-Y1OT18T6 >= 0
Y10T6-Y10T6T7 >= 0
Y6T7-Y10T6T7 >= 0
Y10T14-Y10T14T7 >= 0
Y14T7-Y10T14T7 >= 0
Y10T18-Y10T18T7 >= 0
Y1ST7-Y10T1ST7 >= 0
Y10T19-Y10T19T7 >= 0
Y19T7-Y1OT19T7 >= 0
Y10T6-Y10T6T14 >= 0
Y6T14-Y10T6T14 >= 0
Y10T7-Y10T7T14 >= 0
Y7T14-Y1OT7T14 >= 0
Y10T18-Y1OT1S14 >= 0
Y18T14-Y1OT1S14 >=0
Y1OT19-Y10T1914 >= 0
Y19T14-Y10T1914 >= 0
Y1OT6-Y1OT6T1S >= 0
Y6T18-Y1OT6T18 >= 0
Y1OT7-Y1OT7T18 >= 0
Y7T1S-Y1OT7T1S >= 0
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Y1OT14-Y10T1418 >= 0
Y14T18-Y10T1418 >= 0
YIOT19-Y10T1918 >= 0
Y19T18-Y10T1918 >= 0
Y10T7-Y10T7T19 >= 0
Y7T19-Y10T7T19 >= 0
Y10T14-Y10T1419 >= 0
Y14T19-Y10T1419>=0
Y10T1S-Y10T1819 >= 0
Y18T19-Y10T1819 >= 0
Y11T9-Y11T9T3 >=0
Y9T3-Y1 1T9T3 >= 0
Yl 1T14-Y1 1T14T3 >= 0
Y14T3-YI1T14T3 >=0

Y11T1S-Y11T1ST3 >= 0
Y18T3-Y1IT1ST3 >= 0
Y11T21-YIIT21T3 >=0
Y21T3-Y11T21T3 >= 0
Y11T9-Y11T9T6 >=0
Y9T6-Y1 1T9T6 >= 0
Y11TI4-Y11T14T6 >=0
Y14T6-Y1 1T14T6 >= 0
Y11T1S-Y11T15T6 >= 0
Y1ST6-Y1 1T1ST6 >= 0
Y11T18-Y11TI8T6 >=0
Y18T6-Y1IT18T6 >= 0
Y11T3-Y1IT3T9 >=0
Y3T9-Y1 1T3T9 >= 0
Y11T6-Y11T6T9 >=0
Y6T9-Y1 1T6T9 >= 0
Y11T14-Y11T14T9 >= 0
Y14T9-Y11T14TO >= 0
Y11T15-Y11T15T9 >= 0
Y15T9-Y11T15T9 >= 0
Y11T16-Y11T16T9 >= 0
Y16T9-Y11TI6T9 >=0
Y11T18-Y11T18T9 >= 0
Y1ST9-Y11TIST9 >= 0
Y11T22-Y11T22T9 >=0
Y22T9-Y1 1T22T9 >= 0
Y1IT3-YI1T3TI4>=0
Y3T14-Y11T3TI4>=0
Y1IT6-Y1IT6T14>=0
Y6T14-YIIT6T14 >= 0
Y11T9-Y1IT9T14>=0
Y9T14-Y1IT9T14>=0
Y11T1S-YI1T1SI4 >= 0
Y15T14-Y1 1T1514 >= 0
Y11T16-YI1T1Ô14 >= 0
Y16T14-Y1 1T1614 >= 0
YIIT18-Y11T1814 >= 0
YIST14-Y11T1S14 >= 0
Yl 1T22-Y1 1T2214 >= 0
Y22T14-Y11T2214 >= 0
Y11T6-YI1T6TI5 >= 0
Y6T15-Y1 1T6T15 >= 0
YI1T9-Y11T9TIS >=0
Y9T15-Y1 1T9T15 >= 0
Yl 1T14-Y1 1T1415 >= 0
Y14T1S-Y11T141S >= 0
Y11T16-Y11T161S >=0
Y16T15-Y11T1615 >=0
Y11T18-Y11T1815 >= 0
Y18T15-Y11TIS15 >=0
Y11T22-Y11T2215 >= 0
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Y22T15-Y11T2215 >= 0
YI1T9-Y11T9T16 >= 0
Y9T16-Y11T9TI6 >= 0
Yl 1T14-Y1 1T1416 >= 0
Y14T1Ô-Y11T1416>=0
Y11T15-Y11T1516 >= 0
Y1ST16-Y11T1516 >= 0
Y11T18-Y11T1816 >= 0
Y18T16-Y11T1816 >= 0
Y11T18-Y11T1817 >=0
Y1ST17-Y11T1S17 >= 0
Y11T21-Y11T2117 >= 0
Y21T17-Y11T2117 >= 0
YI1T3-Y11T3T1S >= 0
Y3T18-Y1IT3TI8 >= 0
Y1IT6-Y11T6TI8 >= 0
Y6T18-Y11T6T18 >= 0
Y11T9-Y11T9T18 >=0
Y9T1S-Y11T9T1S >=0
Y11T14-Y11T1418 >= 0
Y14T18-Y11T1418 >= 0
Y11T15-Y11T1518 >=0
Y15T1S-Y11T1S1S >=0
Y11T16-Y11T161S >= 0
Y16T18-Y11T1G18 >= 0
Y11T17-Y11TI71S >=0
YI7TIS-YL1T171S >=0
Y11T2I-Y1 1T21 18 >= 0
Y21T18-Y11T2118 >=0
Y11T22-Y11T2218>=0
Y22T18-Y11T2218 >= 0
Y11T3-YI1T3T21 >=0
Y3T21-YI1T3T21 >= 0
Y11T17-Y11T1721 >=0
Y17T21-Y11T1721 >= 0
Y11T18-Y11T1821 >=0
Y18T21-Y11T1821 >= 0
Y11T22-Y11T2221 >= 0
Y22T21-Y11T2221 >=0
Y11T9-Y11T9T22 >=0
Y9T22-Y1 1T9T22 >= 0
Y11T14-Y11T1422 >=0
Y14T22-Y11T1422 >= 0
Y11T15-Y11T1522 >= 0
Y15T22-Y11T1522 >=0
Y11T18-Y11T1822 >= 0
Y18T22-Y11T1822 >= 0
Y11T21-Y11T2122 >= 0
Y21T22-Y11T2122 >= 0
Y13T18-Y13T1814 >= 0
Y18T14-Y13T1814 >= 0
Y13T14-Y13T1418 >= 0
Y14T18-Y13T1418 >= 0
Y14T5-Y14T5TI >= 0
Y5T1-Y14T5T1 >= 0
Y14T6-Y14TGT1 >= 0
Y6TI-Y14T6T1 >= 0
Y14T18-Y14T18T1 >= 0
YI8T1-Y14T18T1 >= 0
Y14T6-Y14T6T2 >= 0
Y6T2-Y14T6T2 >= 0
Y14T15-Y14T15T2 >= 0
Y15T2-Y14T15T2 >=0
Y14T18-Y14T18T2 >= 0
Y18T2-Y14T18T2 >= 0
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Y14T19-Y14T19T2>=O
Y19T2-Y14T19T2 >= 0
Y14T20-Y14T20T2 >= 0
Y20T2-Y14T2Ofl >= 0
Y14T22-Y14T22T2 >= 0
Y22T2-Y14T22T2 >= 0
Y14T9-Y14T9T3 >= 0
Y9T3-Y14T9T3 >= 0
Y14T11-Y14T11T3 >=0
YI1T3-Y14T11T3 >= 0
Y14T18-Y14T18T3 >= 0
Y18T3-YI4T1ST3 >= 0
Y14T23-Y14T23T3 >= 0
Y23T3-Y14T23T3 >= 0
Y14T1-Y14T1T5 >= 0
Y1T5-Y14T1T5>=0
Y14T6-Y14T6T5 ‘=0
Y6TS-Y14T6TS >= 0
Y14T18-YI4T1RTS >= 0
Y1ST5-Y14T1ST5 >= 0
Y14T24-Y14T24T5 >= 0
Y24T5-Y14T24T5 >= 0
Y14T1-YI4T1T6>=0
Y1T6-Y14T1T6 >= 0
Y14T2-Y14T2T6 >= 0
Y2T6-Y14T2T6 >= 0
Y14T5-Y14T5T6>=0
Y5T6-Y14T5T6 >= 0
Y14T7-Y14T7T6 >= 0
Y7T6-Y14T7T6 >= 0
Y14T9-Y14T9T6 >= 0
Y9T6-Y14T9T6 >= 0
Y14T10-Y14T1OT6 >= 0
Y10T6-Y14T10T6 >= 0
Y14TI 1-YI4T1 1T6 >= 0
Y11T6-Y14T11T6 >=O
Y14T15-Y14T15T6 >= 0
Y1ST6-Y14T15T6 >= 0
Y14T18-Y14T1ST6 >= 0
Y1ST6-Y14T18T6 >= 0
Y14T20-Y14T20T6 >= 0
Y20T6-Y14T20T6 >= 0
Y14T6-Y14T6T7 >= 0
Y6T7-Y14T6T7 >= 0
Y14T10-Y14T10T7 >= 0
Y10T7-Y14T1OT7 >= 0
Y14T18-Y14T1ST7 >= 0
Y1ST7-Y14T18T7 >= 0
Y14T19-Y14T19T7 >= 0
Y19T7-Y14T19T7 >= 0
Y14T15-Y14T15T8 >= 0
Y1ST8-Y14T15T8 >= 0
Y14TLS-Y14TIST8 >= 0
Y18T8-Y14T1ST8 >= 0
Y14T22-Y14T22T8 >= 0
Y22T8-Y14T22T8 >= 0
Y14T3-Y14T3T9 >= 0
Y3T9-Y14T31’9 >= 0
Y14T6-Y14T6T9 >= 0
Y6T9-Y14T6T9 >= 0
Y14T11-Y14T11T9 >=0
Y11T9-Y14TIIT9>=0
Y14T15-Y14T15T9 >= 0
Y15T9-Y14T15T9 >= 0
Y14TIG-Y14T16T9 >= 0

APPENDIX B: PROBLEM FORMULATION FILE
EFFICIENT AIRLINE NETWORK

Y16T9-Y14T16T9 >= 0
Y14T18-Y14T1ST9 >= 0
Y18Th-Y14T1ST9 >= 0
Y14T22-Y14T22T9 >= 0
Y22T9-Y14T22T9 >= 0
Y14T23-Y14T23T9 >= 0
Y23T9-Y14T23T9 >= 0
Y14T6-Y14T6T10 >= 0
Y6T1O-Y14T6T10 >= 0
Y14T7-Y14T7T10 >= 0
Y7T1O-Y14T7T10>=0
Y14T18-Y14T1810 >= 0
Y1ST1O-Y14T1810 >= 0
Y14T19-Y14T1910 >= 0
Y19T10-Y14T1910 >= 0
Y14T3-Y14T3T1 1 >= 0
Y3T1 1-Y14T3T1 1 >= 0
Y14T6-Y14T6T11 >=0
Y6T11-Y14T6T11 ‘=0
Y14T9-YI4T9TII ‘=0
Y9T11-Y14T9T1J ‘=0
Y14T15-Y14T1511 >=0
Y15T11-Y14T1511 >=0
Y14T16-Y14T1611 >= 0
Y16T11-Y14T1611 >=0
Y14T18-Y14T1811 >=0
Y1ST11-Y14T1S11 >=0
Y14T22-Y14T2211 ‘=0
Y22T11-Y14T2211 >=0
Y14TIS-Y14T1813 ‘=0
Y1STI3-Y14T1813 >= 0
Y14T2-Y14T2T15 >= 0
Y2TIS-Y14T2T15 >= 0
Y14T6-Y14T6T15 >= 0
Y6T15-Y14T6T15 >= 0
Y14T8-Y14TST15 >= 0
Y8T1S-Y14TST15 >= 0
Y14T9-Y14T9T15 ‘=0
Y9T1S-Y14T9T15 ‘=0
Y14T11-Y14T1115 ‘=0
Y11T15-Y14T1115 >=0
Y14T1G-Y14T1615 >= 0
Y16T15-Y14T1615 ‘=0
Y14T1S-Y14T1815 >=0
Y1ST15-Y14T1815 >=0
Y14T20-Y14T2015 >=0
Y20T15-Y14T2015 >= 0
Y14T22-Y14T2215 ‘=0
Y22T15-Y14T2215 >= 0
Y14T9-Y14T9T16 >= 0
Y9T16-Y14T9T16 >= 0
Y14T11-Y14T1116>=0
Y11T16-Y14T1116 ‘=0
Y14T1S-Y14T1516 >= 0
Y15T16-Y14T1516 >= 0
Y14T1S-Y14T1816 >= 0
Y1ST16-Y14T1816 >= 0
Y14T23-Y14T2316 >= 0
Y23T16-Y14T2316 ‘=0
Y14T1-Y14T1T1S ‘=0
Y1T1S-Y14T1T1S ‘=0
Y14T2-Y14T2T18 >= 0
Y2T1S-Y14T2T18 >= 0
Y14T3-Y14T3T18 >= 0
Y3T18-Y14T3T1S >= 0
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Y14T5-Y14T5T18 >= 0
Y5T1S-Y14T5T1S >= 0
Y14T6-YI4T6T18 >= 0
YÔT1S-Y14T6T18 >= 0
Y14T7-Y14T7T1S >= 0
Y7T18-Y14T7T18 >= 0
Y14T8-Y14T8T1S >= 0
Y8T18-Y14T8T1S >= 0
Y14T9-Y14T9T18 >= 0
Y9T18-Y14T9T18 >= 0
Y14T1O-Y14T1018 >= 0
Y10TIS-Y14T1018 >= 0
Y14T11-Y14T1118 >=0
Y11T18-Y14T111S >=0
Y14T13-Y14T1318 >= 0
Y13T18-Y14T1318 >= 0
Y14T15-Y14T1518 >= 0
Y15T1S-Y14T1518 >=0
Y14T16-Y14T1618 >= 0
Y16TIS-Y14T1618 >= 0
Y14T19-Y14T1918 >= 0
Y19T1S-Y14T1918 >= 0
Y14T20-Y14T2018 >= 0
Y20T18-Y14T2018 >= 0
Y14T22-Y14T2218 >= 0
Y22T18-Y14T2218 >= 0
Y14T23-Y14T2318 >=0
Y23T18-Y14T2318 >= 0
Y14T24-Y14T2418 >= 0
Y24T18-Y14T2418 >= 0
Y14T25-Y14T2518 >= 0
Y25T18-Y14T2518 >= 0
Y14T2-Y14T2T19 >= 0
Y2T19-Y14T2T19 >= 0
Y14T7-Y14T7T19 >= 0
Y7T19-Y14T7T19 >= 0
Y14T10-Y14T1019 >= 0
Y10T19-Y14T1019 >= 0
Y14T1S-Y14T1819 >= 0
Y1ST19-Y14T1819 >= 0
Y14T2-Y14T2T20 >= 0
Y2T20-Y14T2T20 >= 0
Y14T6-Y14T6T20>=0
Y6T20-Y14T6T20 >= 0
Y14T15-Y14T1520 >= 0
Y15T20-Y14T1520 >= 0
Y14T1S-Y14T1820 >= 0
Y18T20-Y14T1820 >= 0
Y14T22-Y14T2220 >= 0
Y22T20-Y14T2220 >= 0
Y14T2-Y14T2T22 >= 0
Y2T22-Y14T2T22 >= 0
Y14TS-Y14T8T22 >= 0
Y8T22-Y14T8T22 >= 0
Y14T9-Y14T9T22 >= 0
Y9T22-Y14T9T22 >= 0
Y14T11-Y14T1122 >=0
Y11T22-Y14T1122 >=0
Y14T1S-Y14T1522 >= 0
Y15T22-Y14T1522 >= 0
Y14T18-Y14T1822 >= 0
Y18T22-Y14T1822 >= 0
Y14T20-Y14T2022 >= 0
Y20T22-Y14T2022 >= 0
Y14T23-Y14T2322 >= 0

APPENDIX B: PROBLEM FORMULATION FILE
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Y23T22-Y14T2322 >= 0
Y14T3-Y14T3T23 >= 0
Y3T23-Y14T3T23 >= 0
Y14T9-Y14T9T23 >= 0
Y9T23-Y14T9T23 >= 0
Y14T1O-Y14T1623 >= 0
Y16T23-Y14T1623 >= 0
Y14T1S-Y14T1823 >= 0
Y18T23-Y14T1823 >= 0
Y14T22-Y14T2223 >= 0
Y22T23-Y14T2223 >= 0
Y14T5-Y14T5T24 >= 0
Y5T24-Y14T5T24 >= 0
Y14T1S-Y14T1824 >= 0
Y18T24-Y14T1824 >= 0
Y14T18-Y14T1825 >= 0
Y18T25-Y14T1825 >=0
Y15T6-Y15T6T2 >= 0
Y6T2-Y15T6T2 >= 0
Y15T14-Y15T14T2 >= 0
Y14T2-Y1ST14T2 >= 0
Y1ST18-Y15T18T2 >= 0
Y1ST2-Y1ST18T2 >= 0
Y15T20-Y15T20T2 >= 0
Y20T2-Y15T20T2 >= 0
Y15T22-Y15T22T2 >= 0
Y22T2-Y15T22T2 >= 0
Y15T2-Y15T2T6 >= 0
Y2TÔ-Y1ST2T6 >= 0
Y15T9-Y15T9T6 >= 0
Y9T6-Y1ST9T6 >= 0
Y15T11-Y1ST11T6 >= 0
Y11T6-Y15T11T6 >= 0
Y15T14-Y15T14T6 >= 0
Y14T6-Y15T14T6 >= 0
Y15T1S-Y15T18T6 >= 0
Y18T6-Y15T1ST6 >= 0
Y15T20-Y15T20T6 >= 0
Y2OT6-Y15T20T6 >= 0
Y15T14-Y15T14TS >= 0
Y14T8-Y1ST14TS >= 0
YIST1S-Y15T18T8 >= 0
Y18TS-Y15T18T8 >= 0
Y15T22-Y15T22T8 >= 0
Y22T8-Y15T22T8 >= 0
Y1ST6-Y15T6T9 >= 0
Y6T9-Y1ST6T9 >= 0
Y15T11-Y15T11T9 >= 0
Y11T9-Y15T11T9 >= 0
Y15T14-Y1ST14T9 >= 0
Y14T9-Y15T14T9 >= 0
Y15T16-Y15T16T9 >= 0
Y16T9-Y15T1619 >= 0
Y15T18-Y1STIST9 >= 0
Y18T9-Y15T1ST9 >= 0
Y15T22-Y15T22T9 >= 0
Y22T9-Y15T22T9 >= 0
Y15T6-Y1ST6T11 >= 0
YGT1 1-Y15T6T1 1 >= 0
Y15T9-Y15T9T11 >=0
Y9T11-Y1ST9T11 >=0
Y15T14-Y15T1411 >= 0
Y14T11-Y15T1411 >= 0
Y15T1G-Y1ST1611 >= 0
Y16T11-Y15T1611 >= 0
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Y15T18-Y15T1811 >=O
Y18T11-Y15T1811 >=O
Y15T22-Y15T2211 >= 0
Y22T11-Y15T2211 >= 0
Y15T2-Y15T2T14 >= 0
Y2T14-Y15T2T14 >= 0
Y15T6-Y15T6T14 >= 0
Y6T14-Y1ST6T14 >= 0
Y15T8-Y1ST8T14 >= 0
Y8T14-Y15T8T14 >= 0
Y1ST9-Y1ST9T14 >= 0
Y9T14-Y15T9T14 >= 0
Y15T11-Y1ST1114>==0
Y11T14-Y15T1114 >= 0

Y1ST16-Y15T1614 >= 0
Y16T14-Y15T1614 >= 0
Y15T18-Y15T1814 >= 0
Y18T14-Y15T1814 >= 0
Y15T20-Y15T2014 >= 0
Y20T14-Y15T2014 >= 0
Y15T22-Y15T2214 >= 0
Y22T14-Y15T2214 >= 0
Y15T9-Y15T9T16 >= 0
Y9TI6-Y15T9T16 >= 0
Y15T11-Y15T1116 >= 0
Y11T16-Y15T1116 >= 0
Y15T14-Y15T1416 >= 0
Y14T16-Y15T1416 >= 0
Y15T18-Y15T1816 >=0
Y18T1o-Y15T1816 >= 0
Y15T2-Y15T2T18 >= 0
Y2T18-Y15T2T18 >= 0
Y1ST6-Y15T6T18 >= 0
Y6T18-Y15T6T18 >= 0
Y15T8-Y15T8T18 >= 0
Y8T18-Y15T8T18 >= 0
Y15T9-Y15T9T18 >= 0
Y9T18-Y15T9T18 >= 0
Y15T11-Y15T1118 >=0
Y11T18-Y15T1118 >=O
Y15T14-Y15T1418 >= 0
Y14T18-Y15T1418 >= 0
Y15T16-Y15T1618 >= 0
Y16T18-Y15T1618 >= 0
Y15T20-Y15T2018 >= 0
Y20T18-Y15T2018>=0
Y15T22-Y15T2218 >= 0
Y22T18-Y15T2218 >= 0
Y15T2-Y15T2T20 >= 0
Y2T20-Y15T2T20 >= 0
Y15T6-Y15T6T20 >= 0
Y6T20-Y15T6T20 >= 0
Y1ST14-Y15T1420 >= 0
Y14T20-Y15T1420 >= 0
Y1ST18-Y15T1820 >= 0
Y18T20-Y15T1820 >= 0
Y15T22-Y15T2220 >= 0
Y22T20-Y15T2220 >= 0
Y15T2-Y15T2T22 >= 0
Y2T22-Y15T2T22 >= 0
Y1ST8-Y15T8T22 >= 0
Y8T22-Y15T8T22 >= 0
Y15T9-Y15T9T22 >= 0
Y9T22-Y15T9T22 >= 0
YI5TII-Y15T1122 >= 0

APPENI)IX B: PROBLEM FORMULATION FILE
EFFICIENT AIRLINE NETWORK

Y11T22-Y15T1122 >= 0
Y15T14-Y15T1422 >= 0
Y14122-Y15T1422 >= 0
Y15T18-Y15T1822 >= 0
Y18T22-Y15T1822 >= 0
Y15T20-Y15T2022 >= 0
Y20T22-Y15T2022 >= 0
Y16T11-YI6T11T9 >=0
Y11T9-Y16T11T9 >=0
Y1GT14-Y16T14T9 >= 0
Y14-Y16T14Th >= 0
Y16T15-Y16T15T9 >= 0
Y15T9-Y16T15T9 >= 0
Y16T18-Y16T18T9 >= 0
Y18T9-Y16T18T9 >= 0
Y16T23-Y16T23T9 >= 0
Y23T9-Y16T23T9 >= 0
Y16T9-Y16T9T1 1 >= 0
Y9T11-Y16TØT11 >=0
Y16T14-Y16T1411 >=0
Y14T11-Y16T1411 >=0
Y16T15-Y16T1S11 >= 0
Y15T11-Y16T1S11 >=0
Y16T18-Y16T1811 >=0
YI8T11-Y16T1811 >=0
Y16T9-Y16T9T14 >= 0
Y9T14-Y16T9T14 >= 0
Y16T11-Y16T1114>=0
Y11T14-Y16T1114>=0
Y16T1S-Y16T1514 >= 0
Y1ST14-Y16T1514 >= 0
Y16T18-Y16T1814 >= 0
Y18T14-Y16T1814 >= 0
Y16T23-Y16T2314 >= 0
Y23T14-Y16T2314 >= 0
Y16T9-Y16T9T15 >= 0
Y9T1S-Y16T9T15 >= 0
Y16T11-Y16T1115 >= 0
Y1IT15-Y16T1115 >=0
Y16T14-Y16T1415 >= 0
Y14T1S-Y16T1415 >= 0
Y16T18-Y16T1815 >= 0
Y18T15-Y16T1815 >= 0
Y16T9-Y16T9T18 >= 0
Y9T18-Y16T9T18 >= 0
Y16T1 1-Y16T1 118 >= 0
Y11T18-Y16T1118 >= 0
Y16T14-Y16T1418 >= 0
Y14T18-Y16T1418 >= 0
Y16T15-Y16T1518 >= 0
Y15T18-Y16T1518 >= 0
Y16T23-Y16T2318 >= 0
Y23T18-Y16T2318 >=0
Y16T9-Y16T9T23 >=0
Y9T23-Y16T9T23 >= 0
Y16T14-Y16T1423 >= 0
Y14T23-Y16T1423 >= 0
Y16T18-Y16T1823 >= 0
Y18T23-Y16T1823 >= 0
Y17T18-Y17T18T4 >= 0
Y18T4-Y17T18T4 >= 0
Y17T18-YI7T1811 >=0
Y18T11-Y17T1811 >=0
Y17T21-Y17T2111 >=0
Y21T11-Y17T2111 >=0
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Y17T4-Y17T4T18 >= 0
Y4T18-Y17T4T18 >= 0
Y17T1I-YI7T1I1S >= 0
Y11T18-Y17T111S >=0
Y17T21-Y17T2118 >=O
Y21T1S-Y17T2118 >= 0
Y17T1 1-Y17T1 121 >= 0
Y11T21-Y17T1121 >=0
YI7T1S-Y17T1821 >= 0
YIST21-Y17T1821 >=0
Y18T5-Y18T5T1 >=0
Y5TI-Y18TST1 >= 0
Y1ST6-Y18T6T1 >= 0
Y6T1-Y1ST6T1 >= 0
Y18T14-Y18TI4T1 >= 0
Y14T1-Y1ST14T1 >= 0
Y18T6-Y1ST6T2 >= 0
Y6T2-YIST6T2 >= 0
Y18T14-Y1ST14T2 >= 0
Y14T2-Y1ST14T2 >= 0
Y18T15-Y18T15T2 >= 0
Y15T2-Y18T15T2 >= 0
Y1STI9-Y18T1QT2 >= 0
Y19T2-Y18T19T2 >= 0
Y1ST2O-Y1ST2OT2 >= 0
Y20T2-Y1ST2OT2 >= 0
Y18T22-Y18T22T2 >= 0
Y22T2-Y18T22T2 >= 0
Y1ST9-Y18T9T3 >= 0
Y9T3-Y18T9T3 >= 0
Y18T11-Y18T11T3 >=0
YIIT3-Y1STI1T3 >= 0
Y1ST14-Y18T14T3 >= 0
Y14T3-Y1ST14T3 >= 0
Y18T21-Y18T21T3 >= 0
Y21T3-Y18T21T3 >= 0
Y18T23-Y18T23T3 >= 0
Y23T3-Y18123T3 >= 0
Y18T17-Y18T17T4 >= 0
Y17T4-Y18T17T4 >= 0
Y18T1-Y1ST1T5 >= 0
Y1T5-Y18T1T5 >= 0
Y1ST6-Y1ST6T5 >= 0
Y6T5-Y18T6TS >= 0
Y18T14-YIST14T5 >= 0
Y14TS-Y1ST14T5 >= 0
Y18T24-Y18T24T5 >= 0
Y24T5-Y18T24T5 >= 0
Y18T1-YI8T1T6 >= 0
Y1TG-Y1ST1T6 >= 0
Y18T2-Y1ST2T6 >= 0
Y2T6-Y18T2T6 >= 0
Y18TS-Y18T5T6 >= 0
Y5T6-Y18T5T6 >= 0
Y1ST7-Y1ST7T6 >= 0
Y7T6-Y1ST7T6 >= 0
Y18T9-Y18T9T6 >= 0
Y9T6-Y18T9T6 >= 0
Y1ST1O-Y1ST10T6 >= 0
Y1OT6-Y18T1OT6 >= 0
Y18TI 1-Y1ST1 1T6 >= 0
Y11T6-Y18T11T6 >= 0
Y1ST14-Y18T14T6 >= 0
Y14T6-Y1ST14T6 >= 0
Y18T15-Y1STI5T6 >= 0
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Y15T6-Y18T15T6 >= 0
Y18T20-Y1ST2OT6 >= 0
Y20T6-YIST2OT6 >= 0
Y1ST6-Y1ST6T7 >= 0
Y6T7-Y1ST6T7 >= 0
Y18T1O-Y18T1OT7 >= 0
YIOT7-Y1ST1OT7 >= 0
Y18T14-Y1ST14T7 >=0
Y14T7-Y1ST14T7 >= 0
Y18T19-Y18T19T7 >= 0
Y19T7-Y18T19T7 >= 0
Y18T14-Y1STI4TS >= 0
Y14TS-Y18T14TS >= 0
Y18T15-Y1ST15TS >=0
Y1ST8-Y18T15T8 >= 0
Y18T22-YIST22TS >= 0
Y22T8-Y18T22T8 >= 0
Y1ST3-Y18T3T9 >= 0
Y3T9-Y1ST3T9 >= 0
Y18T6-Y18T6T9 >= 0
Y6T9-Y1ST6T9 >= 0
Y18T11-Y18T11T9 >= 0
Y11T9-Y18T11T9 >=O
Y18T14-Y1ST14T9 >= 0
Y14T9-Y18T14T9 >= 0
Y18T1S-Y18T15T9 >= 0
Y15T9-YI8TIST9 >= 0
Y1ST16-Y1STI6T9 >= 0
Y16T9-Y18T16T9 >= 0
Y18T22-Y18T22T9 >= 0
Y22T9-Y18T22T9 >= 0
Y18T23-Y18T23T9 >= 0
Y23T9-Y18T23T9 >= 0
Y18T6-Y18T6T1O >= 0
Y6T1O-Y18T6T10 >= 0
YIST7-Y1ST7T10 >= 0
Y7T1O-Y18T7T1O >= 0
Y1ST14-Y18T1410 >= 0
YI4TIO-Y1ST141O >= 0
Y1STI9-Y18T1910 >= 0
Y19TIO-Y1ST191O >= 0
Y18T3-Y1ST3T1 1 >= 0
Y3T1I-Y18T3T11 >=0
Y18T6-Y18T6T11 >= 0
Y6T1 1-Y18T6TI 1 >= 0
Y18T9-Y1ST9T11 >=0
Y9T11-Y18T9T11 >=0
Y1ST14-Y18T1411 >= 0
Y14T11-Y1ST1411 >= 0
Y18T15-Y18T1S11 >=0
Y15T11-Y18T1511 >=0
Y1ST16-Y18T1611 >= 0
Y1ÔT11-YI8T161I >= 0
Y1ST17-YIST17I 1 >= 0
Y17T1I-YIST17I1 >= 0
Y18T21-YIST2I11 >=0
Y21T11-Y18T2111 >=0
Y18T22-Y18T2211 >=0
Y22T11-Y18T2211 >=0
Y1ST14-Y18T1413 >= 0
Y14T13-Y18T1413 >= 0
Y18TI-Y18T1T14 >= 0
YIT14-Y18T1T14 >= 0
Y18T2-Y18T2T14 >= 0
Y2T14-Y1ST2T14 >= 0
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Y18T3-Y1ST3T14 >= 0
Y3T14Y18T3T14 >= 0
Y18TS-Y18TST14 >= 0
Y5T14-Y1ST5T14 >= 0
Y18T6-Y1ST6TI4 >= 0
Y6T14-YIST6TI4 >= 0
Y18T7-Y18T7T14 >= 0
Y7T14-Y18T7T14 >= 0
Y18TS-Y18TST14 >= 0
Y8T14-Y18T8T14 >= 0
Y18T9-Y18T9T14 >= 0
Y9T14-Y1ST9T14 >= 0
Y18T10-Y18T1014 >= 0
Y10T14-Y18T1014 >= 0
Y18T11-Y18T1114>=0
Yl 1T14-Y1ST1 114 >= 0
Y1ST13-Y18T1314 >= 0
Y13T14-Y18T1314 >= 0
Y18T15-Y18T1514 >= 0
Y15T14-Y18T1514 >= 0
Y18T16-Y1ST1614 >= 0
Y16T14-Y18T1614 >= 0
Y1ST1Q-Y18T1914 >= 0
Y19T14-Y18T1914 >= 0
Y18T20-Y18T2014 >= 0
Y20T14-Y18T2014 >= 0
Y18T22-Y18T2214 >= 0
Y22T14-Y18T2214 >= 0
Y18T23-Y18T2314 >= 0
Y23T14-Y18T2314 >= 0
Y18T24-Y18T2414 >= 0
Y24T14-Y18T2414 >= 0
Y18T25-Y18T2514 >= 0
Y25T14-Y18T2514 >= 0
Y1ST2-Y1ST2T15 >= 0
Y2T1S-Y18T2T1S >= 0
Y18T6-Y1ST6T15 >= 0
Y6T15-Y18T6T15 >= 0
Y18T8-Y18T8T15 >= 0
Y8T15-YJST8T15 >= 0
Y1ST9-Y1ST9T15 >= 0
Y9T15-Y18T9TIS >= 0
Y18T11-Y18T1115 >=0
Y11T15-Y18T1115 >=0
Y18T14-Y18T1415 >= 0
Y14T15-Y18T1415 >= 0
Y1ST16-Y18T1615 >= 0
Y16T1S-Y18T1615 >= 0
Y18T20-Y18T2015 >=0
Y20T15-Y18T2015 >= 0
Y18T22-Y18T2215 >= 0
Y22T15-Y18T2215 >= 0
Y18T9-Y18T9T16 >= 0
Y9T16-Y18T9T16 >= 0
YI8TI1-Y18T1116 >=0
Y11T16-Y1ST111Ô >= 0
Y18T14-Y18T1416 >= 0
Y14T16-Y18T1416 >= 0
Y1STI5-Y18T1516 >= 0
Y15T16-Y18T1516 >= 0
Y18T23-Y18T2316 >= 0
Y23T16-Y18T2316 >= 0
Y18T4-Y1ST4T17 >= 0
Y4T17-Y1ST4T17 >= 0
YISTI1-Y18T1117>=0
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Yl 1T17-YI8TI 117 >= 0
Y1ST21-Y18T2117 >= 0
Y21T17-Y18T2117 >=0
Y18T2-Y18T2T19 >= 0
Y2T19-Y18T2T19 >= 0
Y18T7-Y1ST7T19 >= 0
Y7T19-Y18T7T19 >= 0
Y1ST10-Y18T1019 >= 0
Y10T19-Y18T1019 >= 0
Y18T14-Y18T1419 >= 0
Y14T19-Y18T1419 >= 0
Y1ST2-YIST2T2O >= 0
Y2T20-Y18T2T20 >= 0
Y1ST6-Y1ST6T20 >= 0
Y6T20-Y18T6T20 >= 0
Y18T14-Y18T1420 >= 0
Y14T20-Y18T1420 >= 0
Y18T15-Y18T1520 >= 0
Y15T20-Y18T1520 >= 0
Y18T22-Y18T2220 >= 0
Y22T20-Y18T2220 >= 0
Y1ST3-Y18T3T21 >= 0
Y3T21-Y18T3T21 >=0
YIST11-Y1ST1I2I >=0
YI1T21-Y18T1121 >=0
Y1STL7-Y18T1721 >= 0
Y17T21-Y18T1721 >= 0
Y18T22-Y18T2221 >= 0
Y22T21-Y18T2221 >= 0
Y18T2-Y18T2T22 >= 0
Y2T22-Y18T2T22 >= 0
Y18T8-Y18T8T22 >= 0
Y8T22-Y18T8T22 >= 0
Y1ST9-Y18T9T22 >= 0
Y9T22-Y18T9T22 >= 0
YI8T11-Y18T1122 >=0

Yl 1T22-Y18T1 122 >= 0
Y1STL4-Y18T1422 >= 0
Y14T22-Y18T1422 >= 0
Y1ST15-Y18T1522 >= 0
Y15T22-Y18T1522 >= 0
Y18T20-Y18T2022 >= 0
Y20T22-Y18T2022 >= 0
Y18T21-Y18T2122 >= 0
Y21T22-Y18T2122 >= 0
Y18T23-Y18T2322 >= 0
Y23T22-Y18T2322 >= 0
Y1ST3-Y18T3T23 >= 0
Y3T23-Y18T3T23 >= 0
YIST9-Y18T9T23 >= 0
Y9T23-Y18T9T23 >= 0
Y1ST14-Y18T1423 >= 0
Y14T23-Y18T1423 >= 0
Y18T16-Y18T1623 >= 0
Y16T23-Y18T1623 >= 0
Y18T22-Y18T2223 >= 0
Y22T23-Y18T2223 >= 0
Y18T5-Y18T5T24 >= 0
Y5T24-Y18T5T24 >= 0
Y18T14-Y18T1424 >= 0
Y14T24-Y18T1424 >= 0
Y18T14-Y18T1425 >= 0
Y14T25-Y18T1425 >= 0
Y19T14Y19T14T2 >= 0
Y14T2-Y19T14T2>=0
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Y19T18-Y19T1ST2 >= 0
Y18T2-Y19T18T2 >= 0
Y19T10-Y19TIOT7 >= 0
Y10T7-Y19T10T7 >= 0
Y19T14-Y19T14T7>=0
Y14T7-Y19T14T7 >= 0
Y19T18-Y19T18T7 >= 0
Y18T7-Y19T18T7 >= 0
Y19T7-Y19T7T1O >= 0
Y7T10-Y19T7T10 >= 0
Y19T14-Y19T1410 >= 0
Y14T10-Y19T1410>=0
YI9T1S-Y19T1810 >= 0
Y18T10-Y19T1810 >= 0
Y19T2-Y19T2T14 >= 0
Y2T14-Y19T2T14 >= 0
Y19T7-Y19T7T14 >= 0
Y7T14-Y19T7T14>=0
Y19T10-Y19T1014 >= 0
Y10T14-Y19T1014 >= 0
Y19T1S-Y19T1814 >= 0
Y1ST14-Y19T1814 >= 0
Y19T2-Y19T2T18 >=0
Y2T18-Y19T2T18 >= 0
Y19T7-Y19T7T18 >= 0
Y7T18-Y19T7T18 >= 0
Y19T10-Y19T1018 >= 0
Y10T18-Y19T1018 >= 0
Y19T14-Y19T1418 >= 0
Y14T18-Y19T1418 >= 0
Y20T6-Y20T6T2 >= 0
Y6T2-Y20T6T2 >= 0
Y20T14-Y20T14T2 >= 0
Y14T2-Y20T14T2 >= 0
Y20T15-Y20T15T2 >= 0
Y15T2-Y20T15T2 >= 0
Y20T18-Y20T18T2 >= 0
Y18T2-Y20T1Sfl >= 0
Y20T22-Y20T22T2 >= 0
Y22T2-Y20T22T2 >= 0
Y20T2-Y20T2T6 >= 0
Y2T6-Y20T2T6 >= 0
Y20T14-Y20T14T6 >= 0
Y14T6-Y20T14T6 >= 0
Y20T15-Y20T15T6 >= 0
Y15T6-Y20T15T6 >= 0
Y20T18-Y20T18T6 >= 0
Y18T6-Y20T18T6 >= 0
Y20T2-Y20T2T14 >= 0
Y2T14-Y20T2T14 >= 0
Y20T6-Y20T6T14 >= 0
Y6T14-Y20T6T14 >= 0
Y20T15-Y20T1514 >= 0
Y15T14-Y20T1514 >= 0
Y20T18-Y20T1814 >= 0
Y1ST14-Y20T1814 >= 0
Y20T22-Y20fl214 >= 0
Y22T14-Y20T2214 >= 0
Y20T2-Y20T2T15 >= 0
Y2T15-Y20T2T15 >= 0
Y20T6-Y20T6T15 >= 0
Y6T15-Y20T6T15 >= 0
Y20T14-Y20T1415 >= 0
Y14T15-Y20T1415 >= 0
Y20T18-Y20T1815 >= 0
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Y18T15-Y20T1815 >= 0
Y20T22-Y20T2215 >= 0
Y22T15-Y20T2215 >= 0
Y20T2-Y20T2T18 >= 0
Y2T18-Y20T2T18 >= 0
Y20T6-Y20T6T18 >= 0
Y6T1S-Y20T6T18 >= 0
Y20T14-Y20T1418 >= 0
Y14T18-Y20T1418 >= 0
Y20T15-Y20T1518 >= 0
Y15T18-Y20T1518 >= 0
Y20T22-Y20T2218 >= 0
Y22T18-Y20T2218 >= 0
Y20T2-Y20T2T22 >= 0
Y2T22-Y20T2T22 >= 0
Y20T14-Y20T1422 >= 0
Y14T22-Y20T1422 >= 0
Y20T15-Y20T1522 >= 0
Y15T22-Y20T1522 >= 0
Y20T18-Y20T1822 >= 0
Y18T22-Y20T1822 >= 0
Y21T11-Y21T11T3 >= 0
Y11T3-Y21T11T3 >=0
Y21T18-Y21T18T3 >= 0
YIST3-Y21T18T3 >= 0
Y21T3-Y21T3T11 >= 0
Y3TI1-Y21T3T11 >= 0
Y21T17-Y21T1711 >= 0
Y17T11-Y21T1711 >=0
Y21T18-Y21T1811 >=0
Y18T11-Y21T1811 >=0
Y21T22-Y21T2211 >=0
Y22T11-Y21T2211 >=0
Y21TI1-Y21T1117 >=0
YI1T17-Y21T1117 >=0
Y2fl’18-Y21T1817 >= 0
Y1STI7-Y21T1817 >= 0
Y21T3-Y21T3T18 >= 0
Y3T18-Y21T3T18 >= 0
Y21TII-Y21T1118 >=0
Y1IT18-Y21T1118 >=0
Y21T17-Y21T1718 >= 0

Y17T1S-Y21T1718 >= 0
Y21T22-Y21T2218 >= 0
Y22T18-Y21T2218 >= 0
Y21T1 1-Y21T1 122 >= 0
Y11T22-Y21T1122 >= 0
Y21T18-Y21T1822 >= 0
Y18T22-Y21T1822 >= 0
Y22T14-Y22T14T2 >= 0
Y14T2-Y22T14T2 >= 0
Y22T15-Y22T15T2 >= 0
Y1ST2-Y22T15T2 >= 0
Y22T18-Y22T18T2 >= 0
Y1ST2-Y22T18T2 >= 0
Y22T20-Y22T20T2 >= 0
Y20T2-Y22T20T2 >= 0
Y22T14-Y22T14T8 >= 0
Y14TS-Y22T14T8 >= 0
Y22T15-Y22T15T8 >= 0
Y15T8-Y22T15T8 >= 0
Y22T18-Y22T18T8 >= 0
Y1STS-Y22T18T8 >= 0
Y22T1 1-Y22T1 1T9 >= 0
Yl 1T9-Y22T1 1T9 >= 0
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Y22T14-Y22T14T9 >= 0
Y14T9-Y22T14T9 >= 0
Y22T15-Y22T15T9 >= 0
Y15T9-Y22T15T9 >= 0
Y22T18-Y22T18T9 >= 0
Y18T9-Y22T18T9 >= 0
Y22T23-Y22T23T9 >= 0
Y23T9-Y22T23T9 >= 0
Y22T9-Y22T9T1 1 >= 0
Y9T1 1-Y22T9T1 1 >= 0
Y22T14-Y22T141 I >= 0
Y14T11-Y22T1411 >=0
Y22T15-Y22T1511 >= 0
Y15T11-Y22T1511 >= 0
Y22T18-Y22T1811 >= 0
Y18T11-Y22T1811 >=0
Y22T21-Y22T2111 >=0
Y21T11-Y22T2111 >=O
Y22T2-Y22T2T14 >= 0

Y2T14-Y22T2T14 >= 0
Y22T8-Y22T8T14 >= 0
Y8T14-Y22T8T14 >= 0
Y22T9-Y22T9T14 >= 0
Y9T14-Y22T9T14 >= 0
Y22T1 1-Y22T1 114 >= 0
Y11TI4-Y22T1114>=0
Y22T15-Y22T1514 >= 0
Y15T14-Y22T1514 >= 0
Y22T18-Y22T1814 >= 0
Y18T14-Y22T1814 >= 0
Y22T20-Y22T2014 >= 0
Y20T14-Y22T2014 >= 0
Y22T23-Y22T2314 >= 0
Y23T14-Y22T2314 >= 0
Y22T2-Y22T2T15 >= 0
Y2T15-Y22T2T15 >= 0
Y22T8-Y22T8T15 >= 0
Y8T15-Y22T8T15 >= 0
Y22T9-Y22T9T15 >= 0
Y9T15-Y22T9T15 >= 0
Y22T1 1-Y22T1 115 >= 0
Y11T15-Y22T1115 >=0
Y22T14-Y22T1415 >= 0
Y14T15-Y22T1415 >= 0
Y22T18-Y22T1815 >= 0
Y18T15-Y22T1815 >= 0
Y22T20-Y22T2015 >= 0
Y20T15-Y22T2015 >= 0
Y22T2-Y22T2T18 >= 0
Y2T18-Y22T2T18 >=0
Y22T8-Y22T8T18 >= 0
Y8T18-Y22T8T18 >= 0
Y22T9-Y22T9T18 >= 0
Y9T18-Y22T9T18 >= 0
Y22T11-Y22T1118 >= 0
Y11TI8-Y22T1118 >=0
Y22T14-Y22T1418 >= 0
Y14T18-Y22T1418 >= 0
Y22T15-Y22T1518 >= 0
Y15T18-Y22T1518 >= 0
Y22T20-Y22T2018 >= 0
Y20T18-Y22T2018 >= 0
Y22T21-Y22T2118 >= 0
Y21T18-Y22T2118 >=0
Y22T23-Y22T2318 >= 0
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Y23T18-Y22T2318 >= 0
Y22T2-Y22T2T20 >= 0
Y2T20-Y22T2T20 >= 0
Y22T14-Y22T1420 >= 0
Y14T20-Y22T1420 >= 0
Y22T1 5-Y22T1 520 >= 0
Y15T20-Y22T1520 >= 0
Y22T1 8-Y22T1 820 >= 0
Y18T20-Y22T1820 >= 0
Y22T1 1-Y22T1 121 >= 0
Y11T21-Y22T1121 >= 0
Y22T18-Y22T1821 >= 0
Y18T21-Y22T1821 >= 0
Y22T9-Y22T9T23 >= 0
Y9T23-Y22T9T23 >= 0
Y22T14-Y22T1423 >= 0
Y14T23-Y22T1423 >= 0
Y22T18-Y22T1823 >= 0
Y18T23-Y22T1823 >= 0
Y23T9-Y23T9T3 >= 0
Y9T3-Y23T9T3 >= 0
Y23T14-Y23T14T3 >= 0
Y14T3-Y23T14T3 >= 0
Y23T18-Y23T18T3 >= 0
Y18T3-Y23T18T3 >= 0
Y23T3-Y23T3T9 >= 0
Y3T9-Y23T3T9 >= 0
Y23T14-Y23T14Th >= 0
Y14T9-Y23T14T9 >= 0
Y23T16-Y23T16T9 >= 0
Y16T9-Y23T16T9 >= 0
Y23T18-Y23T18T9 >= 0
Y18T9-Y23T18T9 >= 0
Y23T22-Y23T22T9 >= 0
Y22T9-Y23T22T9 >= 0
Y23T3-Y23T3T14 >= 0
Y3T14-Y23T3T14 >= 0
Y23T9-Y23T9T14 >= 0
Y9T14-Y23T9T14 >= 0
Y23T16-Y23T1614 >= 0
Y16T14-Y23T1614>=0
Y23T18-Y23T1814 >= 0
Y18T14-Y23T1814 >= 0
Y23T22-Y23T2214 >= 0
Y22T14-Y23T2214 >= 0
Y23T9-Y23T9T16 >= 0
Y9T16-Y23T9T16 >= 0
Y23T14-Y23T1416 >= 0
Y14T16-Y23T1416 >= 0
Y23T18-Y23T1816 >= 0
Y18T16-Y23T1816 >= 0
Y23T3-Y23T3T18 >= 0
Y3T18-Y23T3T18 >= 0
Y23T9-Y23T9T18 >= 0
Y9T18-Y23T9T18 >= 0
Y23T14-Y23T1418 >= 0
Y14T18-Y23T1418 >= 0
Y23T16-Y23T1618 >= 0
Y16T18-Y23T1618 >= 0
Y23T22-Y23T2218 >= 0
Y22T18-Y23T2218 >= 0
Y23Th-Y23T9T22 >= 0
Y9T22-Y2319T22 >= 0
Y23T1 4-Y23T1 422 >= 0
Y14T22-Y23T1422 >= 0
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Y23T18-Y23T1822 >= 0
Y18T22-Y23T1822 >= 0
Y24T14-Y24T14T5 >= 0
Y14T5-Y24T14T5 >= 0
Y24T18-Y24T18T5 >= 0
Y18TS-Y24T1STS >= 0
Y24T5-Y24T5T14 >= 0
Y5T14-Y24T5T14 >= 0
Y24T18-Y24T1814 >= 0
Y1ST14-Y24T1814 >= 0
Y24T5-Y24T5T18 >= 0
Y5T18-Y24T5T18 >= 0
Y24T14-Y24T1418 >= 0
Y14TIS-Y24T1418 >= 0
Y25T18-Y25T1814 >= 0
Y1ST14-Y25T1814 >= 0
Y25T14-Y25T1418 >= 0
YI4T1S-Y25T1418 >= 0
Y1TS+Y1T6TS+Y1TI4T5-PfITI8T5=1
Y1T6+Y1T5T6+Y1T14T6+Y1TI8T6=1
Y1T14+Y1T5T14+Y1T6T14+Y1T18T14=1
Y1T1S+Y1T5T1S+Y1T6TI 8+Y1T14T18=1
Y2T6+Y2T14T6+Y2T1ST6+Y2T18T6+
Y2T20T6=1
Y2T14+Y2T6T14+Y2T1 5T14-’-Y2T1ST14+
Y2T19T14+Y2T20T14+Y2T22T14=1
Y2T1S+Y2T6T15+Y2T14T1S+Y2TIST1S+
Y2T20T15+Y2T22T15=1
Y2T1S+Y2T6T18+Y2T14T18+Y2T1ST18+
Y2T19T18-i-Y2T20T18+Y2T22T18=1
Y2T19+Y2T14T19+Y2T18T19=1
Y2T20-i-Y2T6T20±Y2T14T20+Y2T15fl0+
Y2T18T20-’-Y2T22T20=1
Y2T22-i-Y2T14T22÷Y2T15T22-I-Y2T18T22+
Y2T20T22=1
Y3T9+Y3T1 1T9+Y3T14T9+Y3T18T9+
Y3T23T9=1
Y3T1 1-i-Y3T9T1 1+Y3T14T1 1+Y3TIST1 1+
Y3T21T1 1=1
Y3T14+Y3T9T14+Y3T1 1T14+Y3T18T14+
Y3T23T14=1
Y3T18+Y3T9T18+Y3T1 1T18+Y3TI4T1S+
Y3T2IT1S+Y3T23T18=1
Y3T21+Y3T1 1T21+Y3T1ST21=1
Y3T23+Y3T9T23+Y3T14T23+Y3T18T23=1
Y4T17+Y4T18T17=1
Y4T18+Y4T17T18=1
Y5T1+Y5T6T1+Y5T14T1+YST18T1=1
YSTG+Y5T1T6+Y5T14T6+Y5T18T6=1
Y5T14+YST1T14+YSTGT14+Y5T18T14+
Y5T24T14=1
YST18+YST1T18+Y5T6T1S+Y5T14T18+
Y5T24T18=1
Y5T24+Y5T14T24+Y5T18T24=1
Y6T1+Y6TST1+Y6T14T1+Y6T18T1=1
Y6T2+Y6T14T2+Y6T15T2+Y6T18T2+
Y6T20T2=1
Y6T5+Y6T1T5+Y6T14T5+Y6TI8TS=1
Y6T7+Y6T10T7+Y6T14T7+Y6T1ST7=1
Y6T9÷Y6TI 1T9+Y6T14T9+Y6T1ST9+
Y6T18T9=1
Y6T1O+Y6T7T10+Y6T14T10+Y6T18T10=1
Y6T1 1-i-Y6T9T1 1+Y6T14T1 1+Y6TI5T1 1+
Y6T18T1 1=1
Y6TI4+Y6T1T14+Y6T2T14+Y6T5T14+

Y6T7T14+Y6T9T14+YÔTI0T14+Y6T1 1T14+
Y6T1 5T14+Y6T18T14+Y6T20T14=1
Y6T15-i-Y6T2T15-i-Y6T9T1 5+Y6T1 1T15+
Y6T14T15+Y6T18T15+Y6T20T15=1
Y6T18+Y6T1T18+Y6T2T18+Y6TST18+
Y6T7T18+Y6T9T18+Y6T10T18+Y6T1 1T18+
Y6T14T1S+Y6T15T1 8+Y6T20T18=1
Y6T20+Y6T2T20+Y6T14T20+Y6T15T20+
Y6T18T20=1
Y7T6+Y7T10T6+Y7T14T6+Y7T18T6=1
Y7T10+Y7T6T10+Y7T14T10+Y7T1 8T10+
Y7T19T10=1
Y7T14+Y7T6T14+Y7T10T14+Y7T18T14+
Y7T19T14=1
Y7T18+Y7T6T18+Y7T10T18+Y7T14T18+
Y7T19T18=1
Y7T19+Y7T10T19+Y7T14T19+Y7T18T19=1
Y8T14+YST1STI4+Y8T1ST14+Y8T22T14=1
Y8T15+YST14T15+YST1ST1 5+Y8T22T15=1
YST18+Y8T14T18+Y8T15T18+Y8T22T18=1
Y8T22+Y8T14T22+Y8T1 5T22+Y8T1 8122=1
Y9T3+Y9T1 1T3+Y9T14T3+Y9T18T3+
Y9T23T3=1
Y9TG+Y9T1 1T6+Y9T14T6+Y9T15T6+
Y9T18T6=1
Y9TI 1+Y9T3T1 1+Y9T6T1 1+Y9T14T1 1+
Y9T15T1 1+Y9T16T1 1+Y9T18T1 1+Y9T22T1 1=1
Y9T14+Y9T3T14+Y9T6T14+Y9T1 1T14+
Y9T15T14+Y9T16T14+Y9T18T14+Y9T22T14+
Y9T23T14=1
Y9T15+Y9T6T15+Y9T1 1T15+Y9T14T15+
Y9T16T15+Y9T18T1 5+Y9T22T15=1
Y9T16+Y9T1 1T16+Y9T14T16+Y9T15T16+
Y9T18T16+Y9T23T16=1
Y9T18+Y9T3T18+Y9TÔT18+Y9T1 1T18+
Y9T14T18-i-Y9T15T18+Y9T16T18+Y9T22T18+

Y9T23T18=1
Y9T22+Y9T1 1T22+Y9T14T22+Y9T15T22+
Y9T18T22+Y9T23T22=1
Y9T23+Y9T3T23+Y9T14T23+Y9T16T23+
Y9T18T23+Y9T22T23=1
Y1OT6+Y1OT7T6+Y1OT14T6+Y1OT18T6=1
Y1OT7+Y1OT6T7+Y1OTI4T7+YIOT18T7+
Y1OT19T7=1
Y1OT14+Y1OT6T14+Y1OT7T14+YIOT18 14+
Y10T1914=1
Y10T18+YIOT6T18+Y1OT7T18-i-Y10T1418+
Y10T1918=1
Y1OT19+Y1OT7T19+Y10T1419+Y10T1819=1
Yl 1T3+Y1 1T9T3+Y1 1T14T3+Y1 1T18T3+
Yl 1T21T3=1
Yl 1T6-t-Y1 1T9T6+Y1 1T14T6-i-Y1 1T15T6+
Y11T18T6=1
Yl 1T9-i-Y1 1T3T9+Y1 1T6T9+Y1 1T14T9-i-
Yl 1T15T9+Y1 1T16T9-4-Y1 1T18T9+Y1 1T22T9=1
Yl 1T14+Y1 1T3T14+Y1 1T6T14+Y1 1T9T14+
Yl 1T1514+Y1 1T1614+Y1 1T1814÷Y1 1T2214=1
Yl 1T15+Y1 1T6T15+Y1 IT9T1S+Y1 1T1415+
Yl 1T1615+Y1 1T1815+Y1 1T2215=l
Yl 1T16+Y1 1T9T16+Y1 1T1416+Y1 1T1516+
Y11T1816=1
Yl 1T17+Y1 1T1817+Y1 112117=1
Yl 1T18+Y1 1T3T18+Y1 1T6T18+Y1 1T91J18+
Yl 1T1418-i-Y1 1T1518+Y1 1T1618+Y1 1T1718+
Yl 1121 18+Y1 112218=1
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Yl 1T21+Y1 1T3T21+Y1 1T1721+Y1 1T1821+
Yl 1T2221=1
Yl 1T22÷Y1 1T9T22±Y1 1T1422+Y1 1T1522+
Yl 1T1822+Y1 1T2122=1
Y12T1S=1
Y13T14+Y13T1S 14=1
Y13T18+Y13T1418=1
Y14T1+YJ4TST1+YI4T6T1+YI4TISTI=1
Y14T2÷YI4T6T2÷Y14T1ST2÷Y14T18T2+
Y14T19T2+Y14T20T2+Y14T22T2=1
Y14T3+Y14T9T3+YJ4T1 1T3+Y14T18T3+
Y14T23T3=1
Y14T5+Y14TIT5-i-Y14T6TS+Y14T18T5+
Y14T24T5=1
Y14T6+Y14T1T6+Y14T2T6+Y14TST6+
Y14T7T6+Y14T9T6+Y14T1OT6+Y14T1 1T6+
Y14TI 5T6+Y14T18T6+Y14T20T6=1
Y14T7-i-Y14T6T7÷Y14T1OT7÷Y14T18T7-i-
Y14T19T7=1
Y14T8+Y14T15T8+Y14T18T8+Y14T22T8=1
Y14T9+Y14T3T9+Y14T6T9+Y14T1 1T9+
Y14T15T9+Y14T1ÔT9+Y14T18T9+Y14T22T9+
Y14T23T9=1
Y14T1O+Y14T6T1O+Y14T7T1O+Y14T1810+
Y14T1910=1
Y14TI1+Y14T3T11+YI4T6T11+Y14T9T11÷
Y14T1S1 1+Y14T161 1+Y14T181 1+Y14T221 1=1
Y14T13+Y14T1813=1
Y14T15+YI4T2T1S+Y14T6T15+Y14T8T15+
Y14T9T15+Y14T1 1 15+Y14T1615+Y14T1815+
Y14T2015+Y14T2215=1
Y14T16-i-Y14T9T16+Y14T1I 16+Y14T1516+
Y14T1816-i-Y14T2316=1
Y14T18+Y14T1T18+Y14T2T18-i-Y14T3T18÷
Y14T5T18+Y14T6T18+Y14T7T18+Y14T8T18+
Y14T9T18+Y14T1018+Y14T1 1 18+Y14T1318+
Y14T1518+Y14T1618+Y14T1918+Y14T2018±
Y14T2218+Y14T2318+Y14T2418+Y14T2518=1
Y14T19+Y14T2T19+Y14T7T19+Y14T1019+
Y14T1819=1
Y14T20+Y14flT2O+Y14T6T20+Y14T1520+
Y14T1820+Y14T2220=1
Y14T22+Y14flfl2-i-Y14T8T22-l-Y14T9T22+
Y14T1 122+Y14T1522+Y14T1822+Y14T2022+
Y14T2322=1
Y14T23-’-Y14T3T23+Y14T9T23+Y14T1623+
Y14T1823-’-Y14T2223=1
Y14T24+Y14T5T24+Y14T1824=1
Y14T25+Y14T1825=1
Y15T2+Y15T6T2+Y15T14T2-’-Y15T18T2+
Y15T20T2+Y15T22T2=1
Y1ST6+Y15T2T6+Y1ST9T6-i-Y15T1 1T6+
Y15T14T6+Y15T18T6+Y15T20T6=1
Y15T8+Y1 5T14T8+Y15T18T8+Y15T22T8=1
Y15T9+Y15T6T9+Y15T1 1T9+Y15T14T9+
Y15T16T9+Y15T18T9+Y1 5T22T9=1
Y1ST1 1+Y1ST6T1 1÷Y1ST9T1 1+Y15T141 1+
Y15T161 1+Y15T181 1+Y15T221 1=1
Y15T14+Y15T2T14+Y1 5T6T14+Y1 5T8T14+
Y15T9T14÷Y15T1 I 14+Y15T1614+Y15T1814+
Y15T2014+Y15T2214=1
Y15T16+Y15T9T16+Y15T1 1 16+Y15T1416+
Y15T1816=1
Y15T18+Y1 5T2T18+Y1 5T6T18+Y15T8T18+
Y15T9T18+YIST11 I8+Y15T1418+Y15T1618+

Y15T2018+Y15T2218=1
Y15T20+Y15T2T20+Y15T6T20+Y15T1420-i-
Y15T1820+Y15T2220=1
Y15T22+Y15T2T22-l-Y15T8T22-i-Y15T9T22+
Y1ST1 122+Y15T1422+Y15T1822-’-Y15T2022=1
Y16+Y16T1 1T9+Y16T14T9+Y16T15T9+
Y16T18T9-i-Y16T23T9=1
Y16T1 1+Y16T9T1 1+Y16T141 1+Y16T151 1+
Y16T1811=1
Y16T14+Y1GT9T14+Y16TII 14+Y16T1514+
Y16T18 14÷Y16T23 14=1
Y16T15-i-Y1GT9T15-t-Y16T1 1 15+Y16T1415+
Y16T1815=1
Y16T18-i-Y16T9T18-i-Y16T1 1 18+Y16T1418+
Y16T1518+Y16T2318=1
Y16T23+Y16T9T23--Y16T1423-i-Y16T1823=1
Y17T4+Y17T18T4=1
Y17T1 1+Y17T181 1-i-Y17T21 11=1
Y17T18+Y17T4T18+YI7T1 1 18-i-Y17T21 18=1
Y17T21+Y17T1 121+Y17T1821=1
Y18T1+Y18T5T1+Y18T6TI+Y18T14TI=1
Y18T2÷Y18T6T2+Y18T14T2-i-Yl 8T15T2+
Y18T19T2÷Y18T20T2-i-Y18T22T2=1
Y18T3+Y18T9T3-’-Y18T1 1T3+Y18T14T3+
Y18T21T3+Y18T23T3=1
Y18T4+Y18T17T4=1
Y18T5+Y18T1T5-i-Y18T6T5+Y18T14TS-i-
Y18T24T5=1
Y18T6+Y18T1T6-t-Y18T2T6-i-Y18T5T6+
Y18T7T6+Y18T9T6+Y18T1OT6+Y18T1 1T6+
Y18T14T6+Y18T15T6+Y1 8T20T6=1
Y18T7+Y18T6T7+Y18T1OT7+Y18T14T7+
Y18T19T7=1
Y18T8+Y18T14T8+Y18TIST8+Y18T22T8=1
Y18T9+Y18T3T9+Y18T6T9+YI8T1 1T9+
Y18T14T9+Y1ST1ST9+Y18T16T9+Y1 8T22T9+
Y18T23T9=1
Y18TIO+Y18T6TIO+Y18T7T1O+Y18T1410+
Y18T1910=1
Y18TI 1+YI8T3T1 1+Y1ST6T1 1+Y18T9T1 1+
Y18T141 1+Y1ST151 1+Y18T161 1+Y18T171 1+
Y18T21 I 1+Y18T221 1=1

Y18T12=1
Y18T13+Y18T1413=1
Y18T14+YI8T1TI4+Y18flT14+Y18T3T14+
Y18T5T14+Y18T6T14+Y18T7T14+Y18T8T14-i-
Y18T9T14+Y18T1014-’-YlSTl 1 14-i-Y18T1314+
Y18T1514+Y18T1614+Y18T1914+Y18T2014+
Y18T2214+Y18T2314-i-Y18T2414+Y18T2514=1
Y18TI 5+Y18T2T15+Y1ST6T1S-i-Y18T8T15÷
Y18T9T15-i-Y18TI 1 15+Y18T1415+Y18T1615+
Y18T2015+Y18fl215=1
Y18T16+Y18T9T16+Y18TI 1 16+Y18T1416+
Y18T1516+Y18T2316=1
Y18T17+Y18T4T17+Y18TI 117-i-Y18T21 17=1
Y18T19+Y18T2T19+Y18T7T19+Y18T1019+
Y18T1419=1
Y18T20+Y18T2T20+Y18T6T20+Y18T1420+
Y18T1520+Y18T2220=1
Y18T21+Y18T3T21+Y18T1 121+Y18T1721+
Y18T2221=1
Y18T22+Y18T2T22+Y18T8T22+Y18T9T22+
Y18T1 122+Y18T1422+Y18T1522+Y18T2022+
Y18T2122+Y18T2322=1
Y18T23+Y18T3T23+Y18T9T23+Y18T1423+
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APPENTMX B: PROBLEM FORMULATION FILE
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Y18T1623+Y18T2223=1
Yl 8T24+Y18T5T24+Y18T1424=1
Y18T25+Y18T1425=1
Y19T2+Y19T14T2+Y19T18T2=1
Y19T7+Y19TIOT7+Y19TI4T7+Y19T18T7=1
Y19T1O-i-Y19T7T1O+Y19T1410+Y19T1810=1
Y19T14+Y19T2T14+Y19T7T14+Y19T1014+
Y19T1814=1
Y19T18+Y19T2T18-i-Y19T7T18+Y19T1018-i-
Y19T1418=1
Y20T2÷Y20T6T2+Y20T14T2+Y2OTI 512+
Y20T18T2+Y20T22T2=1
Y20T6+Y20T2T6+Y20T14T6+Y2OT15T6+
Y20T18T6=1
Y20T14-i-Y20T2T14+Y20T6T14+Y2OTI 514+
Y20T18 14+Y20T2214=1
Y20T15+Y20T2T15-i-Y2OT6T1S+Y20T1415+
Y20T1815+Y20T2215=1
Y20T18+Y20T2T18-’-Y2OT6T1 8+Y20T1418+
Y20T15 18+Y20T2218=1
Y20T22+Y20T2T22+Y20T1422+Y2OT1 522+
Y20T1822=1
Y21T3+Y21T1 1T3+Y21T18T3=1
Y21T1 1+Y21T3T1 1-i-Y21T1711+Y21T181 1+
Y21T2211=1
Y21T17+Y21T1 1 17+Y21T1817=1
Y21T18+Y21T3T18+Y2IT1 1 18+Y21T1718+
Y21T2218=1
Y21T22+Y2ITI 122-i-Y21T1822=1
Y22T2+Y22T1412+Y22T1 5T2+Y22T18T2+
Y22T20T2=1
Y22T8+Y22T14T8+Y22T15T8+Y22T18T8=1
Y22T9+Y22T1 1T9-i-Y22T14T9-’-Y22T15T9+
Y22T18T9+Y22T23W=1
Y22T1 1+Y22T9T1 1+Y22T141 1+Y22T151 1+
Y22T181 1+Y22T21 11=1
Y22T14+Y22T2T14+Y22T8T14+Y22T9T14+
Y22T1 114+Y22T1514+Y22T1814+Y22T2014+
Y22T2314=1
Y22T1 5+Y22T2T15+Y22T8T15+Y22T9T15+
Y22T11 15-i-Y22T1415+Y22T1815+Y22T2015=1
Y22T18+Y22T2T18+Y22T8T1 8+Y22T9T18+
Y22T11 18-i-Y22T1418+Y22T1518+Y22T2018+
Y22T21 18+Y22T23 18=1
Y22T20+Y22T2T20-l-Y22T1420+Y22T1520+
Y22T1820=1
Y22T21+Y22T1 121+Y22T1821=1
Y22T23-’-Y22T9T23+Y22T1423+Y22T1823=1
Y23T3+Y23T9T3+Y23T14T34-Y23T18T3=1
Y23T9+Y23T3T9+Y23T14T9+Y23T16T9+
Y23T18T9+Y23T22T9=1
Y23T14+Y23T3T14+Y23T9T14+Y23T1614+
Y23T18 14+Y23T22 14=1
Y23T16+Y23T9T16+Y23T1416+Y23T18 16=1
Y23T18+Y23T3T1 8+Y23T9T1 8+Y23T1418+
Y23T1618+Y23T221 8=1
Y23T22+Y23T9T22-i-Y23T1422-t-Y23T1822=1
Y24T5+Y24T14T5+Y24T1 8T5=1
Y24T14+Y24T5T14+Y24T18 14=1
Y24T18+Y24T5T18+Y24T1418=1
Y25T14+Y25T18 14=1
Y25T18+Y25T1418=1
END
LEAVE
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IIN
+709.72Y1T5+844.33Y1T6T5+433.95Y1T14T5+
288.26Y1T18T5+747.20Y1T6+806.84Y1T5T6-i-
462.92Y1T14T6+235.72Y1T18T6+370.34Y1T14+
255.03Y1T5T14÷278.89Y1T6T14+238.56Y1T18T14+
21 1.15Y1T18+179.77Y1T5T18+207.32Y1T6T18+
237.99Y1T14T18+291.01Y2T6+159.32Y2T14T6+
250.77Y2T15T6+142.85Y2T18T6+293.66Y2T20T6+
74.73Y2T14+201.36Y2T6T14+124.1 1Y2T15T14+
145.69Y2T18T14+134.90Y2T19T14+130.07Y2T20T14+
177.22Y2T22T14+738.68Y2T15+380,56Y2T6T15+
140.86Y2T14T15+184.32Y2T18T15+791.22Y2T20T15+
830.70Y2T22T15+90.12Y2T18+172.39Y2T6T18+
133.20Y2T14T18+140.86Y2T15T18+127.52Y2T19T18+
153.36Y2T20T18+183.75Y2T22T18+723.92Y2T19+
351.02Y2T14T19+469.74Y2T18T19+374.60Y2T20+
326.03Y2T6T20+432.82Y2T14T20+338.8 1Y2T15T20+
198.80Y2T18T20+493.3 1Y2T22T20+758.85Y2T22+
202.21Y2T14T22+8 10.54Y2T15T22+235.44Y2T18T22+

81 1.96Y2T20T22+726.47Y3T9+78 1.28Y3T1 1T9+
469. 17Y3T14W+225.50Y3T18T9+802.87Y3T23T9+
718.52Y3T1 1+789.24Y3T9T1 1+353.86Y3T14T1 1+
219.82Y3T18T1 1+789.52Y3T21T1 1+395.61Y3T14+
452.13Y3T9T14+328.87Y3T1 1T14+217.83Y3T18T14+
462.07Y3T23T14+160.84Y3T18+21 1.30Y3T9T18+
197.66Y3T1 1T18+220.67Y3T14T18+232.31Y3T21T18+
232.3 1Y3T23T18+714.83Y3T21+793.21Y3T1 1T21+
485.36Y3T18T21+717.95Y3T23+81 1.39Y3T9T23÷
487.63Y3T14T23+3 1 1.83Y3T18T23+719.66Y4T17+
449.57Y4T18T17+200.08Y4T18+276.90Y4T17T18+
709.72Y5T1+844.33Y5T6T1+433.95Y5T14T1+
288.26Y5T18T1+750.33Y5T6-i-803.72Y5T1T6+
255 .60Y5T14T6+208. 17Y5T18T6+202.07Y5T14+
249.35Y5T1T14+282.01Y5T6T14+182.61Y5T18T14+
267.8 1Y5T24T14+137.46Y5T18+193. 12Y5T1T18+
224.64Y5T6T18-i-172.67Y5T14T18+191.42Y5T24T18-’-
713.12Y5T24+804.00Y5T14T24+339.95Y5T18T24+
747.20Y6T1+806.84Y6T5T1+349.32Y6T14T1+
235.72Y6T18T1+291.01Y6T2+1 59.32Y6T14T2+
264.97Y6T15T2+142.85Y6T18T2+25 I .06Y6T20T2+
750.33Y6T5+803.72Y6T1T5+255.60Y6T14T5+
208. 17Y6T18T5+753. 17Y6T7+465.48Y6T10T7+
236.86Y6T14fl+185.17Y6T18fl+383.40Y6+
450.71Y6T1 1T9+25 1.34Y6T14T9+821.90Y6T15T9+
180,34Y6T18T9+408.68Y6T10+348.47Y6T7T10+
161.88Y6T14T10+140.30Y6T18T10+742.94Y6T1 1+
794.06Y6T9T1 1+363.24Y6T14T1 1+814.23Y6T15T1 1+
174.66Y6T18T1 1+98.01Y6T14+144.84Y6T1T14+
161.3 1Y6T2T14+139.44Y6T5T14+151.94Y6T7T14+
130.36Y6T9T14+151.37Y6T10T14+140.30Y6T11T14+
132.9 1Y6T15T14+130.07Y6T18T14+143.14Y6T20T14+
399.59Y6T1 5+3 14.96Y6T2T15+450.71Y6T9T1 5+
341.08Y6T1 1T15+1 52.5 1Y6T14T15+168.70Y6T18T15+
293.09Y6T20T15-i-5 1.3 1Y6T18+145,41Y6T1T18+
159.6 1Y6T2T18+135. 18Y6T5T18-i-143.42Y6T7T18+
1 16.72Y6T9T18+144.56Y6T10T18+122.69Y6T1 1T18+
159.04Y6T14T18+149.67Y6T15T18+152.22Y6T20T18+
227.91Y6T20+355.57Y6T2T20+345.06Y6T14T20+
290.82Y6T1 5T20-i-168.98Y6T18T20+753.17Y7T6-i-
465.48Y7T10T6+236.86Y7T14T6+199.37Y7T18T6+
717.1OY7T1O-i-501.54Y7T6T10-i-227.77Y7T14T10+
212.43Y7T18T10+784.12Y7T19T10+1 53.74Y7T14+
256.45Y7T6T14+21 1.30Y7T10T14+173.81Y7T18T14+
212.43Y7T19T14+142.85Y7T18+213.28Y7T6T18+
190.28Y7T10T18+168.1 3Y7T14T18+190.85Y7T19T18+

716.25Y7T19+784.98Y7T10T19+471.16Y7T14T19+
469.45Y7T18T19+378.57Y8T14-i-433.10Y8T1 5T14+
482.23Y8T18T14÷445.3 1Y8T22T14+721.08Y8T15+
438.50Y8T14T15+833.26Y8T18T15+786.40Y8T22T15+
749.48Y8T18+459.23Y8T14T18+804.86Y8T15T18+
806.84Y8T22T18+714.54Y8T22+457.24Y8T14T22+
792.93Y8T15T22-i-841.78Y8T18T22+726.47Y9T3+
781.28Y9T1 1T3i-469.17Y9T14T3i-225.50Y9T18T3+
802.87Y9T23T3+383.40Y9T6-i-450.71Y9T1 1T6+
25 1.34Y9T14T6+821 .90Y9T15T6+194.54Y9T18T6+
715.96Y9T11-i-791.79Y9T3T11+821.04Y9T6T1 1+
344.21Y9T14T1 1+794.35Y9T15T1 1+804.57Y9T16T1 1+
213.57Y9T18T1 1-s-805.71Y9T22T1 1+177.22Y9T14+
177.78Y9T3T14+191.98Y9T6T14+184.32Y9T1 1T14+

226.63Y9T15T14+194.54Y9T16T14+168.98Y9T18T14+
179.20Y9T22T14-i-198.23Y9T23T14+727.61Y9T1 5+
356.99Y9T6T1 5+782.70Y9T1 1T15+218.68Y9T14T15+
806.28Y9T16T15-’-221.80Y9T18T15-t-449.29Y9T22T15-i-
727.61Y9T16+792.93Y9T1 1T16+484.79Y9T14T16-i-

806.28Y9T15T16-i-240.55Y9T18T16-’-805.14Y9T23T16+
140.39Y9T18+174.94Y9T3T18+148.82Y9T6T18+
152.51Y9T1 1T18+182.61Y9T14T18-i-243.39Y9T15T18+
176,93Y9T16T18-t-185.74Y9T22T1 8-i-195.68Y9T23T18+
732.44Y9T22+789.24Y9T1 1122+25 1.62Y9T14T22+
799.46Y9T15T22+230.32Y9T18T22+807.70Y9T23T22+
738.12Y9T23+791.22Y9T3T23+477.97Y9T14T23+
794.63Y9T16T23+291.38Y9T18T23-i-802.02Y9T22T23-i-
292.71Y10T6-’-348.47Y10T7T6+161.88Y10T14T6+
140.30Y10T18T6+717.1OY1OT7+501 .54Y10T6T7+
213.57Y10T14T7+212.43Y10T18T7+784.12Y10T19T7+
74.73Y10T14-t-188.86Y10T6T14+130.07Y10T7T14+
143.14YIOTI 8 14+146.26Y10T1914+79.84Y10T18+
1 59.89Y10T6T18+135.75Y10T7T18+1 35.75Y10T141 8+
1 38.88Y10T1918+721 .08Y10T19+780.1 5Y10T7T19+
353.58Y10T1419+467.18Y10T1819+718.52Y1 1T3+
789.24Y1 1T9T3+353.86Y1 1T14T3+219.82Y1 1T18T3+
789.52Y11T21T3+742.94Y1 1T6+794.06Y1 1T9T6+
363.24Y1 1T14T6+814.23Y1 1T15T6+174.66Y1 1T18T6+
715.96Y11T9+791.79Y11T3T9+821.04Y1 1T6T9+
344.21Y1 1T14T9+794.35Y1 1T15T9+804.57Y1 1T16T9+
199.37Y1 ITI 8T9+805.71Y1 1T22T9+268.29Y1 1T14+
240.83Y1 1T3T14+317.23Y11T6T14+271.22Y1 1T9T14+
318.36Y1 1T1514+310.70Y1 1T1614+177.50Y1 1T1814+
457,24Y1 1T2214+719.94Y1 1T15+837.23Y1 IT6TI 5+
790,37Y1 1T9T15+330.58Y1 1T1415+808.83Y1 1T161 5+
I 87.72Y1 ITI 81 5+798.32Y1 11221 5+730.16Y1 1T16+
790.37Y1 1T9T16+483.08Y1 1T1416+798.61Y1 1T1516+
234.87Y1 1T18 16+716.53Y1 1T17+342.79Y1 1TI 817+
805.42Y1 112117+1 10.26Y1 1T18+152.79Y1 1T3T18+
160.46Y1 1T6T18+129.79Y1 1T9T18+180.91Y1 1T1418+
178.92Y1 1T1518+165.29Y1 1T1618+145.98Y1 1T1718+
174.38Y1 1121 18-i-236.57Y1 1T2218+727.89Y1 1121+
780.15Y1 1T3T21+794.06Y1 1T1721+828.43Y1 1T1821+
797.19Y1 1T2221+726.47Y1 1T22+795.20Y1 1T9T22+
349.32Y1 1T1422+791.79Y1 1T1522+224.64Y1 1T1822+
798.61Y1 1T2122+373.74Y12T18+753.74Y13T14+
281.44Y13T1814+255.22Y13T18+316.09Y13T1418+
370.34Y14T1+212.43Y14T5T1+264.69Y14T6T1+
224.36Y14T18T1+74.73Y14T2+201.36Y14T6T2+
124.1 IY14TI 5T2+145.69Y14T18T2+1 34.90Y14T19T2+
I 30.07Y14T20T2+177.22Y14T22T2+395.61Y14T3+
452.13Y14T9T3+328.87Y14T1 1T3+217.83Y14T18T3+
462.07Y14T23T3+202.07Y14T5+249.35Y14T1T5+
282.01Y14T6T5+182.61Y14T18T5+225.21Y14T24T5+
95.74Y14T6+144.84Y14T1T6+161.3 1Y141’2T6+
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1 39.44Y14T5T6+15 1.94Y14T7T6+130.36Y14T9T6÷
151.37Y14T10T6+140.30Y14T1 1T6+132.91Y14T15T6+
130.07Y14T1 8T6+143.14Y14T20T6+153.74Y14T7+
256.45Y14T6T7+197.1OY14T1OT7-i-173.81Y14T18T7+
212.43Y14T19T7+726.47Y14T8+433. 10Y14T15T8+
482.23Y14T18T8+445.3 1Y14T22T8-i-177.22Y14T9-i-
177.78Y14T3T9+191S8Y14T6T9+184.32Y14T1 1T9+
226.63Y14T15T9-i-194.54Y14T16T9+168.98Y14T18T9-i-
179.20Y14T22T9+198.23Y14T23T9+74.73Y14T10+
188.86Y14T6T10+130.07Y14T7T10-t-143.14Y14T1810+
146.26Y14T1910+268.29Y14T1 1+240.83Y14T3T1 1+
317.23Y14T6T1 1+271.22Y14T9T1 1+318.36Y14T151 1+
310.70Y14T161 1+177.50Y14T181 1+457.24Y14T221 1+
753.74Y14T13+281.44Y14T1813-i-65.35Y14T15+
130S2Y14T2T15+165.57Y14T6T15+1 12.75Y14T8T15+
140.86Y14T9T15+131.49Y14T1 1 15+156.20Y14T1615+
143.14Y14T1815+1 15.30Y14T2015-i-143.42Y14T2215+
41 1.23Y14T16-i-453.26Y14T9T16÷454.12Y14T1 116+
443.89Y14T15 16+247.08Y14T18 16+464.34Y14T23 16+
56.56Y14T18+102.24Y14T1T18+1 17.58Y14T2T18+
135.18Y14T3T18+108.77Y14T5T18+127.80Y14T6T18+
123.82Y14T7T18+126.95Y14T8T18+105.08Y14T9T18+
1 17.58Y14T1018+1 1 1.90Y14T1 1 18+123.82Y14T1318+
108.20Y14T1518+151.66Y14T1618+135.18Y14T1918÷
102.24Y14T2018+135.47Y14fl218+153.08Y14T2318+
1 12.18Y14T2418+109.91Y14T2518+397.88Y14T19+
329. 16Y14T2T19+441.62Y14T7T19+328.87Y14T10 19+
357.56Y14T18 19+713.98Y14T20-i-441.34Y14T2T20+
28 1.44Y14T6T20+433.95Y14T1520+200.22Y14T1820+
828.43Y14T2220+130.14Y14T22+165.29Y14T2T22+
120.42Y14T8T22+159.89Y14T9T22+194.82Y14T1 122+
1 53.08Y14T1522+180.06Y14T1822+192.84Y14T2022+
1 54,50Y14T2322+752.32Y14123÷453,26Y14T3fl3+
463.77Y14T9T23+471.16Y14T1623+3 12.12Y14T1823+
453.55Y14T2223+733.29Y14T24+783.84Y14T5T24+
347.05Y14T1824+71.57Y14T25+175.80Y14T1825+
738.68Y15T2+380.56Y15T6T2+140.86Y15T14T2+
184.32Y15T18T2+436.22Y15T20T2+830.70Y15T22T2+
399.59Y15T6+3 14.96Y15T2T6+450.71Y15T9T6+
341.08Y15T1 1T6+152.51Y15T14T6+168.70Y15T18T6+
250.49Y15T20T6+721.08Y1 5T8+438.50Y15T14T8+
833.26Y1 5T18T8+786.40Y1 5T22T8+727.61Y15T9+
356.99Y1 5T6T9+782.70Y1 5T1 1T9+218.68Y15T14T9+
806.28Y1 5T16T9+193.40Y1 5T18T9+449.29Y15T22T9+
719.94Y15T1 1+837.23Y15T6T1 1+790.37Y15T9T1 1+
330.58Y15T141 1+808.83Y15T161 1+187.72Y15T181 1+
798.32Y1 5T221 li-65.35Y15T14i-130.92Y15T2T14+
165.57Y15T6T14+1 12.75Y15T8T14+140.86Y15T9T14+
131.49Y15T11 14+156.20Y15T1614+143.14Y15T1814+
1 15.30Y15T2014+143.42Y15T2214+731.87Y15T16+
802.02Y15T9T16+796.90Y15T1 1 16+471.16Y15T1416+
257.30Y15T18 16+1 1O.76Y15T18-i-157.62Y15T2T18+
165.OOY1 5T6T18+149.95Y1 5T8T18+169.83Y15T9T18+
156.48Y15T1 1 18+126.38Y15T1418+152.79Y15T1618+
138.59Y15T2018+178.35Y15T2218+721.93Y15T20+
452.98Y15T2T20+375.45Y15T6T20+78 1.00Y15T1420+
196.24Y15T1820+8 14.5 1Y15T2220+377.15Y15T22+
375.73Y15T2T22+3 1 3.82Y15T8T22+45 1.84Y15T9T22+
438.21Y15T1 122+181.19Y15T1422+218.68Y15T1822+
456.39Y15T2022+727.61Y16T9+792.93Y16T1 1T9+
484.79Y16T14T9+806.28Y16T1519+240.55Y16T18T9+
805.14Y16T23T9+730.16Y16T1 1+790.37Y16T9T1 1+
483.08Y16T141 1+798.61Y16T151 1+234.87Y16T181 1+
41 1.23Y16T14+453.26Y16T9T14+454.12Y16T1 114+
443.89Y16T15 14+247.08Y16T18 14+464.34Y16T2314+

731.87Y16T15+802.02Y16T9T15-i-796.90Y15T1 115+
471.16Y16T1415+257.30Y16T1815+184.88Y16T18+
226.63Y16T9T18+223.51Y16T1 1 18+264.69Y16T1418+
247.65Y16T15 18+248.78Y16T23 18+720.22Y16T23+
8 12.52Y16T9T23+503.25Y16T1423+3 12.68Y16T1823+
719.66Y17T4+449.57Y17T18T4-i-716.53Y17T1 1+
456.39Y17T181 1+805.42Y17T21 1 1+387.94Y17T18+
433.38Y17T4T18+437.08Y17T1 I 18+475.42Y17T21 18+
730.73Y17T21+791 .22Y17T1 121+835.53Y17T1821+
21 1.1SYI8T1+179.77Y18T5T1+193.12Y18T6T1+
237.99Y18T14T1+87.22Y18T2+172.39Y18T6T2+
133.20Y18T14T2+140.86Y18T15T2+127.52Y18T19T2+
139. 16Y18T20T2+183.75Y18T22T2+160.84Y18T3+
21 1.30Y18T9T3+197.66Y18T1 1T3+220.67Y18T14T3+
232.3 1Y18T21T3+232.3 1Y18T23T3+165.29Y1 8T4+
234.30Y18T17T4+1 54.02Y18T5+207.32Y1 8T1T5+
224.64Y18T6T5+172.67Y18T14T5+205.62Y18T24T5+
52.97Y1 8T6+145.41Y18T1T6+159.61Y1 8T2T6+
135.1 8Y18T5T6+143.42Y18T7T6+1 16.72Y18T9T6+
144.56Y1 8T10T6+1 36.89Y1 8T1 1T6+1 59.04Y1 8T14T6+
149.67Y18T15T6+152.22Y18T20T6-i-130.43Y1817+
199.08Y18T6T7+190.28Y18T10T7+168.1 3Y18T14T7+
190.85Y18T19T7+749.48Y18T8+459.23Y1 8T14T8+
804.86Y18T15T8+806.84Y18T22T8+123.82Y18T9+
160.74Y18T3T9+148.82Y18T6T9+138.31Y18T1 1T9+
I 82.61Y18T14T9+229.19Y18T1 5T9+162.73Y1 8T16T9+
171 .54Y18T22T9+18 1.48Y18T23T9+82.1 1Y18T1O+
1 59.89Y1 8T6T10+1 35.75Y1 8T7T10+1 35.75Y1 8T1410+
138.88Y18T1910+1 10.26Y18T1 1+152.79Y18T3T1 1+
160.46Y18T6T1 1+129.79Y18T9T1 1+180.91Y18T141 1+
178.92Y18T151 1+165.29Y18T161 1+145.98Y18T171 1+
174.38Y18T21 1 1+236.57Y18T221 1+373.74Y18T12+
255.22Y18T13+3 16.09Y18T141 3+56.75Y18T14+
102.24Y18T1T14+1 17.58Y18T2T14+135.18Y18T3T14+
108.77Y1 8T5T14+127.80Y18T6T14+123.82Y18T7T14+
126.95Y18T8T14+105.08Y18T9T14+1 17.58Y18T1014+
11 1.90Y18T1 114+123.82Y18T1314+108.20Y18T1514+
15 1.66Y18T16 14+135.18Y18T19 14+ 102.24Y 18T20 14+
135,47Y18T2214+153.08Y18T2314+1 12.18Y18T2414+
109.91Y18T25 14+1 10.76Y18T1 5+157.62Y18T2T15+
165.OOY18T6TI 5+149.95Y18T8T1 5+169.83Y18T9T1 5+
1 56.48Y1 8T1 11 5+126.38Y18T141 5+1 52.79Y18T161 5+
138.59Y18T2015+178.35Y18T2215+184.88Y18T16+
226.63Y18T9T16+223.5 1Y18T1 I 16+264.69Y18T1416+
247.65Y1 8T1516+248.78Y18T23 16+387.94Y1 8T17+
433.38Y18T4T17+323.48Y18T1 1 I7+475.42Y18T21 17+
390.50Y18T19+455.25Y18T2T19+447.30Y18T7T19+
449.86Y18T1019+364.94Y18T1419+128.44Y18T20+
184.03Y18T2120+153.08Y18T6T20+176.93Y18T1420+
I 38.31Y1 8T1520+238.56Y1 8T2220+752.88YI 8121+
447.30Y18T3T21+803.44Y18T1 121+813.38Y18T1721+
8 16.22Y18T2221+149.10Y18T22+191.98Y18T2T22+
157.62Y18T8T22+146.26Y18T9T22+234.02Y18T1 122+

173,52Y18T1422+198.23Y18T1522+258.72Y18T2022+
170.40Y18T2122+166.14Y18T2322+227.91Y1 8123+
280.02Y18T3T23+279.74Y18T9T23+314.67Y18T1423+
283.1 5Y1811623+289.68Y18T2223+264.03Y18T24+
325.18Y18T5T24+352.44Y18T1424+393.34Y18T25+
152.22Y18T1425+376.02Y19T2+35 l.02Y19T14T2+
356.14Y19T18T2+716.25Y19T7+784.98Y19T10T7+
471.16Y19T14T7+469.45Y19T18T7+721.08Y19T10+
780.15Y19T7T10+467.18Y19T1410+467.18Y19T18 10+
397,88Y19T14+329.16Y19T2T14+441.62Y19T7T14+
442.47Y19T1014+357.56Y19T18 14+738.40Y19T18+
341.65Y19T2T18+447.30Y19T7T18+449.86Y19T1018+
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364.94Y19T1418+374.60Y20T2+326.03Y20T6T2+
432.82Y20T14T2+282.01Y20T15T2-i-184.60Y20T18T2+
493.3 1Y20T22T2+227.91Y20T6+298.77Y20T2T6-i-
345.OGY2OT14T6+290.82Y20T15T6+168.98Y20T1 8T6+
71 3.98Y20T14+441.34Y20T2T14+324.04Y20T6T14+
788.95Y20T15 14+200.22Y20T1814+828.43Y20T2214+
721.93Y20T1 5+807.98Y20T2T15+375.45Y20T6T1 5+
78 1.00Y20T1415+196.24Y20T1815+814.5 1Y20fl215+
1 18.78Y20T18+169.83Y20T2T18+153.08Y20T6T18+
176.93Y20T1418+138.3 1Y20T15 18+238.56Y20T2218+
742.66Y20T22+828.14Y20T2T22+799.74Y20T1422+
438.78Y20T1522+233.16Y20T1822+714.83Y21T3+
793.21Y21T1 1T3+840.36Y21T18T3+727.89Y21T1 1+
780.15Y21T3T1 1+794.06Y21T171 1+828.43Y21T181 1+
797.19Y21T221 1+730.73Y21T17+791.22Y21T1 117+
835.53Y21T18 17+752.88Y21T18+802.30Y21T3T18+
803.44Y21T1 1 18+813.38Y21T1718+816.22Y21T2218+
723.92Y21T22-t-801.16Y21T1 122+845.18Y21T1822+
758.85Y22T2+202.21Y22T14T2i-8 10.54Y22T15T2+
249.64Y22T18T2+8 1 1.96Y22T20T2+714.54Y22T8+
457.24Y22T14T8+792.93Y22T15T8+841.78Y22T18T8+
732.44Y22T9+789.24Y22T1 1T9+25 1.62Y22T14T9+
799.46Y22T15T9+230.32Y22T18T9+807.70Y22T23T9+
726.47Y22T1 1+795.20Y22T9T1 1+349.32Y22T141 1+
791.79Y22T1511+238.84Y22T1811-i-798.61Y22T2111+
1 30.14Y22T14+165.29Y22T2T14+120.42Y22T8T14+
1 59.89Y22T9T14+209.02Y22T1 1 14+153.08Y22T1514+
180.06Y22T18 14i-192.84Y22T2014+154.50Y22T23 14+
377.1 5Y22T15+3 18.93Y22T2T15+257.02Y22T8T15+
451.84Y22T9T15+438.21Y22T1115+181.19Y22T1415+
218.68Y22T18 15+456.39Y22T2015+165.67Y22T18+
206.18Y22T2T18+171.82Y22T8T18+160.46Y22T9T18+
234.02Y22T1 1 18+187.72Y22T1418+198.23Y22T15 18+
258.72Y22T2018+184.60Y22T21 18+180.34Y22T23 18+
742.66Y22T20+473.14Y22T2T20+799.74Y22T1420+
438.78Y22T1520+233.16Y22T1820+723.92Y22T21+
801 .16Y22T1 121+845.18Y22T1821-’-722.78Y22T23+
8 17.35Y22T9T23+483.08Y22T1423+3 16.66Y22T1 823+
717.95Y23T3+81 1.39Y23T9T3+487.63Y23T14T3+
368.63Y23T18T3+738.12Y23T9-b791.22Y23T3T9+
477.97Y23T14T9+794.63Y23T16T9+348.18Y23T1 8T9+
802.02Y23T22T9+752.32Y23T14+453.26Y23T3T14+
463.77Y23T9T14+47 1. 16Y23T16 14+3 12. 12Y23T18 14+
453.55Y23T2214+720.22Y23T16+8 12.52Y23T9T16+
503.25Y23T1416+369.48Y23T18 16+285.89Y23T18+
336.82Y23T3T18+336.54Y23T9T18+314.67Y23T1418+
339.95Y23T1618+289.68Y23T2218-i-722.78Y23fl2+
8 17.35Y23T9T22+483.08Y23T1422+316.66Y23T1822+
713.12Y24T5+804.00Y24T14T5+339.95Y24T18T5+
733.29Y24T14+783.84Y24T5T14+347.05Y24T18 14+
264.03Y24T18+325.18Y24T5T18+352.44Y24T1418+
75.39Y25T14+175.80Y25T18 14-i-393.34Y25T18+
152.22Y25T1418
ST
Y1T6-Y1T6T5>=0
Y6T5-YIT6T5 >= 0
Y1T14-Y1T14T5 >= 0
Y14T5-Y1T14T5>=0
Y1T18-Y1T18TS >= 0
Y18T5-Y1T18T5 >= 0
Y1T5-Y1T5T6>=0
Y5T6-Y1T5T6 >= 0
Y1T14-Y1T14T6>=0
Y14T6-YIT14T6>=0
Y1T18-YIT18T6 >= 0

Y18T6-Y1T18TG >= 0
YITS-Y1T5T14 >= 0
Y5T14-Y1T5T14 >= 0
Y1T6-Y1T6T14>=0
Y6T14-Y1T6T14 >= 0
Y1T18-Y1T18T14 >= 0
Y18T14-Y1T18T14 >= 0
Y1TS-Y1TST18>=0
YST18-Y1T5T18 >= 0
YIT6-Y1T6T18 >= 0
Y6T18-Y1T6T18 >= 0
Y1T14-Y1T14T18 >= 0
Y14T18-Y1T14T18 >= 0
Y2T14-Y2T14T6 >= 0
Y14T6-Y2T14T6 >= 0
Y2T15-Y2T15T6 >= 0
Y1ST6-Y2T15T6 >= 0
Y2T18-Y2T18T6 >= 0
Y18T6-Y2T18T6 >= 0
Y2T20-Y2T20T6 >= 0
Y20T6-Y2T20T6 >= 0
Y2T6-Y2T6T14 >= 0
Y6T14-Y2T6T14 >= 0
Y2T15-Y2T15T14 >= 0
Y15T14-Y2T15T14 >= 0
Y2T18-Y2T18T14 >= 0
Y18T14-Y2T18T14 >= 0
Y2T19-Y2T19T14 >= 0
Y19T14-Y2T19T14>=0
Y2T20-Y2T20T14 >= 0
Y20T14-Y2T20T14 >= 0
Y2T22-Y2T22T14 >= 0
Y22T14-Y2T22T14 >= 0
Y2T6-Y2T6T1 5 >= 0
Y6T15-Y2T6T15 >=0
Y2T14-Y2T14T1S >= 0
Y14T15-Y2T14T15 >= 0
Y2T18-Y2T18T15 >= 0
Y18T15-Y2T18T15 >= 0
Y2T20-Y2T20T15 >= 0
Y20T15-Y2T20T15 >= 0
Y2T22-Y2T22T15 >= 0
Y22T15-Y2T22T15 >= 0
Y2T6-Y2T6T18 >= 0
Y6T18-Y2T6T18 >= 0
Y2T14-Y2T14T18 >= 0
Y14T18-Y2T14T18 >= 0
Y2T15-Y2T1STI8 >= 0
Y15T18-Y2T15T18 >= 0
Y2T19-Y2T19T18 >= 0
Y19T18-Y2T19T18>=0
Y2T20-Y2T20T18 >= 0
Y20T18-Y2T20T18 >= 0
Y2T22-Y2T22T18 >= 0
Y22T18-Y2T22T18 >= 0
Y2T14-Y2T14T19 >= 0
Y14T19-Y2T14T19>=0
Y2T18-Y2T18T19 >= 0
Y18T19-Y2T18T19 >= 0
Y2T6-Y2T6T20 >= 0
Y6T20-Y2T6T2O >= 0
Y2T14-Y2T14T20 >= 0
Y14T20-Y2T14T20 >= 0
Y2T15-Y2T15T20 >= 0
Y15T20-Y2T15T20 >= 0
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Y2TIS-Y2T1ST2O >= 0
Y18T20-Y2T18T20 >= 0
Y2T22-Y2T22T20 >= 0
Y22T20-Y2T22T20 >= 0
Y2T14-Y2T14T22 >= 0
Y14T22-Y2T14T22 >= 0
Y2T15-Y2T15T22 >= 0
Y15T22-Y2T15T22 >= 0
Y2T18-Y2T18T22 >= 0
Y18T22-Y2T18T22 >= 0
Y2T20-Y2T20T22 >= 0
Y20T22-Y2T20T22 >= 0
Y3TI 1-Y3T1 1W >= 0
Y11T9-Y3T11T9 >=0
Y3T14-Y3T14T9 >= 0
Y14T9-Y3T14T9 >= 0
Y3T18-Y3T18T9 >= 0
Y18T9-Y3T18T9 >= 0
Y3T23-Y3T23T9 >= 0
Y23T9-Y3T23T9 >= 0
Y3T9-Y3T9T11 >= 0
Y9T1 1-Y3T9T1 1 >= 0
Y3T14-Y3T14T1I >=0
Y14T1 1-Y3T14TI I >= 0
Y3T18-Y3TI8T11 >= 0

YIST1I-Y3TIST11 >= 0
Y3T21-Y3T21T1 1 >= 0
Y2IT11-Y3T21T11 >= 0
Y3T9-Y3T9T14 >= 0
Y9T14-Y3T9T14 >= 0
Y3TI1-Y3T11T14>=0
Y11T14-Y3T11T14>=0
Y3T1S-Y3T1ST14 >= 0
Y18T14-Y3T1STI4 >= 0
Y3T23-Y3T23T14 >= 0
Y23T14-Y3T23T14 >= 0
Y3T9-Y3T9T18 >= 0
Y9T1S-Y3T9TIS >= 0
Y3T11-Y3T11T1S >=0
Y11T18-Y3T11T18 >= 0
Y3T14-Y3T14TIS >= 0
Y14T1S-Y3T14T1S >= 0
Y3121-Y3T21T1S >= 0
Y21T18-Y3T21T18 >= 0
Y3T23-Y3T23T18 >= 0
Y23T18-Y3T23T18 >= 0
Y3T11-Y3T11T21 >=0
Y11T21-Y3T1IT21 >=0
Y3T18-Y3T18T21 >= 0
Y18T21-Y3TIST21 >= 0
Y3T9-Y3T9T23 >= 0
Y9T23-Y3T9T23 >= 0
Y3T14-Y3T14T23 >= 0
Y14T23-Y3T14T23 >= 0
Y3T1S-Y3T18T23 >= 0
Y18T23-Y3T18T23 >= 0
Y4T18-Y4T18T17 >= 0
Y18T17-Y4T18T17 >= 0
Y4T17-Y4T17T18 >= 0
Y17T18-Y4T17T18 >= 0
Y5T6-Y5T6T1 >= 0
Y6T1-Y5T6T1 >= 0
Y5T14-Y5T14T1 >= 0
Y14T1-Y5T14T1>=0
Y5T18-YST18T1 >= 0

APPENDIX B: PROBLEM FORMULATION FILE
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Y18T1-Y5T1ST1 >= 0
Y5T1-Y5T1T6 >= 0
Y1T6-Y5T1T6 >= 0
Y5T14-Y5T14T6 >= 0
Y14T6-YST14T6 >= 0
Y5T18-Y5T1ST6 >= 0
Y18T6-Y5T1ST6 >= 0
Y5T1-Y5T1T14 >= 0
Y1T14-Y5T1T14 >= 0
YST6-Y5T6T14 >= 0
Y6T14-Y5T6T14 >= 0
Y5T1S-Y5TIST14 >= 0
YIST14-Y5T18T14 >= 0
Y5T24-Y5T24T14 >= 0
Y24T14-Y5T24T14 >= 0
Y5T1-Y5T1T18 >= 0
Y1T1S-Y5T1T1S >= 0
Y5T6-Y5T6T1S >= 0
Y6T1S-Y5T6T1S >= 0
Y5T14-Y5TI4T1S >= 0
Y14T18-Y5T14T18 >= 0
Y5T24-Y5T24T18 >= 0
Y24T18-Y5T24T18 >= 0
Y5T14-Y5T14T24 >= 0
Y14T24-Y5T14T24 >= 0
Y5T1S-Y5T18T24 >= 0
Y18T24-Y5T18T24 >= 0
Y6T5-Y6T5T1 >= 0
Y5T1-Y6T5T1 >=0
Y6T14-Y6T14T1 >= 0
Y14T1-Y6T14T1 >= 0
Y6T18-Y6T18T1 >= 0
Y18T1-Y6T1ST1 >= 0
Y6T14-Y6T14T2 >= 0
Y14T2-Y6T14T2 >= 0
Y6T15-Y6T15T2 >= 0
Y15T2-Y6T15T2 >= 0
Y6T18-Y6T18T2 >= 0
Y18T2-Y6T18T2 >= 0
Y6T20-Y6T20T2 >= 0
Y20T2-Y6T20T2 >= 0
Y6T1-Y6T1T5 >= 0
Y1T5-Y6T1T5 >= 0
Y6T14-Y6T14T5 >= 0
Y14T5-Y6T14T5 >= 0
Y6T1S-Y6TISTS >= 0
Y18T5-Y6T1ST5 >= 0
Y6T10-Y6T10T7 >= 0

Y1OT7-Y6T1OT7 >= 0
Y6T14-Y6T14T7 >= 0
Y14T7-Y6T14T7 >= 0
Y6T1S-Y6T1ST7 >= 0
Y1ST7-Y6T1ST7 >= 0

YÔT1 1-Y6T1 1W >= 0
Y11T9-Y6T11T9 >= 0
Y6T14-Y6T14T9 >= 0
Y14T9-Y6T14T9 >= 0
Y6T15-Y6T15T9 >= 0
Y15T9-Y6T15T9 >= 0
YoT18-Y6T1ST9 >= 0
Y18T9-Y6T1ST9 >= 0
Y6T7-Y6T7T1O >= 0
Y7T1O-Y6T7T1O >= 0
Y6T14-Y6T14T1O >= 0
Y14T1O-Y6T14T1O >= 0
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Y6T1S-Y6T18T1O >= 0
Y1ST10-Y6T18T10 >= 0
Y6T9-Y6T9T1 1 >= 0
Y9T11-Y6T9T11 >=0
Y6T14-Y6T14T1 1 >= 0
Y14T11-Y6TI4T11 >=0
Y6T15-Y6T15T11 >= 0
Y15TI 1-Y6T15T1 1 >= 0
Y6T1S-Y6T1ST11 >= 0
Y1ST11-YoT1STI1 >=0
Y6T1-Y6TIT14 >= 0
Y1T14-Y6TIT14>=0
Y6T2-Y6flT14 >= 0
Y2T14-Y6T2T14 >= 0
Y6T5-Y6T5T14 >= 0
Y5T14-Y6T5T14 >= 0
Y6T7-Y6T7T14 >= 0
Y7T14-Y6T7T14 >= 0
Y6T9-Y6T9T14 >= 0
Y9T14-YÔT9TI4 >= 0
Y6T10-Y6T10T14 >= 0
Y10T14-YÔT10T14 >= 0
Y6T1I-Y6T11T14>=0
YI1T14-Y6T11TI4>=0
Y6T15-Y6T15T14 >= 0
YIST14-Y6T15T14 >= 0
Y6T1S-Y6T1ST14 >= 0
Y18T14-Y6T18T14 >= 0
Y6T2O-Y6T20T14 >= 0
Y20T14-Y6T20T14 >= 0
Y6T2-Y6T2T15 >= 0
Y2T15-Y6T2T15 >= 0
Y6T9-Y6T9T1S >= 0
Y9T15-Y6T9T15 >= 0
Y6T11-Y6T11TI5 >= 0
Y11TIS-Y6T11T15 >= 0
Y6T14-Y6T14T15 >= 0
Y14T15-YÔT14T15 >= 0
Y6T1S-Y6T18TIS >= 0
Y1ST15-Y6T1ST15 >= 0
Y6T20-Y6T20T15 >= 0
Y20T15-Y6T20T15 >= 0
Y6T1-Y6T1T1S >= 0
Y1T18-Y6T1T1S >= 0
Y6T2-YoT2T18 >= 0
Y2T18-Y6T2T18 >= 0
Y6TS-Y6T5T1S >= 0
Y5T18-Y6T5T18 >= 0
Y6T7-Y6T7T18 >= 0
Y7T18-YOT7T18 >= 0
Y6T9-Y6T9T1S >= 0
Y9T18-Y6T9T18 >= 0
Y6T10-Y6T10T1S >= 0
Y10T18-Y6T10T18 >= 0
Y6T11-Y6T11T1S >= 0
Y11T18-Y6T11TI8 >= 0
Y6T14-Y6T14T18 >= 0
Y14T18-Y6T14TI8 >= 0
Y6T15-Y6T15T1S >= 0
Y15T1S-Y6T15T1S >= 0
Y6T20-Y6T20T18 >= 0
Y20T18-Y6T20T18 >= 0
Y6T2-Y6T2T20 >= 0
Y2T20-Y6T2T20 >= 0
Y6T14-Y6T14T20 >= 0
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Y14T20-Y6T14T2O >= 0
Y6T15-Y6T15T20 >= 0
Y15T20-Y6T15T20 >= 0
Y6T18-Y6T18T20 >= 0
Y18T20-Y6T18T20 >= 0
Y7T10-Y7T10T6 >= 0
Y1OT6-Y7T1OT6 >= 0
Y7T14-Y7T14T6 >= 0
Y14T6-Y7T14T6 >= 0
Y7T1S-Y7T1ST6 >= 0
Y1ST6-Y7T18T6 >= 0
Y7T6-Y7T6T10 >= 0
Y6T1O-Y7T6T10 >= 0
Y7T14-Y7T14T1O >= 0
Y14T1O-Y7T14T1O >= 0
Y7T18-Y7T1ST1O >= 0
Y1ST10-Y7T1ST10 >= 0
Y7T19-Y7T19T10 >= 0
Y19T10-Y7T19T10>=0
Y7T6-Y7T6T14 >= 0
Y6T14-Y7T6T14 >= 0
Y7T1O-Y7TIOTI4 >= 0
Y10T14-Y7T10T14 >= 0
Y7T1S-Y7T1ST14 >= 0
Y1ST14-Y7T1ST14 >= 0
Y7T19-Y7T19T14 >= 0
Y19T14-Y7T19T14 >= 0
Y7T6-Y7T6T18 >= 0
Y6T1S-Y7T6T18 >= 0
Y7T10-Y7T10T18 >= 0
Y10T18-Y7T10T18 >= 0
Y7T14-Y7T14T18 >= 0
Y14T1S-Y7T14T1S>=0
Y7T19-Y7T19T1S >= 0
Y19T18-Y7T19T1S >= 0
Y7T10-Y7T10T19 >= 0
Y10T19-Y7T10T19>=0
Y7T14-Y7T14T19 >= 0
Y14T19-Y7T14T19>=0
Y7T18-Y7T18T19 >= 0
Y18T19-Y7T1ST19 >= 0
YST15-Y8T15T14 >= 0
Y15T14-YST15T14 >= 0
YST1S-Y8T1ST14 >= 0
Y1ST14-YSTIST14 >= 0
Y8T22-Y8T22T14 >= 0
Y22T14-Y8T22T14 >= 0
Y8T14-YST14T15 >= 0
Y14T15-YST14T15 >= 0
YST1S-YST1ST15 >= 0
Y1ST15-YST1ST15 >= 0
Y8T22-Y8T22T15 >= 0
Y22T15-Y8T22T15 >= 0
Y8T14-Y8T14T18 >= 0
Y14T18-Y8T14T18 >= 0
YSTIS-YST15T18 >= 0
Y1ST1S-YST15T1S >= 0
Y8T22-Y8T22T18 >= 0
Y22T18-Y8T22T18 >= 0
Y8T14-Y8T14T22 >= 0
Y14T22-Y8T14T22 >= 0
YST15-Y8T15T22 >= 0
Y15T22-Y8T15T22 >= 0
Y8T18-Y8T18T22 >= 0
Y18T22-YST1ST22 >= 0
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Y9TI1-Y9T1IT3 >=O
Y11T3-Y9T11T3 >=O
Y9T14-Y9T14T3 >= 0
Y14T3-Y9T14T3 >= 0
Y9T18-Y9T1ST3 >= 0
YIST3-Y9TIST3 >= 0
Y9T23-Y9T23T3 >= 0
Y23T3-Y9T23T3 >= 0
Y9T11-Y9T11T6>=0
Y11T6-Y9T11T6 >=0
Y9T14-Y9T14T6 >= 0
Y14T6-Y9T14T6 >= 0
Y9T15-Y9T15T6 >= 0
Y1ST6-Y9T15T6 >= 0
Y9T18-Y9T1ST6 >= 0
Y1ST6-Y9T18T6 >= 0
Y9T3-Y9T3T1 1 >= 0
Y3TI1-Y9T3T11 >=0
Y9T6-Y9T6T1 1 >= 0
Y6T1I-Y9T6T1I >=0
Y9T14-Y9TI4T1 I >= 0
YI4T1I-Y9T14TII >= 0
Y9T15-Y9T15T11 >= 0
Y15T11-Y9T15T11 >= 0
Y9T16-Y9T16T1 1 >= 0

Y16T11-Y9T16T11 >=0
Y9TIS-Y9T1STI1 >= 0
Y1STI 1-Y9T1ST11 >= 0
Y9T22-Y9T22T1 I >= 0
Y22T1 1-Y9T22T1 I >= 0
Y9T3-Y9T3T14 >= 0
Y3T14-Y9T3T14 >= 0
Y9T6-Y9T6T14 >= 0
Y6T14-Y9T6T14 >= 0
Y9T1 1-Y9T1 1T14 >= 0
Y11T14-Y9T11T14>=O
Y9T1S-Y9T15T14 >= 0
Y15T14-Y9T15T14 >= 0
Y9T16-Y9T16T14 >= 0
Y16T14-Y9T16T14 >= 0
Y9T1S-Y9T18T14 >= 0
Y18T14-Y9T18T14 >= 0
Y9T22-Y9T22T14 >= 0
Y22T14-Y9T22T14 >= 0
Y9T23-Y9T23T14 >= 0
Y23T14-Y9T23T14 >= 0
Y9T6-Y9T6T1S >= 0
Y6T15-Y9T6T15 >= 0
Y9T11-Y9T11T15 >=0
Y11T15-Y9T1IT15 >= 0
Y9T14-Y9T14T15 >= 0
Y14T15-Y9T14T1S >= 0
Y9T16-Y9T16T1S >= 0
Y1GT15-Y9T16T1S >= 0
Y9T18-Y9TIST15 >= 0
Y18T15-Y9T18T15 >= 0
Y9T22-Y9T22T15 >= 0
Y22T15-Y9T22T15 >= 0
Y9TI 1-Y9T1 1T16 >= 0
Y11T16-Y9T1IT16 >=0
Y9T14-Y9T14T16 >= 0
Y14T16-Y9T14T16 >= 0
Y9T15-Y9T15T16 >= 0
Y15T16-Y9T15T16 >= 0
Y9T1S-Y9T18T16 >= 0
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Y18T16-Y9T18T16 >= 0
Y9T23-Y9T23T16 >= 0
Y23T16-Y9T23T16 >= 0
Y9T3-Y9T3T18 >= 0
Y3T18-Y9T3T1S >= 0
Y9TÔ-Y9TGT1S >= 0
YÔT1S-Y9TGT1S >= 0
Y9T1 l-Y9TI 1T1S >= 0
Y11T1S-Y9T11T1S >= 0
Y9T14-Y9T14T1S >= 0
Y14T18-Y9T14T1S >= 0
Y9T15-Y9T15T1S >= 0
Y1ST1S-Y9T15T18 >= 0
Y9T16-Y9T16T1S >= 0
Y16T1S-Y9T1GT18 >= 0
Y9T22-Y9T22T18 >= 0
Y22T18-Y9T22T18 >= 0
Y9T23-Y9T23T18 >= 0
Y23T18-Y9T23T18 >= 0
Y9T1 1-Y9T1 1T22 >= 0
Yl 1T22-Y9T1 1T22 >= 0
Y9T14-Y9T14T22 >= 0
Y14T22-Y9T14T22 >= 0
Y9T15-Y9T15T22 >= 0
Y15T22-Y9T15T22 >= 0
Y9T1S-Y9T18T22 >= 0
Y18T22-Y9T18T22 >= 0
Y9T23-Y9T23T22 >= 0
Y23T22-Y9T23T22 >= 0
Y9T3-Y9T3T23 >= 0
Y3T23-Y9T3T23 >= 0
Y9T14-.Y9T14T23 >= 0
Y14T23-Y9T14T23 >= 0
Y9T16-Y9T16T23 >= 0
Y16T23-Y9T16T23 >= 0
Y9T1S-Y9T18T23 >= 0
Y18T23-Y9T1ST23 >= 0
Y9T22-Y9T22T23 >= 0
Y22T23-Y9T22T23 >= 0
Y10T7-Y10T7T6 >= 0
Y7T6-Y10T7T6 >= 0
Y10T14-Y10T14T6>=0
Y14T6-Y1OT14T6>=0
Y10T1S-Y10T1STG >= 0
Y1ST6-Y10T1ST6 >= 0
Y10T6-Y10T6T7 >= 0
Y6T7-Y10T6T7 >= 0
YlOTl4-Y1OT14T7>=0
Y14T7-Y1OT14T7>=0
Y1OT1S-Y1OT18T7 >= 0
Y1ST7-Y1OT18T7 >= 0
Y10T19-Y10T19T7 >= 0
Y19T7-Y1OT19T7 >= 0
Y1OT6-Y1OT6TI4>=0
Y6T14-Y1OT6T14 >= 0
Y10T7-Y10T7T14 >= 0
Y7T14-Y1OT7T14>=0
Y1OT1S-Y10T1814 >= 0
Y18T14-Y1OT1S14 >= 0
Y1OT19-Y10T1914>=0
Y19T14-Y10T1914>=0
Y1OT6-Y1OT6T1S>=0
Y6T18-Y1OT6T1S >= 0
Y1OT7-Y1OT7T18 >= 0
Y7T18-Y1OT7T18 >= 0
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Y1OT14-Y10T1418 >= 0
Y14TIS-Y10T1418 >=0
Y10T19-Y10T1918 >= 0
Y19T18-Y10T1918 >= 0
Y10T7-Y10T7T19 >= 0
Y7T19-YIOT7T19 >= 0
Y10T14-Y10T1419 >= 0
Y14T19-Y10T1419 >= 0
Y10T18-Y1OT1S19 >=0
Y18T19-Y10T1819 >=0
Y11T9-Y11T9T3>=0
Y9T3-Y11T9T3 >= 0
YI1T14-Y11TI4T3 >=0
Y14T3-Y11T14T3 >=0
Y1IT18-Y11TI8T3 >= 0
Y18T3-Y1 1T18T3 >= 0
Y11T21-Y11T21T3 >=0
Y21T3-Y11T21T3 >= 0
Y11T9-Y11T9T6>=0
Y9T6-Y1 1T9T6 >= 0
Y1IT14-Y11T14T6 >=0
Y14T6-YI1T14T6>=0
Y11T15-Y11T15T6 >= 0
Y15T6-Y11T15T6 >= 0
Y11T1S-Y11T18T6 >= 0
Y1ST6-YI1T18T6 >= 0
Yl 1T3-Y1 1T3T9 >= 0
Y3T9-Y1 1T3T9 >= 0
Y11T6-Y11T6T9>=0
Y6T9-Y1 1T6T9 >= 0
Y11T14-Y11T14T9 >= 0
Y14T9-Y11T14T9 >= 0
YIIT1S-Y11T1ST9 >= 0
Y15T9-Y1 1T15T9 >= 0
Yl 1T16-Y1 1T16T9 >= 0
Y16T9-Y1 1T16T9 >= 0
Y11T18-Y11T18T9 >=0
Y18T9-Y1 1T18T9 >= 0
Y11T22-Y11T22T9 >=0
Y22T9-Y1 1T22T9 >= 0
Y11T3-YI1T3T14>=0
Y3T14-YI1T3T14>= 0
Y11T6-YI1T6T14>=0
Y6T14-Y1IT6T14 >=0
Y11T9-Y11T9T14>=0
Y9T14-Y11T9T14>=0
Yl 1T1S-Yl 1T1514 >= 0
Y15T14-Y11T1514>= 0
Yl 1T16-Y1 1T1614 >= 0
Y1GTI4-YIIT1G14 >= 0
Y11TIS-YIIT1S14 >= 0
Y18T14-Y11T1814 >= 0
Y11T22-Y11T2214 >= 0
Y22T14-Y11T2214 >= 0
Yl IT6-Y1 1T6T15 >= 0
Y6T15-Y1 1T6T15 >= 0
Y11T9-Y11TOT15 >=0
Y9T15-Y11T9T15 >=0
Y11T14-Y11T1415 >= 0
Y14T15-Y11T1415 >= 0
Y11T16-Y11T1615 >= 0
Y16T15-Y11T1615 >= 0
Y11T1S-Y11T1815 >=0
Y1ST15-Y1IT1S15 >=0
Y11T22-Y11T2215 >=0
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Y22T15-Y11T2215 >= 0
Y11T9-Y11T9T16 >= 0
Y9T16-Y11T9TI6 >= 0
Y11T14-Y11T14IÔ >= 0
Y14T16-Y11T1416 >= 0
Y11T15-Y11T1516 >= 0
Y15T16-Y11T1516 >= 0
Y11T18-Y11T1816 >= 0
Y1ST16-Y11T1S16 >= 0
Y11T18-Y11T1S17 >= 0
Y1ST17-Y11T1S17 >= 0
Y11T21-Y11T2117 >= 0
Y21T17-Y11T2117 >= 0
Y11T3-Y11T3T1S >= 0
Y3T1S-Y11T3T1S >= 0
Y11T6-Y11T6T1S >=0
Y6TIS-Y11T6T18 >=0
YI1T9-Y11T9T18 >=0
Y9T18-Y11T9T18 >= 0
Y11T14-Y11T1418 >=0
Y14T1S-Y11T1418 >= 0
Y11T15-Y11T151S >= 0
Y15T1S-Y11T1518 >= 0
Y11T16-Y11T161S >= 0
Y16T18-Y11T1618 >= 0
Y11T17-Y1ITI71S >= 0
Y17T18-Y11T1718 >= 0
YI1T21-Y11T2118 >=0
Y21T18-Y11T211S >=0
Y11T22-Y11T2218 >=0
Y22T18-Y11T2218 >= 0
Y11T3-Y11T3T21 >=0
Y3T21-Y11T3T21 >= 0
Y11T17-Y11T1721 >= 0
Y17T21-Y11T1721 >= 0
Y11T1S-Y1IT1S21 >= 0
Y1ST21-Y11T1S21 >= 0
Y11T22-Y11T2221 >=0
Y22T21-Y11T2221 >= 0
Y11T9-Y11T9T22 >= 0
Y9T22-Y11T9T22 >= 0
Y11T14-Y11T1422 >= 0
Y14T22-Y11T1422 >= 0
Y11T1S-Y11T1522 >= 0
Y15T22-Y11T1522 >= 0
Y11T1S-Y11T1822 >= 0
Y18T22-Y11T1822 >= 0
Y11T21-Y11T2122 >= 0
Y21T22-Y11T2122 >= 0
Y13T1S-Y13T1814 >= 0
Y1ST14-Y13T1814 >= 0
Y13T14-Y13T1418 >= 0
Y14T1S-Y13T1418 >= 0
Y14T5-Y14T5T1>=0
Y5T1-Y14TST1 >= 0
Y14T6-Y14T6T1>=0
Y6T1-Y14T6T1 >= 0
Y14T18-Y14T18T1 >= 0
Y18T1-Y14T1ST1 >= 0
Y14T6-Y14T6T2 >= 0
Y6T2-Y14T6T2 >= 0
Y14T15-Y14T15T2 >= 0
Y15T2-Y14T15T2 >= 0
Y14T18-Y14T1ST2 >= 0
Y1ST2-Y14T1ST2>=0
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Y14T19-Y14T19T2 >= 0
Y19T2-Y14T19T2>=0
Y14T20-Y14T20T2 >= 0
Y20T2-Y14T20T2 >= 0
Y14T22-Y14T22T2 >= 0
Y22T2-Y14T22T2 >= 0
Y14T9-Y14T9T3 >= 0
Y9T3-Y14T9T3 >= 0
Y14T11-Y14T11T3 >=0
Y11T3-YI4T1IT3 >= 0
Y14T18-Y14T18T3 >= 0
Y18T3-Y14T18T3 >= 0
Y14T23-Y14T23T3 >= 0
Y23T3-Y14T23T3 >= 0
Y14T1-Y14T1T5>=0
Y1TS-YI4T1T5>=0
Y14T6-Y14T6T5 >= 0
Y6T5-Y14T6T5 >= 0
Y14T18-Y14T18T5 >= 0
YIST5-Y14T18T5 >= 0
Y14T24-Y14T24T5 >= 0
Y24T5-Y14T24T5 >= 0
Y14T1-Y14TIT6>=0
Y1T6-Y14TIT6>=0
Y14T2-Y14T2T6 >= 0
Y2T6-Y14T2T6 >= 0
Y14T5-Y14T5T6 >= 0
Y5T6-Y14T5T6 >= 0
Y14T7-Y14T7T6 >= 0
Y7T6-Y14T7T6 >= 0
Y14T9-Y14T9T6 >= 0
Y9T6-Y14T9T6 >= 0
Y14T1O-Y14T1OT6 >= 0
Y1OT6-Y14T10T6 >= 0
Y14T11-Y14T11T6 >= 0
Yl 1T6-Y14T1 1T6 >= 0
Y14T15-Y14T15T6 >= 0
Y15T6-Y14T15T6 >= 0
Y14T18-Y14T18T6 >= 0
Y18T6-Y14T18T6 >= 0
Y14T20-Y14T20T6 >= 0
Y20T6-Y14T20T6 >= 0
Y14T6-Y14T6T7 >= 0
Y6T7-Y14T6T7 >= 0
Y14T10-Y14T10T7>=0
Y10T7-Y14T10T7 >= 0
Y14T18-Y14T18T7 >= 0
YIST7-Y14T18T7 >= 0
Y14T19-Y14T19T7>=0
Y19T7-Y14T19T7 >= 0
Y14T15-Y14T15T8 >= 0
Y1STS-Y14T1STS >= 0
Y14T18-Y14T18T8 >= 0
Y18T8-Y14T18T8 >= 0
Y14T22-Y14T22T8 >= 0
Y22T8-Y14T22T8 >= 0
Y14T3-Y14T3T9 >= 0
Y3T9-Y14T3T9 >= 0
Y14T6-Y14T6T9 >= 0
Y6T9-Y14T6T9 >= 0
Y14T11-Y14TI1T9 >=0
Yl 1T9-Y14T1 1T9 >= 0
Y14T1S-Y14T15T9 >= 0
Y15T9-Y14T15T9 >= 0
Y14T16-Y14T16T9>=0
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Y16T9-Y14T16T9>=0
Y14T18-Y14T18T9 >= 0
Y18T9-Y14TIST9 >= 0
Y14T22-Y14T22T9 >= 0
Y22T9-Y14T22T9 >= 0
Y14T23-Y14T23T9 >= 0
Y23T9-Y14T23T9 >= 0
Y14T6-Y14T6T10 >= 0
Y6T10-Y14T6T10 >= 0
Y14T7-Y14T7T10 >= 0
Y7T10-Y14T7T10 >= 0
Y14T18-Y14T1810 >= 0
Y18T1O-Y14T1S1O >= 0
Y14T19-Y14T1910 >= 0
Y19T10-Y14T1910 >= 0
Y14T3-Y14T3T1 1 >= 0
Y3T1I-YI4T3T11 >=0
Y14T6-Y14T6T11 >= 0
Y6T11-Y14T6T11 >= 0
Y14T9-Y14T9T11 >= 0
Y9T11-Y14T9T1I >=0
Y14T15-Y14T1511 >= 0
Y1ST11-Y14T1511 >=0
Y14T16-Y14T1611 >= 0
Y16T11-Y14T1611 >= 0
Y14T1S-Y14T1811 >= 0
Y18TI1-Y14T1S11 >= 0
Y14T22-Y14T2211 >= 0
Y22T11-Y14T2211 >=0
Y14T1S-Y14T1813 >= 0
Y1ST13-Y14T1813 >=0
Y14T2-Y14T2T15 >= 0
Y2T15-Y14T2T15 >= 0
Y14T6-Y14T6T15 >= 0
Y6T15-Y14T6T15 >= 0
Y14T8-Y14TST15 >= 0
YST15-Y14T8T15 >= 0
Y14T9-Y14T9T15 >= 0
Y9T15-Y14T9T15 >= 0
Y14TI1-Y14T1115 >= 0
Y11TIS-Y14T1115 >= 0
Y14T16-Y14T1615 >= 0

Y16T15-Y14T1615 >= 0
Y14T1S-Y14T1815 >= 0
Y1ST15-Y14T1815 >= 0
Y14T20-Y14T2015 >= 0
Y20T15-Y14T2015 >= 0
Y14T22-Y14T2215 >= 0
Y22T15-Y14T2215 >= 0
Y14T9-Y14T9T16 >= 0
Y9T16-Y14T9T16 >= 0
Y14T11-Y14T1116 >= 0
Y11T16-Y14T1116 >= 0
Y14T15-Y14T1516 >= 0
Y15T16-Y14T1516 >= 0
Y14T18-Y14T1S1G >= 0
Y18T16-Y14T1816 >= 0
Y14T23-Y14T2316 >= 0
Y23T16-Y14T2316 >= 0
Y14T1-Y14TIT1S >= 0
Y1T18-Y14T1T1S >= 0
Y14T2-Y14T2T1S >= 0
Y2T1S-Y14T2T18 >= 0
Y14T3-Y14T3T18 >= 0
Y3T18-Y14T3T18 >= 0
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Y14T5-Y14T5T18 >= 0
Y5T18-Y14T5T18 >= 0
Y14T6-Y14T6T18 >= 0
Y6T18-Y14T6T18 >= 0
Y14T7-Y14T7T18 >= 0
Y7T18-Y14T7T18 >= 0
Y14T8-Y14T8T18 >=O
Y8T18-Y14T8T18 >= 0
Y14T9-Y14T9T18 >= 0
Y9T18-Y14T9T18 >= 0
Y14T1O-Y14T1018 >= 0
Y10T1S-Y14T1018 >= 0
Y14T11-Y14T1118 >= 0
Yl 1T18-Y14T1 118 >= 0

Y14T13-Y14T1318 >= 0
Y13T18-Y14T1318 >= 0
Y14T15-Y14T1518 >= 0
Y15T18-Y14T1518 >= 0
Y14T16-Y14T1618 >= 0
Y16T18-Y14T1618 >= 0
Y14T19-Y14T1918 >= 0
Y19T18-Y14T1918>=0
Y14T20-Y14T2018 >= 0
Y20T18-Y14T2018 >= 0
Y14T22-Y14T2218 >= 0
Y22T18-Y14T2218 >= 0
Y14T23-Y14T2318 >= 0
Y23T18-Y14T2318 >= 0
Y14T24-Y14T2418 >= 0
Y24T18-Y14T2418 >= 0
Y14T25-Y14T2518 >= 0
Y25T18-Y14T2518 >= 0
Y14T2-Y14T2T19 >= 0
Y2T19-Y14T2T19 >= 0
Y14T7-Y14T7T19 >= 0
Y7T19-Y14T7T19 >= 0
Y14T10-Y14T1OIO >= 0
Y10T19-Y14T1019 >= 0
Y14T18-Y14T1819 >= 0
Y18T19-Y14T1819 >= 0
Y14T2-Y14T2T20 >= 0
Y2T20-Y14T2T20 >= 0
Y14T6-Y14T6T20>=0
Y6T20-Y14T6T20 >= 0
Y14T15-Y14T1520 >= 0
Y15T20-Y14T1520 >= 0
Y14T18-Y14T1820 >= 0
Y18T20-Y14T1820 >= 0
Y14T22-Y14T2220 >= 0
Y22T20-Y14T2220 >= 0
Y14T2-Y14T2T22 >= 0
Y2T22-Y14T2T22 >= 0
Y14T8-Y14T8T22 >= 0
Y8T22-Y14T8T22 >= 0
Y14T9-Y14T9T22 >= 0
Y9T22-Y14T9T22 >= 0
YI4T11-Y14T1122 >= 0
Yl 1T22-Y14T1 122 >= 0
YI4T1S-Y14T1522 >= 0
Y15T22-Y14T1522 >= 0
Y14T18-Y14T1822 >= 0
Y18T22-Y14T1822 >= 0
Y14T20-Y14T2022 >= 0
Y20T22-Y14T2022 >= 0
Y14T23-Y14T2322 >= 0
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Y23T22-Y14T2322 >= 0
Y14T3-Y14T3T23 >= 0
Y3T23-Y14T3T23 >= 0
Y14T9-Y14T9T23 >= 0
Y9T23-Y14T9T23 >= 0
Y14T1Ô-Y14T1623>=0
Y16T23-Y14T1623 >= 0
Y14T18-Y14T1823 >= 0
Y18T23-Y14T1823 >= 0
Y14T22-Y14T2223 >= 0
Y22T23-Y14T2223 >= 0
Y14T5-Y14T5T24 >= 0
Y5T24-Y14T5T24 >= 0
Y14T18-Y14T1824 >= 0
Y18T24-Y14T1824 >= 0
Y14T18-Y14T1825 >= 0
Y18T25-Y14T1825 >= 0
Y15T6-Y15T6T2 >= 0
Y6T2-Y15T6T2 >= 0
Y1ST14-Y15T14T2 >= 0
Y14T2-Y15T14T2 >= 0
Y15T18-Y15T18T2 >= 0
Y18T2-Y15T18T2 >= 0
Y15T20-Y15T20T2 >= 0
Y20T2-Y15T20T2 >= 0
Y15T22-Y15T22T2 >= 0
Y22T2-Y15T22T2 >= 0
Y15T2-Y15T2T6 >= 0
Y2T6-Y15T2T6 >= 0
Y15T9-Y15T9T6 >= 0
Y9T6-Y15T9T6 >= 0
YI5T11-Y15T11T6 >= 0
Y11T6-Y15T11T6 >= 0
Y15T14-Y15T14T6 >= 0
Y14T6-Y15T14T6 >= 0
Y15T18-Y15T18T6 >= 0

Y18T6-Y15T18T6 >= 0
Y15T20-Y15T20T6 >= 0
Y20T6-Y15T20T6 >= 0
Y15T14-Y15T14T8 >= 0
Y14T8-Y15T14T8 >= 0
Y15T18-Y15T18T8 >= 0
Y18T8-Y15T1ST8 >= 0
Y15T22-Y15T22T8 >= 0
Y22T8-Y15T22T8 >= 0
Y15T6-Y15T6T9 >= 0
Y6T9-Y15T6T9 >= 0
Y15T11-Y15T11T9 >= 0
Y11T9-Y15TI1T9 >= 0
Y15T14-Y15T14T9 >= 0
Y14T9-Y15T14T9 >= 0
Y15T16-Y15T16T9 >= 0
Y16T9-Y15T16T9 >= 0
Y15T18-Y15T18T9 >= 0
Y18TO-Y15T18T9 >= 0
Y15T22-Y15T22T9 >= 0
Y22T9-Y15T22T9 >= 0
YI5T6-Y15T6T11 >= 0
Y6T11-Y15T6T11 >= 0
Y15T9-Y1ST9TI1 >=0
Y9T11-Y15T9TI1 >= 0
Y15T14-Y15T1411 >= 0
Y14T11-Y1ST1411 >= 0
Y15T16-Y15T1G11 >= 0
Y16T11-Y15T1611 >= 0
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Y15T1S-Y1ST1811 >=O
Y18TI1-Y15T1811 >=O
Y15T22-Y15T2211 >=O
Y22T11-Y15T2211 >=O
Y15T2-Y15T2T14 >= 0
Y2T14-Y15T2T14 >= 0
Y15T6-Y15T6T14 >= 0
Y6T14-Y15T6T14 >= 0
Y15T8-Y15T8T14 >= 0
YSTI4-Y15T8T14 >= 0
Y15T9-Y15T9T14 >= 0
Y9T14-YIST9T14 >= 0
Y1ST11-Y15T1114>=0
Yl 1T14-Y15TI 114 >= 0
Y15T16-Y15T1614 >= 0
Y16T14-Y15T1614 >= 0
Y15T18-Y15T1814 >= 0
Y1ST14-Y15T1814 >= 0
Y15T20-Y15T2014 >= 0
Y20T14-Y15T2014 >= 0
Y15T22-Y15T2214 >= 0
Y22T14-Y15T2214 >= 0
Y15T9-Y15T9T16 >= 0
Y9T16-Y1ST9T16 >= 0
Y15T11-Y1ST1I16 >=0
Y11T16-Y1ST1116 >= 0
Y15T14-Y15T1416 >= 0
Y14TI6-Y15T1416 >= 0
Y15T18-Y15T1816 >= 0
Y18T16-Y15T1816 >= 0
Y15T2-Y15T2T18 >= 0
Y2T18-Y15T2T18 >= 0
Y15T6-YIST6T18 >= 0
Y6T18-YIST6T18 >= 0
Y15T8-Y15TST1S >= 0
YST1S-Y15TSTI8 >= 0
Y15T9-Y15T9TIS >= 0
Y9T1S-Y15T9T18 >= 0
Y15T11-Y15T111S >=0
Y11T18-Y15T1118 >=0
Y15T14-Y15T1418 >= 0
Y14T18-Y15T1418 >= 0
Y15T16-Y15T1618 >= 0
Y16T18-Y15T1618 >= 0
Y15T20-Y15T2018 >= 0
Y20T18-Y15T2018 >= 0
Y15T22-Y15T2218 >= 0
Y22T18-Y15T2218 >= 0
Y1ST2-Y15T2T20 >= 0
Y2T20-Y15T2T20 >= 0
Y15T6-Y15T6T20 >= 0
Y6T20-Y15T6T20 >= 0
Y15T14-Y15T1420 >= 0
Y14T20-Y15T1420 >= 0
Y15T18-Y15T1820 >= 0
Y18T20-Y15T1820 >= 0
Y15T22-Y15T2220 >= 0
Y22T20-Y15T2220 >= 0
Y1ST2-Y15T2T22 >= 0
Y2T22-Y15T2T22 >= 0
Y15T8-Y15T8T22 >= 0
Y8T22-Y15T8T22 >= 0
Y15T9-Y15T9T22 >= 0
Y9T22-Y15T9T22 >= 0
Y15T11-Y15T1122 >=0
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Y11T22-Y15T1122 >=0
Y15T14-Y15T1422 >= 0
Y14T22-Y15T1422 >= 0
Y15T1S-Y15T1822 >= 0
Y18T22-Y15T1822 >= 0
Y15T20-Y15T2022 >= 0
Y20T22-Y15T2022 >= 0
Y16T11-Y16T1IT9>=0
Y11T9-Y16T11T9>=0
Y16T14-Y16T14T9>=0
Y14T9-Y16T14T9>=0
Y16T15-Y16T15T9 >= 0
Y15T9-Y16T15T9 >= 0
Y16T18-Y16T1ST9 >= 0
Y18T9-Y16T18T9 >= 0
Y16T23-Y16T23T9 >= 0
Y23T9-Y16T23T9 >= 0
Y16T9-Y16T9T11 >= 0
Y9T1I-Y16T9T11 >= 0
Y16T14-Y16T1411 >= 0
Y14T11-Y16T1411 >=0
Y16T15-Y16T1511 >=0
Y15T11-Y16T1511 >=0
Y16T1S-Y16T1S11 >= 0
Y1ST11-Y1GTIS11 >=0
Y16T9-Y16T9T14 >= 0
Y9T14-Y16T9T14>=0
Y16T11-Y16T1114>=0
Y11T14-Y16T1114>=0
Y16T15-Y16T1514 >= 0
Y15T14-Y16T1514 >= 0
Y16T1S-Y16T1814 >= 0
Y18T14-Y16T1814 >= 0
Y16T23-Y16T2314 >= 0
Y23T14-Y16T2314 >= 0
Y16T9-Y16T9T15 >= 0
Y9T15-Y16T9T15 >= 0
Y16T11-Y16T111S >= 0
Y11T15-Y16T1115 >= 0
Y16T14-Y16T1415 >= 0
Y14T15-Y16T1415 >= 0
Y16T1S-Y16T1815 >= 0
Y1ST1S-Y16T1815 >= 0
Y16T9-YJ6T9T1S>=0
Y9T18-Y16T9T1S >= 0
Y16T11-Y16T111S >= 0
YI1T1S-Y16T111S >= 0
Y16T14-Y16T1418 >= 0
Y14T18-Y16T1418 >= 0
Y16T15-Y16T1518 >= 0
Y15T1S-Y16T1518 >= 0
Y16T23-Y16T2318 >= 0
Y23T18-Y16T2318 >= 0
Y16T9-Y16T9T23 >= 0
Y9T23-Y16T9T23 >= 0
Y16T14-Y16T1423 >=0
Y14T23-Y16T1423 >= 0
Y16T18-Y16T1823 >= 0
Y18T23-Y16T1823 >= 0
Y17T18-Y17T18T4 >= 0
Y1ST4-Y17T18T4 >= 0
Y17T18-Y17T1811 >= 0
Y18T11-Y17T1811 >=0
Y17T21-Y17T2111 >= 0
Y21T11-Y17T2111 >= 0
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Y17T4-Y17T4T18 >= 0
Y4T1S-Y17T4T1S >= 0
Y17TI1-Y17T1118 >=0
Y11T1S-Y17TI11S >=O
Y17T21-Y17T21 18 >= 0
Y21T18-Y17T2118 >= 0
Y17T1 1-Y17T1 121 >=0
Y11T21-Y17T1121 >= 0
Y17T18-Y17T1821 >= 0
Y18T21-Y17T1821 >= 0
Y18TS-Y18T5T1 >= 0
Y5TI-Y18T5T1 >= 0
Y18T6-YI8T6T1 >= 0
Y6T1-Y18T6T1 >= 0
Y18T14-YI8T14T1 >= 0
YI4T1-Y18T14T1 >= 0
Y18T6-Y18T6T2 >= 0
Y6T2-Y18T6T2 >= 0
Y18T14-Y18T14T2 >= 0
Y14T2-Y18T14T2 >= 0
Y18T15-Y18T15T2 >= 0
Y15T2-Y18T15T2 >= 0
Y18T19-Y18T19T2 >= 0
Y19T2-Y18T19T2 >= 0
Y18T20-Y18T20T2 >= 0
Y20T2-Y18T20T2 >= 0
Y18T22-Y18T22T2 >= 0
Y22T2-Y18T22T2 >= 0
Y18T9-Y18T9T3 >= 0
Y9T3-Y18T9T3 >= 0
Y18T11-Y18T11T3 >=0
Y11T3-Y18T1IT3 >=0
Y18T14-Y18T14T3 >= 0
Y14T3-Y18T14T3 >= 0
Y18T21-Y18T21T3 >= 0
Y21T3-Y18T21T3 >= 0
Y18T23-Y18T23T3 >= 0
Y23T3-Y18T23T3 >= 0
Y18T17-Y18T17T4 >= 0
Y17T4-Y18T17T4 >= 0
Y1STI-Y18T1TS >= 0
Y1T5-Y18T1T5 >= 0
Y18T6-Y18T6TS >= 0
Y6T5-Y18T6T5 >= 0
Y18T14-Y18T14T5 >= 0
Y14T5-Y18T14T5 >= 0
Y18T24-Y18T24T5 >= 0
Y24T5-Y18T24T5 >= 0
Y18T1-Y18T1T6 >= 0
Y1T6-Y1ST1T6 >= 0
Y18T2-Y18T2T6 >= 0
Y2T6-YI8T2T6 >= 0
Y18T5-Y18T5T6 >= 0
Y5T6-Y18TST6 >= 0
Y18T7-Y18T7T6 >= 0
Y7T6-Y1817T6 >= 0
Y18T9-Y18T9T6 >= 0
Y9T6-Y18T9T6 >= 0
YIST10-Y18T10T6 >= 0
Y10T6-Y18T10T6 >= 0
Y18TI 1-Y18TI 1T6 >= 0
Y11T6-YI8T1IT6 >= 0
Y18T14-Y18T14T6 >= 0
Y14T6-Y18T14T6 >= 0
Y18T15-Y1ST15T6 >= 0
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Y15T6-Y18T15T6 >= 0
Y18T20-Y18T20T6 >= 0
Y20T6-Y18T20T6 >= 0
Y18T6-Y18T6T7 >= 0
Y6T7-Y1ST6T7 >= 0
Y18T1O-Y18T1OT7 >= 0
Y10T7-Y1ST10T7 >= 0
Y18T14-Y18T14T7 >= 0
Y14T7-Y18T14T7 >= 0
Y18T19-Y18T19T7 >= 0
Y19T7-Y18T19T7>=0
Y18T14-Y18T14T8 >= 0
Y14T8-Y18T14T8 >= 0
Y18T15-Y18T15T8 >=0
Y15T8-Y18T15T8 >= 0
Y18T22-Y18T22T8 >= 0
Y22T8-Y18T22T8 >= 0
Y18T3-Y18T3T9 >= 0
Y3T9-Y18T3T9 >= 0
Y18T6-Y18T6T9 >= 0
Y6T9-Y18T6T9 >= 0
Y18T11-Y1ST11T9 >= 0
Y11T9-Y18T11T9>=0
Y18T14-Y1ST14T9 >= 0
Y14T9-Y18T14T9 >= 0
Y18T15-Y18T15T9 >= 0
Y15T9-Y18T15T9 >= 0
Y18T16-Y18T16T9 >= 0
Y16T9-Y18T16T9 >= 0
Y18T22-Y18T22T9 >= 0
Y22T9-Y18T22T9 >= 0
Y18T23-Y18T23T9 >= 0
Y23T9-Y18T23T9 >= 0
Y18T6-Y18T6T1O >= 0
Y6T10-Y18T6T10 >= 0
Y18T7-Y18T7T1O >= 0
Y7T10-Y18T7T10 >= 0
Y18T14-Y18T1410 >= 0
Y14T10-Y18T1410 >= 0
Y18T19-Y18T1910 >= 0
Y19T10-Y18T1910 >= 0
Y18T3-Y18T3T11 >=0
Y3T11-Y18T3T11 >=0
Y1ST6-Y18TGT11 >= 0
Y6T11-Y18T6T11 >= 0
Y18T9-Y18T9T11 >=0
Y9T11-Y18T9T11 >=0
Y18T14-Y1ST1411 >= 0
Y14T11-Y18T1411 >= 0
Y18T15-Y18T1511 >= 0
Y15T11-Y18T1511 >=0
Y18T16-Y18T1611 >= 0
Y16T11-Y18T1611 >=0
Y1ST17-Y18T1711 >= 0
Y17T11-Y18T1711 >= 0
Y18T21-Y18T2111 >=0
Y21T11-Y1ST2111 >= 0
Y18T22-Y18T2211 >= 0
Y22T11-Y18T2211 >= 0
Y18T14-Y18T1413 >= 0
Y14T13-Y18T1413 >= 0
Y18T1-Y18T1T14 >= 0
Y1T14-Y18T1T14 >= 0
Y18T2-Y1ST2T14 >= 0
Y2T14-Y1ST2T14 >= 0
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Y18T3-Y1ST3T14 >= 0
Y3T14-Y1ST3T14 >= 0
Y18T5-Y1ST5TI4 >= 0
Y5T14-Y1ST5T14 >= 0
Y1STÔ-Y18T6T14 >= 0
Y6T14-Y18T6T14 >= 0
Y18T7-Y18T7T14 >= 0
Y7T14-Y18T7T14 >= 0
YLSTS-Y1STST14 >= 0
YST14-YIST8T14 >= 0
YIST9-Y18T9T14 >= 0
Y9T14-Y1ST9T14 >= 0
Y1ST10-Y18T1014 >= 0
Y1OT14-Y18T1014 >= 0

Y18T11-Y18T1114>=0
Yl 1T14-Y18T1 114 >= 0
YIST13-Y18T1314>=0
Y13T14-Y18T1314 >= 0
Y18T15-Y1ST1SI4 >= 0
Y15T14-Y18T1514 >= 0
Y1ST16-Y18T1614 >= 0
Y16T14-Y18T1614 >= 0
Y18T19-Y18T1914 >= 0
Y19T14-Y18T1914 >= 0
Y18T20-Y18T2014 >= 0
Y20T14-Y18T2014 >= 0
Y18T22-Y18T2214 >= 0
Y22T14-Y18T2214 >= 0
Y18T23-Y18T2314 >= 0
Y23T14-Y18T2314 >= 0
Y18T24-Y18T2414 >= 0
Y24T14-Y18fl414 >= 0
Y18T25-Y18T2514 >= 0
Y25T14-Y18T2514 >= 0
Y1ST2-Y18T2T15 >= 0
Y2T15-Y18T2T15 >= 0
Y18T6-Y18T6T15 >= 0
Y6T15-Y1ST6T1S >= 0
Y18T8-Y18TST15 >= 0
Y8T15-Y1ST8T15 >= 0
Y1ST9-Y1ST9T15 >= 0
Y9T15-Y18T9T15 >= 0
Y1ST11-Y18T1115 >=0
YI1T15-Y18T1115 >=0
Y18T14-Y18T1415 >=0
Y14T15-Y18T1415 >= 0
Y1ST16-Y18T1615 >= 0
Y16T15-Y18T1615 >=0
Y1ST2O-Y18T2015 >= 0
Y20T15-Y18T2015 >= 0
Y18T22-Y18T2215 >= 0
Y22T15-Y18T2215 >= 0
Y18T9-Y1ST9T16 >= 0
Y9T16-Y18T9T16 >= 0
Y1ST11-Y18T1116 >= 0
Y11T16-Y18T1116 >= 0
Y18T14-Y18T1416 >= 0
Y14T16-Y18T1416 >= 0
Y18T15-Y18T1516 >= 0
Y15T16-Y1ST1S16 >= 0
Y18T23-Y18T2316 >= 0
Y23T16-Y18T2316 >= 0
Y18T4-Y18T4T17 >= 0
Y4T17-Y1ST4T17 >= 0
Y18T11-Y18T1117 >=0
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Y11T17-Y1ST1117 >=0
Y18T21-Y18T2117 >= 0
Y21T17-Y18T2117 >= 0
Y18T2-Y18T2T19 >= 0
Y2T19-Y18T2T19 >= 0
Y18T7-Y18T7T19 >= 0
Y7T19-Y18T7T19 >= 0
Y18T1O-Y18T1019 >= 0
Y1OT19-Y18T1019 >= 0
Y1ST14-Y18T1419 >= 0
Y14T19-Y18T1419 >= 0
Y18T2-Y18T2T20 >= 0
Y2T20-Y1ST2T2O >= 0
Y1ST6-Y1STÔT20 >= 0
Y6T20-Y18T6T20 >= 0
Y18T14-Y18T1420 >= 0
Y14T20-Y18T1420 >= 0
Y1ST15-Y18T1520 >= 0
Y15T20-Y18T1520 >= 0
Y18T22-Y18T2220 >= 0
Y22T20-Y18T2220 >= 0
Y18T3-Y1ST3T21 >= 0
Y3T21-Y1ST3T21 >= 0
Y1STI1-Y18T1121 >=0
Y11T21-Y18T1121 >= 0
Y1ST17-Y18T1721 >= 0
Y17T21-Y18T1721 >=0
Y18T22-Y18T2221 >= 0
Y22T21-Y18T2221 >= 0
Y1ST2-Y18T2T22 >= 0
Y2T22-Y18T2T22 >= 0
Y1STS-Y18T8T22 >= 0
Y8T22-Y18T8T22 >= 0
Y18T9-Y18T9T22 >= 0
Y9T22-Y18T9T22 >= 0
Y18T1 1-Y18T1 122 >= 0
Y11T22-Y18T1122 >= 0
Y1ST14-Y18T1422 >= 0
Y14T22-Y18T1422 >= 0
Y1ST15-Y18T1522 >= 0
Y15T22-Y18T1522 >= 0
Y1ST2O-Y18T2022 >= 0
Y20T22-Y18T2022 >= 0
Y18T21-Y18T2122>=0
Y21T22-Y18T2122 >= 0
Y18T23-Y18T2322 >= 0
Y23T22-Y18T2322 >= 0
Y18T3-Y18T3T23 >= 0

Y3T23-Y18T3T23 >= 0
Y1ST9-Y18T9T23 >= 0
Y9T23-Y18T9T23 >= 0
Y1ST14-Y18T1423 >= 0
Y14T23-Y18T1423 >= 0
Y18T16-Y18T1623 >= 0
Y16T23-Y18T1623 >= 0
Y18T22-Y18T2223 >= 0
Y22T23-Y18T2223 >= 0
Y1ST5-Y18T5T24 >= 0
Y5T24-Y18T5T24 >= 0
Y1STI4-Y18T1424 >= 0
Y14T24-Y18T1424>=0
YIST14-Y18T1425 >= 0
Y14T25-Y18T1425 >= 0
Y19T14-Y19T14T2>=0
Y14T2-Y19T14T2>=0
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Y19T18-Y19T18T2 >= 0
Y18T2-YI9T1ST2 >= 0
Y19T1O-Y19T1OT7 >= 0
Y1OT7-Y19T1OT7 >= 0
Y19T14-Y19T14T7 >= 0
Y14T7-Y19T14T7>=0
Y19T18-YL9TIST7 >= 0
Y1ST7-Y19T18T7 >= 0
Y19T7.-Y19T7T1O >= 0
Y7T10-Y19T7T10 >= 0
Y19T14-Y19T1410 >= 0
Y14TIO-Y19T1410 >= 0
Y19T18-Y19T1810 >= 0
YI8T1O-Y19T1810 >= 0
Y19T2-Y19T2T14 >= 0
Y2T14-Y19T2T14 >= 0
Y19T7-Y19T7T14 >= 0
Y7T14-Y19T7T14 >= 0
Y19T1O-Y19T1014 >= 0
Y1OTI4-Y19T1014 >= 0
Y19T1S-Y19T1814 >= 0
Y1ST14-Y19T1814 >= 0
Y19T2-Y19T2T1S >= 0
Y2T1S-Y19T2T18 >= 0
Y19T7-Y19T7T1S >= 0
Y7T18-Y19T7T1S >= 0
Y19T10-Y19T1018 >= 0
YIOTIS-Y19T1018 >= 0
Y19T14-Y19T1418 >= 0
Y14T18-Y19T1418 >= 0
Y20T6-Y20T6T2 >= 0
Y6T2-Y20T6T2 >= 0
Y20T14-Y20T14T2 >= 0
Y14T2-Y20T14T2 >= 0
Y20T15-Y20T15T2 >= 0
Y15T2-Y20T15T2 >= 0
Y2OT1S-Y20T18T2 >= 0
Y1ST2-Y20T18T2 >= 0
Y20T22-Y20T22T2 >= 0
Y22T2-Y20T22T2 >= 0
Y20T2-Y20T2T6 >= 0
Y2T6-Y20T2T6 >= 0
Y20T14-Y20T14T6 >= 0
Y14T6-Y20T14T6 >= 0
Y20T15-Y2OT1ST6 >= 0
Y15T6-Y2OT1STÔ >= 0
Y20T18-Y20T18T6 >= 0
Y1ST6-Y2OT1ST6 >= 0
Y20T2-Y20T2T14 >= 0
Y2T14-Y20T2T14 >= 0
Y20T6-Y20T6T14 >= 0
Y6T14-Y20T6T14 >= 0
Y20T15-Y20T1514 >= 0
Y15T14-Y20T1514 >= 0
Y2OT1S-Y20T1814 >= 0
Y1STI4-Y20T1814 >= 0
Y20T22-Y20T2214 >= 0
Y22T14-Y20T2214 >= 0
Y20T2-Y20T2T15 >= 0
Y2TIS-Y20T2T15 >= 0
Y20T6-Y20T6T15 >= 0
Y6T15-Y20T6T15 >= 0
Y20T14-Y20T1415 >= 0
Y14T15-Y20T1415 >= 0
Y20T18-Y20T1815 >= 0
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Y18T15-Y20T1815>=0
Y20T22-Y20T2215 >= 0
Y22T15-Y20T2215 >= 0
Y20T2-Y20T2T18 >= 0
Y2T18-Y20T2T18 >= 0
Y20T6-Y20T6T18 >= 0
Y6T1S-Y20T6T18 >= 0
Y20T14-Y20T1418 >= 0
Y14T18-Y20T1418 >= 0
Y20T15-Y20T1518 >= 0
Y15T18-Y20T1518>=0
Y20T22-Y20T2218 >= 0
Y22T18-Y20T2218 >= 0
Y20T2-Y20T2T22 >= 0
Y2T22-Y20T2T22 >= 0
Y20T14-Y20T1422 >= 0
Y14T22-Y20T1422 >= 0
Y20T15-Y20T1522 >= 0
Y15T22-Y20T1522 >= 0
Y2OT1S-Y20T1822 >= 0
Y18T22-Y20T1822 >= 0
Y21T11-Y21T1IT3 >= 0
Y11T3-Y21T11T3 >= 0
Y21T18-Y21T18T3 >= 0
Y18T3-Y21T18T3 >= 0
Y21T3-Y21T3T1 1 >= 0
Y3T1 1-Y21T3T1 1 >= 0
Y21T17-Y21T1711 >=0
Y17T11-Y21T1711 >=O
Y21T18-Y21T1811 >=0
Y18T11-Y21T1S11 >= 0
Y21T22-Y21T2211 >= 0
Y22T11-Y21T2211 >= 0
Y21T11-Y21T1117 >= 0
Y11T17-Y21T1117 >= 0
Y21T1S-Y21T1817 >= 0
Y18T17-Y21T1817 >= 0
Y21T3-Y21T3T1S >= 0
Y3T18-Y21T3T18 >= 0
Y21T11-Y21T1IIS >= 0
Y11T18-Y21T111S >= 0
Y21T17-Y21T1718 >= 0
Y17T1S-Y21T1718 >= 0
Y21T22-Y21T2218 >= 0
Y22T18-Y21T2218 >= 0
Y21T11-Y21T1122 >= 0
Y11T22-Y21T1122 >= 0
Y21T18-Y21T1822 >= 0
Y18T22-Y21T1822 >= 0
Y22T14-Y22T14T2 >= 0
Y14T2-Y22T14T2 >= 0
Y22T15-Y22T15T2 >= 0
Y15T2-Y22T15T2 >= 0
Y22T18-Y22T18T2 >= 0
Y1ST2-Y22T18T2 >= 0
Y22T20-Y22T20T2 >= 0
Y20T2-Y22T20T2 >= 0
Y22T14-Y22T14T8 >= 0
Y14T8-Y22T14T8 >= 0
Y22T15-Y22T15T8 >= 0
Y15TS-Y22T15T8 >= 0
Y22T18-Y22T1STS >= 0
Y1STS-Y22T18T8 >= 0
Y22T11-Y22T11T9 >= 0
Y11T9-Y22T11T9 >= 0
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Y22T14-Y22T14T9 >= 0
Y14T9-Y22T14T9 >= 0
Y22T15-Y22T15T9 >= 0
Y15T9-Y22T15T9 >= 0
Y22T18-Y22T18T9 >= 0
Y18T9-Y22T18T9 >= 0
Y22T23-Y22T23Th >= 0
Y23T9-Y22T23T9 >= 0
Y22T9-Y22T9T1 1 >= 0
Y9T1 1-Y22T9T1 1 >= 0
Y22T14-Y22T1411 >=0
Y14T11-Y22T1411 >=0
Y22T15-Y22T1511 >= 0
YI5T11-Y22T1511 ‘-=0
Y22T18-Y22T181 1 >= 0
Y18T11-Y22T1811 >=0
Y22T21-Y22T2111 >=0
Y21T11-Y22T2111 >=0
Y22T2-Y22T2T14 >= 0
Y2T14-Y22T2T14 >= 0
Y22T8-Y22T8T14 >= 0
Y8T14-Y22T8T14 >= 0
Y22T9-Y22T9T14 >= 0
Y9T14-Y22T9T14 >= 0
Y22T11-Y22T1114>=0
Y11T14-Y22T1114>= 0
Y22T15-Y22T1514 >= 0
YIST14-Y22T1514 >= 0
Y22T18-Y22T1814 >= 0
Y18T14-Y22T1814 >= 0
Y22T20-Y2212014 >= 0
Y20T14-Y22T2014 >= 0
Y22T23-Y22T2314 >= 0
Y23T14-Y22T2314 >= 0
Y22T2-Y22T2T15 >= 0
Y2T15-Y22flT15 >= 0
Y22T8-Y22T8T15 >= 0
YST15-Y22T8T15 >= 0
Y22T9-Y22T9T15 >= 0
Y9T1S-Y22T9T15 >= 0
Y22T11-Y22T1115 >= 0
Y11T15-Y22T1115 >=0
Y22T14-Y22T1415 >= 0
Y14T15-Y22T1415 >=0
Y22T18-Y22T1815 >= 0
Y18T15-Y22T1815 >= 0
Y22T20-Y22T2015 >= 0
Y20T15-Y22T2015 >= 0
Y22T2-Y22T2T18 >= 0
Y2T18-Y22T2T18 >= 0
Y22T8-Y22T8T18 >= 0
Y8T18-Y22T8T18 >= 0
Y22T9-Y22T9T18 >= 0
Y9T18-Y22T9T18 >= 0
Y22T1 1-Y22T1 118 >= 0
Y11T18-Y22T1118 >=0
Y22T14-Y22T1418 >= 0
Y14T18-Y22T1418 >= 0
Y22T15-Y22T1518 >= 0
Y15T18-Y22T1518>=0
Y22T20-Y22T2018 >= 0
Y20T18-Y22fl018 >= 0
Y22T21-Y2212118 >=0
Y21T18-Y22T2118 >=0
Y22T23-Y22T2318 >= 0
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Y23T18-Y22T2318 >= 0
Y22T2-Y22T2T20 >= 0
Y2T20-Y22T2T20 >= 0
Y22T14-Y22T1420 >= 0
Y14T20-Y22T1420 >= 0
Y22T15-Y22T1520 >= 0
Y15T20-Y22T1520 >= 0
Y22T18-Y22T1820 >= 0
Y18T20-Y22T1820 >= 0
Y22T11-Y22T1121 >=0
Y11T21-Y22T1121 >= 0
Y22T18-Y22T1821 >= 0
Y18T21-Y22T1821 >= 0
Y22T9-Y22T9T23 >= 0
Y9T23-Y22T9T23 >= 0
Y22T14-Y22T1423 >= 0
Y14T23-Y22T1423 >= 0
Y22T18-Y22T1823 >= 0
Y18T23-Y22T1823 >= 0
Y23T9-Y23T9T3 >= 0
Y9T3-Y23T9T3 >= 0
Y23T14-Y23T14T3 >= 0
Y14T3-Y23T14T3 >= 0
Y23T18-Y23T18T3 >= 0
Y18T3-Y23T18T3 >= 0
Y23T3-Y23T3T9 >= 0
Y3T9-Y23T3T9 >= 0
Y23T14-Y23T14T9 >= 0
Y14T9-Y23T14T9 >= 0
Y23T16-Y23T16 >= 0
Y16T9-Y23T16T9 >= 0
Y23T18-Y23T18T9 >= 0
Y18T9-Y23T18T9 >= 0
Y23T22-Y23T22T9 >= 0
Y22T9-Y23T22T9 >= 0
Y23T3-Y23T3T14 >= 0
Y3T14-Y23T3T14 >= 0
Y23T9-Y23T9T14 >= 0
Y9T14-Y23ThT14 >= 0
Y23T16-Y23T1614 >= 0
Y16T14-Y23T1614 >= 0
Y23T18-Y23T1814 >= 0
Y18T14-Y23T1814 >= 0
Y23T22-Y23T2214 >= 0
Y22T14-Y23T2214 >= 0
Y23T9-Y23T9T16 >= 0
Y9T16-Y23T9T16 >= 0
Y23T14-Y23T1416 >= 0
Y14T16-Y23T1416>=0
Y23T18-Y23T1816 >= 0
Y18T16-Y23T1816 >= 0
Y23T3-Y23T3T18 >= 0
Y3T18-Y23T3T18 >= 0
Y23T9-Y23T9T18 >= 0
Y9T18-Y23T9T18 >= 0
Y23T14-Y23T1418 >= 0
Y14T18-Y23T1418 >= 0
Y23T16-Y23T1618 >= 0
Y16T18-Y23T1618 >= 0
Y23T22-Y23T2218 >= 0
Y22T18-Y23T2218 >= 0
Y23T9-Y23T9fl2 >= 0
Y9T22-Y23T9T22 >= 0
Y23T14-Y23T1422 >= 0
Y14T22-Y23T1422 >= 0
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Y23T18-Y23T1822 >= 0
Y18T22-Y23T1822 >= 0
Y24T14-Y24T14T5 >= 0
Y14T5-Y24T14T5 >= 0
Y24T18-Y24T1STS >= 0
Y18T5-Y24T18T5 >= 0
Y24T5-Y24T5T14 >= 0
Y5T14-Y24T5T14 >= 0
Y24T18-Y24T1814 >= 0
Y18T14-Y24T1814 >= 0
Y24T5-Y24T5T18 >= 0
Y5T18-Y24T5T18 >= 0
Y24T14-Y24T1418 >= 0
Y14T18-Y24T1418 >= 0
Y25T18-Y25T1814 >= 0
Y18T14-Y25T1814 >= 0
Y25T14-Y25T1418 >= 0
Y14T18-Y25T1418 >= 0
Y1TS+Y1T6TS+Y1T14T5-f-Y1T18TS=1
Y1T6+Y1TST6+Y1T14T6+YIT18T6=1
Y1T14+Y1T5T14+Y1T6T14+Y1T18T14=1
Y1T18+Y1T5T1 8+Y1T6T18+YIT14T18=1
Y2T6÷Y2T14T6÷Y2T1ST6+Y2TIST6+
Y2T20T6=1
Y2T14+Y2T6T14+Y2TI 5T14+Y2T18T14+
Y2T19T14+Y2T20T14+Y2T22T14=1
Y2T1 5+Y2T6T1 5+Y2T14T15+Y2T18T15+
Y2T20T1 5+Y2’1J22T15=1
Y2T18+Y2T6T18+Y2T14T18+Y2T15T18+
Y2T19T18+Y2T20T18+Y2T22T18=1
Y2T19+Y2T14T19+Y2T18T19=1
Y2T20÷Y2T6T20÷Y2T14T20÷Y2T15T20+
Y2T18T20+Y2T22T20=1
Y2T22+Y2T14T22+Y2T15T22+Y2T18T22+
Y2T20T22=1
Y3T9+Y3T1 1T9+Y3T14T9+Y3TIST9+
Y3T23T9=1
Y3T1 1+Y3T9T1 1+Y3T14TI 1+Y3TI8T11+
Y3T21T1 1=1
Y3T14+Y3ThT14+Y3T1 1T14+Y3T18T14+
Y3T23T14=1
Y3T1S+Y3T9T18+Y3T1 1T18+Y3T14T18+
Y3T21T18+Y3fl3T18=1
Y3T21+Y3T1 1T21+Y3T18T21=1
Y3T23+Y3T9T23+Y3T14T23+Y3T18T23=1
Y4T17+Y4T18T17=1
Y4T18+Y4T17T18=1
Y5T1+Y5T6T1+Y5T14T1+Y5T18T1=1
Y5TÔ+Y5T1T6+Y5T14T6+Y5T18T6=1
Y5T14+Y5T1T14+Y5T6T14+Y5T18T14+
Y5T24T14=1
Y5T1S+Y5T1TI g+Y5T6T18÷Y5T14T18÷
Y5T24T18=1
Y5fl4+Y5T14T24+Y5T18T24=1
Y6T1+Y6T5T1+Y6T14T1+Y6T18T1=1
Y6T2+Y6T14T2+Y6T15T2+Y6T18T2+
Y6T20T2=1
YGT5+YGT1T5+Y6T14TS+Y6T18T5=1
Y6T7+Y6T10T7+Y6T14T7-’-Y6T18T7=1
Y6T9+Y6TI 1T9+Y6T14T9+Y6T1 5T9+
Y6T1 8T9=1
Y6T1O-’-Y6T7T10+Y6T14T10+Y6T18T10=1
YÔT1 1+Y6T9T1 1+Y6TI4T1 1+Y6T15T1 1+
Y6T18T1 1=1
Y6T14+Y6T1T14+Y6T2T14+Y6T5T14+

Y6T7T144-YÔT9T14+Y6TIOTI4+Y6T1 1T14+
YGT15T14+Y6T18T14+Y6T20T14=1
Y6T15+Y6T2T15+Y6T9T15+Y6T1 1T1S+
Y6T14T15+Y6T1ST15+Y6T2OT15=1
Y6T18+Y6T1T1S+Y6T2T18+YÔT5T18+
Y6T7T18+Y6T9TIS+Y6T10T18+Y6TI1T18+
Y6T14T18+Y6T1 5T18+Y6T20T18=1
Y6T20+Y6T2T20+Y6T14T20+Y6TI 5120+
Y6T18T20=1
Y7TG+Y7TI0TG+Y7T14T6+Y7T18T6=1
Y7TIO+Y7T6T1O+Y7T14T1O-i-Y7T18T1O+
Y7T19T1O=1
Y7T14+Y7TGT14+Y7T10T14+Y7T18T14+
Y7T19T14=1
Y7T18+Y7T6T1 8+Y7T1OT18+Y7T14T18+
Y7T19T1 8=1
Y7T19+Y7T1OT19+Y7T14T19+Y7T18T19=1
Y8T14+Y8T15T14+Y8T18T14+Y8T22T14=1
Y8T15+YST14T15+Y8T18T15+Y8T22T15=1
Y8T18+Y8T14T18+Y8T15T18+Y8T22T18=1
Y8T22+Y8T14T22+Y8T15T22+Y8T18T22=1
Y9T3+Y9T1 1T3+Y9T14T3+Y9T18T3+
Y9T23T3=1
Y9TÔ+Y9T1 1T6+Y9T14T6+Y9T15T6+
Y9T18T6=1
Y9T1 1+Y9T3T1 1+Y9T6T1 1+Y9T14T1 1+
Y9T15T1 1+Y9T16T1 1+Y9T18T1 1+Y9T22T11=1
Y9T14÷Y9T3T14÷Y9T6T14+Y9T1 1T14+
Y9T15T14+Y9T16T14+Y9T1ST14+Y9T22T14+
Y9T23T14=1
Y9T15+Y9T6TI 5÷Y9T1 1T1 5+Y9T14TI 5+
Y9T16T15÷Y9T18T15+Y9T22T15=1
Y9T1G+Y9TI 1T16+Y9T14T1Ô+Y9T15T1O+
Y9T18T16+Y9T23T16=1
Y9T1S+Y9T3T18+Y9T6T18+Y9T1 1T18+
Y9T14T1S+Y9T15T1S+Y9TI6TIS+Y9T22T18+
Y9T23T18=1
Y9T22+Y9T1 1T22+Y9T14T22+Y9T15T22+
Y9T18T22+Y9T23T22=1
Y9T23+Y9T3T23+Y9T14T23+Y9T16T23+
Y9T18T23+Y9T22T23=1
Y1OT6-i-Y1OT7T6+Y1OT14T6-i-Y1OT18T6=1
Y1OT7+Y1OT6T7+Y1OT14T7+Y1OT18T7+
Y1OT19T7=1
Y1OT14+Y1OT6T14+Y1OT7T14+Y10T1814+
Y10T1914=1
Y1OT1S-’-Y1OT6T1S-’-YIOT7TI8+Y1OT141S+
Y10T1918=1
Y10T19+Y10T7T19+Y10T1419+Y1OT1S19=1
Y11T3+Y1 1T9T3+Y1 1T14T3+Y11T18T3+
Yl lT2rn=1
Yl 1T6+Y1 1T9T6+Y1 1T14T6+Y1 1T1ST6+
Yl 1T1ST6=1
Yl 1T9+Y1 1T3T9+Y1 1T6T9+Y1 1T14T9+
Yl 1T15T9+Y1 1T16T9+Y1 1T18T9+Y1 1T22T9=1
Yl 1T14+Y1 1T3T14+Y1 1T6T14+Y1 1T9T14+
Yl 1T1514-i-Y11T1614+YIITISI4+Y11T2214=1
Yl 1T15+Y1 1T6T1S+Y1 1T9T15+Y1 1T1415+
Yl 1T1615+Y1 1T1815+Y1 1T2215=1
Yl 1T16+Y1 1T9T16+Y1 1T1416+Y1 1T1516+
Y1ITISI6=1
Yl 1T17-i-Y1 1T1817+Y11T2I 17=1
Yl 1T18-’-Yl 1T3T18-i-Y11TGT1S+Y1 1T9T18+
Yl 1T1418-i-Y1 1T1518-i-Y11T1618-t-Y1 1T1718+
Yl 1T2118-i-Y11T2218=1
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Yl 1T21+Y1 1T3T21+Y1 1T1721+Y1 1T1821+
Yl 112221=1
Yl 1T22÷Y1 1T9T22+Y1 1T1422+Y1 1T1522+
Yl 1T1822+Y1 112122=1
Y12T18=1
Y13T14+Y13T1814=1
Y13T18+Y13T1418=1
Y14TI+Y14T5T1+Y14T6T1+Y14T1ST1=1
Y14T2+Y14T612+Y14T1 512+Y14T18T2+
Y14T19T2+Y14T20T2+Y14T22T2=1
Y14T3+Y14T9T3+YI4TI 1T3+Y14T18T3-i-
Y14T23T3=1
Y14T5+Y14T1T5+Y14T6T5+Y14T18T5+
Y14T24T5=1
Y14T6+YI4T1T6+Y14T2T6+Y14T5T6+
Y14T7T6+Y14T9T6+Y14T1OT6+Y14T1 1T6+
Y14T15T6+Y14T18T6+Y14T20T6=1
Y14T7-i-Y14T6T7-i-Y14T1OT7+Y14T18T7+
Y14T19T7=1
Y14T8+Y14T15T8+Y14T18T8+Y14T22T8=1
Y14T9-i-Y14T3T9+Y14T6T9-J-Y14T1 1T9+
Y14T15T9-i-Y14T16T9-t-Y14T18T9+Y14T22T9+
Y14T23T9=1
Y14T1O-i-Y14T6T1O-i-Y14T7T1O+Y14T1810+
Y14T1910=1

Y14T1 1+Y14T3T11+Y14T6T1 1÷Y14T9T1 1+
Y14T151 1+Y14T161 1+Y14T181 1+Y14T221 1=1
Y14T13+Y14T18 13=1
Y14T1 5-i-Y14T2T1 5-t-Y14T6T15+Y14T8T15+
Y14T9T15+Y14T1115-’-Y14T1615+Y14T1815+
Y14T2015+Y14T2215=1
Y14T16+Y14T9T16-i-YI4TI 1 16÷Y14T1516÷
Y14T1816+Y14T23 16=1
Y14T18+YI4T1T18+Y14T2T18+Y14T3T18+
Y14T5T1 8+Y14T6T18-i-Y14T7T18+Y14T8T18+
Y141’9T18+Y14T1018+YI4T11 18-i-Y14T1318+
Y14T1518+Y14T1618+Y14T1918-i-Y14T2018-i-
Y14T2218+Y14T2318+Y14T2418+Y14T2518=1
Y14T19+Y14T2T19+Y14T7T19+Y14T1019+
Y14T1819=1
Y14T20+Y14T2T20-i-Y14T6T20+Y14T1 520+
Y14T1820-i-Y14T2220=1
Y14T22+Y14T2T22+Y14T8T22-i-Y14T9T22+
YI4T1 122+Y14T1522+Y14T1822-’-Y14T2022+
Y14T2322=1
Y14T23+Y14T3T23+Y14T9T23+Y14T1623+
Y14T1823÷Y14T2223=1
Y14T24+Y14T5T24+Y14T1824=1
Y14T25+Y14T1825=1
Y15T2+Y15T6T2+Y15T14T2+Y15T18T2+
Yl 5T20T2+Y1 5T22T2=1
Y15T6-i-Y15T2T6+Y15T9T6-t-YLST1 1T6+
Yl 5T14T6+Y15T18T6+Y15T20T6=1
Y15T8+Y15T14T8+Y1 5T18T8+Y15T22T8=1
Y15T9+Y15T6T9-i-YI5TI 1T9+Y15T14T9+
Yl 5T16T’9-i-Y1 5T18T9+Y1 5T22T9=1
Y15T1I-t-Y1ST6T11-i-Y15T9T11+Y1ST1411+
Y15T1611+Y15T1811+Y15T221 1=1
Yl 5T14+Y15T2T14+Y1516T14+Y15T8T14+
Y15T9T14+YI5T1 1 14+Y15T1614-l-Y15T1814+
Y15T2014-i-Y15T2214=1
Y15T16-i-Y15T9T16+Y15T1 1 16+Y15T1416+
Y15T1816=1
Yl 5T18+Y15T2T18+Y15T6T18+Y15ThT18+
Y15T9T18-i-Y15T1 1 18-t-Y15T1418+Y15T1618+

Y15T2018+Y15T2218=1
Y15T20+Y15T2T20-’-Y15T6T20+Y15T1420+
Y15T1820+Y15T2220=1
Y15T22+Y15T2T22-l-Y1 5T8T22+Y1 5T9T22+
Yl ST1 122+Y1 5T1422+Y1 5T1822+Y1 5T2022=1
Y16T9+Y16T1 1T9+Y16T14T9-4-Y16T15T9+
Y16T18T9+Y16T23T9=1
Y16T11-i-Y16T9T1 1+Y16T141 1+Y16T151 1-i-
Y16T1811=1
Y16T14+Y16T9T14+Y16T1114+Y16T1514+
Y16T1814+Y16T2314=1
Y16T15-i-Y16T9T15-i-Y16TI 115+Y16T1415+
Y16T1815=1
Y16T18-1-Y16T9T18+Y16T1 1 18-i-Y16T1418+
Y16T1 51 8+Y 1612318=1
Y16T23-i-Y16T9T23+Y16T1423+Y1oT1823=1
Y17T4+Y17T18T4=1
Y17T11+Y17T1811-i-Y17T21 11=1
Y17T18-i-Y17T4T18-i-Y17T1 I 18+Y17T21 18=1
Y17T21+Y17T1 121+Y17T1821=1
Y18T1-i-Y18T5T1+Y18T6T1-t-Y18T14T1=1
Y18T2+Y18T6T2-i-Y18T14T2-i-Y18T15T2+
Y18T19T2-i-Y18T20T2-i-Y18T22T2=1
Y18T3+Y18T9T3+Y18T1 1T3-’-Y18T14T3+
Y18T21T3+Y18T23T3=1
Y18T4-i-Y18T17T4=1
Y18T5+Y18T1T5-i-Y18T6T5+Y18TI4TS+
Y18T24T5=1
Y18T6+Y18T1T6+Y18T2T6-’-Y18T5T6+
Yl 8T7T6+Y18T9T6+Y18T1OT6+Y18TI 1T6+
Yl 8T14T6-f-Y18T15T6+Y18T20T6=1
Y18T7+Y18T6T7+Y18T1OT7+Y18T14T7+
Y18T19T7=1
Y18T8-i-Y18T14T8-I-Y18T15T8+Y18T22T8=1
Y18T9+Y18T3T9+Y18T6T9+Y18T1 1T9+
Y18T14T9+Y18T1ST9+Y18T16T9+Y18T22T9+
Y181’23T9=1
Y18T1O+Y18T6T1O-i-Y18T7T1O+Y18T1410+
Y18T1910=1
Y18T11+YI8T3T1 1+Y18T6T1 1+Y18T9T1 1+
Y1ST1411-i-Y18T151 1-i-Y18T161 1+Y18T1711-t-
y18T2111-i-Y 18122 11=1
Y18T12=1
Y18T13+Y18T1413=1
Y18T14-i-Y18T1T14-i-Y18T2T14+Y1 8T3T14+
Y18T5T14-i-Y18T6T14+Y18T7T14+Y18T8T14+
Y18T9T14-i-Y18T1014-i-Y18T1 1 14+Y18T1314+
Y18T1514+Y18T1614+Y18T1914+Y18T2014+
Y18T2214-i-Y18T2314+Y18T2414-i-Y18T2514=1
Y18T15-i-Y18T2T15-i-Y18T6T15+Y18T8T15+
Y18T9T15+Y18T1 1 15+Y18T1415+Y18T1615+
Y18T2015+Y18T2215=1
Y18T16+Y18T9T16+Y18T1 1 16+Y18T1416+
Y18T1516+Y18T2316=1
Y18T17+Y18T4T17+Y18T1117+Y18T21 17=1
YI8TI9i-Y18T2T19+Y18T7T19+Y18T1019÷
Y18T1419=1
Y18T20+Y18T2T20+Y18T6T20+Y18T1420+
Y18T1520-fY18T2220=1
Y18T21-i-Y18T3T21-t-Y18T1 121+Y18T1721+
Y18T2221=1
Y18T22+Y18T2T22+Y18T8T22+Y18T9T22+
Y18T1 122+Y18T1422+Y18T1 522+Y18T2022+
Y18T2122+Y18T2322=1
Y18T23+Y18T3T23i-Y18T9T23-i-Y18T1423+
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Y18T1623+Y18T2223=1
Y18T24+Y18T5T24+Y18T1424=1
Y18T25+Y18T1425=1
Y19T2+Y19T14T2+Y19T18T2=1
Y19T7+Y19T1OT7+Y19T14T7+Y19T18T7=1
Y19T1O+Y19T7T1O+Y19T1410+Y19T1810=1
Y19T14-i-Y19T2T14+Y19T7T14+Y19T1014+
Y19T18 14=1
Y19T18-i-Y19T2T18-i-Y19T7T18-i-Y19T1018+
Y19T1418=1
Y20T2+Y20T6T2-i-Y20T14T2+Y20T15T2+
Y2OT18fl+Y20T22T2=1
Y20T6+Y20T2T6+Y20T14T6+Y2OTI 5T6+
Y20T18T6=1
Y20T14-’-Y20T2T14+Y20T6T14+Y20T15 14+
Y20T1814+Y20T2214=1
Y20T15+Y20T2T15+Y2OT6T1 5+Y20T1415+
Y20T1815+Y20T2215=1
Y20T18+Y2OT2T1 8+Y20T6T18+Y20T1418+
Y20T1518-i-Y20T2218=1
Y20T22-i-Y20T2T22+Y20T1422+Y2OTI 522+
Y20T1822=1
Y21T3+Y21T1 1T3-i-Y21T18T3=1
Y21T1 1+Y2IT3T1 1+Y21T171 1+Y21T181 1+
Y21T221 1=1
Y21T17+Y21TI 1 17+Y21T1817=1
Y21T18-i-Y21T3T18+Y21T1 1 18+Y21T1718+
Y21T2218=1
Y21T22+Y21T1 122+Y21T1822=1
Y22T2+Y22T14T2+Y22T1 5T2+Y22T1 8T2+
Y22T20T2=1
Y22T8-i-Y22T14T8+Y22T1 5T8+Y22T18T8=1
Y22T9+Y22T1 1T9+Y22T14T9-’-Y22T15T9+
Y22T18T9+Y22T23T9=1
Y22T1 1+Y22T9T1 1+Y22T141 1+Y22T151 1+
Y22T181 1+Y22T21 11=1
Y22T14+Y22flT14+Y22T8T14+Y2219T14+
Y22T1 114+Y22T1514+Y22T1814+Y2212014+
Y22T23 14=1
Y22T1 5-i-Y22T2T15+Y22T8T15+Y22T9T1 5+
Y22T11 15+Y22T1415+Y22T1815+Y22T2015=1
Y22T18+Y22T2T18+Y22T8T1 8+Y22T9T18+
Y22T1 1 18+Y22T1418+Y22T1518+Y22T2018+
Y22T21 18+Y22T2318=1
Y22T20-i-Y22T2T20+Y22T1420-i-Y22T1 520+
Y22T1820=1
Y22T21-i-Y22T1 121+Y22T1821=1
Y22T23+Y22T9T23+Y22T1423+Y22T1823=1
Y23T3+Y23T9T3+Y23T14T3+Y23T18T3=1
Y23T9+Y23T3T9+Y23T14T9+Y23T16T9+
Y23T18T9-’-Y23T22T9=1
Y23T14+Y23T3T14+Y23T9T14÷Y23T1614+
Y23T18 14+Y23T2214=1
Y23T16+Y23T9T16+Y23T1416+Y23T1816=1
Y23T1 8-i-Y23T3T18-i-Y23T9T18+Y23T1418+
Y23T1618-i-Y23T221 8=1
Y23T22+Y23T9T22+Y23T1422+Y23T1822=1
Y24T5+Y24T14T5+Y24T18T5=1
Y24T14+Y24T5T14+Y24T18 14=1
Y24T18+Y24T5T18+Y24T1418=1
Y25T14+Y25T18 14=1
Y25T18-i-Y25T1418=1
ENIJ
LEAVE
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+4874.72Y1T5+2056.61Y1T6T5+794.49Y1T14T5-i-
738.O8YIT18TS-s-16 16.94Y1T6-i-1395.84Y1T5T6÷
971.09Y1T14T6-’-663.50Y1T18T6+554. 15Y1T14+
515.35Y1T5T14+1371.85Y1T6T14+771.89Y1T18T14+
447.7 1Y1T18+483.29Y 1T5T18+1027.99Y1T6T18+
695.74Y1T14T18+766.85Y2T6+74859Y2T14T6+
1068.3 1Y2T1 5T6+596.89Y2T18T6+1 395.25Y2T20T6+
3 10.75Y2T14+983. 16Y2T6T14+829.14Y2T15T14+
749.61Y2T1 8T14-i-58936Y2T19T14+436.39Y2T20T14÷
1 123.54Y2T22T14+3599.74Y2T15+1300.85Y2T6T15+
544.50Y2T14T15+767.57Y2T18T15+1459.28Y2T20T15+
2971.38Y2T22T15+38 1.97Y2T18+710.62Y2T6T18+
658.20Y2T14T18+884.93Y2T15T18+523.36Y2T19T18+
581,32Y2T20T18+1 147.98Y2T22T18-i-927.55Y2T19+
1004.7 1Y2T14T19+976.43Y2T18T19+660.45Y2T20+
1718.6 1Y2T6T20+850. 15Y2T14T20+1543.26Y2T15T20+
772.46Y2T18T20+1841. 17Y2T22T20+4614.64Y2T22÷
657.57Y2T14T22+2491.20Y2T15T22-i-858.17Y2T18T22+

1867.15Y2T20T22+1989.63Y3T9+1534.79Y3T1 1T9+
98 1,55Y3T14T9+675.03Y3T18T9+1782.87Y3T23T9+
1041.80Y3T1 1+1307.05Y3T9T1 1+917.96Y3T14T1 1+
772.44Y3T18T1 1+1226.90Y3T21T1 1+725.79Y3T14+
977.21Y3T9T14+767.27Y3T1 1T14+870.58Y3T18T14+
1049.46Y3T23T14+500.46Y3T18+567.75Y3T9T18+
604.36Y3T1 1T18+8 17.71Y3T14T18+777.13Y3T21T18+
650.94Y3T23T18+1049,83Y3T21+1 524.87Y3T1 1121+
142 1.83Y3T18T2 1+1667.43Y3T23+1975.1 1Y3T9T23+
1408.08Y3T14T23+995.73Y3T18T23+5759.66Y4T17+
909.1 3Y4T18T17+430.94Y4T18+824.72Y4T17T18+
4874.72Y5T1+2236.05Y5T6T1+783.41Y5T14T1+
791.86Y5T18T1+13 13.09Y5T6+1934.70Y5T1T6+
809.34Y5T14T6+58 1 .47Y5T18T6+384.72Y5T14+
523.69Y5T1T14+1048.85Y5T6T14+692.19Y5T18T14+
633. 13Y5T24T14+370.1 1Y5T18+5 12.45Y5T1T18+
719. 18Y5T6T18+640. 17Y5T14T18+507.39Y5T24T18+
228 1.70Y5T24+1369.24Y5T14T24+800.65Y5T18T24+
1616.94Y6T1+1286.3 1Y6T5T1+969.04Y6T14T1+
701.06Y6118T1+778. 14Y6T2+75001Y6T14T2+
1 128.51Y6T15T2+645.98Y6T18T2+1341.68Y6T20T2+
1 124.35Y6T5+1778.90Y6T1T5+847.48Y6T14T5+
585.75Y6T18T5+1047.75Y6T7+1027.O1Y6T1OT7+
857.63Y6T14T7+609.95Y6T18T7+634.85Y6T9+
947.19Y6T1 1T9+869.85Y6T14T9+135 1.21Y6T15T9+
463.34Y6T18Th+748.47Y6T10+824.33Y6T7T10+
762.83Y6T14T10+492.54Y6T18T10+1 398.21Y6T1 1+
1407.59Y6T9T1 1+95 1.49Y6T14T1 1+1648.30Y6T15T1 1+
526.41Y6T18T1 1+486.95Y6T14+957.49Y6T1T14+
758.30Y6T2T14+602.10Y6T5T14+673.77Y6T7T14+
604.59Y6T9T14+702.23Y6T10T14+582.99Y6T1 1T14+
6 16.93Y6T1 5T14+590.93Y6T18T14+1 188.94Y6T20T14+
722.82Y6T1 5+1 305.98Y6T2T15-i-938.32Y6T9T15+
845.55Y6T1 1T1 5÷720. 19Y6T14T15-’-605.81Y6T18T15+
148 1.58Y6T20T15+208.76Y6T18+1027.93Y6T1T18+
8 17.06Y6T2T18+622.64Y6T5T18+659.99Y6T7T18÷
441 .77Y6T9T18+71 5.82Y6T10T18+55817Y6T1 1T18+
834.35Y6T14T18÷669.08Y6T15T18+1296.24Y6120T18+
1206.54Y6T20+900.08Y6T2T20+924.35Y6T14T20+
1 148.63Y6T15T20+6 1 3.46Y6T1 8120+11 52.96Y7T6+
1077.73Y7T10T6+840.00Y7T14T6+596.53Y7T18T6+
1388.15Y7T10+1632.8 1Y7T6T1O+674.75Y7T14T10+
665.76Y7T18T10+1 166.OOY7T19TIO+404.55Y7T14+
1058.3 1Y7T6T14+568.75Y7T10T14+721.90Y7T18T14+
645.91Y7T19T14+378.51Y7T18+75 1.25Y7T6T18+
585.8 1Y7T1OT18+705.92Y7T14T18+559.03Y7T19T18+

1038.35Y7T19+1 309.1 8Y7T10T19+1091.59Y7T14T19+
980.03Y7T18T19+804.66Y8T14+91 1 .94Y8T15T14+
1 323.75Y8T18T14÷880.66Y8T22T14÷1 834.76Y8T15+
973.22Y8T14T1 5+2052.15Y8T18T15+1280.41Y8T22T15÷
2639.48Y8T18+1 I 18.38Y8T14T18+1588.40Y8T15T18÷
I 332.83Y8122T1 8+11 36.39Y8T22+996.12Y8T14T22÷
1398.8 1Y8T15T22+1780.46Y8T18T22÷1785.95y9T3÷
1533.30Y9T1 1T3+1022.02Y9T14T3+596.74Y9T18T3+
1631.06Y9T23T3+735.42Y9T6+1019.95Y9T1 1T6+
872.67Y9T14T6+1262.04Y9T15T6+470.00Y9T18T6+
3910.96Y9T1 1+1969.43Y9T3T1 1+1757.97Y9T6T1 1+
835.86Y9T14T1 1+2395.36Y9T15T1 1+2426.63Y9T16T1 1+
528.84Y9T18T1 1+3304.82Y9T22T1 1+448.55Y9T14+
669.01Y9T3T14-l-885.35Y9T6T14+533.34Y9T1 1T14+
640.55Y9T15T14+841.5 1Y9T16T14+588.58Y9T18T14+
627.77Y9T22T14÷809.43Y9T23T14-l-1376.3 1Y9T15+
1118.98Y9T6T15+1251.1IY9T11T15+686.49Y9T14T15+
1282.94Y9T16T1 5+623.10Y9T18T15+1027.93Y9T22T15+
1769.71Y9T16+1643.67Y9T1 1T16+1283.30Y9T14T16+
1 827.64Y9T1 5T16+600,08Y9T18T16+1618.34Y9T23T16+
256.57Y9T18+716.10Y9T3T18+61 1.19Y9T6T18+
475.54Y9T1 1T18+747.74Y9T14T18+666.64Y9T15T18+
686.2 1Y9T16T18+676.93Y9T22T18+656.73Y9T23T18÷
1 334.54Y9T22-I-1961.07Y9T1 1122+73 1.06Y9T14T22+
1468.47Y9T1 5122+651 .36Y9T1 8122+13 12.63Y9T23T22+
1709.86Y9T23+1700.03Y9T3T23+1344.86Y9T14T23+
1710.35Y9T16T23+756.03Y9T18T23+1353.02Y9T22T23+
718 23Y10T6+10 12.49Y10T7T6+730.30Y10T14T6÷
554.54Y10T18T6+1388.15Y10T7+1383.89Y10T6T7+
682,88Y10T14T7+732.95Y10T18T7+1299.65Y10T19T7+
301.1 3Y10T14+876.72Y10T6T14+497.65Y10T7T14+
694.64Y10T18 14+627.91Y10T19 14+339.14Y10T18+
623.4 IYIOT6TI8+508.89Y 10T7T18-’-653.48Y10T14 18+
556.14Y10T1918+945.49Y10T19+1 125.83Y10T7T19+
1006.38Y10T1419+918.68Y10T1819+979.21Y1 1T3+
1249.88Y1 1T9T3+959.40Y1 1T14T3+703.15Y1 1T18T3+
1255.IOY11T2IT3+1529.26Y11T6÷1516.78Y1 1T9T6÷
980.36Y1 1114T6+1662.23Y1 1T15T6+540.44Y1 1T18T6+
2840.96Y1 1T9+1988.04Y1 11’3T9+1743.15Y1 1T6T9+
844.59Y1 1T14T9÷2607.87Y1 1T15T9÷1959.64Y1 1T16T9÷
530.42Y1 1T18T9÷3228.03Y1 1T22T9÷555.55Y1 1T14÷
738.07Y1 1T3T14-i-1013.98Y1 1T6T14+682.47Y11T9T14+
714.44Y1 1T1514+919.OOY1 1T1614+687.92Y11T1814+
938.79Y1 1T2214+2289.41Y1 1T15+1 821 .06Y1 IT6TI 5+
1820.68Y1 1T9T15÷772.67Y1 1T1415+1787.08Y1 1T1615+
668.90Y1 1T1815+2312.42Y1 112215+1 172.80Y1 1T16+
1427.51Y11T9T16÷1209.66Y1 1T1416÷1655.80Y1 1T1516+
723.08Y1 1T1816±1056.53Y1 1T17+838.17Y1 1T1817+
1717.61Y1 1121 17+320.28Y1 1T18+627.52Y1 1T3T18+
621.38Y1 1T6T18+37163Y1 1T9T18+684.1OY1 1T1418÷
580.22Y1 1T1518+63 1.18Y1 1T1618+583.59Y1 1T1718+
766.90Y1 1121 18÷679.27Y1 1T2218÷41 17.89Y1 1121+
1304.39Y1 1T3T21÷3247.03Y1 1T1721+1429.92Y1 1T1821+
4053.97Y1 1T2221÷3329.1OY1 l122+1706.60Y1 1T9T22+
843.15Y1 1T1422÷1826.67Y1 1T1522÷745.3 1Y1 1T1822+
2336.46Y1 1T2122-s-554.52Y12T18+l 17763Y13T14+
771 .93Y13T18 14+432.88Y1 3T18+986.9 1Y13T1418+
538.84Y14T1÷498.05Y14T5T1+1 383.77Y14T6T1+
8 17.32Y14T18T1-’-289.04Y14T2+917.39Y14T6T2+
830.1 1Y14T15T2+776.02Y14T18T2+613.06Y14T19T2+
436.17Y14120T2-’-l 124.67Y14T22T2+7 1 3.99Y14T3+
884.69Y14T9T3÷677.13Y14T1 1T3+780.69Y14T18T3+
978.74Y14T23T3+380.58Y14T5÷507.50Y14T1T5÷
929.02Y14T6T5+686.76Y14T18T5+627.05Y14T24T5+
455.82Y14T6÷96230Y14T1T6÷758.44Y14T2T6+
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638.64Y14T5T6+748.34Y14T7T6-i-650.08Y14T9T6+
649.30Y14T10T6+591.40Y14T1 1T6+528.59Y14T15T6+
581.5 1Y14T1 8T6+1 150.46Y14T20T6-i-370.79Y14T7+
894.18Y14T6T7+548.19Y14T10T7+726.98Y14T18T7+
685.00Y14T19T7+983.14Y14T8+916.92Y14T15T8+
1267.28Y14T18T8+917.41Y14T22T8+396.34Y14T9+
71 3.60Y14T3T9+765.63Y14T6T9+480.25Y14T1 119+
636.36Y14T1 5T9+755.90Y14T16T9+585.99Y14T18T9+
596.91Y14T22T9+766.37Y14T23T9+28 1 .20Y14T10+
867.42Y14T6T10+476.72Y14T7T10+621.43Y14T18 10+
570.53Y14T1910+492.18Y14T1 1+769,60Y14T3T11+
914.89Y14T6T1 1+632.1SYI4T9T11+660.41Y14T1511+
999.68Y14T161 1+665.82Y14T181 1+925.25Y14T221 1+
13 16.49Y14T13+770.38Y14T18 13+225.72Y14T1 5+
879.95Y14T2T1 5+830.99Y14T6T15+565.68Y14T8T15+
563.67Y14T9T15+449.87Y14T1 1 15+771.93Y14T1615+
703.59Y14T18 I 5+557.41Y14T2015+53 1.79Y14T2215+
103 1.75Y14T16+983.66Y14T9T16+844.24Y14T1 116+
893.44Y14T1516+785.67Y14T1816+1 133.03Y14T2316+
350.41Y14T18+463.84Y14T1T18+614.27Y14T2T18+
727. 17Y14T3T18+487.59Y14T5T18+628.97Y14T6T18+
572.38Y14T7T18+722.91Y14T8T18+424.28Y14T9T18+
565.05Y14T1018+451.55Y14T1 1 18+600.27Y14T1318+
477.52Y14T15 18+797.70Y14T1618+665.65Y14T1918+
502.55Y14T2018+588.64Y14T2218+724.46Y14T23 18+
532.26Y14T2418+463.06Y1412518+841.14Y14T19+
756.29Y14T2T19+8 19.07Y14T7T19+775.70Y14T1019+
882.82Y14T18 19i-1056.70Y14T20+860.07Y14T2T20+
1645.41Y14T6T20+1224.39Y14T1520+798.45Y14T1820+
I 395.63Y14T2220+353. I 3Y14T22+1095.49Y14T2T22+
53 1.90Y14T8T22+616.18Y14T9T22+556.61Y14T1122+
498.73Y14T1522+756.83Y14T1822+574.98Y14T2022+
648.27Y14T2322+1 125.44Y14T23+1074.14Y14T3T23+
1078.49Y14T9T23+1302.98Y14T1623+891,55Y14T1823+
877.43Y14T2223+1 165.70Y14T24+1 147.89Y14T5T24+
829.74Y14T1824+217.79Y14T25+7 19.86Y14T1825+
1675.93Y1 512+1 129.05Y15T612+5 16.40Y15T14T2+
762.62Y15T18T2+1333.10Y15T20T2+1814.13Y15T22T2+
639.93Y1 5T6+1249.79Y1 5T2T6+1046.32Y15T9T6+
838.42Y1 5T1 1T6-i-668.24Y15T14T6+541.25Y15T18T6+
1697.28Y1 5T20T6+1682.65Y15T8+1033.77Y15T14T8+
1806.O1Y1 5T18T8+1 3 10.75Y15T22T8+1396.70Y1 519+
9 12.88Y15T6T9+1 172.1 5Y15T1 1T9-’-626.62Y15T14T9+
1205.86Y1 5T16T9+546.1 5Y15T18T9-’-997.50Y15T22T9+
191 1.52Y15T11+1615.83Y15T6T1 li-1882.69Y15T9T1 1+
710.14Y15T141 1+1870.76Y15T161 1+61 1.96Y15T181 1+
223 1.36Y15T221 1+232.87Y15T14i-896.72Y1512T14+
796.42Y1 5T6T14+541.48Y15T8T14+606.79Y15T9T14+
461.35Y15T1 114+771.85Y15T1614-t-657.05Y15T1814+
736.97Y1 5120 14+543.22Y15T2214+1733.97Y15T16+
1859.74Y15T9T16+1687.78Y15T1 116+1 170.45Y15T1416+
729.3 1Y1ST18 16+3 18.8 1Y1ST18+1004.90Y15T2T18+
570.08Y15T6T18-l-686.65Y15T8T18+503.97Y15T9T18+
486.57Y15T1 1 18+586.72Y15T1418-i-642.69Y15T1618+
891.30Y15T2018+61 1.59Y15T2218+1345.56Y15T20+
1468.OOY1 5T2T20+1680.52Y15T6T20+1 1 16.84Y15T1420+
722.47Y15T1820+1375.61Y15T2220-i-644.96Y15T22+
1803.8 1Y1 5T2T22+712.99Y15T8T22+1047.76Y15T9T22+
938.84Y15T1 122+567.62Y1 5T1422+737.20Y15T1822+
1 384.93Y1 5T2022+1744.45Y16T9+1863.8 1Y16T1 1T9+
1 332.06Y16T14T9+2026.1OY16T1 5T9+660.29Y16T18T9+
1801.46Y16T23T9+1571.48Y16T1 1+1433.61Y16T9T1 1+
1239.72Y16T141 1+1651.24Y16T1511+775.63Y16T1811+
1 148.10Y16T14+1031.80Y16T9T14+1090.46Y16T1114+
994.38Y16T1514+853.64Y16T1814+1252.14Y16T2314+

2098.18YI6T15+1830.75Y16T9T15+2I42.52Y16rl 115+
1272.59Y16T1415+830.19Y16T1815+495.69Y16T18+
528.05Y16T9T18+785.59Y16T1 1 18+985.42Y16T1418-i-
725.28Y16T1518+673.04Y16T23 18+1702.33Y16T23+
1853.09Y16T9T23+1758.59Y16T1423+966.79Y16T1 823+
1 1999.66Y17T4+1022.03Y17T18T4+1216.53Y17T1 1+
970.13Y17T181 1+1853.65Y17T21 1 1+785.22Y17T18+
969.96Y17T4T18+824.75Y17T1 1 18+1344.47Y17T21 18+
4420.73Y17T21+2625.95Y17T1 121+1598.39Y17T1821+
483.56Y18T1+484.87Y18T5T1+1061 .62Y18T6T1+
699.24Y18T14T1+428.28Y18T2-l-704.45Y18T6T2÷
640.87Y18T14T2+948.1OY18T1 5T2+498.53Y18T19T2+
596.59Y1 8T20T2+1200.54Y18T22T2+426.32Y18T3+
536.44Y1 8T9T3+556.97Y18T1 1T3+820.78Y1 8T14T3+
725.42Y18T21T3+640.79Y18T23T3+346.35Y18T4+
702.84Y18T17T4+368.65Y18T5+559.46Y18T1T5+
683.81Y18T6T5+658.95Y18T14T5+51 l.44Y18T24T5+
209.41Y18T6+1 070.72Y18T1T6+886.59Y18T2T6+
669.41Y18T5T6+765.33Y18T7T6+536.76Y18T9T6+
629.09Y18T10T6+618.1OY18T1 1T6+807.08Y18T14T6+
652.03Y18T15T6+13 19.15Y18T20T6+401.29Y18T7+
663.67Y18T6T7+5 16.06Y18T10T7+703.82Y18T14T7+
534.29Y18T19T7+2241.58Y18T8+1 195.26Y18T14T8+
1 559.54Y18T15T8+1394.43Y18T22T8+246.27Y18T9+
658.52Y18T3T9+522.60Y18T6T9+457.44Y18T1 1T9+
707.62Y18T14T9+723.64Y18T15T9+602.O1Y18T16T9i-
65 I.09Y18T22T9+676.12Y18T23T9+275.28Y18T10+
650.04Y18T6T10+5 l0.94Y18T7T10+640.79Y18T1410+
461.58Y18T1910+310.30Y18T1 l+603.47Y18T3T1 1+
575.94Y18T6T1 l+381.44Y18T9T1 l+649.40Y18T141 1+
593.94Y18T15 I I+745.53Y18T161 l+551.44Y18T171 1+
713.08Y18T2 11 1+700.99Y18T221 l+547.62Y18T12+
434.1 1Y18T13+1022.86Y18T141 3+364.65Y18T14+
5 I0.22Y18T1T14+682.5 1Y18T2T14+667.72Y18T3T14+
491.41Y18T5T14+667.82Y18T6T14+604. 19Y18T7T14+
645.63Y18ThT14+480.77Y18T9T14-f-529.24Y18T1014-4-
494.33Y18T1114+603.00Y18T1314+541.60Y18T1514+
809.01Y18T1614-i-621.90Y18T1914+531.83Y18T2014+
629.58Y1 812214+790.3 IY18T23 14+512.76Y18T2414+
506.77Y18T25 14+387.33Y1 8T1 5+1056.60Y18T2T15+
640.19Y1 8T6T15-i-654.90Y1 8T8T15+5 14.33YI8T9T15+
5 17.48Y18T1 11 5+593.02Y18T1415+660.53Y18T1615+
738.5 1Y18T2015-i-646.08Y18T2215-t-439.87Y18T16+
553.55Y18T9T16+619.92Y18T1 1 16-i-932.14Y18T1416+
726.22Y18T15 16+649.93Y18T23 16+624.36Y18T17+
845.61Y18T4T17+706.46Y18T1 117+1 120.34Y181’21 17+
729.63Y18T19+968.35Y18T2T19+870.60Y18T7T19+
821.23Y18T1019+1029.53Y18T1419+413.59Y18T20+
678.87Y18T2T20+1232.34Y18T6T20+626.93Y18T1420+
906.59Y1 ST1 520÷773.00Y18T2220+l 170.55Y1 8121+
899.22Y18T3T21+1200.42Y18T1 121+1 366.28Y18T1721+
1274.25Y1 812221+467.3 1Y1 8T22+1292.32Y18T2T22+
6 16.68Y18T8T22+499.5 1Y18T9T22-’-627.14Y18T1 122+
701 .79Y18T1422+66 I. 17Y18T1522+775.78Y18T2022+
708.52Y18T2122+602.08Y18T2322+604.92Y18T23+
760.32Y18T3T23+677.98Y18T9T23-t-976.04Y18T1423+
760.12Y18T1623+736.31Y18T2223+501.69Y18124+
695.60Y18T5T24+921.06Y18T1424+658.76Y18T25+
593.09Y18T1425+683.49Y19T2+916.61Y19T14T2+
1047.14Y19T18T2+1 387.30Y19T7+1287.65Y19T10T7+
1105.1 3Y19T14T7+l 150.84Y19T18T7+942.97Y19T10+
111 l.32Y19T7T10+976.79Y19T1410+965.56Y19T1 810+
841.14Y19T14+767.48Y19T2T14+844.34Y19T7T14+
8 10.38Y19T10 14+974.39Y19T18 14+988.40Y19T18+
894.74Y19T2T18+906.37Y19T7T18+876.47Y19T1018+

163



APPENDIX B: PROBLEM FORMULATION FILE
EFFICIENT COMBINED NETWORK

1045.52Y19T141 8+594.99Y20T2+1667.91Y20T6T2+
8 1O.20Y20T14T2+1217.53Y20T15T2+813.56Y20T18T2+
1673.85Y20T22T2-i-1206.54Y20T6+889.1 1Y20T2T6+
915.18Y20T14T6+894.O1Y2OT1 5T6+599.30Y20T18T6+
1490.29Y20T14+870.68Y20T2T14-’-l 595.87Y20T6T14+
1280.37Y20T15 14+799.50Y20T1 8 14-i-1699.89Y20T2214+
1260.55Y20T15-i-1699.42Y20T2T15+1846.25Y20T6T15+
1255.83Y20T1415+753.46Y20T1815+1530.91Y20T2215+
417.8 1Y20T18+637.87Y20T2T18+1210.14Y20T6T18+
629.36Y20T141 8-i-662.94Y20T15 18+735.93Y20T2218+
1795.25Y20T22-i-1965.04Y20T2T22+1323.43Y20T1422+
1 197.71Y20T1522+825.73Y20T1822+1581.89Y21T3+
1883.98Y21T1 1T3+1 547.28Y21T18T3+3776.46Y21T1 1+
1682.78Y21T3T1 1+288 1.29Y21T171 1+1530.04Y21T181 1+
4125.27Y21T2211+4060.73Y21T17+2602.62Y21T1 117+
1565.25Y21T1817+1301.07Y21T18+1308.68Y21T3T18-i-
1256.86Y21T1 I 18+1488.15Y21T1718+1338.79Y21T2218+
4188.92Y21T22+4420.70Y21T1 122+1670.41Y21T1822+
2686.74Y22fl+649.41Y22T14T2+1577.88Y22T15T2+
827.53Y22T18T2+1463.74Y22fl0T2+1 125.86Y22T8+
1060.53Y22T14T8+1 3 14.55Y22T15T8+1580.00Y22T18T8+
1246.91Y22T9+1867.61Y22T1 1T9+697.95Y22T14T9+
1448.56Y22T15T9+590.27Y22T1 8T9+1292.98Y22T23T9+
3092.26Y22T1 1+1693.83Y22T9T1 1+800.19Y22T141 1+
1600.36Y22T1511+681.14Y22T1811+2145.78Y22T2111+
370.78Y22T14+1 128.99Y22T2T14+527.36Y22T8T14+
622.56Y22T9T14+585.19Y22T1 1 14+505.65Y22T1514+
735.03Y22T18 14+605.90Y22T2014+665.04Y22T2314+
603.06Y22T15+1830.82Y22T2T15+696.55Y22T8T15+
937.34Y22T9T15+895.52Y22T1 11 5+578.62Y22T1415+
766.97Y22T1815+1 100.04Y22T2015+414.45Y22T18+
1239.30Y22T2T18+696.53Y22T8T1 8+471.45Y22T9T18+
620.05Y22T11 18+696.31Y22T1418+599.69Y22T1518+
774.23Y22T2018+766.50Y22T21 18i-540.63Y22T23 18+
1378.60Y22T20+1763.33Y22T2T20+1 180.41Y22T1420+
1252.27Y22T1520+803.5 1Y22T1820+2917.25Y22T21+
4140.07Y22T1 121+1480.15Y22T1821+968.47Y22T23+
1296.92Y22T9T23-i-1 181.20Y22T1423+910.29Y22T1823+
13 10.06Y23T3+1846.39Y23ThT3+1397.46Y23T14T3+
857.73Y23T18T3-i-1748,64Y23T9+1718.86Y23T3T9+
1315.8 1Y23T14T9+1584.1 1Y23T16T9+701.01Y23T1 8T9+
13 17.73Y23T22T9-’-l 125.44Y23T14+967.43Y23T3T14+
1093.18Y23T9T14-i-1259.3 1Y23T1614+862.22Y23T18 14+
854.40Y23T2214+1282.33Y23T16+1838.84Y23T9T16+
1658.74Y23T1416+846.87Y23T1816+534.37Y23T1 8+
801 .46Y23T3T18+645,74Y23T9T18+1000.70Y23T1418+
770.13Y23T1618÷721.38Y23fl218+952.09Y23T22+
1305.04Y23T9T22+1 164.67Y23T1422+893.09Y23T1822+
2244.55Y24T5+1368.58Y24T14T5+794.28Y24T18T5+
1 120.18Y24T14+1 147.18Y24T5T14+850.20Y24T1814+
514.21Y24T18+694.47Y24T5T18+896.34Y24T1418+
223.28Y25T14i-709.08Y25T18 14-’-680.09Y25T18+
595.80Y25T141 8
ST
Y1T6-Y1T6T5 >= 0
Y6T5-Y1T6TS >= 0
Y1TI4-YIT14T5 >= 0
Y14T5-Y1T14T5>=0
Y1T18-Y1T18T5 >= 0
Y18T5-YIT18T5 >= 0
Y1T5-Y1T5T6 >= 0
Y5T6-Y1T5T6 >= 0
Y1T14-Y1T14T6>=0
Y14T6-Y1T14T6>=0
Y1T18-Y1T1ST6 >= 0

Y18T6-Y1T18T6 >= 0
YIT5-Y1T5T14>=0
Y5T14-Y1TST14 >= 0
YIT6-Y1T6T14 >= 0
Y6T14-Y1T6T14 >= 0
Y1T18-Y1TI8T14 >= 0
Y18T14-Y1T18T14 >= 0
YIT5-YIT5T18 >= 0
Y5T18-YITST18 >= 0
Y1T6-Y1T6TI8 >= 0
Y6T18-Y1T6TI8 >= 0
Y1T14-Y1T14T18 >= 0
Y14T18-Y1T14TI8 >= 0
Y2T14-Y2T14T6 >= 0
Y14T6-Y2T14T6 >= 0
Y2T1S-Y2T15T6 >= 0
Y1ST6-Y2T15T6 >= 0
Y2T18-Y2T18T6 >= 0
Y18T6-Y2T18T6 >= 0
Y2T20-Y2T20T6 >= 0
Y20T6-Y2T20T6 >= 0
Y2T6-Y2T6T14 >= 0
Y6T14-Y2T6T14 >= 0
Y2T15-Y2T15T14 >= 0
Y15T14-Y2T15T14 >= 0
Y2T18-Y2T18T14 >= 0
Y18T14-Y2T18T14 >= 0
Y2T19-Y2T19T14 >= 0
Y19T14-Y2T19T14>=0
Y2T20-Y2T20T14 >= 0
Y20T14-Y2flOT14 >= 0
Y2T22-Y2T22T14 >= 0
Y22T14-Y2T22T14 >= 0
Y2T6-Y2T6T15 >= 0
Y6T15-Y2T6T15 >= 0
Y2T14-Y2T14T15 >= 0
Y14T15-Y2T14T15 >= 0
Y2T18-Y2T18T15 >= 0
Y18T15-Y2T18T15 >= 0
Y2T20-Y2T2OT1S >= 0
Y20T15-Y2T2OTIS >= 0
Y2T22-Y2722T15 >= 0
Y22T1 5-Y2T22T1 S >= 0
Y2T6-Y2T6T18 >=0
Y6T18-Y2T6T18 >= 0
Y2T14-Y2T14T18 >= 0
Y14T18-Y2T14T18 >= 0
Y2T15-Y2T15T18 >= 0
Y15T18-Y2T15T18 >= 0
Y2T19-Y2T19T18 >= 0
Y19T18-Y2T19T18 >= 0
Y2T20-Y2T20T18 >= 0
Y20T18-Y2T20T18 >= 0
Y2T22-Y2T22T18 >= 0
Y22T18-Y2T22T18 >= 0
Y2T14-Y2T14T19 >= 0
Y14T19-Y2T14T19 >= 0
Y2T18-Y2T18T19 >= 0
Y18T19-Y2T18T19 >= 0
Y2T6-Y2T6T20 >= 0
Y6T20-Y2T6T20 >= 0
Y2T14-Y2T14T20 >= 0
Y14T20-Y2T14T20 >= 0
Y2T15-Y2T15T20 >= 0
Y15T20-Y2T1ST2O >= 0
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Y2TIS-Y2T1ST2O >= 0
Y18T20-Y2T18T20 >= 0
Y2T22-Y2T22T20 >= 0
Y22T20-Y2T22T20 >= 0
Y2T14-Y2T14T22 >= 0
Y14T22-Y2T14T22 >= 0
Y2T15-Y2T15T22 >= 0
Y15T22-Y2T15T22 >= 0
Y2T18-Y2T18T22 >= 0
Y18T22-Y2T18T22 >= 0
Y2120-Y2r20fl2 >= 0
Y20T22-Y2fl0fl2 >= 0
Y3TI 1-Y3TI 1T9 >= 0
Y11T9-Y3T1IT9 >= 0
Y3T14-Y3T1419 >= 0
Y14T9-Y3T14T9 >= 0
Y3T18-Y3T18T9 >= 0
Y18T9-Y3T18T9 >= 0
Y3T23-Y3T23T9 >= 0
Y23T9-Y3T23T9 >= 0
Y3T9-Y3T9T1 I >= 0
Y9T1 1-Y3T9T1 1 >= 0
Y3T14-Y3T14T1 1 >= 0
Y14T11-Y3T14T11 >=0
Y3T1S-Y3T1ST11 >= 0
Y18T11-Y3T18TI1 >= 0
Y3T21-Y3T21T11 >=0
Y21T11-Y3T21T11 >= 0
Y3T9-Y3T9T14 >= 0
Y9T14-Y3T9T14 >= 0
Y3T1I-Y3T11TI4>=0
Y1IT14-Y3T11T14>=0
Y3T18-Y3T18T14 >= 0
Y1ST14-Y3T1ST14 >= 0
Y3T23-Y3T23T14 >= 0
Y23T14-Y3T23T14 >= 0
Y3T9-Y3T9TIS >= 0
Y9T18-Y3T9T18 >= 0
Y3T1 l-Y3T1 1T18 >= 0
Y11T1B-Y3T1IT18 >=0
Y3T14-Y3T14T1S >= 0
Y14T1S-Y3T14T1S >= 0
Y3T21-Y3T21T18 >= 0
Y21T18-Y3T21T18 >= 0
Y3T23-Y3T23T18 >= 0
Y23T18-Y3T23T18 >= 0
Y3T11-Y3T11T21 >=0
Y11T2L-Y3T11T21 >=0
Y3T1S-Y3T18T21 >= 0
Y18T21-Y3T1ST21 >=0
Y3T9-Y3T9T23 >= 0
Y9T23-Y3T9T23 >= 0
Y3T14-Y3T14T23 >= 0
Y14T23-Y3T14T23 >= 0
Y3T18-Y3T18T23 >= 0
Y18T23-Y3T18T23 >= 0
Y4T18-Y4T18T17 >= 0
Y1ST17-Y4T18T17 >= 0
Y4T17-Y4T17T1S >= 0
Y17T18-Y4T17T18 >= 0
Y5T6-YST6T1 >= 0
Y6T1-Y5T6TI >= 0
YST14-Y5T14T1 >=0
Y14T1-Y5T14T1 >=0
Y5T18-YSTI8T1 >= 0

APPENDIX B: PROBLEM FORMULATION FILE
EFFICIENT COMBINED NETWORK

Y18T1-Y5T18T1 >= 0
Y5T1-Y5T1T6 >= 0
Y1T6-YST1T6 >= 0
Y5T14-Y5T4T6 >= 0
Y14T6-Y5T14T6 >= 0
Y5T18-Y5T18T6 >= 0
Y1ST6-Y5T1ST6 >= 0
Y5T1-Y5T1T14 >= 0
Y1T14-Y5T1T14 >= 0
Y5T6-Y5TGT14 >= 0
Y6T14-Y5T6T14 >= 0
Y5T1S-Y5T1ST14 >= 0
YIST14-Y5T1ST14 >= 0
Y5T24-Y5T24T14 >= 0
Y24T14-Y5T24T14 >= 0
Y5T1-Y5T1T1S >= 0
Y1T1S-Y5T1T1S >= 0
Y5T6-Y5T6T18 >= 0
Y6T1S-Y5T6T1S >= 0
Y5T14-Y5T14T18 >= 0
Y14T1S-Y5T14T1S >= 0
Y5T24-YST24T1S >= 0
Y24T18-Y5T24T18 >= 0
Y5T14-Y5T14T24 >= 0
Y14T24-Y5T14T24 >= 0
Y5T18-Y5T18T24 >= 0
Y18T24-Y5T18T24 >= 0
Y6T5-Y6T5T1 >= 0
Y5T1-Y6T5T1 >= 0
Y6T14-Y6T14T1 >= 0
Y14T1-Y6T14T1 >= 0
Y6T1S-Y6T1ST1 >= 0
Y1ST1-Y6T1ST1 >=0
Y6T14-Y6T14T2 >= 0
Y14T2-Y6T14T2 >= 0
Y6T15-Y6T15T2 >= 0
Y15T2-Y6T15T2 >= 0
Y6T18-Y6T18T2 >= 0
Y1ST2-Y6T18T2 >= 0
Y6T20-Y6T20T2 >= 0
Y20T2-Y6T20T2 >= 0
Y6T1-Y6T1T5 >= 0
Y1T5-Y6T1T5 >= 0
Y6T14-Y6T14T5 >= 0
Y14T5-Y6T14T5 >= 0
Y6T1S-Y6T1ST5 >= 0
Y1ST5-Y6T1ST5 >= 0
Y6T1O-Y6T1OT7 >= 0
Y1OT7-Y6T1OT7 >= 0
Y6T14-Y6T14T7 >= 0
Y14T7-Y6T14T7 >= 0
Y6T1S-Y6T1ST7 >= 0
Y18T7-Y6T18T7 >= 0
Y6T11-Y6T11T9 >= 0
Y1IT9-Y6T11T9 >= 0
Y6TI4-Y6T14 >= 0
Y14T9-Y6T14T9 >= 0
Y6T15-Y6T15T9 >= 0
Y15T9-Y6T15T9 >= 0
Y6T1S-Y6T18T9 >= 0
Y1ST9-Y6T1ST9 >= 0
Y6T7-Y6T7T10 >= 0
Y7T10-Y6T7T10 >= 0
Y6T14-Y6T14T10 >= 0
Y14T10-Y6T14T10 >= 0
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Y6T18-Y6T1ST1O >= 0
Y18T10-Y6T18T10 >= 0
Y6T9-Y6T9T1 1 >= 0
Y9T11-Y6T9TI1 >=0
YÔT14-Y6T14T11 >=0
Y14T11-Y6T14T11 >=0
Y6T15-Y6T15T1I >= 0
Y15T11-Y6T15TII >= 0
Y6T18-Y6T18T11 >= 0
YISTI1-Y6TI8T11 >=0
Y6T1-Y6T1T14 >= 0
Y1TJ4-Y6T1T14 >= 0
Y6T2-Y6T2T14 >= 0
Y2T14-Y6T2T14 >= 0
Y6T5-Y6T5T14 >= 0
Y5T14-Y6T5T14 >= 0
Y6T7-Y6T7T14 >= 0
Y7T14-Y6T7T14 >= 0
Y6T9-Y6T9T14 >= 0
Y9T14-Y6T9T14 >= 0
Y6T10-Y6TI0T14 >= 0
YIOT14-Y6T1OT14 >= 0
Y6T1 1-Y6T1 1T14 >= 0
Y1IT14-Y6T11T14>=0
Y6T15-Y6T15T14 >= 0
Y15T14-Y6T15T14 >= 0
Y6T1S-Y6T1ST14 >= 0
Y1ST14-Y6T18T14 >= 0
Y6T2O-Y6T20T14 >= 0
Y20T14-Y6T20T14 >= 0
Y6T2-Y6T2T15 >= 0
Y2T15-Y6T2T15 >= 0
Y6T9-Y6V?T15 >= 0
Y9T15-Y6T9T15 >= 0
Y6T11-Y6T11TI5 >= 0
Y11T15-Y6T11T15 >= 0
Y6T14-Y6T14T15 >= 0
Y14T15-Y6T14T15 >= 0
YÔT18-Y6T18T1S >= 0
Y18T15-YÔT18TI5 >= 0
Y6T20-Y6T20T15 >= 0
Y20T15-Y6T20T15 >= 0
Y6T1-Y6T1T1S >= 0
Y1T1S-Y6T1T18 >= 0
Y6T2-Y6T2T18 >= 0
Y2T18-Y6T2T18 >= 0
Y6T5-Y6T5T1S >= 0
Y5T1S-Y6T5TIS >= 0
Y6T7-YÔT7T18 >= 0
Y7T1S-Y6T7T18 >= 0
Y6T9-Y6T9T18 >= 0
Y9T18-Y6T9T18 >= 0
Y6T10-Y6T10T1S >= 0
Y10TIS-Y6T10T18 >= 0
Y6TI 1-Y6TI 1T18 >= 0
Yl 1T18-Y6T11T18 >= 0
Y6T14-Y6T14T1S >= 0
Y14T1S-Y6T14TIS >= 0
YOTI5-Y6TI5T18 >= 0
Y15T1S-Y6T15T1S >= 0
Y6T20-Y6T20T18 >= 0
Y20T18-Y6T20T18 >= 0
Y6T2-Y6flT20 >= 0
Y2T20-Y6T2T20 >= 0
Y6T14-Y6T14T20 >= 0
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Y14T20-Y6T14T20 >= 0
Y6T15-Y6T15T20 >= 0
Y15T20-Y6T15T20 >= 0
Y6T1S-Y6T18T20 >= 0
Y1ST2O-Y6T18T20 >= 0
Y7T1O-Y7T1OT6 >= 0
Y1OT6-Y7T1OT6 >= 0
Y7T14-Y7T14T6 >= 0
Y14T6-Y7T14T6 >= 0
Y7T1S-Y7T1ST6 >= 0
YIST6-Y7T1ST6 >= 0
Y7T6-Y7T6T1O >= 0
Y6T1O-Y7T6T1O >= 0
Y7T14-Y7T14T10 >= 0
‘114T10-Y7TNT1O >= 0
Y7TIS-Y7T18T10 >= 0
Y1RT1O-Y7TIST10 >= 0
Y7T19-Y7T19T1O >= 0
Y19T1O-Y7T19TIO>=0
Y7T6-Y7T6T14 >= 0
Y6T14-Y7T6T14 >= 0
Y7T1O-Y7T1OT14 >= 0
Y1OT14-Y7T1OT14 >= 0
Y7T18-Y7T18T14 >= 0
Y18T14-Y7T18T14 >= 0
Y7T19-Y7T19T14 >= 0
Y19T14-Y7T19T14 >= 0
Y7T6-Y7T6T18 >= 0
Y6T18-Y7T6T18 >= 0
Y7T10-Y7T10T18 >= 0
YIOT18-Y7T10T18 >= 0
Y7T14-Y7T14T1S >= 0
Y14T1S-Y7T14T1S >= 0
Y7T19-Y7T19T18 >= 0
Y19T18-Y7T19T1S >= 0
Y7T10-Y7T10T19 >= 0
Y10T19-Y7T10T19 >= 0
Y7T14-Y7T14T19 >= 0
Y14T19-Y7T14T19 >= 0
Y7T18-Y7TISTI9 >= 0
Y1RT19-Y7T1STI9 >= 0
Y8T15-Y8T15T14 >= 0
Y15T14-YST15T14 >= 0
YST18-Y8T18T14 >= 0
Y1ST14-Y8T18T14 >= 0
Y8T22-Y8T22T14 >= 0
Y22T14-Y8T22T14 >= 0
YSTI4-YST14T15 >= 0
Y14T15-YST14T15 >= 0
Y8T1S-YST1ST15 >= 0
Y1ST15-YST18T15 >= 0
Y8T22-Y8T22T1 5 >= 0
Y22T15-Y8T22T15 >= 0
YST14-Y8T14T1S >= 0
YI4TIS-YSTI4TIS >= 0
YRT1S-Y8T15T1S >= 0
Y15T18-YST15T1S >= 0
Y8T22-Y8T22T18 >= 0
Y22T18-YWI22T1S >= 0
YST14-Y8T14T22 >= 0
Y14T22-Y8T14T22 >= 0
Y8T15-Y8T15T22 >= 0
Y15T22-Y8T15T22 >= 0
YST18-Y8T18T22 >= 0
Y18T22-YST1ST22 >= 0
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Y9T1 1-Y9T1 1T3 >= 0
Yl 1T3-Y9TI 1T3 >= 0
Y9T14-Y9T14T3 >= 0
Y14T3-Y9T14T3 >= 0
Y9TIS-Y9T18T3 >= 0
Y1ST3-Y9T18T3 >= 0
Y9T23-Y9T23T3 >= 0
Y23T3-Y9T23T3>=0
Y9TI1-Y9T11T6 >=0
Y11T6-Y9T11T6>=0
Y9T14-Y9T14T6 >= 0
Y14T6-Y9T14T6 >= 0
Y9T1S-Y9T15T6 >= 0
Y1ST6-Y9T15T6 >= 0
Y9T18-Y9T1ST6 >= 0
Y18T6-Y9T18T6 >= 0
Y9T3-Y9T3T1 1 >= 0
Y3T1 1-Y9T3TI 1 >= 0
Y9T6-Y9T6T1 1 >= 0
Y6T11-Y9T6T11 >= 0
Y9T14-Y9T14T11 >= 0
YJ4T11-Y9T14T11 >=0
Y9T15-Y9TIST11 >= 0
Y1ST11-Y9T15T11 >= 0
Y9T16-Y9T16TI 1 >= 0
Y16T1 1-Y9T16TI 1 >= 0
Y9T18-Y9T18T1I >= 0
Y18T11-Y9T18T11 >= 0
Y9T22-Y9T22T1 1 >= 0
Y22T1 1-Y9T22T1 1 >= 0
Y9T3-Y9T3T14 >= 0
Y3T14-Y9T3T14 >= 0
Y9T6-Y9T6T14 >= 0
Y6T14-Y9T6T14 >= 0
Y9TI1-Y9T11T14>=0
Y11T14-Y9T11T14 >= 0
Y9TIS-Y9T1ST14 >= 0
Y15T14-Y9T15T14 >= 0
Y9TIÔ-Y9T16T14 >= 0
Y16T14-Y9T16T14 >= 0
Y9T1S-Y9T1ST14 >= 0
Y18T14-Y9T18T14 >= 0
Y9T22-Y9T22T14 >= 0
Y22T14-Y9T22T14 >= 0
Y9T23-Y9T23T14 >= 0
Y23T14-Y9T23T14 >= 0
Y9T6-Y9T6T15 >= 0
Y6TIS-Y9T6T15 >= 0
Y9T11-Y9T11T1S >= 0
Y11T15-Y9T11TIS >=0
Y9T14-Y9T14T1S >= 0
Y14T15-Y9T14T15 >= 0
Y9T16-Y9T16T15 >= 0
Y1OT15-Y9T16T15 >= 0
Y9T1S-Y9T1ST15 >= 0
Y1ST15-Y9T1STI5 >= 0
Y9T22-Y9T22T1 5 >= 0
Y22T15-Y9fl2T15 >= 0
Y9T11-Y9T1IT16 >=0
Y1IT16-Y9TI1T16 >=0
Y9T14-Y9T14T16 >= 0
Y14T16-Y9T14T16>=0
Y9T15-Y9T15T16 >= 0
Y1ST16-Y9T15T16 >= 0
Y9T1S-Y9T1ST16 >= 0

APPENDIX B: PROBLEM FORMULATION FILE
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Y1ST16-Y9T18T16 >= 0
Y9T23-Y9T23T16 >= 0
Y23T16-Y9T23T16 >= 0
Y9T3-Y9T3TIS >= 0
Y3T18-Y9T3T1S >= 0
Y9T6-Y9TGT1S >= 0
Y6T18-Y9TGT18 >= 0
Y9T1 1-Y9T1 IT1S >= 0
Y11T1S-Y9T11T1S >= 0
Y9T14-Y9T14T18 >= 0
Y14T1S-Y9T14T18 >=0
Y9T15-Y9T15T18 >= 0
Y15T18-Y9T15T1S >= 0
Y9T16-Y9T16T18 >= 0
Y1GTIS-Y9T16T18 >= 0
Y9T22-Y9T22T18 >= 0
Y22T18-Y9T22T18 >= 0
Y9T23-Y9T23T18 >= 0
Y23T18-Y9T23T18 >= 0
Y9T11-Y9T11T22 >= 0
Y11T22-Y9T11T22 >= 0
Y9T14-Y9T14T22 >= 0
Y14T22-Y9T14T22 >= 0
Y9T15-Y9T15T22 >= 0
Y15T22-Y9T15T22 >= 0
YOT1S-Y9T18T22 >= 0
Y18T22-Y9T18T22 >= 0
Y9T23-Y9T23T22 >= 0
Y23T22-Y9T23T22 >= 0
Y9T3-Y9T3fl3 >= 0
Y3T23-Y9T3T23 >= 0
Y9T14-Y9T14T23 >= 0
Y14T23-Y9T14T23 >= 0
Y9T16-Y9T16T23 >= 0
Y16T23-Y9T16T23 >= 0
Y9T1S-Y9T18T23 >= 0
Y18T23-Y9T18T23 >= 0
Y9T22-Y9T22T23 >= 0
Y22T23-Y9T22T23 >= 0
Y1OT7-YIOT7T6 >= 0
Y7T6-Y1OT7T6 >= 0
Y1OT14-Y1OT14T6 >= 0
Y14T6-Y1OT14T6>=0
Y1OT1S-Y10T18T6 >= 0
Y1ST6-Y1OT1ST6 >= 0
Y1OT6-Y1OTÔT7 >= 0
Y6T7-Y1OT6T7 >= 0
Y10T14-Y10T14T7 >= 0
Y14T7-Y1OT14T7>=0
Y1OT1S-Y1OT1ST7 >= 0
Y1ST7-Y1OT1ST7 >= 0
Y10T19-Y10T19T7 >= 0
Y19T7-Y10T19T7>=0
Y1OT6-Y1OTÔTI4>=0
Y6T14-Y1OT6T14 >= 0
Y1OT7-Y1OT7T14 >= 0
Y7T14-Y10T7T14 >= 0
Y1OTIS-Y1OT1S14 >= 0
Y18T14-Y10T1814 >= 0
Y1OTI9-Y10T1914 >= 0
Y19T14-Y10T1914>=0
Y1OT6-YIOT6T1S>=0
Y6T18-YIOTÔT1S >= 0
Y1OT7-Y1OT7T18 >= 0
Y7TIS-YIOT7T18 >= 0
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Y1OT14-Y1OT141S >= 0
Y14T18-Y10T1418 >= 0
Y1OT19-Y1OT191S >= 0
Y19T18-Y1OT191S>=0
Y1OT7-Y1OT7T19 >= 0
Y7T19-Y1OT7T19 >= 0
Y10T14Y10T1419 >= 0
Y14T19-Y10T1419 >= 0
Y1OT1S-Y10T1819 >= 0
Y1ST19-Y10T1819 >= 0
YJ1T9-Y11T9T3 >=0
Y9T3-Y1 1WT3 >= 0
Y1IT14-Y11T14T3 >=0
Y14T3-Y11T14T3 >=0
Y11T1S-Y1ITI8T3 >= 0
Y18T3-Y11T18T3 >= 0
Y11T21-YIIT2IT3 >=0
Y21T3-Y11T21T3 >= 0
Y11T9-Y11T9T6 >=0
Y9T6-Y1 1T9T6 >= 0
Y11T14-Y11TI4TÔ >= 0
Y14T6-Y11T14T6 >= 0
Yl 1T15-Y1 1T15T6 >= 0
Y1ST6-Y11T15T6 >= 0
Y1IT18-Y11T1ST6 >= 0
Y18T6-YI1T1ST6 >= 0
Y11T3-Y11T3T9 >=0
Y3T9-Y1 1T3T9 >= 0
YI1T6-Y11TÔT9 >=0
Y6T9-YIIT6T9 >= 0
Y11T14-Y11T14T9 >= 0
Y14T9-Y11T14T9 >= 0
Y11T15-Y11T15T9 >= 0
Y1ST9-Y11TIST9 >= 0
Y11T16-Y11T16T9 >=0
Y16T9-Y1 1T16Th >= 0
Y11T18-Y11TIST9 >=0
Y18T9-YI1T1ST9 >= 0
Yl fl22-Y1 1T22T9 >= 0
Y22T9-Y1 1T22T9 >= 0
Y11T3-Y11T3T14 >=0
Y3T14-Y1 1T3T14 >= 0
Y11T6-Y11T6TI4 >= 0
Y6TI4-YI1T6T14 >= 0
Yl 1T9-Y1 1T9T14 >= 0
Y9T14-Y1 1T9T14 >= 0
Y11T1S-Y11T1S14>= 0
Y1ST14-Y11T1514 >= 0
Yl 1T16-Y1 1T1614 >= 0
Y16T14-Y1 1T1614 >= 0
Y11T18-Y11T1814>= 0
Y18T14-Y11T1S14>= 0
Yl 1T22-Y1 1T2214 >= 0
Y22T14-Y11T2214 >= 0
Y11T6-Y11T6T15 >= 0
Y6T15-Y11T6T15 >= 0
Y11T9-Y11T9T15 >=0
Y9T15-Y11T9T15 >= 0
Y11T14-Y11T1415 >=0
Y14T1S-Y1IT14IS >= 0
Y11T16-Y11T1615 >= 0
Y16T15-YIIT161S >= 0
YI1T18-Y11T1815 >=0
YI8T1S-YIIT1S15 >=O
Y11T22-Y11T2215 >=O
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Y22T15-Y11T2215 >= 0
Y11T9-Y11T9T16>=0
Y9T16-Y11T9T16 >= 0
Y11T14-Y11T1416 >= 0
Y14T16-Y11T1416 >= 0
Y1IT15-Y11T151G >=0
Y15T1Ô-Y11T1516 >= 0
Y11T18-Y11T1S16 >= 0
Y1ST16-Y11T1816 >= 0
Y11TI8-Y11T1817 >= 0
Y1ST17-Y11T1817 >= 0
Y11T21-Y11T2117 >=0
Y21T17-Y11T2117 >= 0
Y11T3-Y11T3T1S >= 0
Y3T1S-Y1IT3TIS >= 0
Y1IT6-Y11T6T1S >= 0
Y6T18-Y11T6T18 >= 0
Y11T9-Y11T9T18 >=0
Y9T18-Y11T9T18 >= 0
Y11T14-Y11T141S >= 0
Y14T18-Y11T141S >= 0
Y11TIS-Y11T151S >= 0
Y15T1S-Y11T15IS >= 0
Y11T16-Y11T1618 >= 0
Y16T18-Y11T1618 >=0
Y11T17-Y11T171S >= 0
Y17T1S-Y11T171S >= 0
Y11T21-Y11T2I1S >=0
Y21TIS-Y11T211S >= 0
Y11T22-Y11T2218 >= 0
Y22T18-Y11T2218 >= 0
Yl 1T3-Y1 1T3T21 >= 0
Y3T21-Y11T3T21 >=0
Y11T17-Y11T1721 >=0
Y17T21-Y11T1721 >=0
Y11T1S-Y11T1821 >=0
Y18T21-Y11T1821 >= 0
Y11T22-Y11T2221 >=O
Y22T21-Y1 112221 >= 0
Yl 1T9-Y11T9T22 >= 0
Y9T22-Y1 1T9T22 >= 0
Y11T14-Y11T1422 >= 0
Y14T22-Y11T1422 >= 0
Y11T1S-Y11T1522 >= 0
Y15T22-Y11T1522 >= 0
Y11T1R-Y11T1822 >= 0
Y18T22-Y1 1T1822 >= 0
Y11T21-Y11T2122 >=0
Y21T22-Y1 112122 >= 0
Y13T18-Y13T1814 >= 0
Y18T14-Y13T1814 >= 0
Y13T14-Y13T1418 >= 0
Y14T18-Y13T1418 >= 0
Y14T5-Y14T5T1 >=0
Y5TI-Y14T5T1 >=0
Y14T6-Y14T6T1 >= 0
Y6T1-Y14T6T1 >= 0
Y14TIS-Y14T1ST1 >= 0
Y1ST1-YI4T18T1 >= 0
Y14TG-Y14T6T2 >= 0
Y6T2-Y14T6T2 >= 0
Y14T15-Y14T15T2 >= 0
Y15T2-Y14T15T2 >= 0
Y14T18-Y14T18T2 >= 0
Y1ST2-Y14T18T2 >= 0
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Y14T19-Y14T19T2>=O
Y19T2-Y14T19T2 >= 0
Y14T20-Y14T20T2 >= 0
Y20T2-Y14T20T2 >= 0
Y14T22-Y14T22fl >= 0
Y22T2-Y14T22T2 >= 0
Y14T9-Y14T9T3 >= 0
Y9T3-Y14T9T3 >= 0
YI4T11-Y14T1IT3 >=0
Y11T3-Y14T11T3 >=0
Y14T18-Y14T18T3 >= 0
Y18T3-Y14T18T3 >= 0
Y14T23-Y14T23T3 >= 0
Y23T3-Y14T23T3 >= 0
Y14TI-Y14T1T5 >= 0
Y1T5-Y14T1T5 >= 0
Y14T6-Y14T6T5 >= 0
Y6T5-Y14T6T5 >= 0
Y14T18-Y14T18T5 >= 0
Y18T5-Y14T1ST5 >=0
Y14T24-Y14T24T5>=0
Y24T5-Y14T24T5 >= 0
Y14T1-Y14T1T6>=0
Y1T6-Y14T1T6 >= 0
Y14T2-Y14T2T6 >= 0
Y2T6-Y14T2T6 >= 0
Y14T5-Y14T5T6 >= 0
YST6-Y14T5T6 >= 0
Y14T7-Y14T7T6 >= 0
Y7T6-Y14T7T6 >= 0
Y14T9-Y14T9T6 >= 0
Y9T6-YI4T9T6 >= 0
YI4T1O-Y14T10TÔ >= 0
Y10T6-Y14T10T6 >= 0
Y14T11-Y14T11T6 >= 0
Y11T6-Y14T11T6 >=0
Y14TIS-Y14T1ST6 >= 0
Y15T6-Y14T15T6 >= 0
Y14T18-Y14T1ST6 >= 0
Y18T6-Y14T1ST6 >= 0
Y14T20-Y14T2OTG >= 0
Y20T6-Y14T20T6 >= 0
Y14T6-Y14T6T7 >= 0
Y6T7-Y14T6T7 >= 0
Y14T10-Y14T10T7 >= 0
Y10T7-Y14T10T7 >= 0
Y14T1S-Y14T1ST7 >= 0
Y18T7-Y14T1ST7 >= 0
Y14T19-Y14T19T7 >= 0
Y19T7-Y14T19T7 >= 0
Y14T15-Y14T15TS >= 0
Y1STS-Y14T1STS >= 0
YI4T1S-Y14T1STS >= 0
Y1ST8-YI4T1STS >= 0
Y14T22-Y14T22T8 >= 0
Y22T8-Y14T22T8 >= 0
Y14T3-Y14T3W >= 0
Y3T9-Y14T3T9 >= 0
Y14T6-Y14T6T9 >= 0
Y6T9-Y14T6T9 >= 0
YI4T1I-Y14TIIT9 >=0
Y11T9-Y14T1IT9 >=0
Y14T15-Y14T15T9 >= 0
Y15T9-Y14T1519 >= 0
Y14T16-Y14T16T9 >= 0
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Y16T9-Y14T16T9 >= 0
Y14T18-Y14T18T9 >= 0
Y1ST9-Y14T18T9 >= 0
Y14T22-Y14T22T9 >= 0
Y22T9-Y14T22T9 >= 0
Y14T23-Y14T23T9 >= 0
Y23W-Y14T23T9 >= 0
Y14T6-Y14T6T10>=0
Y6T1O-Y14T6T1O >= 0
Y14T7-Y14T7T1O >= 0
Y7T10-Y14T7T1O >= 0
Y14T1S-Y14T1810 >= 0
YIST1O-Y14T1S1O >= 0
Y14T1Ø-Y14T1910>=0
Y19T10-Y14T1910 >= 0
Y14T3-Y14T3T11 >= 0
Y3T11-Y14T3T11 >=0
Y14T6-Y14T6T11 >=0
Y6T1 1-Y14T6T1 1 >= 0
Y14T9-Y14T9T11 >=0
Y9T11-YI4T9T11 >= 0
Y14T15-Y14T1511 >= 0
Y15T11-Y14T1S1I >=0
Y14T16-Y14T1Ô11 >= 0
YI6T11-Y14T1611 >= 0
Y14T18-Y14T1811 >=0
Y1ST11-Y14T1811 >=0
Y14T22-Y14T2211 >=0
Y22T11-Y14T2211 >= 0
Y14T18-Y14T1813 >= 0
Y18T13-Y14T1813 >= 0
Y14T2-Y14T2T15 >= 0
Y2T15-Y14T2T15 >= 0
Y14T6-Y14TÔT15 >= 0
Y6T15-Y14T6T15 >= 0
Y14TS-Y14TST15 >= 0
Y8T15-Y14TST15 >= 0
Y14T9-Y14T9T15 >= 0
Y9T15-Y14T9T15 >= 0
Y14T11-Y14T1115 >= 0
Y11T1S-Y14T1115 >=0
Y14T16-Y14T1615 >= 0
Y16T15-Y14T1615 >= 0
Y14T18-Y14T1815 >=0
Y1ST15-Y14T1815 >= 0
Y14T20-Y14T2015 >= 0
Y20T15-Y14T2015 >= 0
Y14T22-Y14T2215 >=0
Y22T15-Y14T2215 >= 0
Y14T9-Y14T9T16>=0
Y9T16-Y14T9T16 >= 0
Y14T11-Y14T1116 >= 0
Y11T16-Y14T1116 >= 0
Y14T15-Y14T1516 >= 0
Y15T16-Y14T1516>=0
Y14T1S-Y14T1816 >= 0
Y18T16-Y14T1816 >= 0
Y14T23-Y14T2316 >= 0
Y23T16-Y14T2316 >= 0
Y14T1-Y14T1T1S>=0
Y1T1S-Y14T1T1S >= 0
Y14T2-Y14T2T18 >= 0
Y2T18-Y14T2T18 >= 0
Y14T3-Y14T3T1S >= 0
Y3T1S-Y14T3T18 >= 0
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Y14T5-Y14TST1S >= 0
Y5T18-Y14T5T18 >= 0
Y14T6-Y14T6T1S >= 0
Y6T18-Y14T6TIS >= 0
Y14T7-Y14T7T1S >= 0
Y7T18-Y14T7T1S >= 0
Y14TS-Y14TST18 >= 0
Y8TIS-Y14TST18 >= 0
Y14T9-Y14T9T18 >= 0
Y9T18-Y14T9T18 >= 0
Y14T10-Y14T1018 >=0
Y10T18-Y14T1018 >= 0
Y14T11-Y14T111S >= 0
Y11T18-Y14T1118 >=0
Y14T13-Y14T1318 >= 0
Y13T18-Y14T1318 >= 0
Y14T15-Y14T1518 >= 0
YIST1S-Y14T1518 >= 0
Y14T16-Y14T1618 >= 0
Y16T1S-Y14T1618 >= 0
Y14T19-Y14T1918 >= 0
Y19T18-Y14T1918 >= 0
Y14T20-Y14T2018 >=0
Y2OT1S-Y14T2018 >= 0
Y14T22-Y14T2218 >= 0
Y22T18-Y14T2218 >= 0
Y14T23-Y14T2318 >= 0
Y23T18-Y14T2318 >= 0
Y14T24-Y14T2418>=0
Y24T18-Y14T2418 >= 0
Y14T25-Y14fl518 >= 0
Y2STIS-Y14T2518 >= 0
Y14T2-Y14T2T19 >= 0
Y2T19-Y14T2T19 >= 0
Y14T7-Y14T7T19 >= 0
Y7T19-Y14T7T19 >= 0
Y14T10-Y14T1019 >= 0
Y10T19-Y14T1019 >= 0
Y14T18-Y14T1819 >= 0
Y18T19-Y14T1819 >= 0
Y14T2-Y14T2T20 >= 0
Y2T20-Y14T2T20 >= 0
Y14T6-Y14T6T20 >= 0
Y6T20-Y14T6T20 >= 0
Y14T15-Y14T1520 >= 0
Y15T20-Y14T1520 >= 0
Y14T18-Y14T1820 >= 0
Y1ST2O-Y14T1820 >= 0
Y14T22-Y14T2220 >= 0
Y22T20-Y14T2220 >= 0
Y14T2-Y14T2T22 >= 0
Y2T22-Y14flT22 >= 0
Y14TS-Y14T8T22 >= 0
Y8T22-Y14T8T22 >= 0
Y14T9-Y14T9fl2 >= 0
Y9T22-Y14T9fl2 >= 0
Y14T1 1-Y14T1 122 >= 0
Y11T22-Y14T1122 >= 0
Y14T15-Y14T1522 >= 0
Y15T22-Y14T1522 >= 0
Y14T18-Y14T1822 >= 0
Y18T22-Y14T1822 >= 0
Y14T20-Y14T2022 >= 0
Y20T22-Y14T2022 >= 0
Y14T23-Y14fl322 >= 0
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Y23T22-Y14T2322 >= 0
Y14T3-Y14T3T23 >= 0
Y3T23-Y14T3T23 >= 0
Y14T9-Y14T9T23 >= 0
Y9T23-Y14T9fl3 >= 0
Y14T16-Y14T1623 >= 0
Y16T23-Y14T1623 >= 0
Y14T1S-Y14T1823 >= 0
Y18T23-Y14T1823 >= 0
Y14T22-Y14T2223 >= 0
Y22T23-Y14T2223 >= 0
Y14T5-Y14T5T24>=0
Y5T24-Y14T5T24 >= 0
Y14T1S-Y14T1824 >= 0
Y18T24-Y14T1824>= 0
YI4T1S-Y14T1825 >= 0
Y18T25-Y14T1825 >= 0
Y1ST6-Y15T6T2 >= 0
Y6T2-Y15T6T2 >= 0
Y15T14-Y15T14T2 >= 0
Y14T2-Y15T14T2 >= 0
Y15T1S-Y15T1ST2 >= 0
Y1ST2-Y15T1ST2 >= 0
Y15T20-Y15T20T2 >= 0
Y20T2-Y15T20T2 >= 0
Y15T22-Y15T22T2 >= 0
Y22T2-Y15T22T2 >= 0
Y15T2-Y15T2T6 >= 0
Y2T6-Y15T2T6 >= 0
Y15T9-Y15T9T6 >= 0
Y9T6-Y15T9T6 >= 0
Y1STI1-Y15T11T6 >= 0
Y11T6-Y15T11T6 >= 0
Y15T14-Y15T14T6 >= 0
Y14TG-Y1ST14T6 >= 0
YI5T1S-Y15T18T6 >= 0
Y1ST6-Y15T18T6 >= 0
Y15T20-Y15T20T6 >= 0
Y20T6-Y15T20T6 >= 0
Y15T14-Y15T14T8 >= 0
Y14TS-Y1ST14TX >= 0
Y15T1S-Y15T18TS >= 0
Y1ST8-Y15T1STS >= 0
Y15T22-Y15T22T8 >= 0
Y22T8-Y15T22T8 >= 0
Y15T6-Y15T6T9 >= 0
Y6T9-Y15T6T9 >= 0
Y15T11-Y15T11T9 >= 0
YI1T9-Y15T11T9 >= 0
Y15T14-Y15T14T9 >= 0
Y14T9-Y15T14T9 >= 0
Y15T16-Y15T16T9 >= 0
Y16T9-Y15T16T9 >= 0
Y15T18-Y15T1ST9 >= 0
Y1ST9-Y15T18T9 >= 0
Y15T22-Y15T22T9 >= 0
Y22T9-Y15T22T9 >= 0
Y15T6-Y15T6T11 >= 0
Y6T11-Y15T6T11 >= 0
Y15T9-Y15ThT11 >=0
Y9T11-Y15T9T11 >=0
Y15T14-Y15T1411 >= 0
Y14T11-Y15T1411 >=0
Y15T16-Y15T1611 >= 0
Y16T11-YIST1611 >= 0
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Y15T18-Y15T1811 >=O
Y18T1I-Y1STI811 >=O
Y15T22-Y15T2211 >=O
Y22T11-Y15T2211 >= 0
Y15T2-Y1512T14 >= 0
Y2T14-Y1ST2TI4 >= 0
Y15T6-Y15T6T14 >= 0
Y6T14-Y15T6T14 >= 0
YI5TS-Y15T8T14 >= 0
YSTI4-Y15T8T14 >= 0
Y15T9-Y1ST9TI4 >= 0
Y9T14-Y1ST9TI4 >= 0
Y15TI1-YIST1I14>=0
Y11T14-Y1ST1114>=0
Y15T16-Y15T1614 >= 0
Y16T14-Y15T1614 >= 0
Y15T1S-Y15T1814 >= 0
Y18T14-Y15T1814 >= 0
Y15T20-Y15T2014 >= 0
Y20T14-Y15T2014 >= 0
Y15T22-Y15T2214 >= 0
Y22T14-Y15T2214 >= 0
Y15T9-Y15T9T16 >= 0
Y9T16-Y15T9T16 >= 0
Y15T11-Y1STI116 >=0
Y11T16-Y1ST1116 >=0
Y1ST14-Y15T1416 >= 0
Y14T16-Y15T1416 >= 0
Y15T18-Y15T1816 >= 0
Y18T16-Y15T1816 >= 0
Y15T2-Y1ST2T1S >= 0
Y2T18-Y15T2T18 >= 0
Y15TÔ-Y15TÔT1S >= 0
Y6T1S-Y15T6TJS >= 0
YISTS-YI5TSTI8 >= 0
Y8T18-Y15T8T18 >= 0
Y15T9-Y15T9T1S >= 0
Y9T1S-Y15T9T1S >= 0
Y15T11-Y15T1118 >=0
Y1ITIS-Y15T1118 >= 0
Y1ST14-Y15T1418 >= 0
Y14T18-Y15T1418 >= 0
Y15T16-Y15T1618 >= 0
Y16T18-Y15T1618 >= 0
Y15T20-Y15T2018 >= 0
Y20T18-Y15T2018 >= 0
Y15T22-Y15T2218 >= 0
Y22T18-Y15T2218 >= 0
Y15T2-Y15T2T20 >= 0
Y2T20-Y15T2T20 >= 0
Y15T6-Y15T6T20 >= 0
Y6T20-Y15T6T20 >= 0
Y15T14-Y15T1420 >= 0
Y14T20-Y15T1420 >= 0
Y1ST1B-Y15T1820 >= 0
Y18T20-Y15T1820 >= 0
Y15T22-Y15T2220 >= 0
Y22T20-Y15T2220 >= 0
Y15T2-Y15T2T22 >= 0
Y2T22-Y15T2T22 >= 0
Y15T8-YISTST22 >= 0
Y8T22-Y15T8T22 >= 0
Y15T9-Y15T9T22 >= 0
Y9T22-Y15T9T22 >= 0
YI5T1 1-Y15TI 122 >= 0
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Y11T22-Y15T1122 >= 0
Y15T14-Y15T1422 >= 0
Y14T22-Y15T1422 >= 0
YI5T1S-Y15T1822 >= 0
Y18T22-Y15T1822 >= 0
Y15T20-Y15T2022 >= 0
Y20T22-Y15fl022 >= 0
Y16T11-Y16T11T9 >= 0
Y11T9-Y16T11T9 >= 0
Y16T14-Y16T14T9>=0
Y14T9-Y16T14T9>=0
Y16T15-Y16T15T9 >= 0
Y15T9-Y16T15T9 >= 0
Y16T18-Y16T1ST9 >= 0
Y18T9-Y16T18T9 >= 0
Y16T23-Y16T23T9 >= 0
Y23T9-Y16T23T9 >= 0
Y16T9-Y16T9T11 >=0
Y9T11-Y16T9T11 >= 0
Y16T14-Y16T1411 >=0
Y14T11-Y16T1411 >=0
Y16T15-Y16T1511 >= 0
Y15T11-Y16T1511 >=0
Y16T1S-Y16T1S11 >=0
Y1ST11-Y1GT1811 >= 0
Y16T9-Y16T9T14 >= 0
Y9T14-Y16T9T14 >= 0
Y16T11-Y16T1114 >= 0
Y11T14-Y16T1114>=0
Y1ÔT15-Y16T1514 >= 0
Y15T14-Y16T1514 >= 0
Y16T18-Y16T1814 >= 0
Y1ST14-Y16T1814 >= 0
Y16T23-Y16T2314 >= 0
Y23T14-Y16T2314 >= 0
Y16T9-Y16T9T15 >= 0
Y9T15-Y16T9T15 >= 0
Y16T11-Y16T1115 >=0
Y11T15-Y16T1115 >= 0
Y16T14-fl6T1415>=0
Y14T1S-Y16T1415 >= 0
Y16T1S-Y16T1815 >= 0
Y1ST15-Y16T1815 >= 0
Y16T9-Y16T9T18 >= 0
Y9T18-Y16T9T1S >= 0
Y16T11-Y16T111S >=0
Y11T18-Y16T111S >= 0
Y16T14-Y16T1418 >= 0
Y14T1S-Y16T1418 >= 0
Y16T15-Y16T1518 >= 0
Y1ST1S-Y16T1518>=0
Y16T23-Y16T2318 >= 0
Y23T18-Y16T2318 >= 0
Y16T9-Y16T9T23 >= 0
Y9T23-Y16WF23 >= 0
Y16T14—Y16T1423 >= 0
Y14T23-Y16T1423 >= 0
Y16T18-Y16T1823 >= 0
Y18T23-Y16T1823 >= 0
Y17T18-Y17T1ST4 >= 0
Y1ST4-Y17T18T4 >= 0
Y17T18-Y17T1S11 >= 0
Y1ST11-YI7T1S11 >= 0
Y17T21-Yl7flhll >=0
Y2ITII-Y17T2111 >= 0
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Y17T4-Y17T4T18 >= 0
Y4T18-Y17T4T18 >= 0
Y17T1 1-Y17T1 118 >= 0
Y11T18-Y17T1118 >=0
Y17T21-Y17T2118 >= 0
Y21T18-Y17T2118 >=0
YI7T1 1-Y17T1 121 >= 0
Y11T21-Y17T1121 >=0
Y17T18-Y17T1821 >= 0
Y18T21-Y17T1821 >= 0
Y18TS-YI8T5T1 >=0
Y5T1-Y18T5TI >= 0
Y18T6-Y18T6TI >= 0
Y6T1-Y18T6T1 >= 0
Y1ST14-Y18T14T1 >=0
Y14T1-YI8T14T1 >= 0
Y18T6-Y18T6T2 >= 0
Y6T2-Y18T6T2 >= 0
Y18T14-Y18T14T2 >= 0
Y14T2-Y18T14T2 >= 0
Y18T15-Y18T15T2 >= 0
Y15T2-Y18T15T2 >= 0
Y1ST1O-Y18T19T2 >= 0
Y19T2-Y18T19T2 >= 0
Y18T20-Y18T20T2 >= 0
Y20T2-Y18T20T2 >= 0
Y18T22-Y18T22T2 >= 0
Y22T2-Y18T22T2 >= 0
Y18TO-Y18T9T3 >= 0
Y9T3-Y18T9T3 >= 0
Y18T11-YI8T1IT3 >= 0
Y11T3-Y18T11T3 >= 0
Y18T14-Y18T14T3 >= 0
Y14T3-Y18T14T3 >= 0
Y18T21-Y18T21T3 >= 0
Y21T3-Y18T21T3 >= 0
Y18T23-Y18123T3 >= 0
Y23T3-Y18T23T3 >= 0
Y18T17-Y18T17T4>=0
Y17T4-Y18T17T4 >= 0
Y1ST1-Y18T1T5 >= 0
Y1TS-Y18T1T5 >= 0
Y18TÔ-Y18T6T5 >= 0
Y6T5-Y18T6T5 >= 0
Y18T14-Y18T14T5 >= 0
Y14TS-Y18T14TS >= 0
Y18T24-Y18T24T5 >= 0
Y24T5-Y18T24T5 >= 0
YI8T1-Y18T1T6 >= 0
YITG-Y18T1T6>=0
Y18T2-Y18T2T6 >= 0
Y2T6-Y18T2T6 >= 0
Y18T5-Y18TST6 >= 0
Y5T6-Y18T5T6 >= 0
Y18T7-Y18T7T6 >= 0
Y7T6-Y18T7T6 >= 0
Y18T9-Y18T9T6 >= 0
Y9TÔ-Y18T9T6 >= 0
Y18T10-Y18T10T6 >= 0
Y10T6-Y18T1OT6 >= 0
YIST11-Y18T11T6 >=0
Yl 1T6-YI8T1 1T6 >= 0
Y18T14-Y18T14T6 >= 0
Y14T6-Y18T14T6>=0
Y18T1S-Y18T15T6 >= 0
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Y15T6-Y18T15T6 >= 0
Y18T20-Y18T20T6 >= 0
Y20T6-Y18T20T6 >= 0
Y18T6-Y18T6T7 >= 0
Y6T7-Y18T6T7 >= 0
Y18T1O-Y18T1OT7 >= 0
Y10T7-Y18T10T7 >= 0
Y18T14-Y18T14T7 >= 0
Y14T7-Y18T14T7 >= 0
Y18T19-Y18T19T7 >= 0
Y19T7-Y18T19T7 >= 0
Y18T14-Y18T14T8 >= 0
Y14T8-Y18T14T8 >= 0
Y18T15-Y18T15T8>=0
Y15T8-Y18T15T8 >= 0
Y18T22-Y18T22T8 >= 0
Y22T8-Y18T22T8 >= 0
Y1ST3-Y18T3T9 >= 0
Y3T9-Y18T3T9 >= 0
Y18T6-Y18T6T9 >= 0
Y6T9-Y18T6T9 >= 0
Y18T11-Y18T11T9 >=0
Y11T9-Y18T11T9 >= 0
Y18T14-Y18T14T9 >= 0
Y14T9-Y18T14T9 5=0
Y18T15-Y18T15T9 >= 0
Y15T9-Y18T15T9 >= 0
Y1ST16-Y18T16T9 >= 0
Y16T9-Y1ST16T9>=0
Y18T22-Y18T22T9 >=0
Y22T9-Y18T22T9 >= 0
Y18T23-Y18T23T9 >= 0
Y23T9-Y18T23T9 >= 0
Y1ST6-Y18T6T10 >= 0
Y6T10-Y18T6T10 >= 0
Y1ST7-Y1ST7T1O >= 0
Y7T10-Y18T7T10 >= 0
Y18T14-Y18T1410 >=0
Y14T1O-Y18T1410 >=0
YIST19-Y18T1910 >= 0
Y19T10-Y18T1910 >= 0
Y1ST3-Y18T3T11 >= 0
Y3T11-Y18T3T11 >= 0
Y18T6-Y18TÔT11 >=0
Y6T11-Y18T6T11 >= 0
Y18T9-Y18T9T11 >=0
Y9T11-Y18T9T11 >= 0
Y1ST14-Y18T1411 >= 0
Y14T11-Y18T1411 >=0
Y18T15-Y18T1511 >=0
Y1ST11-Y18T1511 >=0
Y1ST16-Y18T1611 >= 0
Y1ÔT11-Y18T1611 >= 0
Y18T17-Y18T1711 >= 0
Y17T11-Y18T1711 >= 0
Y18T21-Y18T2111 >= 0
Y21T11-Y18T2111 >= 0
Y18T22-Y18T2211 >=0
Y22T11-Y18T2211 >=0
Y18T14-Y18T1413 5=0
Y14T13-Y18T1413 >= 0
Y18T1-Y18T1T14 >= 0
Y1T14-Y18T1T14 >= 0
Y18T2-Y18T2T14 >=0
Y2T14.-Y18T2T14 >= 0
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Y18T3-Y18T3T14 >= 0
Y3T14-YIST3T14 >= 0
Y1STS-Y18T5T14 >= 0
Y5T14-Y18T5T14 >= 0
YIST6-Y1ST6T14 >= 0
Y6T14-Y18T6T14 >= 0
Y1ST7-Y18T7T14 >= 0
Y7T14-Y18T7T14 >= 0
Y1STS-Y1STST14 >= 0
YST14-Y1ST8T14 >= 0
Y18T9-Y18T9T14 >= 0
Y9T14-Y18T9T14 >= 0
Y18T1O-Y18T1014 >= 0
Y1OT14—Y18T1014 >= 0
Y18T1 1-Y1ST1 114 >= 0
Yl 1T14-Y18T11 14 >= 0
Y18T13-Y18T1314 >= 0
Y13T14-Y18T1314>= 0
Y1ST1S-YISTIS14 >= 0
Y15T14-Y18T1514 >= 0
Y18T16-Y18T1614 >= 0
Y16T14-Y18T1614 >= 0
Y18T19-Y18T1914 >= 0
Y19T14-Y18T1914 >= 0
Y18T20-Y18T2014 >= 0
Y20T14-Y18T2014 >= 0
Y18T22-Y18T2214 >= 0
Y22T14-Y18T2214 >= 0
Y18T23-Y18T2314 >= 0
Y23T14-Y18T2314 >= 0
Y18T24-Y18fl414 >= 0
Y24T14-Y18T2414 >= 0
Y18T25-Y18T2514 >= 0
Y25T14-Y1812514 >= 0
Y18T2-Y18T2T15 >= 0
Y2T15-Y18T2T15 >= 0
Y18T6-YIST6T1S >= 0
Y6T15-Y1ST6T15 >= 0
Y18TS-Y1STST15 >= 0
YST15-Y1ST8T15 >= 0
Y1ST9-Y1ST9T15 >= 0
Y9T15-Y1ST9T15 >= 0
Y18T1I-Y1ST1115 >= 0
Y11T1S-Y18T1115 >=0
Y18T14-Y18T1415 >= 0
Y14T15-Y18T1415 >= 0
Y18T16-Y18T1615 >= 0
Y16T15-Y18T1615 >= 0
Y18T20-Y18T2015 >= 0
Y20T15-Y18T2015 >= 0
Y18T22-Y18T2215 >= 0
Y22T15-Y18T2215 >= 0
Y1ST9-Y18T9T16 >= 0
Y9T16-Y18T9T16 >= 0
Y1ST11-Y1STU16 >=0
Yl 1T16-YI8TI 116 >= 0
Y1ST14-Y18T1416 >= 0
Y14T16-Y18T1416 >= 0
Y18T15-Y18T1516 >= 0
Y15T16-Y18T1516 >= 0
Y18T23-Y18T2316 >= 0
Y23T16-Y18T2316 >= 0
Y18T4-Y1ST4T17 >= 0
Y4T17-Y18T4T17 >= 0
Y18T1I-YIST1II7 >=0
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Y11T17-Y18T1117 >=0
Y1ST21-Y18T2117 >= 0
Y21T17-Y18T2117 >=0
Y18T2-Y1ST2T19 >= 0
Y2T19-Y1ST2T19 >= 0
Y18T7-Y1ST7T19 >= 0
Y7T19-Y18T7T19 >= 0
Y1ST1O-Y18T1019 >= 0
Y10T19-Y18T1019 >= 0
Y18T14-Y18T1419 >= 0
Y14T19-Y18T1419 >= 0
Y1ST2-Y18T2T20 >= 0
Y2T20-Y18T2T20 >= 0
Y18T6-Y18T6T20 >= 0
Y6T20-Y18T6T20 >= 0
Y18T14-Y18T1420 >= 0
Y14T20-Y18T1420 >= 0
Y1ST15-Y18T1520 >= 0
Y15T20-Y18T1520 >= 0
Y18T22-Y18T2220 >= 0
Y22T20-Y18T2220 >= 0
Y18T3-Y1ST3T21>=0
Y3T21-Y18T3T21>=0
Y1ST11-Y18T1121 >= 0
Y1IT21-Y18T1121 >=0
Y1ST17-Y18T1721 >= 0
Y17T21-Y18T1721 >=0
Y18T22-Y18T2221 >= 0
Y22T21-Y18T2221 >= 0
YIST2-Y18T2T22 >= 0
Y2T22-Y18T2T22 >= 0
Y18TS-Y18T8T22 >= 0
Y8T22-Y18T8T22 >= 0
Y18T9-Y18T9T22 >= 0
Y9T22-Y18T9T22 >= 0
Y1ST11-Y18T1122 >= 0
Y11T22-Y18T1122 >= 0
Y1ST14-Y18T1422 >= 0
Y14T22-Y18T1422 >= 0
Y1STI 5-Y1ST1 522 >= 0
Y15T22-Y18T1522 >= 0
Y1ST2O-Y18T2022 >= 0
Y20T22-Y18T2022 >= 0
Y18T21-Y18T2122 >= 0
Y21T22-Y18T2122 >= 0
Y18T23-Y18T2322 >= 0
Y23T22-Y18T2322 >= 0
Y18T3-Y18T3T23 >=0
Y3T23-Y18T3T23 >= 0
Y1ST9-Y18T9T23 >= 0
Y9T23-Y18T9T23 >= 0
Y1ST14-Y18T1423 >= 0
Y14T23-Y18T1423 >= 0
Y18T16-Y18T1623 >= 0
Y16T23-Y18T1623 >= 0
Y18T22-Y18T2223 >= 0
Y22T23-Y18T2223 >= 0
Y18T5-Y18T5T24 >= 0
Y5T24-Y18T5T24 >= 0
Y1ST14-Y18T1424 >= 0
Y14T24-Y18T1424 >= 0
Y18T14-Y18T1425 >= 0
Y14T25-Y18T1425 >= 0
Y19T14-Y19T14T2 >= 0
Y14T2-Y19T14T2 >= 0
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Y19T18-Y19T18T2 >= 0
Y18T2-YI9T1ST2 >= 0
Y1OT10-Y19T10T7>=0
Y10T7-Y19T10T7 >= 0
Y19T14-Y19T14T7 >= 0
Y14T7-Y19T14T7>=0
Y19T18-Y19T18T7 >= 0
Y18T7-Y19T1ST7 >= 0
Y19T7-Y19T7TIO >= 0
Y7T10-Y19T7T10 >= 0
Y19T14-Y19T1410 >= 0
Y14T1O-Y19T1410 >= 0
Y19T18-Y19T1810 >= 0
Y1ST10-Y19T1810 >= 0
Y19T2-Y19T2T14 >= 0
Y2T14-Y19T2T14 >= 0
Y19T7-Y19T7T14 >= 0
Y7T14-Y19T7T14 >= 0
Y19T10-Y19T1014 >= 0
Y10T14-Y19T1014 >= 0
Y19T18-Y19T18 14 >= 0
Y18T14-Y19T1814 >= 0
Y19T2-Y19T2T1S >= 0
Y2T1S-Y19T2T1S >= 0
Y19T7-Y19T7T1S >=0
Y7T18-Y19T7T1S >=0
Y19T10-Y19T1O1S>=0
Y10T18-Y19T1018 >= 0
Y19T14-Y19T1418 >= 0
Y14T18-Y19T1418 >= 0
Y20T6-Y20T6T2 >= 0
Y6T2-Y20T6T2 >= 0
Y20T14-Y20T14T2 >= 0
Y14T2-Y20T14T2 >= 0
Y20T1 5-Y20T1 512 >= 0
Y1ST2-Y20T15T2 >= 0
Y20T18-Y20T1 812 >= 0
Y18T2-Y20T18T2 >= 0
Y20T22-Y20T22T2 >= 0
Y22T2-Y20122T2 >= 0
Y20T2-Y20T2T6 >= 0
Y2T6-Y20T2T6 >= 0
Y20T14-Y20T14T6 >= 0
Y14T6-Y20T14T6 >= 0
Y20T15-Y20T15T6 >= 0
Y15T6-Y20T15T6 >= 0
Y20T18-Y20T18T6 >= 0
Y18T6-Y20T18T6 >= 0
Y20T2-Y20T2T14 >= 0
Y2T14-Y20T2T14 >= 0
Y20T6-Y20T6T14 >= 0
Y6T14-Y20T6T14 >= 0
Y20T15-Y20T1514 >= 0
Y15T14-Y20T1514 >= 0
Y20T18-Y20T1814 >= 0
Y18T14-Y20T1814 >= 0
Y20T22-Y20T2214 >= 0
Y22T14-Y20T2214 >= 0
Y20T2-Y2012T15 >= 0
Y2T15-Y2012T15 >= 0
Y20T6-Y2OT6T1S >= 0
Y6T15-Y20T6T15 >= 0
Y20T14-Y20T1415 >= 0
Y14T15-Y20T1415 >= 0
Y20T18-Y20T1815 >= 0
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Y18T15-Y20T1815 >= 0
Y20T22-Y20T2215 >= 0
Y22T15-Y20T2215 >= 0
Y20T2-Y2OT2T1S >= 0
Y2T18-Y20T2T18 >= 0
Y20T6-Y20T6T18 >= 0
Y6T18-Y20T6T18 >= 0
Y20T14-Y20T1418 >= 0
Y14T18-Y20T1418 >= 0
Y20T15-Y20T1518 >= 0
Y15T18-Y20T1518 >= 0
Y20T22-Y20T2218 >= 0
Y22T18-Y20T2218 >= 0
Y20T2-Y20T2T22 >= 0
Y2T22-Y20T2T22 >= 0
Y20T14-Y20T1422 >= 0
Y14T22-Y20T1422 >= 0
Y20T15-Y20T1522 >= 0
Y15T22-Y20T1522 >= 0
Y20T18-Y20T1822 >= 0
Y18T22-Y20T1822 >= 0
Y21T11-Y21T11T3 >= 0
Y11T3-Y21T11T3 >=0
Y21T18-Y21T18T3 >= 0
Y18T3-Y21T18T3 >= 0
Y21T3-Y21T3T1 1 >= 0
Y3T1 1-Y21T3T1 1 >= 0
Y21T17-Y21T1711 >= 0
YI7T11-Y21T1711 >=0
Y21T18-Y21T1811 >=0
Y18T11-Y21T1811 >= 0
Y21T22-Y21T2211 >= 0
Y22T11-Y21T2211 >=0
Y21T11-Y21T1117 >=0
Yl 1T17-Y21T1 117 >= 0
Y21T18-Y21T1817 >= 0
Y18T17-Y21T1817 >= 0
Y21T3-Y21T3T18 >= 0
Y3T18-Y21T3T18 >= 0
Y2IT11-Y2ITIIIS >= 0
Y11T18-Y21T1118 >= 0
Y21T17-Y21T1718 >= 0
Y17T18-Y21T1718 >= 0
Y21T22-Y21T2218>=0
Y22T18-Y21T2218 >= 0
Y21T1 1-Y21T1 122 >= 0
Y11T22-Y21T1122 >= 0
Y21T18-Y21T1822 >= 0
Y18T22-Y21T1822 >= 0
Y22T14-Y22T14T2 >= 0
Y14T2-Y22T14T2 >= 0
Y22T15-Y22T15T2 >= 0
Y15T2-Y22T15T2 >= 0
Y22T18-Y22T18T2 >= 0
Y18T2-Y22T18T2 >= 0
Y22T20-Y2212012 >= 0
Y20T2-Y22T20T2 >= 0
Y22T14-Y22T14T8 >= 0
Y14T8-Y22T14Th >= 0
Y22T15-Y22T15T8 >= 0
Y1ST8-Y22T15T8 >= 0
Y22T18-Y22T18T8 >= 0
Y18T8-Y22T18T8 >= 0
Y22T11-Y22T11T9 >= 0
Yl 1T9-Y22T1 1T9 >= 0
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Y22T14-Y22T14T9 >= 0
Y14T9-Y22T14T9 >= 0
Y22T15-Y22T15T9 >= 0
Y15T9-Y22T15T9 >= 0
Y22T18-Y22T18T9 >= 0
Y18T9-Y22T18T9 >= 0
Y22T23-Y22T23T9 >= 0
Y23T9-Y22T23T9 >= 0
Y22T9-Y22T9T1 1 >= 0
Y9T11-Y22T9T11 >=0
Y22T14-Y22T1411 >= 0
Y14T11-Y22T1411 >=0
Y22T15-Y22T1511 >= 0
Y15T11-Y22T1511 >=0
Y22T18-Y22T1811 >= 0
Y18T11-Y22T1811 >=0
Y22T21-Y22T2111 >= 0
Y2IT1I-Y22T2111 >=0
Y22T2-Y22T2T14 >= 0
Y2T14-Y22T2T14 >= 0
Y22T8-Y22T8T14 >= 0
Y8T14-Y22T8T14 >= 0
Y22T9-Y22T9T14 >= 0
Y9T14-Y22T9T14 >= 0
Y22T1 1-Y22T1 114 >= 0
Y1IT14-Y22T1114>=0
Y22T15-Y22T1514 >= 0
Y15T14-Y22T1514 >= 0
Y22T18-Y22T1814 >= 0
Y18T14-Y22T1814 >= 0
Y22T20-Y22T2014 >= 0
Y20T14-Y22T2014 >= 0
Y22T23-Y22T23 14 >= 0
Y23T14-Y22T23 14 >= 0
Y22T2-Y22T2T15 >= 0
Y2T15-Y22T2T15 >= 0
Y22T8-Y22T8T15 >= 0
Y8T15-Y22T8T15 >= 0
Y22T9-Y22T9T15 >= 0
Y9T15-Y22T9T15 >= 0
Y22T11-Y22T1115 >=0
Y11T15-Y22T1115 >=0
Y22T14-Y22T1415 >= 0
Y14T15-Y22T1415 >= 0
Y22T18-Y22T1815 >= 0
Y18T15-Y22T1815 >= 0
Y22T20-Y22T2015 >= 0
Y20T15-Y22T2015 >= 0
Y22T2-Y22T2T18 >= 0
Y2T18-Y22T2T18 >= 0
Y22T8-Y22T8T18 >= 0
Y8T18-Y22T8T18 >= 0
Y22T9-Y22T9T18 >= 0
Y9T18-Y22T9T18 >= 0
Y22T1 1-Y22T1 118 >= 0
Y11T18-Y22T1118 >=0
Y22T14-Y22T1418 >= 0
Y14T18-Y22T1418 >= 0
Y22T15-Y22T1518 >= 0
Y15T18-Y22T1518 >= 0
Y22T20-Y22T2018 >= 0
Y20T18-Y22T2018 >= 0
Y22T21-Y22T21 18 >= 0
Y21T18-Y22T2118 >=0
Y22T23-Y22T2318 >= 0

APPENDIX B: PROBLEM FORMULATION FILE
EFFICIENT COMBINED NETWORK

Y23T18-Y22T2318 >= 0
Y22T2-Y22T2T20 >= 0
Y2T20-Y22T2T20 >= 0
Y22T14-Y22T1420 >= 0
Y14T20-Y22T1420 >= 0
Y22T15-Y22T1520 >= 0
Y15T20-Y22T1 520 >= 0
Y22T18-Y22T1820 >= 0
Y18T20-Y22T1820 >= 0
Y22T11-Y22T1121 >= 0
Y11T21-Y22T1121 >= 0
Y22T18-Y22T1821 >= 0
Y18T21-Y22T1821 >= 0
Y22T9-Y22T9T23 >= 0
Y9T23-Y22T9T23 >= 0
Y22T14-Y22T1423 >= 0
Y14T23-Y22T1423 >= 0
Y22T18-Y22T1823 >= 0
Y18T23-Y22T1823 >= 0
Y23T9-Y23T9T3 >= 0
Y9T3-Y23T9T3 >= 0
Y23T14-Y23T14T3 >= 0
Y14T3-Y23T14T3 >= 0
Y23T18-Y23T18T3 >= 0
Y18T3-Y23T18T3 >= 0
Y23T3-Y23T3T9 >= 0
Y3T9-Y23T3T9 >= 0
Y23T14-Y23T14T9 >= 0
Y14T9-Y23T14T9 >= 0
Y23T16-Y23T16T9 >= 0
Y16T9-Y23T16T9 >= 0
Y23T18-Y23T18T9 >= 0
Y18T9-Y23T18T9 >= 0
Y23T22-Y23T22T9 >= 0
Y22T9-Y23T22T9 >= 0
Y23T3-Y23T3T14 >= 0
Y3T14-Y23T3T14 >= 0
Y23T9-Y23T9T14 >= 0
Y9T14-Y23T9T14 >= 0
Y23T16-Y23T1614 >= 0
Y16T14-Y23T1614 >= 0
Y23T18-Y23T1814 >= 0
Y18T14-Y23T1814 >= 0
Y23T22-Y23T2214 >= 0
Y22T14-Y23T2214 >= 0
Y23T9-Y23T9T16 >= 0
Y9T16-Y23T9T16 >= 0
Y23T14-Y23T1416 >= 0
Y14T16-Y23T1416 >= 0
Y23T18-Y23T1816 >= 0
Y18T16-Y23T1816 >=0
Y23T3-Y23T3T18 >= 0
Y3T18-Y23T3T18 >= 0
Y23T9-Y23T9T18 >= 0
Y9T18-Y23T9T18 >= 0
Y23T14-Y23T1418 >= 0
Y14T18-Y23T1418 >=0
Y23T16-Y23T1618 >= 0
Y16T18-Y23T1618 >= 0
Y23T22-Y23T2218 >= 0
Y22T18-Y23T2218 >= 0
Y23T9-Y23T9T22 >= 0
Y9T22-Y23T9T22 >= 0
Y23T14-Y23T1422 >= 0
Y14T22-Y23T1422 >= 0
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T=8TltLTTA+8TTZITTA
+8TLTLTTA+RT9TITTA+8TcTITTA+8TVTITTA

+8T161TTA+STI9ITTA+8TJIITTA+STITTA
T=LTTZLTTA+LTSTITTA+LTITTA

T=9T8TLLTTA
+9TcTITTA-I-9T1’LLTTA+9T161TTA+9TITTA

T=cTzzLTTA-i-cTSTITTA-l-cT9TITTA
+cTtT1TTA+cT1&LTTA-l-cT1giTTA÷cT.LTTA

T=VTZLTTA+VT8T1TTA+t’T9T1TTA-1-VTcTITTA
+VTIaTTA+VTI9ITTA+PTJLLTTA+t’TITTA

T=6J21.LTTA+6.LSTITTA-I-&L9TLTTA-i-&LcTITTA
+6JJ’TLTTA+6191TTA+61&LTTA+&LTTA

T=918TLTTA
+9LcTLTTA+9LLVTITTA-I-9LL6LTTA+91TTA

T=CLTaTTA
+EISTJJTA+ELVTITTA+&L&LTTA+€.LTTA

T=6TSTIOTA+6T1’TIOTA+6TLLLOTA+6TIOTA
T=ST6TIOTA

+Sfl’TJflTA÷STIL.IOTA+STI9JflTA+STJMTA
T=t’T6TIOTA

+$‘TSTIOTA+tTILIOTA+t’TI9IOTA+j’TLOTA
T=L.L6TIOTA

+aSTIOTA÷aHIOTA÷agloTA÷aoTA
T=9LSLLOTA+9fl’TIOTA+9.LLLOTA+9IOTA

T=ZLllL6A+Ea8T16A
+Ct19T16A+Et1tT16A+Et€16A+t16A

T=ZZJIZL6A+1Z18T16A
+aicTI6A+ttJtTl6A+ttlTTI6A+Z116A

T=8T1CtL6A
+8T116A+sT1gT1oA+sT1cT16A+sT1vTL6A

+STITTI6A+8T1916A+STJII6A+STL6A
T=9TIEZL6A+9TJL8TI6A

÷9TIcTI6A+9T&NI6A+9TITTI6A+9T16A
T=cTL1ZL6A+cTI8TL6A+cT&9TI6A

÷cTJi’TI6A+cTITTI6A+cTI9I6A+cTI6A
T=VTJIZI6A

-44’TIZtI6A+tTI8TI6A+tTI9TI6A+tTIcTI6A
+VTITTI6A+H1916A+t’TJLL6A+t’TI6A

T=TTJ2LLÔA+TTI8TI6A+TTI9T.L6A+TTJSLL6A
+TTJi’TLLóA+TT1916A+TTJLL6A+TTI6A

T=918LL6A
+9IcTIoA+OIVTI6A+91TTI6A+916A

T=ELEZL6A
+EISTIÔA+TJJ’TIöA+EITTI6A+&L6A

T=ttl8TlsA+tllcTIsA+tutTigA-4-ta8A
T=8T12118A+STLcTISA+sTJi’TI8A+8TI8A
T=cTLZZI8A+cTISTISA÷cTIHISA+cTL8A
T=VTJXZ.L8A+VTI8TI8A+tTIcTISA+tTISA
T=6TLST&LA+6TJJ’TILA+óTIOTILA+óTILA

T=8TI6TILA
+8TJS’TJ1A+STIOTILA+STI9ILA+STILA

T=HI6TJIA
+j’TISTflA+tTIOTILA+tTI9ILA+VTILA

T=OTI6TILA
+OTI8TJJ,A+OTfl’TJjA+OTI9JjA+OTJjA

T=918T&LA+91t’TILA+9LOTILA+9ILA
T=0Z18T.L9A

+oasTl9A+otltTl9A÷otIu9A+oagA
T=8T10119A+8TJSTI9A+STII’TI9A

+8TITT&9A+STLOU9A+8T1619A+8TILI9A
+8TIcI9A+STIZI9A+8TITI9A+STI9A

T=cTIOt.19A+cTI8TI9A+cTLtTIQA
+cTLTTI9A+cTL6I9A+cTLtL9A÷cTL9A

T=tTLOZI9A-i-tTI8TI9A÷t’TIcTI9A
+t’TLTTI9A+t’TI0TL9A+t’T1619A+t’TILI9A

T=TTI8TJSA
+TTJSTI9A+TTJi’TI9A+TTI&L9A+TTI9A

T=OTI8TI9A+0TItTI9A+0TILL9A+0T19A
T=&L8TI9A

+6JSTI9A+61j’TI9A+61TTI9A+619A
T=LLSTI9A+LLt’TI9A+LLOTI9A+LL9A

T=cI8TI9A+cJJ7TJSA-1-cLTI9A-l-cL9A
T=aOlL9A

÷USTI9A+tLcTL9A+lJi’TI9A+z.L9A
T=TISTI9A÷TJi’TI9A+T&cI9A+TI9A

T=flISTJSA+flIPTIcA÷flJLcA
T=8T1flIcA

+8TIVTIcA÷STL9IcA÷STITLSA÷STIcA
T=i’TJJ’ZJSA

+HI8TIcA÷fll9lcA÷VTLTIcA÷tTLcA
T=9ISTIcA÷9IHIcA÷9LTIcA+gLcA
T=TISTIcA÷TIVTIcA+TI9IcA÷TIcA

T=8TJITJi’A+8TJi’A
T=LTI8TJiA+LTIt’A

T=EL8TJiA+EZJi’TLCA+l.L6IEA+EtJiA
T=Tt.L8TJIA+T1ITTJIA+TZJIA

T=8TIEZJIA+8TITZJIA
+8TJJ’TJIA+STITTIEA+8T16&EA+8TJIA

T=t’TJIZJIA
+t’T.L8TJIA+t’TITTIEA+t’TI&LEA+t’TLL€A

T=TT&TtL€A
+TT.L8TI€A+TTIHJIA±TTI&LCA+TTJIA

T=&LE?JIA
+6LL8TIEA+6Lj’TLEA+óLTTJIA+6JSA

T=aLotJ2A
+ZtI8TIZA÷ZZIcTJ2A÷ta*TIZA+tzUA

T=0ZJ1&LtA+0L8TJ2A
÷ot.LcTItA÷0tItTJXA÷0u9J2A+0ZIZA

T=6TI8TIZA+6TJi’TJZA+6TIZA
T=8TJ2ZJ2A+8TIOZIZA+8T16T.]2A

+8TJSTJZA+STJJ’TJLZA+STLL9JZA±8TJ2A
T=cTJ2ZJ2A÷cTI0ZJ2A

T=t’T1lUA+tT1OZJ2A+t’T16TJ2A
+j7Tj8TJ2A+j7TJSTJZA+H19J2A+t’TJiA

T=9IOtJ2A
+9ISTIZA+91cTJZA+9JJ’TJ2A+911A

T=STJi’TITA+8TI9ITA+8TJSITA+8TITA
T=t’TI8TITA+I’TI9ITA-I-PT]SITA-I-tTITA

T=9I8TITA+9IMITA+9JSITA+9ITA
T=cI8TLTA+cIvTLTA+cL9ITA+SITA

o=<8TVTJStA-STIVTA
o=<8T1’TIcZAtTJSZA
o=<t’TSTIcZA-t’TLSTA
o=<tI8TJSZA-8TJStA
o=<8TVTIflA8TJS’TA
o=<STt’TIflAtTIt’ZA

o=<8TJSIflA-STJSA
o=<STJSIflA-SIflA

o=<t’T8TJJ’ZAtTI8TA
o=<tT8TLflA-8TIflA

o=<tTicinA-mcA
o=<tTIcIflA-cLflA
o=<cI8TJi’ZA-cIsTA

o=<cI8TltzA-8TIflA
o=<cji’TIflA-cIVTA

o=<cLt’TIflA-VIIVZA
o=<ZZ8TJZA-tZi8TA
0=<tZ8TJItA-8T1€tA
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Yl 1T21÷Y1 1T3T21+Y1 1T1721+Y1 1T1821+

Yl 1T2221=1

Yl 1T22+Y1 1T9T22+Y1 1T1422+Y1 1T1522+

Yl 1T1822-i-Y1 112122=1

Y12T18=1
Y13T14+Y13T1814==1

Y13T18+Y13T1418=1

YL4TI-f-YI4TST1+Y14T6T1+Y14TI8T1=1

Y14T2+Y14T6T2+Y14TIST2+Y14T18T2+

Y14T19T2+Y14T20T2+Y14T22T2=1

Y14T3+Y14T9T3+Y14TI 1T3+Y14T18T3-l-

Y14T23T3=1

Y14T5+YI4TIT5+Y14T6T5+Y14T18T5+

Y14T24T5=1

Y14T6+Y14TIT6+Y14T2T6+Y14T5T6+

Y14T7T6+Y14T9T6+Y14T1OT6+Y14T1 1T6+

Y14T15T6+Y14T18T6+Y14T20T6=1

Y14T7-i-Y14T6T7+Y14TIOT7+Y14T18T7÷

Y14T19T7=1

Y14T8+Y14TIST8+Y14T18T8+Y14T22T8=1

Y14T94-Y14T3T9+Y14T6T9+Y14TI 1T9+

YI4T1ST9-i-Y14T16T9+Y14T18T9+Y14T22T9+

Y14T23T9=1

YI4T1O-i-YI4T6T1O+YI4T7T1O-f-Y14T1810+

Y14T1910=1

Y14T1 1+Y14T3TI 1+Y14T6TI 1-i-Y14T9T1 1+

Y14T151 1+Y14T161 1+Y14T1811+Y14T2211=1

Y14T13+Y14T1813=1

Y14T15+Y14T2T15+Y14T6T15+Y14T8T15+

Y14T9T15+Y14T1 1 15+Y14T1615+Y14T1815+

Y14T2015+Y14T2215=1

Y14T16+Y14T9T16+Y14T1 1 16+Y14T15 16+

Y14T1816+Y14T2316=1

Y14T18+Y14T1T18+Y14T2T18+Y14T3T18+

YI4TSTI8+Y14T6T18+Y14T7T18+Y14T8T18+

Y14T9T18+Y14T1018+Y14T1 1 18+Y14T1318+

Y14T1518+Y14T1618+Y14T1918+Y14T2018+

Y14T2218-i-Y14T2318+Y14T2418+Y14T2518=1

Y14T19+Y14T2T19+Y14T7T19+Y14T1019+

Y14T1819=1

Y14T20-i-Y14T2T20+Y14T6T20+Y14T1520+

Y14T1820+Y14T2220=1

Y14T22-i-Y14T2T22-i-Y14T8T22+Y14T9T22+

Y14T1 122+Y14T1522+Y14T1822+Y14T2022+

Y14T2322=1

Y14T23+Y14T3T23+Y14T9T23+Y14T1623+

Y14T1823+Y14T2223=1

Y14T24+Y14T5T24+Y14TI 824=1

Y14T25+Y14T1825=1

Y15T2+Y1 5T6T2-i-Y15T14T2-i-Y15T18T2+

Y15T20T2+Y15T22T2=1

Y15T6-i-Y15T2T6-i-Y15T9T6-i-Y15T1 1T6+

Y15T14T6+Y15T18T6+Y15T20T6=1

Y15T8+Y15T14T8+Y15T18T8+Y15T22T8=1

Y15T9+Y15T6T9+Y15TI 1T9+Y15T14T9+

Y15T16T9-1-Y15T18T9+Y15T22T9=1

YI5T1 1+Y15T6T1 1-i-Y15T9T1 1-i-Y15T1411+

YIST161 1+Y15T181 1+Y15T221 1=1

Y15T14+Y15T2T14-i-Y15T6T14+Y15T8T14+

Y15T9T14+Y15T11 14+Y15T1614+Y15T1814+

Y15T2014+Y15T2214=1

Y15T16+Y15T9T16+Y15T1 1 16+Y15T1416+

Y15T1816=1

Y15T18+Y1 5T2T1 8+Y15T6T18+Y15T8T18+

Y15T9T18+Y15TI 1 18+Y15T1418+Y15T1618+

Y15T2018-i-Y15T2218=1

Y15T20+Y15T2T20+Y1 5T6T20+Y15T1420+

Y15T1820+Y1 5T2220=1

Y15T22+Y15T2T22+Y15T8T22+Y15T9T22+

YI5TI 122+Y15T1422+Y15T1822+Y15T2022=1

Y16T9-i-Y16T1 1T9+Y16T14T9+Y16T15T9-i-

Y16T18T9+Y16T23T9=1

Y16T11-i-Y16T9T11-i-Y16T1411+YI6T1S11+

Y16T1811=1

Y16T14+Y16T9T14+YI6TI 1 14+Y16T15 14+

Y16T1814+Y16T2314=1

Y16T15-i-Y16T9T15--Y16T1 1 15+Y16T1415+

Y16T18 15=1

Y16TIB-i-Y16T9T18+Y16T1 1 18+Y16T1418+

Y16T1518-i-Y16T2318=1

Y16T23+Y16T9T23+Y16T1423+Y16T1 823=1

Y17T4+Y17T18T4=1

Y17T11-&Y17T181 1÷Y17T2111=1

Y17T18+Y17T4T18-i-Y17T1118+Y17T21 18=1

Y17T21+Y17T1 121+Y17T1821=1

YI8TI+YI8T5T1-i-Y18T6T1+Y18T14T1=1

Y18T2-i-Y18T6T2+Y18T14T2+Y18T15T2+

Y1STI9T2+Y18T20’12+Y18T22T2=1

Y18T3--Y1 8T9T3+Y1 8T1 1T3+Y18T14T3+

Y18T21T3+Y18T23T3=1

Y18T4-i-Y18T17T4=1

Y18T5+YI8T1T5+Y18T6T5+Y18T14TS+

Y18T24T5=1

Y18T6+Y18TIT6+Y18T2T6+Y18T5T6+

Y18T7T6+Y18T9T6+YI8TIOT6+Y18T1 1T6+

Y18T14T6-i-Y18T1 5T6+Y18T20T6=1

Y18T7-i-Y18T6T7+Y1 8T10T7+Y1fl4T7+

Y18T19T7=1

Y18T8+Y18T14T8+Y18T15T8+Y18T22T8=1

Y18T9+Y18T3T9+Y18T6T9+Y18T1 1T9+

Y18T14T9+Y18T15T9+Y18T16T9+Y18T22T9+

Y18T23T9=1

Y18T1O+Y18T6TIO+Y18T7TIO+Y18T1410+

Y18T1910=1

Y18TI 1+YI8T3TI1+Y18T6TI1+Y18T9T1 1+

Y18T1411+Y18T151 1+Y18T161 1-i-Y18T171 1+

Y18T21 1 1-i-Y18T221 1=1

Y18T12=1
Y18T13+Y18T1413=1

Y18T14+Y18T1T14+Y18T2T14+Y18T3T14+

Y18T5T14-i-Y18T6T14-i-Y18T7T14+Y18T8T14+

Y18T9T14-i-Y18T1014+Y18TI 114+Y18T1314+

Y18T1514+Y18T1614+Y18T1914+Y18T2014+

Y18T2214-i-Y18T2314+Y18T2414+Y18T2514=1

Y18T1 5+Y18T2T15+Y18T6T15+Y18T8T1 5+

Y18T9T1S+Y18T1I 15-i-Y18T1415-i-Y18T1615+

Y18T2015-i-Y18T2215=1

Y18T16+Y18T9T16+Y18T1 1 16+Y18T1416+

Y18T1516+Y18T2316=1

Y18T17-i-Y18T4T17-i-Y18T11 17+Y18T21 17=1

Y18T19+Y18T2T19+Y18T7T19+Y18T1019+

Y18T1419=1

Y18T20+Y18T2T20+Y18T6T20+Y18T1420+

Y18T1520-i-Y18T2220=1

Y18T21-i-Y18T3T21+Y18T1 121*-Y18T1721+

Y18T2221=1

Y18T22+Y18T2T22+Y18T8T22+Y18T9122+

Y18T1 122-’-Y18T1422+Y18T1522+Y18T2022+

Y18T2122+Y18T2322=1

Y18T23-i-Y18T3T23+Y18T9T23+Y18T1423-i-

APPENDIX B: PROBLEM FORMULATION FILE
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EFFICIENT COMBINED NETWORK

Y18T1623+Y18T2223=1
Y18T24-i-Y18T5T24-i-Y18T1424=1

Y18T25+Y18T1425=1
Y19T2+Y19T14T2+Y19T18T2=1

Y19T7+Y19T1OT7+Y19T14T7+Y19T18T7=1

YI9TIO+YI9T7TIO+Y19T1410+Y19T1810=1

Y19T14-&Y19T2T14+Y19T7T14-i-Y19T1014+

Y19T1814=1
Y19T18-i-Y19T2T18+Y19T7T18+Y19T1018+

Y19T1418=1
Y20T2-’-Y20T6T2+Y20T14T2+Y20T15T2+

Y20T18T2÷Y20T22T2=1
Y20T6+Y20T2T6+Y20T14T6+Y20T15T6+

Y20T18T6=1
Y20T14-i-Y20T2T14+Y20T6T14+Y20T15 14+

Y20T18 14+Y20T2214=1

Y2OT1S+Y20T2T15+Y20T6T15+Y20T141 5+

Y20T18 15+Y20T221 5=1
Y20T18-i-Y20T2T18+Y20T6T18+Y20T1418+

Y20T15 18-i-Y20T2218=1
Y20T22+Y20T2T22+Y20T1422-i-Y20T1522+

Y2OT1 822= 1
Y21T3+Y2ITI 1T3+Y21T18T3=1

Y21T1 1+Y21T3T1 1+Y21T1711+Y21T181 1+

Y21T2211=1

Y21T17+Y2ITI 117+Y21T1817=1

Y21T18+Y21T3T18-i-Y21T1 1 18+Y21T1718+

Y21T2218=1
Y21T22-i-Y21T1 122+Y21T1822=1

Y22T2-i-Y22T14T2+Y22T1 5T2-i-Y22T1 8T2+

Y22T20T2=1
Y22T8+Y22T14T8+Y22T1 5T8-’-Y22T1 8T8=1

Y22T9-i-Y22T1 1T9+Y22T14T9+Y22T1 5T9+

Y22T18T9+Y22fl3T9=1
Y22T1 1-i-Y22T9T1 1-i-Y22T141 1+Y22T151 1+

Y22T181 1-i-Y22T21 11=1

Y22T14+Y22T2T14+Y22T8T14-&Y22T9T14+

Y22T1 1 14+Y22T1514-i-Y22T1814÷Y22T2014+

Y22T23 14=1

Y22T1 5+Y22T2T15-i-Y22T8T15+Y22T9T15+

Y22T1 115+Y22T1415+Y22T1815-i-Y22T2015=1

Y22T18+Y22T2T18+Y22T8T18+Y22T9T18+

Y22T1 1 18+Y22T1418+Y22T1518-i-Y22T2018+

Y22T21 18-i-Y22T2318=1

Y22T20+Y22T2T20+Y22T1420+Y22T1520+

Y22T1820=1
Y22T21-i-Y22T1 121+Y22T1821=1

Y22T23-i-Y22T9T23+Y22T1423+Y22T1823=1

Y23T3-i-Y23T9T3+Y23T14T3-i-Y23T18T3=1

Y23T9-4-Y23T3T9-4-Y23T14T9+Y23T16T9+

Y23T18T9+Y23T22T9=1
Y23T14+Y23T3T14-i-Y23T9T14+Y23T1614+

Y23T18 14+Y23T22 14=1

Y23T16+Y23ThT16+Y23T141frfY23T1 8 16=1

Y23T18+Y23T3T18+Y23T9T18+Y23T1418+

Y23T1618+Y23T2218=1

Y23T22+Y23T9T22+Y23T1422+Y23T1822=1

Y24T5+Y24T14T5-i-Y24T18T5=1

Y24T14+Y24T5T14-i-Y24T1814=1

Y24T1 8+Y24T5T18+Y24T1418=1

Y25T14+Y25T1814=1

Y25T18-i-Y25T141 8=1

END
LEAVE
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APPENDIX C
EFFICIENT AIRLINE NETWORK SOLUTION

SOLUTION FILE
EFFICIENT AIRLiNE NETWORK

DECISION VARIABLE VALUE REDUCED COST
Y1T14T5 1.000000 0.000000
Y1T18T6 1.000000 0.000000

Y1T14 1.000000 0.000000
Y1T18 1.000000 0.000000

Y2T18T6 1.000000 0.000000
Y2T14 1.000000 0.000000

Y2T14T15 1.000000 0.000000
Y2T18 1.000000 0.000000
Y2T19 1.000000 0.000000
Y2T20 1.000000 0.000000

Y2T14T22 1.000000 0.000000
Y3T18T9 1.000000 0.000000

Y3T11 1.000000 0.000000
Y3T14 1.000000 0.000000
Y3T18 1.000000 0.000000
Y3T21 1.000000 0.000000

Y3T18T23 1.000000 0.000000
Y4T18T17 1.000000 0.000000

Y4T18 1.000000 0.000000
Y5T14T1 1.000000 0.000000
Y5T18T6 1.000000 0.000000

Y5T14 1.000000 0.000000
Y5T18 1.000000 0.000000

Y5T18T24 1.000000 0.000000
Y6T18T1 1.000000 0.000000

Y6T2 1.000000 0.000000
Y6T5 1.000000 0.000000
Y6T7 1.000000 0.000000
Y6T9 1.000000 0.000000

Y6T1O 1.000000 0.000000
Y6T18T11 1.000000 0.000000

Y6T14 1.000000 0.000000
Y6T15 1.000000 0.000000
Y6T18 1.000000 0.000000

Y6T1ST2O 1.000000 0.000000
Y7T18T6 1.000000 0.000000

Y7T19T1O 1.000000 0.000000
Y7T14 1.000000 0.000000
Y7T1S 1.000000 0.000000
Y7T19 1.000000 0.000000
Y8T14 1.000000 0.000000

Y8T22T15 1.000000 0.000000
Y8T22T18 1.000000 0.000000

Y8T22 1.000000 0.000000
Y9T18T3 1.000000 0.000000
Y9T18T6 1.000000 0.000000

Y9T18T11 1.000000 0.000000
Y9T14 1.000000 0.000000

Y9T18T15 1.000000 0.000000
Y9T18T16 1.000000 0.000000

Y9T18 1.000000 0.000000
Y9T18T22 1.000000 0.000000
Y9T18T23 1.000000 0.000000
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Y10T18T6 1.000000 0.000000
Y1OT14T7 1.000000 0.000000

Y1OT14 1.000000 0.000000
Y1OT18 1.000000 0.000000
Y1OT19 1.000000 0.000000

Y11T3 1.000000 0.000000
Y11T18T6 1.000000 0.000000
Y11T18T9 1.000000 0.000000

Y11T14 1.000000 0.000000
Y11T1415 1.000000 0.000000

Y11T16 1.000000 0.000000
Y11T17 1.000000 0.000000
Y11T18 1.000000 0.000000

Y11T3T21 1.000000 0.000000
Y11T1422 1.000000 0.000000

Y12T18 1.000000 0.000000
Y13T14 1.000000 0.000000
Y13T1S 1.000000 0.000000

Y14T1 1.000000 0.000000
Y14T2 1.000000 0.000000
Y14T3 1.000000 0.000000
Y14T5 1.000000 0.000000
Y14T6 1.000000 0.000000
Y14T7 1.000000 0.000000
Y14T8 1.000000 0.000000
Y14T9 1.000000 0.000000

Y14T1O 1.000000 0.000000
Y14T11 1.000000 0.000000

Y14T1813 1.000000 0.000000
Y14T15 1.000000 0.000000

Y14T1116 1.000000 0.000000
Y14T18 1.000000 0.000000

Y14T7T19 1.000000 0.000000
Y14T20 1.000000 0.000000
Y14T22 1.000000 0.000000
Y14T23 1.000000 0.000000
Y14T24 1.000000 0.000000
Y14T25 1.000000 0.000000

Y15T14T2 1.000000 0.000000
Y15T6 1.000000 0.000000

Y15T22T8 1.000000 0.000000
Y15T18T9 1.000000 0.000000
Y15T1411 1.000000 0.000000

Y15T14 1.000000 0.000000
Y15T1816 1.000000 0.000000

Y15T1S 1.000000 0.000000
Y15T1420 1.000000 0.000000

Y15T22 1.000000 0.000000
Y16T1ST9 1.000000 0.000000
Y16T1811 1.000000 0.000000
Y16T1814 1.000000 0.000000
Y16T1815 1.000000 0.000000

Y16T18 1.000000 0.000000
Y16T1823 1.000000 0.000000
Y17T18T4 1.000000 0.000000

Y17T11 1.000000 0.000000
Y17T18 1.000000 0.000000

Y17T1821 1.000000 0.000000
Y18T1 1.000000 0.000000
Y18T2 1.000000 0.000000
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0000000
0000000
0000000
000000•0
0000000
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000000•I
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000000T
000000•T
000000I
000000’1
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0000001
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0000001
0000001
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0000001
0000001
000000T
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000000•I
0000001
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000000•T
000000•T
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000000•T
000000T
000000T
000000•1
0000001
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000000I
000000•T
0000001
0000001
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000000•1
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000000•1
0000001
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000000•I
0000001
0000001
0000001

8119A
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81IEA
9181IEA
t7TIEA
618T1EA
E181IEA
E1
T8TIA
0T711A
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‘vii3A
1T8T1A
6i8T1A
81A
I’v11A
8111A
8111A
L18I1TA
118111
E181iTA
8I10A
8110A
9110A
‘vT110A
9I8110A
I0A
8116TA
1710116TA
0116TA
LI6TA
161A
9I8IA
17i8TA
E18TA
18TA
T18TA
018TA
6118TA
LII8TA
9T18TA
91181A
1’118TA
ETI8IA
118IA
I118TA
0118TA
618TA
8118TA
LI8TA
918TA
918IA
‘vI8TA
£18TA
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APPENDIX C:
EFFICIENT PASSENGERS NETWORK SOLUTION

SOLUTION FILE
EFFICIENT PASSENGERS NETWORK

DECISION VARIABLE VALUE REDUCED COST
Y1T18T5 1.000000 0.000000
Y1T18T6 1.000000 0.000000

Y1T18T14 1.000000 0.000000
Y1T18 1.000000 0.000000

Y2T18T6 1.000000 0.000000
Y2T14 1.000000 0.000000

Y2T14T15 1.000000 0.000000
Y2T18 1.000000 0.000000

Y2T14T19 1.000000 0.000000
Y2T1BT2O 1.000000 0.000000
Y2T14T22 1.000000 0.000000

Y3T18T9 1.000000 0.000000
Y3T18T11 1.000000 0.000000
Y3T18T14 1.000000 0.000000

Y3T18 1.000000 0.000000
Y3T21 1.000000 0.000000

Y3T18T23 1.000000 0.000000
Y4T18T17 1.000000 0.000000

Y4T18 1.000000 0.000000
Y5T18T1 1.000000 0.000000
Y5T18T6 1.000000 0.000000

Y5T18T14 1.000000 0.000000
Y5T18 1.000000 0.000000

Y5T18T24 1.000000 0.000000
Y6T1ST1 1.000000 0.000000
Y6T18T2 1.000000 0.000000
Y6T18T5 1.000000 0.000000
Y6T1ST7 1.000000 0.000000
Y6T1ST9 1.000000 0.000000

Y6T1ST1O 1.000000 0.000000
Y6T18T11 1.000000 0.000000

Y6T14 1.000000 0.000000
Y6T14T15 1.000000 0.000000

Y6T18 1.000000 0.000000
Y6T18T20 1.000000 0.000000

Y7T18T6 1.000000 0.000000
Y7T18T1O 1.000000 0.000000

Y7T14 1.000000 0.000000
Y7T18 1.000000 0.000000

Y7T14T19 1.000000 0.000000
Y8T14 1.000000 0.000000

Y8T14T15 1.000000 0.000000
Y8T14T18 1.000000 0.000000
Y8T14T22 1.000000 0.000000

Y9T18T3 1.000000 0.000000
Y9T18T6 1.000000 0.000000

Y9T18T11 1.000000 0.000000
Y9T1BT14 1.000000 0.000000
Y9T18T15 1.000000 0.000000
Y9T1BT16 1.000000 0.000000

19T18 1.000000 0.000000
Y9T18T22 1.000000 0.000000
Y9T18T23 1.000000 0.000000

183



APPENDIX C:
EFFICIENT PASSENGERS NETWORK SOLUTION

Y1OT18T6 1.000000 0.000000
Y1OT1ST7 1.000000 0.000000

Y1OT14 1.000000 0.000000
Y1OT18 1.000000 0.000000

Y10T1419 1.000000 0.000000
Y11T18T3 1.000000 0.000000
Y11T18T6 1.000000 0.000000
Y11T18T9 1.000000 0.000000
Y11T1814 1.000000 0.000000
Y11T1815 1.000000 0.000000
Y11T1816 1.000000 0.000000
Y11T1817 1.000000 0.000000

Y11T18 1.000000 0.000000
Y11T21 1.000000 0.000000

Y11T1822 1.000000 0.000000
Y12T18 1.000000 0.000000

Y13T1814 1.000000 0.000000
Y13T18 1.000000 0.000000

Y14T18T1 1.000000 0.000000
Y14T2 1.000000 0.000000

Y14T18T3 1.000000 0.000000
Y14T18T5 1.000000 0.000000

Y14T6 1.000000 0.000000
Y14T7 1.000000 0.000000
Y14T8 1.000000 0.000000

Y14T18T9 1.000000 0.000000
Y14T1O 1.000000 0.000000

Y14T1811 1.000000 0.000000
Y14T1813 1.000000 0.000000

Y14T15 1.000000 0.000000
Y14T1816 1.000000 0.000000

Y14T18 1.000000 0.000000
Y14T19 1.000000 0.000000

Y14T1820 1.000000 0.000000
Y14T22 1.000000 0.000000

Y14T1823 1.000000 0.000000
Y14T1824 1.000000 0.000000

Y14T25 1.000000 0.000000
Y15T14T2 1.000000 0.000000
Y15T14T6 1.000000 0.000000
Y15T14TS 1.000000 0.000000
Y15T18T9 1.000000 0.000000
Y15T1811 1.000000 0.000000

Y15T14 1.000000 0.000000
Y15T1816 1.000000 0.000000

Y15T18 1.000000 0.000000
Y15T1820 1.000000 0.000000
Y15T1422 1.000000 0.000000
Y16T18T9 1.000000 0.000000
Y16T1811 1.000000 0.000000
Y16T1814 1.000000 0.000000
Y16T1815 1.000000 0.000000

Y16T18 1.000000 0.000000
Y16T1823 1.000000 0.000000
Y17T18T4 1.000000 0.000000
Y17T1811 1.000000 0.000000

Y17T18 1.000000 0.000000
Y17T21 1.000000 0.000000

Y1ST1 1.000000 0.000000
Y18T2 1.000000 0.000000
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APPENDIX C:
EFFICIENT COMBINED NETWORK SOLUTION

SOLUTION FILE
EFFICIENT COMBINED NETWORK

DECISION VARIABLE VALUE REDUCED COST
Y1T18T5 1.000000 0.000000
Y1T1ST6 1.000000 0.000000

Y1T14 1.000000 0.000000
Y1T18 1.000000 0.000000

Y2T18T6 1.000000 0.000000
Y2T14 1.000000 0.000000

Y2T14T15 1.000000 0.000000
Y2T18 1.000000 0.000000
Y2T19 1.000000 0.000000
Y2T20 1.000000 0.000000

Y2T14T22 1.000000 0.000000
Y3T18T9 1.000000 0.000000

Y3T1ST11 1.000000 0.000000
Y3T14 1.000000 0.000000
Y3T18 1.000000 0.000000
Y3T21 1.000000 0.000000

Y3T18T23 1.000000 0.000000
Y4T18T17 1.000000 0.000000

Y4T18 1.000000 0.000000
Y5T14T1 1.000000 0.000000
Y5T18T6 1.000000 0.000000

Y5T14 1.000000 0.000000
Y5T18 1.000000 0.000000

Y5T18T24 1.000000 0.000000
Y6T18T1 1.000000 0.000000
Y6T18T2 1.000000 0.000000
Y6T18T5 1.000000 0.000000
Y6T18T7 1.000000 0.000000
Y6T18T9 1.000000 0.000000

Y6T18T1O 1.000000 0.000000
Y6T1ST11 1.000000 0.000000

Y6T14 1.000000 0.000000
Y6T1ST15 1.000000 0.000000

Y6T1S 1.000000 0.000000
Y6T18T20 1.000000 0.000000

Y7T18T6 1.000000 0.000000
Y7T18T1O 1.000000 0.000000

Y7T14 1.000000 0.000000
Y7T18 1.000000 0.000000

Y7T18T19 1.000000 0.000000
YST14 1.000000 0.000000

Y8T14T15 1.000000 0.000000
Y8T14T1S 1.000000 0.000000
Y8T14T22 1.000000 0.000000

Y9T1ST3 1.000000 0.000000
Y9T18T6 1.000000 0.000000

Y9T18T11 1.000000 0.000000
Y9T14 1.000000 0.000000

Y9T1BT15 1.000000 0.000000
Y9T1ST16 1.000000 0.000000

Y9T18 1.000000 0.000000
Y9T18T22 1.000000 0.000000
Y9T18T23 1.000000 0.000000

186



APPENDIX C:
EFFICIENT COMBINED NETWORK SOLUTION

Y10T18T6 1.000000 0.000000
Y1OT14T7 1.000000 0.000000

Y1OT14 1.000000 0.000000
Y1OT18 1.000000 0.000000

Y10T1819 1.000000 0.000000
Y11T18T3 1.000000 0.000000
Y11T18T6 1.000000 0.000000
Y11T18T9 1.000000 0.000000

Y11T14 1.000000 0.000000
Y11T1815 1.000000 0.000000
Y11T1816 1.000000 0.000000
Y11T1817 1.000000 0.000000

Y11T18 1.000000 0.000000
Y11T1821 1.000000 0.000000
Y11T1822 1.000000 0.000000

Y12T1S 1.000000 0.000000
Y13T1814 1.000000 0.000000

Y13T1S 1.000000 0.000000
Y14T1 1.000000 0.000000
Y14T2 1.000000 0.000000
Y14T3 1.000000 0.000000
Y14T5 1.000000 0.000000
Y14T6 1.000000 0.000000
Y14T7 1.000000 0.000000
Y14T8 1.000000 0.000000
Y14T9 1.000000 0.000000

Y14T1O 1.000000 0.000000
Y14T11 1.000000 0.000000

Y14T1813 1.000000 0.000000
Y14T15 1.000000 0.000000

Y14T1816 1.000000 0.000000
Y14T1S 1.000000 0.000000

Y14T2T19 1.000000 0.090000
Y14T1820 1.000000 0.000000

Y14T22 1.000000 0.000000
Y14T1823 1.000000 0.000000
Y14T1824 1.000000 0.000000

Y14T25 1.000000 0.000000
Y15T14T2 1.000000 0.000000
Y15T18T6 1.000000 0.000000
Y15T14T8 1.000000 0.000000
Y15T18T9 1.000000 0.000000
Y15T1811 1.000000 0.000000

Y15T14 1.000000 0.000000
Y15T1816 1.000000 0.000000

Y15T18 1.000000 0.000000
Y15T1820 1.000000 0.000000
Y15T1422 1.000000 0.000000
Y16T18T9 1.000000 0.000000
Y16T1811 1.000000 0.000000
Y16T1814 1.000000 0.000000
Y16T1815 1.000000 0.000000

Y16T18 1.000000 0.000000
Y16T1823 1.000000 0.000000
Y17T18T4 1.000000 0.000000
Y17T1811 1.000000 0.000000

Y17T1S 1.000000 0.000000
Y17T1821 1.000000 0.000000

Y18T1 1.000000 0.000000
Y18T2 1.000000 0.000000
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0000001
0000001
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0000001
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ANALYSIS FILE

Link

EXISTING NETWORK

Total Total Schedule

Fr To Flow Flights Delay Cost Seat Mile Pax Mile Factor

Total Cost per Cost per Load

1 5 2 1 49.00 8330.00 0.65 33.32 0.02
1 14 404 2 24.50 74260.00 1.36 1.73 0.78
1 18 808 5 9.80 216150.00 0.59 0.74 0.80
2 14 3134 16 3.06 730720.00 0.79 0.82 0.97
2 18 3596 18 2.72 1057320.00 0.63 0.64 0.99
2 19 77 1 49.00 15680.00 0.52 0.68 0.75
2 20 212 2 24.50 60600.00 0.66 1.25 0.52
3 9 19 1 49.00 24000.00 0.71 3.79 0.19
3 11 58 1 49.00 18750.00 1.00 1.76 0.57
3 14 173 2 24.50 57120.00 0.51 0.60 0.85
3 18 577 6 8.17 195960.00 0.66 0.70 0.94
3 21 28 1 49.00 9380.00 0.62 2.25 0.27
3 23 19 1 49.00 18040.00 1.12 6.01 0.19
4 17 4 1 49.00 20160.00 0.31 7.88 0.04
4 18 385 4 12.25 88880.00 0.99 1.05 0.94
5 1 2 1 49.00 8330.00 0.65 33.32 0.02
5 6 58 1 49.00 32640.00 0.48 0.85 0.57
5 14 443 5 9.80 87900.00 0.76 0.87 0.87
5 18 615 7 7.00 143080.00 0.56 0.64 0.86
5 24 65 1 49.00 10980.00 0.72 1.13 0.64
6 5 77 1 49.00 28800.00 0.43 0.57 0.75
6 9 173 2 24.50 43500.00 0.55 0.64 0.85
6 10 192 2 24.50 65240.00 0.40 0.42 0.94
6 14 4231 17 2.88 1645600.00 0.50 0.51 0.98
6 15 346 2 24.50 111840.00 0.50 0.52 0.96
6 18 8499 34 1.44 1317840.00 0.60 0.60 1.00
7 10 19 1 49.00 12750.00 0.79 4.22 0.19
7 14 712 7 7.00 168840.00 0.61 0.61 1.00
7 18 808 8 6.12 191760.00 0.46 0.46 0.99
7 19 173 2 24.50 24480.00 0.76 0.90 0.85
8 14 134 2 24.50 49000.00 0.74 1.13 0.66
8 15 19 1 49.00 21160.00 0.88 4.74 0.19
8 22 38 1 49.00 16030.00 0.90 2.41 0.37
9 3 19 1 49.00 20130.00 0.59 3.18 0.19
9 6 173 2 24.50 60900.00 0.76 0.90 0.85
9 11 4 1 49.00 12780.00 0.72 18.26 0.04
9 14 1057 6 8.17 306720.00 0.57 0.66 0.88
9 15 77 1 49.00 49950.00 0.70 2.28 0.31
9 16 134 2 24.50 39600.00 0.53 0.81 0.66
9 18 1115 6 8.17 129540.00 0.51 0.55 0.92
9 22 38 1 49.00 22880.00 0.48 1.29 0.37
9 23 23 1 49.00 22350.00 0.41 1.84 0.23

10 6 212 3 16.33 90210.00 0.36 0.53 0.69
10 7 19 1 49.00 12750.00 0.79 4.22 0.19
10 14 1712 17 2.88 387600.00 0.67 0.67 0.99
10 18 1846 19 2.58 478989.97 0.44 0.46 0.95
10 19 192 2 24.50 34560.00 1.13 1.20 0.94
11 3 58 1 49.00 15120.00 0.81 1.42 0.57
11 9 6 1 49.00 12750.00 0.71 12.14 0.06
11 14 365 3 16.33 104850.00 0.49 0.73 0.68
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11 15 19 1 49.00 29820.00 0.72 6.79 0.11
11 16 38 1 49.00 16820.00 0.67 1.81 0.37
11 17 38 1 49.00 12920.00 0.66 1.77 0.37
11 18 1480 9 5.44 302850.00 0.48 0.53 0.91
11 21 5 1 49.00 16950.00 0.57 11.65 0.05
11 22 19 1 49.00 49450.00 0.63 8.51 0.07
12 18 154 2 24.50 27840.00 0.56 0.74 0.75
13 18 346 4 12.25 63720.00 0.82 0.96 0.85
14 1 442 2 24.50 74480.00 1.36 1.59 0.86
14 2 3154 16 3.06 655360.00 0.71 0.73 0.98
14 3 173 2 24.50 55080.00 0.49 0.58 0.85
14 5 462 5 9.80 90150.00 0.78 0.86 0.91
14 6 4327 18 2.72 1558080.00 0.45 0.47 0.95
14 7 731 8 6.12 172480.00 0.54 0.61 0.90
14 8 115 2 24.50 49280.00 0.75 1.32 0.56
14 9 1077 6 8.17 252960.00 0.47 0.53 0.89
14 10 1673 17 2.88 345440.00 0.59 0.61 0.96
14 11 365 3 16.33 81720.00 0.39 0.57 0.68
14 15 4307 18 2.72 728100.00 0.75 0.79 0.95
14 18 15308 61 0.80 4475570.00 0.56 0.56 0.99
14 20 173 1 49.00 26390.00 1.38 1.61 0.86
14 22 2077 9 5.44 477630.00 0.42 0.46 0.93
14 25 1327 14 3.50 194040.00 0.69 0.74 0.93
15 6 346 2 24.50 83160.00 0.37 0.39 0.96
15 8 19 1 49.00 18270.00 0.76 4.09 0.19
15 9 77 1 49.00 51520.00 0.72 2.36 0.31
15 11 19 1 49.00 22640.00 0.54 5.16 0.11
15 14 4231 17 2.88 699040.00 0.76 0.78 0.98
15 16 19 1 49.00 19040.00 0.42 2.24 0.19
15 18 2000 10 4.90 416100.00 0.47 0.47 1.00
15 20 77 1 49.00 48020.00 2.16 2.86 0.75
15 22 269 2 24.50 72040.00 0.57 0.85 0.67
16 9 134 2 24.50 38640.00 0.52 0.79 0.66
16 11 38 1 49.00 31970.00 1.28 3.43 0.37
16 15 19 1 49.00 25960.00 0.57 3.05 0.19
16 18 481 5 9.80 149500.00 0.54 0.57 0.94
16 23 19 1 49.00 18660.00 0.80 4.27 0.19
17 4 2 1 49.00 22560.00 0.35 17.62 0.02
17 11 38 1 49.00 19000.00 0.97 2.60 0.37
17 18 154 2 24.50 61180.00 0.76 1.01 0.75
17 21 7 1 49.00 25830.00 0.79 11.50 0.07
18 1 846 5 9.80 261850.00 0.72 0.86 0.84
18 2 3730 19 2.58 1292760.00 0.73 0.75 0.97
18 3 577 6 8.17 153180.00 0.52 0.55 0.94
18 4 462 5 9.80 83650.00 0.75 0.83 0.91
18 5 596 6 8.17 127920.00 0.58 0.59 0.97
18 6 8153 33 1.48 1290630.00 0.61 0.62 0.98
18 7 827 9 5.44 222750.00 0.47 0.52 0.90
18 9 1348 7 7.00 165060.00 0.56 0.58 0.96
18 10 1788 18 2.72 342180.00 0.33 0.34 0.97
18 11 1538 9 5.44 300060.00 0.48 0.51 0.95
18 12 173 2 24.50 30080.00 0.60 0.71 0.85
18 13 327 4 12.25 64160.00 0.82 1.03 0.80
18 14 15058 60 0.82 4606800.00 0.58 0.59 0.99
18 15 1942 10 4.90 537100.00 0.61 0.63 0.97
18 16 481 5 9.80 122650.00 0.44 0.47 0.94
18 17 173 2 24.50 40900.00 0.51 0.60 0.85
18 20 1942 10 4.90 562100.00 0.62 0.64 0.97
18 22 1308 7 7.00 391720.00 0.41 0.45 0.93
18 23 308 4 12.25 116120.00 0.39 0.51 0.75
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Average Delay = 26.69 System Load Factor = 0.94
Average Seat-Mi Cost = 0.66 Average Pax-Mi cost = 2.54
Average Load Factor = 0.66
Available Seat—Mile = 58683524 Passenger—Mile Flown = 54875896

18 24 231 3 16.33 54900.00 0.61 0.81 0.75
18 25 192 2 24.50 50960.00 0.46 0.49 0.94
19 2 115 2 24.50 35360.00 0.58 1.03 0.56
19 7 154 2 24.50 25500.00 0.79 1.05 0.75
19 10 154 2 24.50 25740.00 0.84 1.11 0.75
20 2 308 2 24.50 67880.00 0.73 0.96 0.76
20 14 96 1 49.00 29500.00 1.54 3.23 0.48
20 15 58 1 49.00 31240.00 1.40 2.47 0.57
20 18 1980 10 4.90 536600.00 0.59 0.60 0.99
21 3 17 1 49.00 14740.00 0.97 5.82 0.17
21 11 7 1 49.00 21340.00 0.72 10.48 0.07
21 17 7 1 49.00 23310.00 0.71 10.37 0.07
21 22 83 1 49.00 20790.00 0.64 0.79 0.81
22 8 38 1 49.00 15630.00 0.88 2.35 0.37
22 9 38 1 49.00 19550.00 0.41 1.10 0.37
22 11 19 1 49.00 44950.00 0.57 7.73 0.07
22 14 1980 8 6.12 421120.00 0.42 0.42 0.99
22 15 308 2 24.50 69580.00 0.55 0.72 0.77
22 18 1231 7 7.00 334950.00 0.35 0.41 0.87
22 21 83 1 49.00 13160.00 0.41 0.50 0.81
22 23 154 2 24.50 28500.00 0.71 0.93 0.75
23 3 19 1 49.00 11250.00 0.70 3.75 0.19
23 9 19 1 49.00 19200.00 0.36 1.91 0.19
23 16 19 1 49.00 10680.00 0.46 2.44 0.19
23 18 269 3 16.33 66840.00 0.30 0.34 0.88
23 22 154 2 24.50 26600.00 0.66 0.87 0.75
24 5 65 1 49.00 10720.00 0.71 1.11 0.64
24 18 212 3 16.33 53040.00 0.59 0.85 0.69
25 14 1308 13 3.77 193440.00 0.74 0.75 0.99
25 18 154 2 24.50 44160.00 0.40 0.53 0.75

System Flights = 778 System Cost = 32989960.00 System Delay = 3736.87
System Seat-Mi Cost = 0.56 System Pax-Mi Cost 0.60
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ANALYSIS FILE
EFFICIENT AIRLiNE NETWORK

Link Total Total Schedule Total Cost per Cost per Load

Fr To Flow Flights Delay Cost Seat Mile Pax Mile Factor

1 14 406 2 24.50 74260.00 1.36 1.73 0.79
1 18 808 5 9.80 216150.00 0.59 0.74 0.80
2 14 3172 16 3.06 730720.00 0.79 0.81 0.98
2 18 3596 18 2.72 1057320.00 0.63 0.64 0.99
2 19 77 1 49.00 15680.00 0.52 0.68 0.75
2 20 212 2 24.50 60600.00 0.66 1.25 0.52
3 11 58 1 49.00 18750.00 1.00 1.76 0.57
3 14 173 2 24.50 57120.00 0.51 0.60 0.85
3 18 615 7 7.00 228620.00 0.66 0.77 0.86
3 21 33 1 49.00 9380.00 0.62 1.91 0.32
4 18 389 4 12.25 88880.00 0.99 1.04 0.95
5 14 387 4 12.25 70320.00 0.76 0.80 0.95
5 18 680 7 7.00 143080.00 0.56 0.58 0.95
6 2 538 3 16.33 262080.00 0.49 0.66 0.73
6 5 77 1 49.00 28800.00 0.43 0.57 0.75
6 7 96 1 49.00 28280.00 0.39 0.42 0.94
6 9 173 2 24.50 43500.00 0.55 0.64 0.85
6 10 192 2 24.50 65240.00 0.40 0.42 0.94
6 14 4231 17 2.88 1645600.00 0.50 0.51 0.98
6 15 346 2 24.50 111840.00 0.50 0.52 0.96
6 18 7865 32 1.53 1240320.00 0.60 0.61 0.98
7 14 577 6 8.17 144720.00 0.61 0.64 0.94
7 18 808 8 6.12 191760.00 0.46 0.46 0.99
7 19 192 2 24.50 24480.00 0.76 0.81 0.94
8 14 115 2 24.50 49000.00 0.74 1.32 0.56
8 22 76 1 49.00 16030.00 0.90 1.21 0.75
9 14 942 5 9.80 255600.00 0.57 0.61 0.94
9 18 1468 8 6.12 172720.00 0.51 0.56 0.91

10 14 1866 19 2.58 433200.00 0.67 0.69 0.96
10 18 1962 20 2.45 504199.97 0.44 0.45 0.96
10 19 77 1 49.00 17280.00 1.13 1.50 0.75
11 3 63 1 49.00 15120.00 0.81 1.30 0.62
11 14 403 3 16.33 104850.00 0.49 0.66 0.75
11 16 153 2 24.50 33640.00 0.67 0.90 0.75
11 17 38 1 49.00 12920.00 0.66 1.77 0.37
11 18 1486 9 5.44 302850.00 0.48 0.53 0.92
12 18 154 2 24.50 27840.00 0.56 0.74 0.75
13 14 77 1 49.00 32640.00 0.45 0.59 0.75
13 18 269 3 16.33 47790.00 0.82 0.93 0.88
14 1 444 2 24.50 74480.00 1.36 1.58 0.86
14 2 3154 16 3.06 655360.00 0.71 0.73 0.98
14 3 173 2 24.50 55080.00 0.49 0.58 0.85
14 5 406 4 12.25 72120.00 0.78 0.78 1.00
14 6 4327 18 2.72 1558080.00 0.45 0.47 0.95
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14 7 750 8 6.12 172480.00 0.54 0.59 0.92
14 8 96 1 49.00 24640.00 0.75 0.79 0.94
14 9 962 5 9.80 210800.00 0.47 0.49 0.96
14 10 1673 17 2.88 345440.00 0.59 0.61 0.96
14 11 499 3 16.33 81720.00 0.39 0.42 0.92
14 15 4326 18 2.72 728100.00 0.75 0.79 0.95
14 18 15289 61 0.80 4475570.00 0.56 0.56 0.99
14 20 250 2 24.50 52780.00 1.38 2.22 0.62
14 22 1942 8 6.12 424560.00 0.42 0.43 0.97
14 23 96 1 49.00 35820.00 0.51 0.54 0.94
14 24 58 1 49.00 25080.00 0.65 1.15 0.57
14 25 1327 14 3.50 194040.00 0.69 0.74 0.93
15 6 346 2 24.50 83160.00 0.37 0.39 0.96
15 14 4327 18 2.72 740160.00 0.76 0.80 0.95
15 18 2096 11 4.45 457710.00 0.47 0.50 0.95
15 22 288 2 24.50 72040.00 0.57 0.79 0.72
16 18 691 7 7.00 209300.00 0.54 0.55 0.97
17 11 38 1 49.00 19000.00 0.97 2.60 0.37
17 18 163 2 24.50 61180.00 0.76 0.96 0.80
18 1 846 5 9.80 261850.00 0.72 0.86 0.84
18 2 3192 16 3.06 1088640.00 0.73 0.74 0.99
18 3 632 7 7.00 178710.00 0.52 0.59 0.89
18 4 464 5 9.80 83650.00 0.75 0.82 0.91
18 5 603 6 8.17 127920.00 0.58 0.59 0.99
18 6 8596 35 1.40 1368850.00 0.61 0.62 0.98
18 7 731 8 6.12 198000.00 0.47 0.53 0.90
18 9 1526 8 6.12 188640.00 0.56 0.59 0.95
18 10 1673 17 2.88 323170.00 0.33 0.34 0.96
18 11 1606 9 5.44 300060.00 0.48 0.48 0.99
18 12 173 2 24.50 30080.00 0.60 0.71 0.85
18 13 327 4 12.25 64160.00 0.82 1.03 0.80
18 14 15077 60 0.82 4606800.00 0.58 0.59 0.99
18 15 2038 11 4.45 590810.00 0.61 0.66 0.92
18 16 538 6 8.17 147180.00 0.44 0.50 0.88
18 17 184 2 24.50 40900.00 0.51 0.57 0.90
18 19 115 2 24.50 39000.00 0.41 0.73 0.56
18 20 1942 10 4.90 562100.00 0.62 0.64 0.97
18 21 90 1 49.00 32160.00 0.45 0.51 0.88
18 22 1352 7 7.00 391720.00 0.41 0.43 0.96
18 23 369 4 12.25 116120.00 0.39 0.43 0.90
18 24 238 3 16.33 54900.00 0.61 0.79 0.78
18 25 192 2 24.50 50960.00 0.46 0.49 0.94
19 2 115 2 24.50 35360.00 0.58 1.03 0.56
19 7 19 1 49.00 12750.00 0.79 4.25 0.19
19 10 212 3 16.33 38610.00 0.84 1.21 0.69
19 18 96 1 49.00 24000.00 0.51 0.54 0.94
20 2 346 2 24.50 67880.00 0.73 0.86 0.86
20 15 58 1 49.00 31240.00 1.40 2.47 0.57
20 18 2038 11 4.45 590260.00 0.59 0.64 0.92
21 18 114 2 24.50 84420.00 0.59 1.06 0.56
22 8 76 1 49.00 15630.00 0.88 1.18 0.75
22 14 1884 8 6.12 421120.00 0.42 0.44 0.95
22 15 327 2 24.50 69580.00 0.55 0.68 0.81
22 18 1236 7 7.00 334950.00 0.35 0.40 0.88
22 23 58 1 49.00 14250.00 0.71 1.24 0.57
23 14 96 1 49.00 35820.00 0.51 0.54 0.94
23 18 326 4 12.25 89120.00 0.30 0.37 0.80
23 22 58 1 49.00 13300.00 0.66 1.16 0.57
24 14 58 1 49.00 22440.00 0.58 1.03 0.57
24 18 219 3 16.33 53040.00 0.59 0.83 0.72
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25 14 1308 13 3.77 193440.00 0.74 0.75 0.99
25 18 154 2 24.50 44160.00 0.40 0.53 0.75

System Flights = 745 System Cost = 32449630.00 System Delay = 2160.43
System Seat—Mi Cost = 0.56 System Pax—Mi Cost = 0.59
Average Delay 20.38 System Load Factor = 0.95
Average Seat-Mi Cost 0.63 Average Pax—Mi cost = 0.84
Average Load Factor = 0.83
Available Seat—Mile 58069236 Passenger—Mile Flown = 55231064
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Link

ANALYSIS FILE
EFFICIENT PASSENGERS NETWORK

Total Total Schedule

Fr To Flow Flights Delay Cost Seat Mile Pax Mile Factor

Total Cost per Cost per Load

1 18 1214 7 7.00 302610.00 0.59 0.69 0.86
2 14 3211 16 3.06 730720.00 0.79 0.80 0.99
2 18 3808 19 2.58 1116060.00 0.63 0.64 0.99
3 18 846 9 5.44 293940.00 0.66 0.72 0.92
3 21 105 2 24.50 18760.00 0.62 1.20 0.51
4 18 389 4 12.25 88880.00 0.99 1.04 0.95
5 18 1067 11 4.45 224840.00 0.56 0.58 0.95
6 14 4577 19 2.58 1839200.00 0.50 0.53 0.95
6 18 8941 36 1.36 1395360.00 0.60 0.61 0.99
7 14 615 7 7.00 168840.00 0.61 0.71 0.86
7 18 827 9 5.44 215730.00 0.46 0.51 0.90
8 14 191 2 24.50 49000.00 0.74 0.79 0.94
9 18 2410 12 4.08 259080.00 0.51 0.51 1.00

10 14 1789 18 2.72 410400.00 0.67 0.68 0.97
10 18 1981 20 2.45 504199.97 0.44 0.45 0.97
11 18 2023 12 4.08 403800.03 0.48 0.52 0.94
11 21 5 1 49.00 16950.00 0.57 11.65 0.05
12 18 154 2 24.50 27840.00 0.56 0.74 0.75
13 18 346 4 12.25 63720.00 0.82 0.96 0.85
14 2 3269 17 2.88 696320.00 0.71 0.74 0.95
14 6 4673 19 2.58 1644640.00 0.45 0.46 0.97
14 7 615 7 7.00 150920.00 0.54 0.63 0.86
14 8 172 2 24.50 49280.00 0.75 0.88 0.84
14 10 1731 17 2.88 345440.00 0.59 0.59 1.00
14 15 4980 20 2.45 809000.00 0.75 0.76 0.98
14 18 18250 73 0.67 5356010.00 0.56 0.56 0.99
14 19 442 5 9.80 149600.00 0.50 0.58 0.87
14 22 2230 9 5.44 477630.00 0.42 0.43 1.00
14 25 1519 15 3.27 207900.00 0.69 0.69 0.99
15 14 4865 20 2.45 822400.00 0.76 0.79 0.96
15 18 2192 11 4.45 457710.00 0.47 0.47 0.99
16 18 691 7 7.00 209300.00 0.54 0.55 0.97
17 18 194 2 24.50 61180.00 0.76 0.80 0.95
17 21 7 1 49.00 25830.00 0.79 11.50 0.07
18 1 1290 7 7.00 366590.00 0.72 0.79 0.92
18 2 4038 20 2.45 1360800.00 0.73 0.73 1.00
18 3 923 10 4.90 255300.00 0.52 0.57 0.90
18 4 464 5 9.80 83650.00 0.75 0.82 0.91
18 5 1086 11 4.45 234520.00 0.58 0.60 0.97
18 6 8596 35 1.40 1368850.00 0.61 0.62 0.98
18 7 846 9 5.44 222750.00 0.47 0.51 0.92
18 9 2661 14 3.50 330120.00 0.56 0.59 0.95
18 10 1884 19 2.58 361190.00 0.33 0.34 0.97
18 11 2079 12 4.08 400080.00 0.48 0.50 0.96
18 12 173 2 24.50 30080.00 0.60 0.71 0.85
18 13 327 4 12.25 64160.00 0.82 1.03 0.80
18 14 17941 71 0.69 5451380.00 0.58 0.58 1.00
18 15 2115 11 4.45 590810.00 0.61 0.63 0.96
18 16 691 7 7.00 171710.00 0.44 0.45 0.97
18 17 215 3 16.33 61350.00 0.51 0.73 0.70
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System Flights = 766 System Cost = 34420832.00 System Delay =

System Seat—Mi Cost = 0.56 System Pax—Mi Cost = 0.58
Average Delay = 12.60 System Load Factor = 0.97
Average Seat—Mi Cost 0.60 Average Pax—Mi cost 1.58
Average Load Factor 0.84
Available Seat—Mile = 61540296 Passenger—Mile Flown = 59562624

18 20 2404 12 4.08 674520.00 0.62 0.62 1.00
18 22 1404 7 7.00 391720.00 0.41 0.42 1.00
18 23 523 6 8.17 174180.00 0.39 0.45 0.85
18 24 296 3 16.33 54900.00 0.61 0.63 0.97
19 14 423 5 9.80 149600.00 0.50 0.60 0.83
20 18 2442 13 3.77 697580.00 0.59 0.63 0.93
21 3 17 1 49.00 14740.00 0.97 5.82 0.17
21 11 7 1 49.00 21340.00 0.72 10.48 0.07
21 17 7 1 49.00 23310.00 0.71 10.37 0.07
21 18 77 1 49.00 42210.00 0.59 0.78 0.75
21 22 6 1 49.00 20790.00 0.64 10.93 0.06
22 14 2134 9 5.44 473760.00 0.42 0.44 0.95
22 18 1365 7 7.00 334950.00 0.35 0.37 0.97
22 21 6 1 49.00 13160.00 0.41 6.92 0.06
23 18 480 5 9.80 111400.00 0.30 0.32 0.94
24 18 277 3 16.33 53040.00 0.59 0.65 0.91
25 14 1462 15 3.27 223200.00 0.74 0.77 0.96

843.98
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Link

ANALYSIS FILE
EFFICIENT COMBINED NETWORK

Total Total Schedule

Fr To Flow Flights Delay Cost Seat Mile Pax Mile Factor

Total Cost per Cost per Load

1 14 404 2 24.50 74260.00 1.36 1.73 0.78
1 18 810 5 9.80 216150.00 0.59 0.74 0.81
2 14 3134 16 3.06 730720.00 0.79 0.82 0.97
2 18 3596 18 2.72 1057320.00 0.63 0.64 0.99
2 19 212 3 16.33 47040.00 0.52 0.74 0.69
2 20 212 2 24.50 60600.00 0.66 1.25 0.52
3 14 173 2 24.50 57120.00 0.51 0.60 0.85
3 18 673 7 7.00 228620.00 0.66 0.70 0.94
3 21 28 1 49.00 9380.00 0.62 2.25 0.27
4 18 389 4 12.25 88880.00 0.99 1.04 0.95
5 14 387 4 12.25 70320.00 0.76 0.80 0.95
5 18 680 7 7.00 143080.00 0.56 0.58 0.95
6 14 4231 17 2.88 1645600.00 0.50 0.51 0.98
6 18 9287 37 1.32 1434120.00 0.60 0.60 1.00
7 14 577 6 8.17 144720.00 0.61 0.64 0.94
7 18 865 9 5.44 215730.00 0.46 0.49 0.94
8 14 191 2 24.50 49000.00 0.74 0.79 0.94
9 14 942 5 9.80 255600.00 0.57 0.61 0.94
9 18 1468 8 6.12 172720.00 0.51 0.56 0.91

10 14 1731 17 2.88 387600.00 0.67 0.67 1.00
10 18 2135 21 2.33 529410.00 0.44 0.44 1.00
11 14 365 3 16.33 104850.00 0.49 0.73 0.68
11 18 1663 10 4.90 336500.00 0.48 0.52 0.92
12 18 154 2 24.50 27840.00 0.56 0.74 0.75
13 18 346 4 12.25 63720.00 0.82 0.96 0.85
14 1 444 2 24.50 74480.00 1.36 1.58 0.86
14 2 3289 17 2.88 696320.00 0.71 0.74 0.96
14 3 173 2 24.50 55080.00 0.49 0.58 0.85
14 5 404 4 12.25 72120.00 0.78 0.79 0.99
14 6 4327 18 2.72 1558080.00 0.45 0.47 0.95
14 7 634 7 7.00 150920.00 0.54 0.61 0.89
14 8 172 2 24.50 49280.00 0.75 0.88 0.84
14 9 962 5 9.80 210800.00 0.47 0.49 0.96
14 10 1673 17 2.88 345440.00 0.59 0.61 0.96
14 11 365 3 16.33 81720.00 0.39 0.57 0.68
14 15 4634 19 2.58 768550.00 0.75 0.78 0.96
14 18 15808 63 0.78 4622310.00 0.56 0.56 0.99
14 22 2230 9 5.44 477630.00 0.42 0.43 1.00
14 25 1519 15 3.27 207900.00 0.69 0.69 0.99
15 14 4519 18 2.72 740160.00 0.76 0.77 0.99
15 18 2538 13 3.77 540930.00 0.47 0.48 0.97
16 18 691 7 7.00 209300.00 0.54 0.55 0.97
17 18 201 2 24.50 61180.00 0.76 0.77 0.99
18 1 846 5 9.80 261850.00 0.72 0.86 0.84
18 2 3730 19 2.58 1292760.00 0.73 0.75 0.97
18 3 690 7 7.00 178710.00 0.52 0.54 0.97
18 4 464 5 9.80 83650.00 0.75 0.82 0.91
18 5 682 7 7.00 149240.00 0.58 0.61 0.96
18 6 8942 36 1.36 1407960.00 0.61 0.61 0.99
18 7 827 9 5.44 222750.00 0.47 0.52 0.90
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APPENDIX D:
EFFICIENT COMBINED NETWORK ANALYSIS

System Flights = 744 System Cost = 32808300.00 System Delay =

System Seat—Mi Cost = 0.56 System Pax—Mi Cost = 0.58
Average Delay = 11.60 System Load Factor = 0.96
Average Seat—Mi Cost = 0.61 Average Pax—Mi cost = 0.71
Average Load Factor = 0.89
Available Seat—Mile = 58730592 Passenger—Mile Flown = 56543592

18 9 1699 9 5.44 212220.00 0.56 0.59 0.94
18 10 1884 19 2.58 361190.00 0.33 0.34 0.97
18 11 1721 10 4.90 333400.00 0.48 0.50 0.96
18 12 173 2 24.50 30080.00 0.60 0.71 0.85
18 13 327 4 12.25 64160.00 0.82 1.03 0.80
18 14 15557 62 0.79 4760360.00 0.58 0.59 0.99
18 15 2461 13 3.77 698230.00 0.61 0.64 0.94
18 16 691 7 7.00 171710.00 0.44 0.45 0.97
18 17 222 3 16.33 61350.00 0.51 0.70 0.73
18 19 230 3 16.33 58500.00 0.41 0.55 0.75
18 20 2192 11 4.45 618310.00 0.62 0.63 0.99
18 21 95 1 49.00 32160.00 0.45 0.48 0.93
18 22 1410 8 6.12 447680.00 0.41 0.47 0.88
18 23 523 6 8.17 174180.00 0.39 0.45 0.85
18 24 296 3 16.33 54900.00 0.61 0.63 0.97
19 2 115 2 24.50 35360.00 0.58 1.03 0.56
19 10 154 2 24.50 25740.00 0.84 1.11 0.75
19 14 154 2 24.50 59840.00 0.50 0.66 0.75
20 2 308 2 24.50 67880.00 0.73 0.96 0.76
20 18 2134 11 4.45 590260.00 0.59 0.61 0.97
21 18 114 2 24.50 84420.00 0.59 1.06 0.56
22 14 2134 9 5.44 473760.00 0.42 0.44 0.95
22 18 1371 7 7.00 334950.00 0.35 0.36 0.97
23 18 480 5 9.80 111400.00 0.30 0.32 0.94
24 18 277 3 16.33 53040.00 0.59 0.65 0.91
25 14 1462 15 3.27 223200.00 0.74 0.77 0.96

881.55
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