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A Study o f Flight and Maintenance Scheduling for the Airline Industry
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Alaa Elkodwa B.S., Parks College of Saint Louis University 

Chairman of Advisory Committee: Dr. Kambiz Farahmand

With ever growing demand for air travel and improving and expanding of global market, 
and with the increasing of global population the air travel volume has exploded. During 
the past few years airline industries have suffered big losses, resulting in job cut and sever 
blow to the economy. That growing demand will force the entire industry to move toward 
a more efficient approach to flight and maintenance scheduling. The propose of this study 
to apply industrial engineering to airline business. Industrial engineering techniques 
provide the perfect tools for the task at hand. This means using computers and algorithms, 
or heuristics to determine optimum or near optimum solutions.
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CHAPTER 1

INTRODUCTION 

SOUTHWEST AIRLINE

Southwest Airline has been chosen as the focus o f this study. The current status of this 
airline and their operating practices has been analyzed to produce the optimum operating 
schedule for minimum cost.

A small aviation company started in Texas 242 years ago, South West operates among 
three local cities as a commercial airlines. It has succeeded and survived the hard days. In 
1993 the total loss for the airline industry in U.S. was $1.5 Billion. Southwest airline 
made a profit o f $ 155 million, Southwest airline kept growing with minimum expenses, 
and at the same time other airlines were shutting down. As an industrial engineer I will 
focus on operation research, activity scheduling, and cost analysis.

Southwest airline serves about 38 cities in the continental USA 1565 flights a day, with 
156 airplane, that means each plane has to fly 10 flights and operate about 12 hours a day. 
It spends less time on the ground about 20 minutes between flights VS. the industry’s 
average of 45 minutes. This airline operates through Dallas, Houston, and Phoenix as 
major stations. Having at least 12 to 15 flight every day between major and minor 
destination, in a way these flights will cover all o f the connections for the cities they serve. 
This airline saturated the market with high frequency flights over short routes.

1. Southwest operates with one kind of aircraft which is 737- series this airplane is the 
most fuel efficient, less costly to maintain, and a minimal cost to train the employees in 
one kind of airplane.

2. No assign seat policy saved the company $25 million in fees and computer cost every 
year.

3. No plastic boarding cards are used.

4. Not serving meals during the flights.

5. Pay less salaries to its employees.

6. Pilots and flight attendant are paid per hour not per trip.

7. On many routes Southwest fares are so low.

This thesis follows the format used by Ashae Journal.

l
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The following are the statistical data about Southwest revenues and expenses, for 1992 
and 1993 fiscal year.

Table 1. Southwest Airline Revenues
1992 1993

Operating revenues $1,623,828 $1,991,763

Operating Expenses:
Salaries & Wages $521,983 $600,877

Fuel & Oil $257,481 $273,490
Maintenance $257,481 $145,715
Commission $113,504 $132,086

Aircraft rental $77,472 $83,210
Landing Fees $105,929 $120,576
Depreciation $101,976 $113,475

Others $317,269 $316,000
Net income $91,000 $157,000

Note: all the values in the above table x 1000

Average profit per passenger is $3.25 in 1992, and $4.75 in 1993, and passenger carried in 
1992 were 27839284, and in 1993 are 33508686.

Scheduled flight forecasting models are now being widely used in the analysis o f the traffic 
impacts of proposed developments. They commonly used to identify improvements 
needed to maintain adequate levels o f service, and to identify the number of trips on each 
specific city link attributable to individual developments. Serving any new station, 
Southwest consider the following factors:

1. Market demand:

Taking an estimate of quality service index (the number of people who fly each year, 
the destination they travel ties it to the present routes serviced today).

2. Demographic basis:

The city’s population, or how big the city is a requirement to met with forecasted 
flights, and to which airport to operate through if there is more than one airport.

3. Right rate:

What is the fare value, and the cost to fly, to come up with new fare to compete in the 
market.

Southwest Airline they don’t use any scientific tools related to engineering, their operation 
based on experience and expertise.
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Table 2. Southwest flight chart
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Southwest Airline Maintenance Program

A. Fleet size as of September, 1993 

B737-200 50 Aircraft

B73 7-300 81 Aircraft

B737- 500 25 Aircraft

B. Check accomplished on overnight aircraft with in Southwest hangars

1. “A” Check 14 days 2 men 8hrs

2. “3 A” Check 45 days 3 men 8 hrs

3. “C” Check 90 days 12 men 10 hrs

C. Maintenance staffing

Mdw Oak

15

Function Dal Hou Phx

A& 3 A Check 39 36 34

B Check — 14 24

C Check — 42 43

Total 247

D. Maintenance Hangers

Dallas Two aircraft hangar where we accomplish Ron visits.

Houston Up to six aircraft hangar where “B” checks and 200/-500 “C” 
checks are performed.

Chicago Up to six aircraft hangar. Only overnight maintenance (RON) 
currently being scheduled.

Phoenix Up to six aircraft hangar where “B” checks and 300/500 “C” 
checks are performed.
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CHAPTER 2

LITERATURE REVIEW

The literature review in this chapter establishes the foundation for this thesis to study flight 
and maintenance scheduling in commercial airline industry. It is the propose of this study 
to apply industrial engineering to airline business. The way to approach this goal is by 
using I.E. (industrial engineering) techniques and to determine the success rate by 
integrating these two issues.

Since the advent o f the industrial revolution, the world has seen a remarkable growth in 
the size and complexity o f organizations. As an integral part of this revolutionary change 
there has been a tremendous increase in the division of labor and segmentation of 
management responsibilities in various organizations. Airline operation is a good example 
of these changes effecting the entire industry.

The rate set by the aviation industry are affected by the market demand. If the rates is 
high, the influence of aviation on marketing is greatly restricted. Even though, the rate has 
been decreasing. Because it has direct impact on employment, the economy, and this will 
cause so called the rescission.

In well functioning competitive market the desirable rate and quality of production are 
determined directly by interplay of cost and benefits. But in the domestic airline market 
regulator is interposed between producer and consumers. In recent decades, commercial 
flights became as a major mode of transportation, where the skies have become crowded, 
or have become a major traffic hazard carrying a wide variety of product, and people 
from one destination to another. Scheduling became an important issue, it can be 
reviewed in many different ways, and it is an emerging topic. Because very little work in 
this area has been documented. A lot of effort was done to gather more information about 
this particular subject, after a long search in many libraries, and some companies, the only 
data was provided for this study by Southwest Airline. In later section will discuss 
Southwest Airline as profit making industry.

Market analysis is a basic tool that enables the top management to place the effect where 
the result will be the greatest and often said to be its starting point. This analysis might 
help to achieve three objectives with minimum efforts by giving attention to the various 
items according to their importance. The reason of this study to increase demand, reduce 
cost, and expansion.

The U.S. aeronautical system including aircraft, engines and parts manufacture; airline 
airports, and the general aviation estimated to employ than 4 percent o f the working force 
in United State.

The history o f the airline industry in Untied State started by Untied State Post Office in 
the early 1920’s. Using slow speed aircraft’s, serving mail to the north portion of the 
country. In 1924 airplanes became equipped for passenger usage. In spite o f such merger, 
the number o f airlines started to grow until by the end o f 1930 no less than forty-three 
companies were in service.

5
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States were confined to small populated areas based on primitive kind of transportation. 
With development of aviation dwelling areas spread out at a wider radius from the center 
of the state. The larger the community the need for faster transportation became more 
essential, so more population will lead for more demand on the air transportation.

Some studies showed people living in small town take more trips per person than people 
living in large cities. Because of the fact small communities do not provide all the 
professional and commercial service required or desired by their resident. This very 
important fact because this country widely speared over large land especially 64% of the 
population lives in small towns. In 1940 the median number o f flights per day from town 
about 10000 population was two flights per day, and for towns from 10000 to 25000 was 
four flights a day.

One way o f approaching the problem o f estimating the future passenger traffic is to 
assume that the trend of growth in the past will continue in the future. Before making 
such an assumption, however, it is desirable to ask weather there are any obvious factors 
which will operate to prevent or otherwise change greatly the extension o f past rates of 
growth into the future.

in considering the future o f passenger traffic, we shall depend a good deal on the 
projection on the past trends. This can be done logically only if (1) there are no unusual 
or insuperable obstacles ahead and (2) if the various factors affecting the trends in the 
past, such as improvement in the future. These observations indicate that all factors 
affecting the growth in the past are expected to continue their growth, except that, first, 
there may be rather more effective competition from the railroads than in the past, and 
secondly, the stimulation o f the past may wane somewhat.

Service expansion is far more important concern for management in the coming years. 
The increased acceptance o f air travel by the public will create a demand for new routes 
between cities that are at the present without direct service. This development followed 
carefully so, the service can be timed to take advantage o f the demand. In the past route 
expansion was a prominent factor in most domestic airlines. This type of expansion 
considered only when natural flow of travel and shipment o f mail to new terminal points.

Design trends o f equipment necessitate, from time to time, plans for service revisions 
within the system. At the present the range and flight characteristics stress long haul 
express scheduling. Plans suitably designed for local high speed service are now much in 
demand.

In the early era of the airline's maintenance required a corps o f competent overhaul 
personal at each station with all the necessary tools and material for complete overhaul. 
Such duplication of skill was expensive, and it was barely possible to complete each day’s 
maintenance, and it was rare occurrence indeed when motors or planes remained in the 
repair until routine inspection reached them.

Commercial travel constitutes the bulk of air passenger traffic and will continue to do so 
for some years, mainly because of price and speed factors. The service provided by the 
network of domestic airlines, has done much to reshape merchandising and methods of
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management with the result that each month sees a marked increase in air passenger 
traffic.

In the air transportation industry, competition may exist when two or more carriers are 
authorized to perform essentially the same service . O f course, it is not possible for the 
services offered by the tow air carriers even over the same route to be identical as in the 
perfect competition identical product sense similar to the service in south Texas between 
Southwest and Continental Airline, because each carrier has its own distinctive schedule 
pattern, history, experience, safety record, passenger services, equipment, and other 
aspects o f  its product package which tend to differentiate it from that of the other carriers.

Thus, competitive airlines tend to offer luxurious, but comparable, customer services. For 
those passengers to whom these amenities are important, this has been and continues to be 
a highly desirable effect of competition. On the other hand, the growth of coach service 
indicates that for many passengers these service features have been unnecessarily 
expensive, and that elimination or contraction of some o f them with corresponding rate 
reductions is a preferable alternative.
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CHAPTER 3

AIRLINE OPERATION

3.1 FLIGHT PLANNING
By serving routes to different city's world wide. In some instances many airlines operate 
with high level o f  frequency for the same destination. Route densities or poor aircraft 
scheduling that results in lower utilization and increased the operating cost.

When attempting to determine the completion date for any task, a plan must be prepared 
to do so. The need for planning has always been present, but the complexity and 
competitiveness o f modem tasks require. This need should be met rather than just 
recognized. Ideally, plans are made before the starting of an operation, or other plans 
have to be made to deal with context.

A. Schedule Design

This involves both determinations o f which route to fly and detail design of each route. 
Decision regarding schedules to be made based on input information from marketing to 
provide answers to questions. Like how many times will it fly to this particular 
destination.

Scheduling design involves both the determinations of which particular flight is to used 
and the time detailed design of the entire flight connection. The schedule designer must be 
aware of the degree of uncertainty that exists concerning the mission of the flight. Flight 
frequency decisions referred to city market forecasting, city size, location, airport location 
within the city, and also can be determine from market forecast. The more specific input 
detailed process, and schedule designs, the greater the likelihood of optimizing to meet 
with airline needs.

Market information

Route 1st quarter 2nd r̂d 4th

A 22000 26000 29000 20000

B 49000 54000 62000 51000

C 31000 24000 24000 28000

As a minimum, the market information given in table needed, information regarding the 
dynamic value of demands to be place on scheduling design. If such information is 
available, a schedule plan can be develop for each route with sufficient flexibility to meet 
the quarterly fluctuation in the business market.

8
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Because of the expensive equipment involved and the impact o f time on jet operating 
costs, airline scheduling today often utilizes computerization “W. L. More Jr." Indicated 
that preparation o f a major schedule including tinting effort for more than two years. 
Naturally, the scheduling efforts must go on consecutively in order to be available when 
needed

Schedule should be adjusted, to accept the deliveries o f substantial numbers o f new tube 
of aircraft, most of the airplanes available for the peak hours, or the peak season. Weather 
should be consider for the small airplane. Also scheduling for require more factors for the 
operation

1. Equipment: Equipment to be used in service for schedules for including charter flights 
or extra sections. A range of out service commitments includes overhaul, 
maintenance, training, special projects. Maintenance requires station facilities and 
personnel to complete the task.

2. Group qualifications: the scheduling must ensure that pilots, copilots, engineers and 
other crew member have adequate training on the type of aircraft on which they will be 
schedule.

3. Route and environment factors: in addition to special as such as the weather, airport 
condition, communication facilities must be considered in the schedule.

4. Traffic requirements: The location of the point to point stops, departure frequency and 
spreads, intermediate stops, and other competitive services are all factors which must 
be included.

5. Approvals. As in most things, government approvals are important facet and must be 
include in the preparation time allowed for the scheduling.

B. Flow Pattern and Planning

Macro flow consideration to define the overall environment for the best pattern could be 
applicable similar to those in work stations. Motion studies in economic consideration are 
important in establishing the flow within the servicing cities. Because some of the planes 
start in a certain city and ending up in a different one late during the day. If most the 
planes would work with high effective hours, and for best fit it has to schedule at this way.

Practice of providing service to points A, B, C, D, E, F, G, H, I, K, L, by scheduling
flights in the following manner:

1. A, C, E, G, I, K and B, D, I, J, L.

2. A, D, G, J and B, E, H, K and C, F, I, L.

3. Combinations.

The advantage of such principle is to provide faster service between the operating cities. 
And the disadvantage o f this principal is not providing service between the consecutive 
cities. Local service is being operated by most airlines with shorter range aircraft making
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all stops oo a segment and connecting at larger intermediate stations to or from long rang 
aircraft. That type of scheduling can be best illustrate:

Table 3. Flow pattern and planning

stations short range lone ranee
W  w short range

A X

B X

C X - >x
D x----------— >X

E X

F X

X: denotes a scheduled stop 

 > ; connote connection to other flight

This type of approach provides faster service, but in the other hand it involves a lot of 
change in planning flow pattern & planning.

This kind of flow will be favorable if planning circle increase or decrease based on the 
flight frequency. For example:

Houston - Dallas

Dallas - little rock

Little rock - New Orleans

New Orleans - Houston

In real life some of these covered, but adding new one will generate more demand and 
increase the amount o f travelers depending on what city the operation will take place.

C. Measuring Flow

The arrangements o f flow by using certain route or others' alternatives, flow may be 
specify in quantitative measure, qualitative measures. Quantitative measure may include 
the duration and distance of flights(low frequency, because o f the demand is low, but 
having significant connection and routing interrelation). Qualitative measures may range 
from absolute necessity of two stations based on demands (high frequency and high 
demand).

One type o f system with frequent stops along the route o f a line between many cities. Is 
similar to the present bus line service. The disadvantage o f its pattern is that traveling 
time will increase and the cost will go up. However the passenger potential would 
increase and these increase the schedule frequency.
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3.2 MAINTENANCE SCHEDULING

The maintenance is very sensitive and important in airline operation function in such 
organization. The exact size and location of the maintenance depend on financial 
capability of the company, because it could be done with in the company or assign to a 
maintenance contractor.

Maintenance means keeping the airplane operational with good maintenance to secure safe 
use, by having an efficient team to run such duty, and maintain the right inventory as spare 
parts, equipment’s and facilities.

The development o f service and maintenance in the transportation field guided and paced 
by the improvement in flying equipment. The organization of maintenance and overhaul 
scheduling technique and the development o f systematic overhaul periods have advanced 
with evolution of planes and power plants.

Hundreds of parts belongs to the modem transport planes, from the nuts and bolts up to 
the very complex part need to be checked according to the time in service, or flying hours, 
these parts require to be replaced, or overhauled, a study should be made to keep all the 
information and Details of all the parts of the plane. Check periods either refers to a 
certain manual, or to the condition of this part. Because of this, is recommended if the 
maintenance schedule to be updated using computers. All the major checks, and 
overhauling to be did care by the airline maintenance. There must be backup planes 
available to replace or take care of any delays or emergency. The maintenance schedules 
need full time efforts to prevent any accident, or delays to the entire operation.

In addition to the maintenance work scheduled for the field station, there are the service of 
all planes using the field and the duties necessary to maintain ground equipment, plant and 
structure. The size o f the field station and the number of maintenance service personnel 
employed vary with the number of planes scheduled into or through the station. The 
terminal and junction points are mannered by the more complete ground crews. Plane 
service at the terminal points consists of the routine inspection and cleaning o f the ships, 
the grounds warm up and instrument and controls check just prior to each flight. 
Intermediate stops have a much smaller force, consisting of the personal to handle oiling, 
gassing, the loading and unloading of cargo, handling o f passengers, and the routine 
inspection before takeoff. The larger field stations set up to run the more complete 
routine inspection such as the 150 hour check (a check).

Organization, or lack o f it, has often been blame for the deficiencies of airline 
management, although personal administration of assigned responsibilities, rather than 
faults of organization, may more often b e  responsible. The role of organization, is most 
important in all airline functions and should be consider of prime importance for proper 
airline management. The vigorous growth of airline in the past has caused constant 
changes in basic organizational policies, and the future will probably require the solution 
o f even greater organizational problems. Moreover, the organizational problems of airlines 
are unique and more complex than those of industries, outside transportation and other
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public utilities, because of the twenty-four hours a day, seven days a week work schedule 
and widely dispersed nature o f their operations.

In deciding one or another plan of organization for an airline maintenance, consideration 
must be give to a number o f the inherent characteristics o f the industry and conditions 
under which the organization must operate.

1. Interdependence of activities. One of the unique characteristics of the airline business is 
that, to a greater extent than almost any other business, most activities are 
interdependent.

2. System wide vs. geographic activities. Certain airline activities can best be direct by 
regional and local management, while others do not lend themselves to decentralization 
and can best be plane, administered, and controlled centrally.

3. Need for flexibility. The airline industry must be operate with an extreme amount of 
flexibility to provide for the change and uncertainty that is an inherent condition and to 
make proper provision for it.

4. Rapid obsolescence and technological change. There is a very rapid obsolescence and 
high technological change in the airline industry. This means that top management 
must be free to concentrate their attention on the development of better equipment and 
methods and in planning for the future.

5. Nature o f costs. Airline organization effected by the economics of air transportation. 
Compared with many other industries this is a low profit margin, high risk business, 
with many a higher proportion o f payroll costs and very large number of independent 
profit centers as represented by each airline station.
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3.3 COST ANALYSIS

Comprehensive list of air travel cost items

1. Direct flying expenses

Salaries, fuel, Airplane prices, depreciation, maintenance, assurance, passenger 
supplies, route utilization, taxes, and airplane load factor.

2. Indirect flying expenses

Cost o f ground facilities, communication, meteorological expenses, more fuel cost, 
crew operating cost, taxes.

3. Traffic and advertising cost

4. General administrative expenses

Direct Expenses
Airlines have relatively low fixed charges, particularly when compared to the railroads, 
since their airways cost them little and their airport facilities generally provided at low 
cost by governmental agencies. Also, the high speed of aircraft lessens the amount of 
capital equipment required per passenger or ton mile over what would otherwise be 
necessaiy.

However, a substantial portion o f airline costs is constant costs, in the sense that they do 
not vary in proportion to changes in the volume of business handled. Some of these true 
fixed costs (but not fixed charges) in the sense that they would continue whether the firm 
operated flights or not; salaries o f higher officials and some depreciation charges. These 
will continue so long as the firm continues to exist, even if it suspends actual operations. 
The bulk of the constant costs not fixed costs but is constant (as compared to the direct) 
type o f variable cost that is one that will cease if the firm suspends operation but which 
will not vary directly in proportion to output. As suggested above, many of the station 
expenses are not adjustable to the volume of business; the same is true of those for 
supervisory, administrative, and clerical personal.

In addition, with a given number o f flights, up to the limit of plane capacity, the plane 
operating cost _ fuel, wages, maintenance, etc. Are almost completely independent of the 
volume of passenger, freight, and other traffic handled. Just as a railroad requires about 
the same expenditures for fuel, wages o f operating personnel, and maintenance of 
equipment whether a train carries five passengers or fifty and requires only a few 
additional ones if it carries five hundred, so an airline will pay out almost the same 
amounts for plane operation maintenance regardless of the loads handled, with a given 
number of flights. These operating costs will, o f course, increase if traffic rises to the 
point at which additional flights added.

Thus, with a given number of flights, the only actual direct variable costs, those changing 
more or less in direct proportion to changes in volume of business are those resulting from 
the selling of additional tickets, serving of more meals, use o f some additional fuel

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.

1



www.manaraa.com

14

because of the greater Weight. So the marginal cost the addition to total cost from the 
handing of the additional units of business is extremely small. As the average load carried 
per flight rises, the average cost per ton or passenger mile drops very sharply, since total 
of constant costs is being spread over more units. As business expanded to the extent 
that additional flights are necessary, the plane operating costs will rise, in total, more or 
less in proportion to the additional business. The other constant costs those not directly 
dependent upon the number of flights will not increase in proportion, and average cost will 
continue to decline. Likewise, over a larger period, as an airline continues to expand, it 
may be able to realize some economies of lager scale production, specially the use of 
larger capacity planes and the introduction o f increased specialization in management.
Thus it may obtain still farther reduction in average cost per ton or passenger mile.

Common and Separable Costs (Indirect Expenses)
When airlines handle more than one type of traffic passenger, mail, express, freight as they 
usually do, a portion o f their costs is common among the various types, since no one of 
the type of traffic is responsible for any particular part o f these costs. For example, if 
particular flights handle freight, passengers, and express the costs of the plane operation 
are common among the three. No one of the three is responsible for any particular part of 
the wages of the pilots or the fuel costs, except to.the extent that the latter increased 
from the greater weight resulting from the carrying o f the particular type of business.

Not all airline costs are common, however. The wage of the flight attendant, for example, 
is a separable cost for which the passenger service alone is responsible. The costs of 
selling tickets or o f soliciting freight and the cost o f handling the freight and express are 
separable costs.

With each general category o f service, likewise, some of the costs may be common, if a 
number of different types o f freight rate handled, a portion of the costs separable to the 
freight as a whole will be common among the various products. This true likewise if 
separate aircraft maintained for freight operation alone; all the operating costs of this 
aircraft are chargeable to freight, but many are common among the various types of 
commodities handled.

Much confusion has arisen over the relationship of the concept of marginal cost, so widely 
used in economical analysis today, and separable cost per unit of traffic, or out o f pocket 
cost, the latter generally being employed in transportation industries. Marginal costs 
consist of the addition to total cost resulting from the production of an additional unit of 
output the carrying o f an additional passenger, for example. On the other hand, out of 
pocket cost per unit of business consist, of the total separable cost for which the type of 
traffic handled. Frequently, in reference to a relatively short period o f time, only those 
separable costs that are variable cost included in calculating out o f pocket cost.

In any type of business, there is no necessary way in which the total common costs must 
be allocate among the various products or types o f traffic. Frequently, business firms will 
make allocations for various purposes; but these are, of necessity, arbitrary.
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The costs around the airport per unit transportation are subject to reduction with the 
increase o f traffic. The desire for mass market is always greater toward a lower cost in 
order to induce more travel.

Farther light on the cost o f passenger transportation may be by inquiring how low 
aviation cost can go. Adopting the policy by reaching larger market lowering prices 
except for low rate profit on big number of sales will gross a larger profit, than higher rate 
of profit on a small number o f sales. At the present time air passenger fares are somewhat 
comparable to those of railroad even to the bus considering the biggest major factor is 
time. Commonly speaking the airplane will take away much of the traffic that travels over 
three hundred of miles. Even if the original cost of the airplane itself is ten times that the 
bus or may be the railroad train, the airplanes require a larger crew, and landing fee. But 
airplane has bigger capacity of passenger, faster to travel, and more convertible.

To operate efficiently and economically, the aviation industry requires a payload factor of 
not less than 60 percent. Fares can be reduce if the value of passenger traffic increases. 
The reverse is also true, if the costs are lower. More passenger from small communities 
will travel by air. The labor cost coefficient should not go higher than 35% of total airline 
operating expenses, it must be always around .05 probability level to count 95% degree of 
confidence.

To find minimum cost of fuel tankering policy for an airline flight schedule based on fuel 
prices in each city this airline serves, station constraints and supplier constraints. These 
represent upper and lower bound on the amount of fuel that could purchase at a particular 
station for all flights, or on the particular supplier at all stations. The problem formulates 
as a linear program. However, if there are no station or supplier constraints, it can 
reduce to a network problem by series o f transformation on the constraint and variables.
If there is station or supplier constraints, but not both, can reduced to a generalized 
network problem.

Transportation hubbing over some airports, which is best by severe capacity problems. 
While serving a high proportion of passengers, is explored from both a historic and an 
economical standpoint, because it was within range of new cities for continental U.S. air 
traffic.

A model of airline network competition applied to the U.S. market. T h is  models 
simulate the behavior of profit maximizing airlines with different network types and hub 
locations, finding cities o f comet equilibrium. In baseline run corresponding to the 
predicted demand will increase to strengthened connectivity of alternate hubs to be 
explore. Hubbing will increase at somewhat slower pace than overall demand as new 
services become feasible for connecting traffic, and to increase airline network efficiency 
and to reduce operating costs. Alternately, hubbing viewed as marketing strategy 
permitting airlines to take advantage of market preferences for the increased frequencies 
that the strategy permits.

To measure the degree of hubbing, by concentration of the airline operation, all based on 
distribution of annual scheduled departures. To have lower cost as a consequence of 
being able to operate with larger aircraft or higher load factors or both. As flow of 
passengers on a link increase, some combination of increased frequencies, larger and more
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efficient aircraft, and higher load factors must result. Each of these consequences reduces 
total per passenger transportation cost, the firsts through improved passenger convince 
and lower unit cost for airline.

The Theory of Rate Making tor Air Transportation
To present a simple theory of rate making for the air transport industry is not an easy task. 
Many of the problems are comparable to those relating other carriers, around which 
controversy has centered for many years. Only a brief summary statement is possible.

In general, airline management’s seek to attain the maximum profit possible. The intent of 
regulatory policy is that actual profit earned should not exceed a normal or fair rate of 
return on capital investment, comparable to the profit that can typically be arend in 
competitive industries. So long as maximum profit which the airlines can make under 
existing conditions is less than a normal return, as probably been the typical situation the 
industry, there is no general conflict between the aims of regulatory policy and those of 
the companies, although disagreements may arise over relative rates for different services; 
and those services that would provide maximum contribution toward profit may some 
times be considered contrary to public welfare. If situations permit the airlines to earn an 
excess return, however, a real conflict arises, since regulatory agencies will attempt to 
hold the general rate level below that desired by the companies.

A passenger fare between a pair of points generally constructed by applying a constant 
rate per mile to the mileage by way of the shortest route o f any carrier via all certificated 
intermediate points on its route. Other carriers serving the same pair of points ordinarily 
meet this fare, even though the mileage along their routes is greater. The fare so 
constructed becomes the maximum charged between any other pair o f intermediate points 
on the competing segments, on the theory that fares between any pair o f intermediate 
points should not be higher than those between more distant points. A circuitous carrier, 
therefore, could have intermediate points on its route for which it would be compile to 
charge fares identical to the fare between the competitive points based upon the shorter 
route of another carrier.

Competitive between carriers is highly desirable, and no affective competition would exist 
if carriers could not charge the same fares for travel between the same points. The 
practice of meeting fares between points reduces the average revenue yield of the longer 
route carriers, and in same cases this reduction is very substantial.
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3.4 FORECASTING

Forecasting is prediction, projection or estimation of the occurrence of uncertain future or 
levels of activity. It's propose is to make use o f the best available present information to 
guide advance developments toward better organization.

All forecasting techniques depend on the manner in which the basic data collected, 
evaluated and used for their reliability. The data collection depends upon factors such as 
classification, reliability, accuracy, source, and cost. Many techniques are available in 
forecasting. Each firm will have to carefully assess its data processing, skills and the 
operating environment so as to select techniques that are most suitable.

Planner are interested in timing, magnitude and effects of event that influence their 
operation, forecasting for them is the window into the world to seek new achievements, 
form this point view the importantance of forecasting became essential in governments, 
companies, universities and so on, even in the commercial airline Sector.

Some factors could influence the demand of the airline to generate new station based on 
forecasting

1. Economic political and technological conditions

2. Flight routing and service

3. Process and methods

4. Scheduling and control

Forecasting component’s

It's a set of time ordered observance on a variable during successive and equal time cycle. 
By studying how a variable change over time, relationship between demand and time cycle 
can be formulating the components then projected forward for the next time cycle. If 
historical components persist into the future, a reliable forecast will be obtain, which are:

1. Level component:

The present time schedule for running season

2. Trend component:

It will recognize the rate o f increase or decline in number of flights over next season

3. Seasonal variation:

Its annually reoccurring movement above and below the trend level when demand 
fluctuates in repetitive fashion year to year, this has to do with traditional holidays, 
school opening, summer season.

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



www.manaraa.com

18

4. Cyclical variation:

Is long term oscillation, the cycles may or may not be periodic, but they are the results 
of business cycles of expansion and contraction of economic activity over number of 
years.

5. Random variation:

Have no discernible patterns, based on irregular variation, such as conventions, sports 
seasons, major unexpected events, which may require a chatter flight.

In developing travel demand models it is generally assumed that the base year data used in 
developing the parameters. As well as the forecasted data to be used as independent 
variable for the design year, are o f acceptable quality. This study is to present the 
application o f error propagation theory in assessing the predictive quality of one type of 
travel demand forecasting models.

The collection and distribution system o f the passengers impose a series problem, because 
it dose not met effectively with their mode by some routing is not favorable such problem 
requires a complete study of the collection and distribution system that could satisfy the 
requirement by analysising air line and the traveler demand to identify the system To the 
related factors that are:

A. System requirement

1. Volume (how many travelers)

2. Destination of Travelers

3. Time phase

4. Trip time & cost

5. Network (where to fly)

B. Traveler requirement

1. Trip cost

2. Trip time and convenience

3. Safety and reliability

These factors are dependent on any city that belong or could be add to the system.
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3.5 SIMULATION OF COMMERCIAL AIRCRAFT RELIABILITY

For a revenue flight in compliance with airworthiness regulation, safety, reliability, 
economy and comfort become its main factors. Under the condition of maintaining 
continuing airworthiness and implementation of reliability monitoring program, the 
dispatch reliability (DR) and scheduled reliability (SR) of commercial aircraft (C A) 
become the important indexes to evaluate the fleet reliability. They have an effect on the 
reputation of aircraft and airline as well as economy so the research and evaluation of DR 
and SR will be significant.
In order to study fleet DR and SR more comprehensively and accurately, it is not enough 
to consider aircraft Reliability and maintainability (R&M) only. Some more relevant 
factors that support the CA system operation should be consider. In addition to CA, 
R&M indexes, minimum equipment list (MEL), equipment configuration, time o f finding 
failure, principal of air turn- back, and diversion, route structure, number o f aircraft, flight 
dispatching, weather condition, scheduled or un-maintenance, spare parts supply, etc. Also 
should be considered in the simulation model. Obviously, so many factors affect DR and 
SR it is difficult to get results by using analytical methods. Therefore, the Monte Carlo 
simulation used to establish a CA simulation.
The main task is to determine the target of reliability simulation analysis before 
establishing the CA system simulation model, because it will decide the basic characteristic 
and output requirement o f the simulating model. According to simulation analysis target, 
CA system reliability simulation model established on the basis o f determining the 
definition and intention of this system correctly. Then test the correctness and evaluate 
the function of this simulation model. The following has vital effect on the revenue 
operation and economics o f CA:

1. C A dispatch level
2. Scheduled flight success level
3. C A utilization level
4. Maintenance man hour required level
5. Spare parts required level

DR (mechanical) is the probability that the scheduled flight leaves within a specified delay 
time caused by product malfunction or failure (mech.). SR is the probability that the 
scheduled flight operates normally without mechanical delay, cancellation, aborted take
off, airplane substitution, air turn-back, diversion caused by product malfunction or failure 
(mech.). Both of them are the main indexes for evaluating the level of DR and flight 
operation.
In addition to mechanical factors, the CA system also contains other factors such as the 
Number o f aircraft, flight schedule, management regulations, route weather conditions, 
inspection and repair methods, spare parts supply, etc. These factors will have a 
comprehensive effect on aircraft’s actual level of DR and scheduled flight operation. DR 
and SR (in broad sense) are the main comprehensive indexes for evaluating the actual
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level of dispatch and flight operation, and to improve integrated management and increase 
revenue economical effectiveness.
The CA system reliability analysis model, using the Monte Carlo simulation method has 
multi-input, output and powerful function for analysis, this to be used by software 
package running on the VAX-83 5Q computers.
System Simulating Model
The analytical software package using Monte Carlo Simulation Method Includes 10 
programs and some subroutines:
1. Aircraft supply program
2. Scheduled flight generation program
3. Aircraft dispatching program
4. Weather condition program
5. Aircraft operating program
6. Inspection program
7. Repair program
8. Spare part supply program
9. Data input program
10. Result output program

Simulation Output

By using the multiple output of Monte Carlo simulation method, many useful output 
results can be obtain, and they will assist airline in simulation analysis for whole fleet or for 
certain fleet of a local airline as required. The main result's simulation output is as 
follows:
1. CA basic operation status

Including such as: daily utilization rate, mean flight hours per month, mean take-off 
and landing per month, mean flight leg time.

2. DR dispatch reliability 
Mechanical or in broad sense DR

3. Scheduled reliability
Mechanical or in broad sense SR, delay rate, Cancellation rate, air turnback, diversion 
rate.

4. The effect on CA’s DR ( mech.), SR (mech.) caused by system failure.
5. The effect on CA’s DR (mech.), SR (mech.) caused by airborne equipment failure.
6. Mean time to repair (MTTR)

A/C, system, airborne equipment MTTR
7. Mean maintenance man hour per flight hour (MMH/FH)

New or repaired spare part's consumption rate and amount.
8. Sensitivity analysis (S A)

Single or multiple factors SA.
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The correctness of simulation results, not only depends on the correctness of established 
model and written software, but also depends on the accuracy o f input data. The 
simulation results o f that CA system listed below:
a The simulation results o f fleet Dr (mech.), SR (mech.), daily utilization comparing with 

actual statistical data.
b. The relative rate Psi o f CA delay, cancellation, air or ground interruption, air tum- 

diversion caused by ith system failure.
Psi = total delay, can., inter., turn-back, diver, caused by ith system failure 

total delay, can., inter., turn- back, diver.
(Equ. 1)

c. The relative rate Pij o f system delay, cancellation, air or ground interruption, air turn
back, diversion caused by Jth equipment o f that system.
Pij = total No. o f svs. CA delay, can., inter., return, caused bv ith equipment failure 

total No. o f C A sys. delay, can., return, diver.
(Equ. 2)

d. Each equipment’s relative percentage of repair man hour (MH%) and mean amount of 
spare part's consumption per year
MH% = total equipment repair man hour per year 

total Ca repair man hour per year 
(Equ. 3)

e. Sensitivity analysis (SA)
in order to study the effects of various factors in this CA system, it is necessary to 
study S A for some input indexes related to output results. Suppose the basic value of 
certain input index is XO the arbitrary specified value of that index is Xi the variation 
percentage relative to basic value is Ki, then 
Ki = Xi- XO 

XO
(Equ. 4)

Under the condition of unchanging other input indexes, the variation trend of certain 
output indexes can be obtain from system simulation.
Y= f(Ki) or 
Y= fCXi)
SA results indicate that the frequency of charter flight an impact on fleet operation when 
scheduled flight is unchangeable. The index that has a strong impact on SR (in broad 
sense) is weather condition, so optimization of management regulation or properly 
increasing the ability of CA instrument landing equipment will be significance.
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Figure 1. Fleet flight simulation flow chart

R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



www.manaraa.com

CHAPTER 4

OPERATION ANALYSIS TECHNIQUES

4.1 FLIGHT PLANNING 

A. Activity Relationship

Study the flexibility o f flow to provide basis for many decisions in planning process, and to 
assign flight priority, this can be express in terms of number of flight, and average 
passenger load. Flow relationships are quite important to the planner, who view flow of 
the flights to assign certain frequency between stations.

In better study for activity relationship is looking inside the flight schedule for any sample 
airline such as Southwest airline, we will notice that there no connection between the 
major station (not having direct flights from Dallas to phoenix) or the present flying 
schedule doesn’t cover all destination with direct service. By consolidation flight 
connection, primarily when you have to change flight at certain airport. Assign priority 
value for the essential station by centralizing the operation, having in mind the amount of 
flow, maintenance, airplane cost, fuel cost, facility use.

The table below shows the number of flights, route density o f some cities, where it could 
be assign according to that station importance and flight frequancy.

23
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Table 3. Activity relationship chart

1 3
2 8
3 1 1
4 1 8
5 1 0
6 1 1
7 8
8 7
9 4

1 0 5
1 1 1
1 2 2
1 3 4
1 4 2
1 5 1
1 6 1
1 7 3
1 8 1
1 9 1
2 5 1
3 5 1

N o  f l i g h t s N o  c a s e s
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B. Line Balancing

Line balancing algorithm to measure the degree of efficiency between flying time and time 
on the ground for any airplane that are useful in consolidation of the flight routing. The 
development of schedule for completion of operation hours for each airplane, as explain 
in the following example.

Stations Time Operating Time Waiting Time

phn- elp 7.00-8.00 1.00 .33

elp-sat 8.20-9.40 1.33 .33

sat-hou 10.00-10.45 0.75 .25

hou -msy 11.00-11.55 0.92 .33

msy- bhm 12.15-01.15 1.00 .25

bhn -nas 1.30-2.20 0.83 .33

nas -mdw 2.40-3.45 1.08 .25

mdw -mci 4.00-5.15 1.25 .33

mci- tul 5.35-6.25 0.83 .33

tul-hou 6.45-8.00 1.25 *». j j

hou- dal 8.20-9.10 0.83

11 flights (850m) 11.05 3.05

(665m) (185m)

Efficiency = 665/850=0.782 (78.2%)

The procedure for arriving to the decision discussed above by Having all flying time short
if compared to long range flights, but in this case high number of flights represented with 
least times on ground.
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4.2 MAINTENANCE SCHEDULING

Southwest Airline Maintenance Program 

A  Fleet size as of September, 1993 

B73 7-200 50 Aircraft

B737-300 81 Aircraft

B737- 500 25 Aircraft

B. Check accomplished on overnight aircraft with in Southwest hangars

1. “A” Check 14 days 2 men 8hrs

2. “3 A” Check 45 days 3 men 8 hrs

3. “C” Check 90 days 12 men 10 hrs

Maintenance staffing

Function Dal Hou Phx Mdw Oak

A& 3A Check 39 36 34 15

B Check 14 24

C Check 42 43

Total 247

D. Maintenance Hangers

Dallas Two aircraft hangar where we accomplish Ron visits.

Houston Up to six aircraft hangar where “B” checks and 200/-500 “C” 
checks are performed.

Chicago Up to six aircraft hangar. Only overnight maintenance (RON) 
currently being scheduled.

Phoenix Up to six aircraft hangar where “B” checks and 300/500 “C” 
checks are performed.

Man work hours are eight hours a day, five days a week, 50 week a year is: 2000 hours. 
Every aircraft requires 1512 hours o f persons work a year, plus another 500 hour of 
staffing (engineers, support personal, and office personal). 156 aircraft’s requires 313872 
hours for the entire fleet. With 247 persons employed will equal 494000 man's hour. The 
total utilization of human beings will be 90, about 36% of total number of the employees.

The next table developed for organizing maintenance plane for the plane in according to 
their check dates, Ghant chart also made for the same reason (look appendix for more 
detail).
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Table 4. Boeing 737 maintenance chart

D a t e C h e c k M a n  h r s
1 5 - J a n c h e c k - a 1 6 - h r
3 0 - J a n c h e c k - a 1 6
1 5 - F e b c h e c k - 3 a 2 4

1 - M a r a 1 6
1 5 - M a r a 1 6
3 0 - M  a r b 1 2 0
1 5 - A p r a 1 6
3 0 - A p r a 1 6

1 5 - M a y 3 a 2 4
3 0 - M  a y a 1 6

1 5 - J u n a 1 6
3 0 - J u n b 1 2 0

1 5 - J u I a 1 6
3 0 - J u I a 1 6

1 5 - A u g 3 a 2 4
3 0 - A u g a 1 6
1 5 - S e p a 1 6
3 0 - S e p b 1 2 0
1 5 - 0  c t a 1 6
3 0 - 0  c t a 1 6

1 5 - N o v 3 a 2 4
3 0 - N o v a 1 6
1 5 - D e c a 1 6
3 0 - D e c c h e c k - c 8 0 0
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The demand for independent service by the maintenance department and the desire to 
increase number o f their maintenance personnel and the size o f the carrier, the importance 
of proper maintenance scheduling became a very sensitive matter to avoid any delays and 
comply with any demands when it's needed. From the above it becomes the responsfoiiity 
of establishing an engineering department is to organize as a department of cooperation 
and collaborating, it primary function is to assist all operating division's problem and 
creating their activity. The activities of this department are divided into three categories: 
first, operation maintenance and servicing of flying equipment, second, making tradeoff 
analysis and recommendations o f all airplanes and their purchase, third, efficiency study of 
every route in the operation.

The work responsibility, o f the engineering department toward constantly trying to 
improve the scheduling for flights and maintenance, so that by introducing faster methods 
it will keep the operation running smooth. The subordinator maintenance and scheduling 
department closely related to each other by following the seasonal changes so that they 
can schedule properly the changes made over during peak seasons. The successful 
completion o f each schedule attempted is the primary duty of the department. To 
emphasize further the correlation necessary to carry on a successful operation is to study 
all the details that belong to each activity as an individual operation.

The tentative schedule plan by the engineering departments studied by the operation 
department to determine its operating efficiency. There are a number of operating 
problems involved. It is most important to get high daily average of flying hours for all 
equipment. The scheduling should insure equipment distribution at overhaul point so that 
the maintenance and routine inspection will not cause excessive peaks in the overhaul 
man- hours needed during any 24- hour period, not only are these peaks an inefficient use 
of man power but they also cause a needless outlay of capital expenditure in setting up 
physical plants to handle the overhaul.

Completely efficient use of equipment is dependent upon traffic demands and cannot yet 
be achieved because of the necessity of having reserve equipment for bad weather. 
However, by effecting a compromise between the schedules set up by the engineering 
department and the maintenance requirements o f the operations, it is possible to handle the 
traffic requirements with a minimum number of ships. This saving carries through all the 
associated departments: in the number o f flight crews needed, the amount of inventory in 
maintenance and overhaul stock, and the complete structure o f labor and facilities.
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4.3 FORECASTING

The moving average technique is a compromise between the last period demand and the 
arithmetic average technique with the advantages o f both and the disadvantages o f neither. 
If  the demand rate is steady, the moving average will respond with fairly constant 
forecasts, does the average method. However, when the average demand does change, 
the moving average forecast, like the last period demand forecast, responds fairly quickly 
to use the change, but without the extreme fluctuations that are characteristic o f the last 
period demand forecast. Increasing the number o f periods in the moving average will 
produce forecasts closer to the arithmetic average forecast. Decreasing the number of 
periods will produce forecasts closer to last period demand forecast.

The next period’s forecast by averaging the actual demand for the last time periods to 
calculate the future passenger forecasting.

Table 7. Next period demand forecasting
year demand forecast absolute deviation average forecast

demand
1991 14876582
1992 17958263 14876582 3081680
1993 19830941 17958263 1872678 16417422
1994 22669942 19830941 2839001 17555262
1995 27839284 22669942 5169342 18833932
1996 27839284 20635002
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4.4 OPERATION RESEARCH

A. Linear Programming

Linear programming it is a standard tool that saved many millions o f dollars for most 
companies or businesses of even moderate size in the various industrialized countries. The 
variety o f situations to ranging from the allocation of production facilities, to the 
allocation o f national resources, so in other words it is planning of activities to obtain an 
optimal result. The simplex method is common and efficient solution in linear 
programming. Because the airline industry is part of these investments it could formulate 
as linear programming problem to maximize profit according to the fares o f such flight, 
and the time to fly each trip. Look at the following example:

The time to fly certain destination is introduced as slack variables 135, 165, and 240 
minutes, with basic variables of x l, and x2, to come with the optimal profit for the fares of 
79, and 117 dollars.

Max z = 79x1 + 117x2

lx l + 0x2 <= 135

lx l + 1x2 <= 165

2x1 + 1x2 <= 240

xl >= 0, x2 >=0

And after adding equality constraints the problem will be replace to:

Max z

z - 79x1+117x2 =0

lx l + x3 =135

lx l + 1x2 +x4 =165

2x1 + 1x2 +x5 = 240

and Xj >=0

The basic feasible solution is (0, 165, 135, 0, 75) 

z = 19305 dollars
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Table 8. Linear programming (a. Initial tableau)
Basic z x1 x2 x3 x4 x5 right side
variables
z 1 -79 -117 0 0 0 0
x3 0 1 0 1 0 0 135
x4 0 1 1 0 1 0 165
x5 0 2 1 0 0 1 240

(b. Final tableau)
Basic z x1 x2 x3 x4 x5 right side
variable
z 1 38 0 0 117 0 19305
x3 0 1 0 1 0 0 135
x2 0 1 1 0 1 0 165
x5 0 1 0 0 -1 1 75
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Figure. 2 Southwest flights time
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B. Transportation Models

This is to emphasize the wide applicability of linear programming, the model type shares 
several key characteristics, by presenting our stations as constraints and variable in the 
distributing models.

C. Pert CPA Method

This network representation also widely used for problems in such divers areas as 
distribution, planning, resource management, and financial planning. By applying Pert 
techniques on some of the routing that has higher demand than the others using the 
following methods

shortest path

Minimum spanning tree

Maximum flow

minimum cost flow

Minimal spanning tree

Pho-Elp 50

elp-mid 50

mid-aus 55

aus -hou 45

hou-new 55

255

Shortest path 

pho- elp 50+0=50 

pho -alb 50+0=50 

pho- hou 165+0=165

alb-dal 50+90=140 

alb-ama 50+55=105
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alb-lub 50+55=105 

alb-mid 50+60=110 

alb-elp 50+50=100

elp-hou 100+100=200 

elp-san 100+80=180 

elp-aus 100+80=180 

elp-mid 100+50=150 

elp-lub 100+55=155 

elp-dal 100+85=185

mid-dal 150+55=205 

mid-aus 150+55=205 

mid-hou 150+70=220

aus-hou 205+45=250 

aus-dal 205+50=255

hou-new 250+55=305

D. Air Routes

Airplanes can fly in any direction it would seem to be no problem, as far is the atmosphere 
concerned. But routes must construct, in a way it will help in lighting, flying over the 
water, emergency landing fields, weather stations, radio and electronic devices.
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4.5 STATISTICAL ANALYSIS

Statistic is about design, build, operate, or improve physical system and product. 
Aeronautical engineers design and improve a my riad of different aircraft; industrial 
engineers design and operate manufacturing facilities. And so on.

The subject o f engineering statistics has its goal to provide the concepts needed to serve 
as adequate guides to a solution. It supplies principals of how to efficiently acquire and 
process empirical information for use in understanding and manipulating engineering 
systems. By collecting the data, describe or summarize, and draw a practicable 
conclusion on this basis. The following study developed to compare data according to 
time rate factors, in this way we will be able to rates as factor of time.
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Table 5. Flights statistics out of Phoenix

des timetoost time oost no flight
phoalb 0.967 60 62 14
nhfvflrra krci i ci 0.927 115 124! 6
photxr 1.29 80 62 6

I

pho-hou 0.662 145 CO Fo

pho-los 1.21 75 62 25
pho-lit 0.784h 160 204! 2
pho-nas 0.788 190 279 2
pho-stl 0.882 180 204! 8

I

phohJ 0.678 135 199 5
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Table 6. Flights statistics out o f Dallas

des timafoost time oost noflicft
dakib 0.900 80 119 9
dst-ama 0.822 65 79 7
dal-as 0.606 55 79 13
ctel-elp Q854 100 117 10
dal-hou 0.799 60 79 32
dai-na/v Q757 75 99 10
dd-cki 0.606 45 74 9
dal-san Q606 55 79 14
daHJ Q675 50 74 10
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Dot Diagram

Dot diagram is a study produces moderate amount of univariate quantitative data. By 
presenting each observation as a dot placed at a position corresponding to its numerical 
value along a number line (x, y) to compare them. In our case the X, and Ys were use as 
frequency factor o f fares, and time, or for time Vs time, and fares Vs fares.

Frequency made by breaking the interval into an appropriate number o f smaller intervals 
of equal length then recorded to indicate the number of data points falling into each 
interval.

Table 11. Flights out o f Phoenix (dot chart)

Cost frequency relative cumulative
frequency relative fre.

62 4 0.4 0.1

124 1 0.1 0.5

204 2 0.2 0.7

219 1 0.1 0.8

279 1 0.1 0.9

199 1 0.1 1.0

10 1.0
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Table. 12 Flights out of Dallas (dot chart)

Cost frequency relative cumulative
frequency relative fre.

74 2 0.2 0.2

79 5 0.5 0.7

99 1 0.1 0.8

110 1 0.1 0.9

117 1 0.1 1.0

10 1.0

Quantiles

The quantile is a descriptive analysis o f the distribution. For a number p among 0 and 1 
quantile o f  a distribution is a number. Such that a fraction p o f the distribution lies to the 
left and a fraction 1-p of the distribution lies to the right. (That is, the p quantile has the 
same rough interpretation as the lOOp percentile.) Because o f the basic discreteness of 
finite data sets, it is necessary to adopt some convention as to exactly what meant by the 
quantiles o f a data set.
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Table 7. Quantiles o f Phoenix time distribution

60 0.05
75 0. 15
80 0.25

115 0.35
120 0.45
1 35 0.55
145 0.65
160 0.75
1 80 0.85
190 0.95
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Figure 3. Quantile plot o f time (Phoenix)

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



www.manaraa.com

42

Table 8. Quaniles o f Dallas time Distribution

45 0.05
50 0.15
55 0.25
55 0.35
60 0.45
65 0.55
65 0.65
75 0.75

100 0.85
100 0.95
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Figure 4. Quantile plot of time (Dallas)
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Table 15. Standard normal quantile (a. Phoenix)

I 1-5/10 data point standard normal Quantile

1 .05 60=q(.05) -1.65

2 .15 65=q(.15) -1.04

3 .25 75=q(.25) -0.67

4 .35 80=q(.35) -0.39

5 .45 ll5=q(.45) -0.13

6 .55 120=q(.55) 0.13

7 .65 145=q(.65) 0.39

8 .75 I60=q(.75) 0.67

9 .85 I80=q(.85) 1.04

10 .95 190=q(.95) 1.65

Table 15. (b. Dallas)

I 1-5/10 data point standard normal Quantile
1 .05 45=q(.05) -1.65

2 .15 50=q(. 15) -1.04

3 .25 55=q(.25) -0.67

4 .35 55=q(.35) -0.39

5 .45 60=q(.45) -0.13

6 .55 65=q(.55) 0.13

7 .65 65=q(.65) 0.39

8 .75 75=q(.75) 0.67

9 .85 100=q(.85) 1.04

10 .95 100=q(.95) 1.65
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ql(.5)=(l-.5)q(.45)+.5 q(.55)=.5(60)+.5(65)=62.5 median of a distribution (Equ. 5) 

q2(.5)=(l-.5)q(.45)+.5 q(.55)=.5(115)+.5(120)=ll7.5 median 

1st quartile 3rd quartile

ql(.25)=55 qi(.75)=75 (Equ. 6)

q2(.25)=75 q2(.75)=160 (Equ. 7)

Boxplots

A boxplot distribution location through the placement o f the box along a number line. It 
shows distribution spread through the extent of the box, with the box enclosing the middle 
50% of the distribution.

IQR1= q(.75)-q(.25)=75-55=20 mint (Equ. 8)

1.5 IQR= 30 mint (Equ. 9)

IQR2= q(.75)-q(.25)=160-75=85 mint

1.5 IQR= 127.5 mint

Ql(.75)+1.5 IQR=75+30= 105 mint (Equ. 10)

Q2(.75)+1.5 IQR=160+127.5= 287.5 mint (Equ. 11)

Ql(.25)-1.5 IQR= 55-30=25 mint 

Q2(.25)-1.5 IQR= 75-127.5=-52.5 mint
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Q-Q plots

Q-Q Plot is to compare the shapes o f two distributions, if they have any linear relation, 
and it is easiest to explain the notion for empirical context.

Data set I

45 50 55 55 60 65 65 75 100 100 

Data set 2

60 65 75 80 115 120 145 160 180 190

45-45=0 60-60=0

50-45=5 65-60=5

55-45=10 75-60=15

55-45=10 80-60=20

60-45=15 115-60=55

65-45=20 120-60=60

65-45=20 145-60=85

75-45=30 160-60=100

100-45=55 180-60=120

100-45=55 190-60=130

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



www.manaraa.com

47

Table 9. Q-Q Plots of Phoenix time-fares chart

Time Fares

60 62
75 62
80 62

115 124
120 199
135 199
160 204
180 204
145 219
190 279
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Figure 5. Q-Q Plots (Phoenix)

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.

•  Senesl:

time



www.manaraa.com

49
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Figure 6. Q-Q Plot (Phoenix)
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Table 10. Q-Q plot of Dallas time-fare chart

time fares

45 74
50 74
55 79
55 79
60 79
65 79
75 99

100 110
100 117
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Figure 7. Q-Q Plot time/fare (Dallas)

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.



www.manaraa.com

52

12

10

80-  :

60

40

20

0
1 2 3 4 5 6 7 8

1-time

2- fares

Figure 8. Q-Q Plot time/fare (Dallas)
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The Arithmetic Mean

The arithmetic mean of a sample o f quantitative data, some times called the first moment 
or the center o f mass distribution drawing on an analogy to mechanics. If one thinks of 
placing a unit mass along the number line at location of each value in a data set, the 
balance point o f the mass distribution is at x.

x= X= 1/n ( x l+  x2+ x3+ ........... ). (Equ. 12)

xl=  1/10(45+50+55+55+60+65+65+75+100+100)=67 

x2=1/10(60+65+75+80+115+120+145+160+180+190)=119

The Range

The range o f a Data set consisting of ordered values, for example data range from 3-21, so 
the range is (21-3)=18. The range always based on the smallest and the largest points in a 
data set, it is necessarily sensitive to outlay the values. Because it easily calculated. 
However, most methods of formal statistical inference based on a way of measuring 
spread that is somewhat to find the range and interquartile range.

R= Xn- XI (Equ. 13)

R l= 100-45=55 

R2=190-60=130
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Sample Variance and Sample Standard Deviation

It's the measure of variation, IOR, R, and S are not directly comparable.

S**= 1/n-l [(xl- X)**2 +  (x2- X)**2 + (x3- X)**2 + (x4- X)**2+......... ]

SI **2= 1/10-1 [(45-67)**2+(50-67)**2+2*(55-67)**2+(60- 
67)**2+2*(65-67)**2+(75-67)**2+2*(100-67)**2] =

373.33

S 1=19.32%

82**2=1/10-1 [(60-119)**2+(65-l 19)**2+(75-l 19)**2+(80- 
119) * *2+( 115-119) * *2+( 120-119) * *2+( 145-119)**2+

(160-119)**2+( 180-119)**2+(190-119)**2]=

2332.22

S2= 48.3%

(Equ. 14)
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Principle o f Least Squares

It's o f the descriptive statistical analysis is the fitting of a straight line to a set of bivariate 
data. The fewest squares used for the following consideration- summarization, 
interpolation, extrapolation, and process optimization or adjustment based on the data. In  
the context o f  fitting a line to a set o f (x,y) data, the amount to choosing a slope and 
intercept. So to minimize the sum of squared vertical distances from (x,y) data points to 
the line in question.

Table 18. Principle least square slope cost-time data

Sample 1 Sample2

costXil timeYil costXi2 timeYi2

74 45 62 60

74 50 62 65

79 55 62 75

79 55 62 80

79 60 124 115

79 65 199 120

79 65 204 160

99 75 204 180

110 100 219 145

117 100 279 190
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Table 11. Time versus time distribution

45 60
50 65
55 75
55 80
60 1 1 5
65 120
65 145
75 160

1 00 180
1 00 1 90
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Figure 9. Scatterplot time versus time
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sumxi 1=869 

sumyi 1=670
sumxi 1**2=755161 

sumyi 1**2=448900

sumxi2-1477 

sumyi2=l 190

sumxil.yil=582230 

sumxi2.yi2=l 757630

sumxi2**2=2181529 

sumyi2 * *2= 1416100

10B0+869B1= 670 

869B0+755161B 1=60855
(Equ. 15)

B l=  60855-(670)(869)/10/755161-(670)* *2/10 = 

60855-58223/755161-44890=2632/710271=0037

BO 1=869/10-(.003 7)(67) = 86.65

AY 1 =86.65+.0037x

(Equ. 16) 

(Equ. 17) 

(Equ. 18)

10B0+1477B1=1190 

1477B0+448900 =214275

Bl=214275-(1190)(1477)/10/2140369-( 1190)**2/10= 

214275-175763/2140369-141610=38512/1998759=.01926

B02=1477/10-(.019)(119)=145.4 

AY2=145.4+.019x
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Sample Linear Correlation

The sample linear correlation it's a helpful method of quantifying the quality o f that fit. The 
sample correlation always lies in the interval form -1 to 1.

r l= ___________60855-(869¥670V10____________

//{(755161 )-(670)* *2/10} {44890-(869) **2/10}

60855-58233___________ =

(755161 -44890)(448900-75516.1)

2632/514979.37=00511 (Equ. 19)

r2=_________ 214275-/14771/1190V10__________________

//{(1416100)- (1190)**2/10}{2140369-(1477)**2/10

=214275-175763/( 1998769)( 1997947.1 )=

38512/1547391.3=024
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Table 12. Sample linear correlation 
time/cost time/cost

0.909 1.29
0.854 1.21
0.822 0.967
0.822 0.927
0.759 0.882
0.759 0.784
0.757 0.681
0.696 0.678
0.675 0.662
0.608 0.603
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Figure 11. Pie chart o f time/cost
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CHAPTER 5

CONCLUSIONS & RECOMMENDATIONS

The science of Industrial engineering is widely open to cover any aspect in any 
organization. This study made to test the application o f I.E. tools in the flied of the 
airline industry, and with the limited support the author got for this subject still it became 
possible to come up the following conclusions.

1. Departments within the same company should be related to each other for the best 

optimal schedule.

2. Maintenance and overhauling must be made within the company maintenance for more 
cost reduction.

3. Operate same type o f airplanes with the most efficient in fuel consumption, and less 
maintenance.

4. Using same kind of aircraft has positive effect toward cost reduction concerning spare 
part, training, and operation

5. Finding minimum cost for fuel tankering in the serviced cities, or suppliers. Planning 
flight fueling policy according to the fuel cost and the routing of each aircraft.

6. Considering hubbing as strategy for ultimate possible connection.

7. Hubbing can reduce the cost to operate, increase load factor, and more efficient.

8. Forecasting lead for better planning and more adequate schedule.

9. Change the flight schedule for seasonal variation and occasional events to met with 
market demand.

10. Fares reduction will increase demand.

11. Short range flying is more profitable than long one’s.

12. Flying high effective hours will have direct impact on capital and operational cost.

13. Flying between major cities is essential for best maximum connection among the 
servicing map.

14. Using statistical analysis and operation research for most optimal results.

15. Establishing an industrial engineering department to maintain supervision and control 
over the whole operation.

16. Statistical analysis is important for updating any new information for future 
changes.

17. Using operation optimization to generate the largest profit factor.

18. Using transportation models will help in more efficient routing.

64
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19. Flight simulation for compliance with airworthiness regulation, safety, reliability, 
economy, and comfort.

20. Maintenance department down sized up to 36%.

21. Maintenance schedule was improved by using Ghant chart.

22. Operation hours became more efficient by using line balancing

23. Rates must based on statistical analysis
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