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Figure 5.2: System Interfaces

Advance Booking Interface

A program will need to be written to download advance booking data from the yield
management system. The application will aggregate the advance booking data to the flight
segment, fare class level for each flight departure and output a flat file for subsequent

transfer to the flight revenue model.

Schedule Interface
An interface program to the reservations system must be written to interrogate the

reservation system and download, transaction by transaction, the necessary schedule

information.
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Revenue Accounting Interface

The current revenue accounting system can generate revenue information by fare class.
The resulting output file (by flight number and day-of-week) can be downloaded to the
flight revenue model on a scheduled basis (i.e. monthly, quarterly, etc.) using the same
method identified for the Advanced Booking data. This data is required to retrain the

model periodically to keep abreast of new trends.

Check-in Interfaces

An automatic link between the departure control system and the reservations system
already exists. The post departure data can be downloaded to the reservation system and
the same interface program which collects schedule information, described above, can

collect the post departure data.

Finally, it is my belief that this research has some contribution to further research in the
area. It has been able to successfully demonstrate that data mining applications can be an
alternative approach to build information systems. Others can pursue similar research

using different types of data mining applications or neural network models.

Some of the problems I encountered and the methodologies I used may help to guide
others undertaking similar studies. I hope that the findings and experience noted
throughout my research will stimulate others towards further exploring data mining

applications.
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APPENDICES



APPENDIX 1

The Pricing Decision Problem

At the outset of this research the major problem identified was the unavailability of flight revenue
information, and the objective was to develop an information system that would provide this
information as quickly as possible. After working on the ground work, analyzing the existing
system, and making preliminary designs of the system to be, I realized that I was embarking on a
project rather than a research. I was not really discovering anything new, and quite valueless at
that since the system already existed; a much more powerful and better one than I could ever

attempt to develop.

The real problem was not the unavailability of flight revenue information but the unavailability of
timely flight revenue information; and this alone did not constitute a strong enough theme for a
research. After carefully and in detail analyzing the root cause for the delay the major reasons arc
found to be a combination of manpower shortage, bureaucratic procedures and inefficient
processes. This problem could be solved either by duplicating, at each airport, the module of the
revenue accounting system which prorates the ticket values, or by hiring additional accountants, or

by improving procedures and processes from airport departure control to accounting.

However, neither these procedural solutions nor the one of developing a new system effectively
address the human element. To implement these solutions it would require training people to use
the system and more importantly developing the procedures and policies to ensure data is timely
and accurately input — this would entail extra costs, extra work, a change in mentality and extra

working staff at every airport of ETHIOPIAN’s destinations.



From the results of the analysis of the current system, I had identified other problems especially in
the area of pricing. The main one being the pricing decision making process. The problem here
was the inability for pricing analysts and management to quickly react to the market and develop
competitive prices in time. The objective, as a result, became to develop a system that would help

in improving this decision process.

However, after extensive investigation into the pricing process and the factors influencing pricing
decisions, I realized this was not a problem that could be solved at this time. The main reasons
were that the approval process was too centralized with only the CEO having the authority to
approve most type of prices and the Executive Officer for Sales and Marketing, his immediate
subordinate, to approve the remaining. With such a process the value of my system would greatly
diminish. Another, and a more serious problem, was the inconsistency of the process. There are

no properly defined rules by which prices are accepted or rejected.

Interview with pricing staff revealed that the same factors were not considered all the time to
establish prices and they had no historical data on decisions being made. They worked only
through a general guideline and most of the actions or decisions they take are highly subjective.
Lastly, but not least, there isn’t sufficient historical data with which to develop a model or even

trace a pattern for the pricing decision making process.

Although I decided to drop pursuing this problem any further, it would be useful, however, to note
the ‘pricing decision’ problem for ETHIOPIAN management to research and find a solution for, or

a very interesting one for another thesis, if and when, the required data become available.
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Appendix 2a

Interview & Questionnaire Questions

a. What application/information systems are used to perform various functions in sales and marketing?
b. How do you rate the information each of these systems provide, in general, and in terms of revenue
information, in particular ?

What are the five most important information you require to perform your task efficiently and to make
effective decisions?

Do you believe information on flight revenue to be critical ?
Do you currently receive information on revenue realized by flight?

If so, is it accurate? Is it timely?
If not, what problems or disadvantages do you perceive by not receiving this information at all, or not
in time.

Do you currently receive information on the forecast of revenue to be realized by flight?

If so, is it accurate? Is it timely?

If not, what problems or disadvantages do you perceive by not receiving this information at all, or not in
time.

a. If information on revenue was provided how would you rate its usefulness?
b. What opportunities do you believe the above information would bring ? what decisions does it
support?

a. What kind of data is available in the application systems to support flight revenue information, in

general? To support flight revenue forecast information, in particular?

How accurate are these data ?

Is data captured automatically?

d. How is booking, schedule, actual boarded passenger and flight revenue data communicated to
users?

e. Are systems linked through automatic interface?

oo

a. Is historical booking data available?
b. Is historical flight revenue data available?
c. Is forecast on booking data available?

If forecast on booking data is available then what is the problem in forecasting revenue using this
information ?

a. What factors do you consider to decide prices?

b. Please rank these factors according to their importance with weight (in %)

¢. Do you have historical data on factors used and pricing decisions made?
If yes, how far back is this data available?

. Do you evaluate your pricing decisions?

e. Is there any information available or used to help in this evaluation or to determine the
performance of the different prices you issue ?
If yes, what kind?
If not, would information on the forecast of flight revenue to be realized or timely information on
flight revenue realized help?
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12.

13.

14.

15,

16.

17.

18.

19.

20.
21.

22,

23,

24.

a. How are ranges for fare classes set ?
b. are there any problems or constraints imposed? If so, what kind ?
c. can fare-classess be used to accurately estimate or forecast flight revenue ?

If not, why not?
How would you describe the communication of information between departments.

In relation to other departments in marketing, how would you rank your department’s role in the process
that lead to flight revenue?

a. Are major users of application and information systems at Ethiopian Airlines networked?
b. Does Ethiopian Airlines have a LAN ?
c. Does Ethiopian Airlines have a WAN ?

Would you consider information on forecast of revenue to be realized by flight (if accurate) to be
strategic?

Do you believe information on the forecast of flight revenue would provide opportunity to gain
competitive advantage ?

How stable is the environment you operate in?

If unstable, volatile or extremely volatile would you agree that timely (day after departure) information
on revenue realized is essential to take quick actions or make sound decisions?

What about information on forecast of revenue to be realized?

a. Would you describe your route schedule as complex?
If yes, would timely information on flight revenue help in rationalizing your schedule or your fare
structure?
What about forecast information on revenue to be realized by flight?

If yes, would timely information on flight revenue help in rationalizing your fare structure?
What about forecast information on revenue to be realized by flight?

a. What are the flight performance indicators that you currently use to evaluate the performance of a
flight?

. Are the indicators currently used reliable?

What is currently your best indicator to estimate flight performance and revenue?

Please rank the indicators according to their importance, and assign weights (%)

How would forecast information on revenue to be realized by flight and timely (day after departure)

information on flight revenue realized rank against the above indicators?

oo o

Is load factor a good measurement of flight revenue?
How is flight revenue currently forecasted or estimated? Is the forecast accurate? What is the error?

In the absence of timely flight revenue information, is the current report on flight performance adequate
to evaluate revenue of flights?

Are assumptions/estimates of fare class average accurate?
If No, would information on flight revenue help to minimize errors ?

How is the communication between pricing and revenue management?



25.  a. Would flight revenue information/forecast help to make better inventory decisions?
b. Better frequent flyer actions and decisions
c. Better promotional packages
d. In redirecting advertising efforts

25. What factors are used to measure sales performance?

26. Would information on the forecast of flight revenue to be realized assist to develop better schedules and
deciding when making major and minor schedule changes?

28. a. What are the criteria currently used to decide whether to cancel a flight or a stop or to combine two
flights into one ?
b. Would flight revenue information (forecast) help to make better combining, over flying, etc.
decisions?
If yes, to what extent:

29. a. Which of the following business units/functions play the primary role in the revenue process?
b. Do you believe that if these business units had timely (day after departure) information on flight
revenue realized or information on the forecast of revenue to be realized by flight that their performance

would improve?
If yes, how crucial would this piece of information be to improve the performance of these business

units?

30. a.  Is historical flight revenue information directly available in the financial system?
If yes, how long does it take to get flight revenue information after the date of flight departure?
b. Ifnot, can it be made available indirectly?
If so, how readily can it be made available ?
31. Can the financial system provide forecast information on revenue to be generated by flight?

a. If yes, how far ahead of flight departure can the system forecast ? a day , a week, a month, a year ?
b. If not, can it be made available indirectly?

If so, how readily can it be made available ?

32. What historical data that can support flight revenue information and to what level of detail is available in
the financial system ? in the reservations system? in the yield management system?

33. Is the staff in your business unit qualified?
34. What is the characteristic of your market segments?

35. Does the airline have a good understanding of what data mining is ?
Have you done any development using data mining ?
If no, how enthusiastic would you be to see a system developed using data mining?

36. a. Is the flight revenue information from the financial system of any use this late?
b. What is the acceptable delay to make good use of information on flight revenue realized ?
c.  What is the acceptable error margin in terms of accuracy of the information on forecast of revenue
by flight and of revenue realized by flight ?

37. If forecast on revenue by flight or if timely (day after departure) information on revenue realized by
flight was to be provided in what medium would you like the output ?

38. a. What reports regarding flight performance do you currently receive?
b. Are there any problems with these reports ?



APPENDIX 2b
INTERVIEW & QUESTIONNAIRE SAMPLE RESPONSE

INTERVIEWEE: Wro Rahel Assefa

POSITION: Div. Mgr. PInng. & Route Mgmt.
DATE: March 13, 2000

TIME: 09:30 A.M.

PLACE: Ethiopian Airlines Head Office Building
SUBJECT: Flight Revenue Information

TIME ENDED: 10:30

1. a. What important information do you require to perform your task and to make
effective decisions ?

e Revenue

o C(Cost

o Market Share
e Sales

e Performance

b. Do you believe information on flight revenue to be critical ? Yes

Is so, how would you rank it ?

The most critical — one of the most critical average less critical than most

a | a a

2. a. Do you currently receive information on revenue realized by flight? Yes[d No 4
If so, is it accurate  Yes[d Nol[d
is it timely Yesd Nod

If not, what problems or disadvantages do you perceive by not receiving this
information at all, or not in time.

e Difficult to evaluate the revenue performance of each flight on a daily basis
e [nability to identify weak and strong flights to rationalize future schedule



b. Do you currently receive information on the forecast of revenue to be realized by
flight? No

If so, is it accurate  Yes[d No [l
is it timely Yesd Nod

If not, what problems or disadvantages do you perceive by not receiving this
information at all, or not in time.

e [nability to react quickly to changing market situations
e Unable to make advance evaluation on flight performance and take the necessary
remedial actions

c. If information on revenue was provided how would you rate its usefulness
in terms of the following:
V.High High Med Low Useless
Information on revenue realized by flight provided

the day following flight departure: a4 O oo o o

Information on revenue to be realized by flight

forecasted 1 month ahead of flight departure: O @ o a 0

Information on revenue realized by flight 3 months

after flight departure: O O O @ O

d. What opportunities do you believe the above information would bring ?

e Advance planning e Proactive actions
o Sound decisions e Optimize marketing mix
e mmediate performance feedback

3. What reports regarding flight performance do you currently receive?
» Delayed (after 3-4 months) information on revenue at the system level
o Duaily flight load report



b. Are there any problems with these reports ?

Inaccuracy a
Insufficiency M|
Difficult to read l:l
Difficult to use J
Not generated on timeZ
Other L Norevenue information at flight level

4. What kind of decisions does forecast information on flight revenue support?

Same as 2d.
5. How would you describe the communication of information between departments?

Very effective  effective not effective poor very poor

l:l a v Q a

6. In relation to other departments in marketing, how would you rank your role in the

process that lead to flight revenue?

Critical ~ V.important Important Not so important No role

n 4 a L H

7. Would you consider information on forecast of revenue to be realized by flight (if
accurate) to be strategic? Yes[d No [

If yes, how strategic ~ Extremely Very Somewhat Not that much

| 3 a 4

co

. Do you believe information on the forecast of flight revenue would provide opportunity
to gain competitive advantage? Ygs (1 No [

o

How stable is the environment you operate in?

Extremely volatile volatile unstable OK  Stable

a V| l:l a0



If unstable, volatile or extremely volatile, would you agree that timely (day after
departure) information on revenue realized by flight is essential to take quick actions or
make sound decisions ?

Strongly agree Agree No opinion Disagree Strongly disagree

4 ] Q a a

What about information on forecast of revenue to be realized ?
Strongly agree Agree No opinion Disagree Strongly disagree

4 u ) ;| Q

10. a. What are the flight performance indicators that you currently use to evaluate the
performance of a flight?

o VYield e Load factor
e Availed Seat Kilometre e Lost per seat kilometre
e  Revenue Seat Kilometre

b. Are the indicators currently used reliable? Sufficient ? accurate ?

e Not reliable
o Not sufficient

e Somewhat accurate

c. What is currently your best indicator to estimate flight performance and revenue?

e Yield
e Load factor

d. Please rank the indicators according to their importance, and assign weights (%)
o VYield 45%
o Load factor 45%
o Others 10%

e. How would forecast information on revenue to be realized by flight and timely (day
after departure) information on flight revenue realized rank against the above
indicators? More or less the same.

Revenue information 45%
Load factor 45%
Others 10%



11. Is load factor a good measurement of flight revenue? Yes [d No 4

12. In the absence of timely flight revenue information, is the current report on flight
performance adequate to evaluate revenue of flights? Yes [d No [4

13. a. Is the flight revenue information from the financial system of any use this late?
Yes ™M No[d Ifyes, how useful: Very Somewhat Notmuch

[ 4 4

b. What is the acceptable delay to make good use of information on flight revenue
realized ? One month  One week One Day One Hour  after flight departure.

| 3 | a

c. What is the acceptable error margin in terms of accuracy of the information on
forecast of revenue by flight and of revenue realized by flight ?

H-) 5% +(-) 10% +(-) 15% +(-)20% +(-) 25% +(-) 30%
forecast : [ 4 [ 1 1 ([l
realized : V| l | Wl 1 1

14. If forecast on revenue by flight or if timely (day after departure) information on
revenue realized by flight was to be provided in what medium would you

like the output ?

Hard copy report 1 Diskette [ On-line (4

Signature: &,




APPENDIX 2C
Interview and Questionnaire Response Rate
Not all questions were given to all respondents. Questions were asked as applicable according to the function and level of the

respondent. As a result, four groups of respondents were identified. The summary of number of candidates asked and
responded by group type and question is shown herebelow.

Group [ : Areas Sales Managers
Group II : Divisional and Regional Managers
Group III: Department Managers and Senior Marketing Staff
Group IV: Executive Officers
Type A : Number of candidates who were ‘asked’ a particular question
TypeR Number of candidates who ‘responded’ to a particular question
Group Group
Ques. Type Total Resp. Ques. Type Total Resp.
I 1] In | 1v Rate I 1] 111 v Rate
1 A 15 0 7 0 22 73% 22 A 0 5 2 2 9 89%
R 9 0 7 0 16 R 0 5 2 1 8
2 A 14 6 7 0 27 81% 23 A 0 1 3 0 3 100%
R 10 5 7 0 22 R 0 1 3 0 4
3 A 15 6 7 1 29 86% 24 A 0 0 2 0 7] 100%
R 11 [3 7 ] 25 R 0 0 2 0 2
4 A 15 6 7 1 29 86% 25 A 0 1 5 0 G 100%
R 1 6 7 1 25 R 0 1 5 0 6
3 A 15 6 7 1 29 86% 26 A 15 3 3 1 22 55%
R 11 6 7 1 25 R 8 3 0 1 12
6 A 15 6 6 ] 28 86% 27 A 0 1 2 0 3 100%
R 11 6 6 1 24 R 0 1 2 0 3
7 A 0 2 1 0 3 100% 28 A 0 0 3 0 3 100%
R 0 2 1 0 3 R 0 0 3 0 3
8 A 0 2 1 0 3 100% 29 A 0 I 0 1 2 50%
R 0 2 1 0 3 R 0 1 0 0 1
9 A 0 1 1 0 2 100% 30 A 0 2 1 0 3 100%
R 0 1 1 0 2 R 0 2 [ 0 3
10 A 0 0 2 0 2 100% 31 A [} 1 0 0 1 100%
R 0 0 2 0 2 R ] 1 0 0 1
1 A 0 0 2 0 2 50% 32 A 0 2 1 0 3 100%
R 0 0 1 0 1 R 0 2 1 0 3
12 A 15 6 7 0 28 86% 33 A 0 0 7 0 7 100%
R 11 6 7 0 24 R 0 0 7 0 7
13 A 15 6 6 0 27 85% 34 A 5 0 ] 0 15 67%
R 11 6 6 0 23 R 10 0 0 0 10
14 A 0 3 0 0 3 100% 35 A 0 ] 1 1 3 100%
R 0 3 0 0 3 R 0 1 1 1 3
15 A 15 6 7 1 29 86% 36 A 0 7 0 1 8 88%
R 11 6 7 1 25 R 0 6 0 1 7
16 A 15 6 0 i 22 82% 37 A 15 7 7 1 30 87%
R 11 6 0 1 18 R I T 7 1 26
17 A 15 6 ] 1 24 96% 38 A 15 6 3 1 25 80%
R 15 6 2 0 23 R 11 6 2 1 20
18 A 0 2 4 0 6 83% Total | Aske 508
d
R 0 2 3 0 5 Qs Resp 405 79.7%
19 A 15 0 1 22 82% Total | Aske 15 9 8 2 34
d 88%
R 1 6 0 1 18 QN+l [ Resp. | 11 9 3 1 30
'vs
20 A 15 6 0 1 22 73%
R 9 6 0 1 16
21 A 0 1 2 0 3 100%
R 0 1 2 0 3




APPENDIX 2D
List of Interview and Questionnaire Respondents
Ethiopian Airlines:

Executive Officers
Ato Mekonnen Abebe
Ato Mesfin Tassew

A/Executive Officer Marketing
Chief Information Officer

Divisional and Regional Managers

Ato Abdulahi Ibrahim
Ato Alemayehu Tesfaye
Ato Assefa Aitenfesu
Ato Damte Demeke
Ato Kemeredin Bedru
Wro. Makeda Yohannes
Wro. Martha Tilahun
Wro. Rahel Assefa

Regional Manager Gulf, M.E. & Asia

Division Manager Computer Networks & Comms.
Regional Manager Africa

A/Regional Manager Europe & Americas

Division Manager Financial Information Systems
Division Manager Promotions & Customer Services
A/Division Manager Market Development

Division Manager Planning and Route Management

Department Managers and Senior Marketing Officers

Ato Belew Gugssa

Wrt. Bethlehem Tsegaye
Ato Destaw Birke

Ato Fisseha Teklu

Ato Hailemeleko Mamo
Ato Henock Woubishet
Wrt. Kidist Tibebu

Ato Paulos Legesse

Ato Zewdu Hailemariam

Area & Sales Managers

Wro. Almaz Demissie
Ato Amare T/Tsadika
Ato Ayenew Alemneh
Ato Bahiru Kefene
Ato Busera Awel

Ato Eskindir Alemu
Ato Kiros Girmay
Ato Mesfin Tessema
Wro. Shewaye Asmelash
Ato Solomon Dawit
Ato Taye Mulat

Others:

Lufthansa
Ato Yohannes Zerea

Senior Marketing Officer — Pricing

Department Manager Sales Promotion

Senior Marketing Officer Scheduling

Department Manager Revenue Management
Department Manager Customer Loyalty
Department Manager Marketing Systems Support
Department Manager Ground Handling
Department Manager Tariffs & Industry Affairs
Senior Marketing Officer — Market Development

Area Manager China

Area Manager Pakistan
Area Manager India

Area Manager Djibouti
Area Manager UAE

Area Manager Mozambique
Area Manager Germany
Area Manager Chad

Area Manager Tanzania
Area Manager Israel
Area Manager Mali

Sales Manager Ethiopia



APPENDIX 3

MECHANICS OF THE RESERVATIONS SYSTEM

Below is an illustration of how the linear nesting structure will operate in the reservations system under

various booking request scenarios:

Scenario 1 — The following seat protection level is desired exclusively in each fare class:

Exclusive
Class Protection
S 15
B 20
H 25
K 40

The above protection levels would translate to different Authorization (AU) levels depending upon the type

of nesting structure as follows:

(Assume these are initial AU settings and the seat available (SA) counts reflect NO bookings on hand).

AU SA
S 100 100
B 85 85
H 65 65



Scenario 2 — On the first reservation transaction, 10 sets are sold from ‘H’ class:

AU SA
S 100 90
B 85 75
H 65 55 -10 seats decremented from H class
K 40 40

Under linear nesting, the availability is decremented only from the class in which the seats were sold AND

from all parent classes (i.e. ‘B” & ‘S’).

Scenario 3 — On the second transaction, 18 seats are sold from ‘K’ class:

AU SA
S 100 72
B 85 57
H 65 37
K 40 22 - 18 seats decremented

Given linear nesting, 18 seats are taken from the class in which the bookings were made (i.e. ‘K’) and from

all parent classes (‘H’, ‘B’ & ‘S”).

Scenario 4 — On the third transaction, 20 seats are sold from ‘H’ class.

AU SA
S 100 52
B 85 37
H 65 17

K 40 17



The availability in a hybrid nested environment would have rejected this transaction.

Given linear nesting, 20 seats are decremented up ward from ‘H’ class. This leaves ‘H’ class with 17 seats
available. However, ‘K’ class had 22 seats available before this transaction. Since the rule of linear nesting
is that the seat available count in the child class can never be greater than the seat available count in the
parent class, the child class’ seat available count must be decremented to equal the lowest seat available

count of its parent(s).

In Scenario 3, and before Scenario 4, Seats Available (SA) in ‘K’ class amounted to 22. After the transaction

of Scenario 4, the SA in ‘K’ is forced down to become 17, since the SA in ‘K’ (22 seats) exceeds that in ‘M’

(which is now 17).

Scenario 5 — On the fourth transaction, 1 seat is canceled in ‘H’ class and returned to inventory.

AU SA
S 100 53
B 85 38
H 65 18
K 40 18

Under linear nesting, 1 seat is returned to ‘H” class and to each of the parent classes. Because ‘K’ class was
artificially forced to an SA of 17 in Scenario Four, it can now increase up to 18 (which is the lowest SA

count among the count among the three parents of ‘K’).

The mechanics of the reservation system will highly influence the relationship of the fare classes and the
values of the fields that we are going to use to create the model for the prototype Flight Revenue Information

System.



Appendix 4

Training parameter codes of Tables 4.8 - 4.14

A = Partition sample selection type for learn and test data sets.

B = Partition type for learn and test data sets.

C = Partition sample size out of the total records for learn and test data sets.

D = Weighting type.
E = Predictive model type.
F = Dependent variable.

G = Independent variables.

H = No. of records used for training out of learn data sets.

I =Record selection type.

I = Percentage of records used to test out of the learn data sets.

K =No. of iteration b/n overfit tests during learning.

L = No. of checks with worse results to cause termination during learning.

Training Paramaters Code.

Table No 4.8 - 4.11

Table No 4.12 — 4.14

M No. of neurons in the hidden layer Records correctly predicted in
during learning. training (%).
N No. of iterations during learning. Time elapsed to complete fraining.
0 Error Mean Square (RMS) used No. of actual iterations used during
during learning. training.
P Activation function type. Records correctly predicted during
validation.
Q Records correctly predicted in -
training ( % ).
R Time elapsed to complete training. -
S No. of actual iterations used -
during training,.
T Records correctly predicted during -

validation.
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