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Abstract - This study base on AIRINDIA Airline Management and Scheduling examined certain well-known problems and their
solutions, as well as current research in the field and developing areas of future significance. The paper has divided into four
sections. In the first, the Vogel’s approximation and the Modi approach is used to create additional routes. In the second, crew is
assigned to different flights in order to optimise profit. In the third case, aircraft routing problem is solved, and in the fourth, an
aircraft maintenance problem in which 24 activities opted and determine which are critical or not. It addresses airline scheduling
flaws, aims to boost crew member productivity through a crew assignment model, and reduces time spent on non-critical
operations, resulting in a rise in airline profit.
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INTRODUCTION

Operations research has aided the infrastructure and the aviation industry in maintaining strong percentages of growth and moving
from a one-of-a-kind item catering to a select customer to a mass-market service business. It aids the industry in evolving in order
to must be able to compete successfully in the marketplace and suit the diverse needs of the consumers. The Indian airline industry
specifically AIR INDIA is going through a difficult period. Airlines operating margins have been slashed. Many operating
expenses, including as fuel, operating lease payments, repair/maintenance, and a huge number of aircraft and crew members,
remain unutilized, meaning that they are prone to loss of epic proportions for AIR INDIA and are frequently beyond their control.

This paper is based on the spectacular divestiture of Air India, which ultimately failed. The lack of a management system is
AIRINDIA's main concern. They fly more on routes where customer's demand is low and less on routes where demand is high.
They have a significant number of aircrafts and crew on reserve, all of which are either unused or used without prior planning.
The paper attempts to solve the problems that the Air India Airline faces in a number of situations by developing four separate
cases. To tackle their problem, Vogel’s Approximation approach and Modi method, Hungarian Method, Dijkstra’s Algorithm, and
Critical Path Analysis are primarily used.

PROBLEM STATEMENT

Schedule planning involves designing future aircraft and crew timetables in order to enhance airline profitability. A network of
flights, various aircraft types, gate, airport slot, and air traffic control restrictions, noise curfews, maintenance requirements, crew
work rules, and competitive, dynamic environments in which passenger demand is uncertain and pricing strategies are complex,
all add to the complexity of this problem. Unsurprisingly, no optimization model has been proposed or solved to properly handle
this complex design challenge. Because of its unmanageable size and complexity, the problem has been broken down into a series
of subproblems, which are generally defined as follows:

Route Selection:

It entails determining which aircrafts will serve specific routes, as well as whether or not that route should be included in the
airlines' network.

Crew scheduling:

Itis the process of deciding which crews to allocate to each flight in order to reduce crew costs.
Routing:

It is the process of determining which path is best for the aircrafts in order to maximise profit.
Aircraft Maintain Problem:

It is the process of determining the aircrafts to guarantee that maintenance requirements are met.

By addressing the sub problems in succession, and confining the solutions to following problems based on the solutions to
previous problems, suboptimal but workable aircraft and crew plans are created. These sub problems are nevertheless large-scale
and complex, despite being lesser and less complicated than the total problem. Indeed, OR theorists and practitioners have been
building models and algorithms to tackle them for decades, with substantial success and effect.

The solution approach is discussed in the next section, which includes four different airline cases.
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SOLUTION APPROACH
3.1 Case 1: Route Selection

Airlines must conduct extensive market research and demand studies in order to determine whether they can profitably operate the
route while also recognising operational restrictions.

In this case, its aims to enhance the process of deciding which destinations to include by using a Transportation Problem (TP)
Model, which is a type of Linear Programming Problem (LPP) [1,2]. The TP Model aims to optimise available routes from a
specific origin to a specific destination in order to obtain the lowest possible cost.

To demonstrate this, the paper uses the real-situation of an AIR INDIA airline that is aiming to expand its route network. Many
airlines use a hub-and-spoke model to provide links to smaller cities via focus cities on international routes. As a result, Table (1)
shows data on profit earned per seat sold on a specific sector, as well as demand for destinations across the country, while taking
capacity constraints at already overburdened hubs into account.

Table 1: Different data of profit earned between different countries.

Hongkong | Sydney | Amsterdam | Moscow | Toronto | Bangkok | Lisbon | Supply
Delhi 116 3l 71 19 49 47 43 1200
Mumbai s 12 108 70 49 39 00 000
Chandigarh | 54 14 65 19 105 59 68 900
Hyderabad | 74 109 58 43 30 51 20 300
Ahmedabad | 100 102 00 30 20 58 68 700
Demand 550 930 1250 620 200 300 700

To make the above-mentioned information into a TP issue, a dummy row is introduced to balance supply and demand, allowing
the answer to be solved. Furthermore, profits are converted to '‘Opportunity Loss' values, which are defined as the amount missed
when compared to taking the most profitable route. The Vogel's Approximation Method (VAM)

[1, 2] is an iterative approach for determining a transportation problem's initial basic feasible solution (IBFS) utilising penalties.
The MODI technique (Modified Distribution) is used to improve the IBFS even further. The problem was solved both manually
and with the Python Programming Language. From Table 1 we can say that There are a total of 5 Supply Constraints. and There
are a total of 7 demand constraints. Here, Total Demand = 5750 is more than the entire supply =4500. As a result, we add a fake
supply constraint with a 0-unit cost and allocation 1250, as well as the updated supply constraint. Table (2) is given below.

Table 2: Modified Table

Hongkong | S5ydney | Amsterdam | Moscow | Toronto | Bangkok | Lishbon | Supply

Delhi 116 3l 71 19 40 47 48 1200
Mumbai as 12 108 70 49 89 20 000
Chandigarh | 54 14 65 19 105 59 638 000
Hyderabad | 74 109 58 48 39 51 20 s00
Ahmedabad | 100 102 00 30 20 58 63 700

L — 0 0 0 0 0 0 0 1250
Demand 550 030 1250 620 000 300 700

Now we will calculate the row and column penalties which is given in Table (3).
Table 3: Penalty Table

Hong Sydney | Amsterdam | Moscow | Toronto | Bangkok | Lisbon | Supply | Row
Kong penalty
Delhi 116 31 71 19 49 47 43 1200
Mumbai 335 12 108 70 49 89 90 000 | 12=31-19
Chandigarh 54 14 65 19 105 59 68 000 | 23=3512
Hyderabad 74 109 58 43 39 51 20 800 5=19-4
Ahmedahad 100 102 00 30 20 58 68 700 | 19=39-20
Sdwmmy 0 0 0 0 0 0 0 1250 | 10=30-20
Demand 350 030 1250 620 200 800 700 0-0=0
Column penalty | 35-35=0 | 12-12=0 58-38=0 | 19-19=0 | 20-20=0 | 47-47=0 | 20-20=0
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The maximum Penalty is 58 which occurs at Amsterdam, the minimum Cj; in this column is 0, Maximum amount for this cell min
(1250,1250) =1250, It satisfy supply of Sqummy and demand of Amsterdam.

The reduced Table (4) is given below:
Table 4: Reduced Table

Hongkong | Sydney | Amsterdam | Moscow | Toronto | Bangkok | Lisbon | Supply | Row
penalty
Delhi 116 i1 71 19 49 47 48 1200 | 12=31-
19
Mumbai 35 12 108 70 49 89 90 900 23=35-
12
Chandigarh 54 14 65 19 105 59 68 900 5=19-4
Hyderabad T4 109 58 45 39 51 20 300 19=39-
20
Ahmedabad 100 102 90 30 20 58 68 700 10=30-
20
Sdummy 0 0 0(1250) 0 0 0 0 0 -
Demand 550 930 0 620 900 500 700 -
Column 19=54-35 | 2=14- - 0=19-19 | 19=39- | 4=51-47 | 25=48-
penalty 12 20 20

On applying the same process given in [14], we will get the initial basic feasible solution which is given in Table (5):
Table 5: Initial Basic Feasible Solution

Hongkong | Sydney | Amsterdam | Moscow | Toronto | Bangkok | Lishon Supply

Delhi 116 k)| 71 19(300) | 49(100) | 47(800) 48 1200
Mumbai 35 12(900) 108 70 49 89 00 000
Chandigarh | 54(350) 14(30) 65 19(320) 105 59 68 000
Hyderabad 74 109 58(d) 48 39(100) 51 20(700) 800
Ahmedabad 100 102 90 30 20(700) 58 68 700
S mmy 0 0 0(1230) 0 0 0 0 1250

Demand 550 030 1250 620 000 800 700

Optimality Test using Modi’s Method:
The allocation table is given in Table (6):
Table 6: Allocation Table

Hongkon Syvdney | Amsterdam | Moscow | Toronto | Bangkok | Lisbon | Supply
g
Delhi 116 31 71 19(300) | 49(100) | 47(800) 48 1200
Mumbai 35 12(900) 108 T0 49 89 90 900
Chandigarh | 34(350) 14(30) 65 19(320) 105 50 68 900
Hyderabad T4 109 58(d) 48 30(100) 51 20(700) 800
Ahmedabad 100 102 00 30 20(700) 58 68 T00
Y — 0 0 0(1250) 0 0 0 0 1250
Demand 550 930 1230 620 900 800 700
Using the steps which is given in [14], we get the final matrix which is given in Table (7).
Copyrights @Kalahari Journals Vol.7 No.5 (May, 2022)

International Journal of Mechanical Engineering
855



Table 7: Final Table

Hongkong | Sydney | Amsterdam | Moscow | Toronto | Bangkok | Lisbon | Supply

Delhi 116 31 71 19(300) | 49(100) | 47(800) | 48 1200
Mumbai 35(550) 12(350) | 108 70 49 89 00 000
Chandigarh | 54 14(580) | 65(d) 19¢320) | 105 59 68 900
Hyderabad | 74 109 58 48 39(100) | 51 20(700) | 800
Ahmedabad | 100 102 00 30 20(700) | 38 08 700
Sdummy 0 0 0(1250) 0 0 0 0 1250
Demand 550 030 1250 620 900 §00 700

The pseudo python programming code is constructed for larger data sets which is given in [14].
Case 2: Crew Scheduling

We must identify an assigned task of the requisite technical crew members to After producing all eligible flight services, these
flight services cover each flight segment at least once, such that each scheduled flight segment is conducted by a qualified
technical crew The goal of this strategy is to find a workable low-cost project. such that assigns each crew to flights with the
lowest possible cost.

The crew scheduling problem is usually divided into two subproblems, the crew pairing problem and the crew assignment
problem, which are addressed in below:

1) Crew Pairing Problem

The problem produces a pair, which are low-cost, multi-day work schedules. Airlines explain how flight legs can be joined to
build schedules that are feasible. The number of feasible pairings measures is estimated using work-rule restrictions such as the
maximum number of hours worked by crews in a day and the least number of hours of rest between work periods.

2) Crew Assignment Problem

This challenge combines these pairs into month-long crew plans that are both fair and efficient., which are referred to as roasters,
and are assigned to individual crew members. Rostering is the process of creating and assigning schedules to specific individuals
based on their specific requests. [3,4]

Solving Crew Scheduling Problems
The Hungarian Method is used to solve the crew scheduling problem.[7]

Air India has two major domestic hubs: I. G International Airport in Delhi and C.S.M International Airport in Mumbai (Mumbai).
These two cities are critical to Air India's domestic operations and have a significant impact on its scheduling. According to Air
India's current timetables, there are 16 flights scheduled between Delhi and Mumbai. There were ten direct schedules from both
cities. For the existing schedule, assuming all flights and crew are stationed in Delhi, the rest duration for crew members in
Mumbai was found to be 6 hours [5], as shown in Figure 1.

Delhi-Mumbai Mumbai-Delhi

Flight DepartureArrival || Flight | DepartufeArrival
No No

a 06.00 12.00 1 05.30 11.30
b 07.30 13.30 2 09.00 15.00
C 11.30 17.30 3 15.00 21.00
d 19.00 01.00 4 18.30 00.30
€ 00.30 06.30 D 00.00 06.00
f 06.30 11.30 § 06.00 11.30
[ 08.30 13.00 7 09.30 15.30
h 11.00 17.00 3 15.30 21.00
i 19.30 01.30 9 19.30 00.30
] 12.30 07.30 10 00.30 06.00

Figure 1

The complete steps to solve the crew scheduling Problem can be seen in [14].
To determine optimal assignments, first we calculate layover times from the above time table which is given in [14].

Using the layover time, we obtained the matrix which are crew based at Delhi & crew based at Mumbai are given in Table [9] &
Table [10].
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Table 9: Crew Based at Delhi

1 2 3 4 5 ] 7 8 9 10
A 17.5 21 27 6.5 12 18 215 | 27.5 7.5 12.5
B 16 19.5 | 255 5 10.5 | 16.5 20 26 6 11
C 12 15.5 | 21.5 25 6.5 12.5 16 22 26 7
D 4.5 8 14 17.5 23 5 8.5 145 | 18.5 | 23.5
E 23 26.5 8.5 12 17.5 | 23.5 27 9 13 18
F 18 215 | 27.5 7 12.5 | 18.5 22 28 8 13
G 16.5 20 26 5.5 11 17 20.5 | 26.5 6.5 11.5
H 12.5 16 22 25.5 7 13 16.5 | 225 | 26.5 7.5
I 28 7.5 13.5 17 22.5 4.5 8 14 18 23
J 22 25.5 7.5 11 16.5 | 22.5 26 8 12 17

Table 10: Crew Based at Mumbai

2 3 4 5 6 7 8 9 10
18.5 15 9 5.5 24 18.5 | 145 9 5.5 24
20 16.5 | 10.5 7 255 20 16 10.5 7 255
24 20,5 | 14.5 11 5.5 24 20 14.5 11 5.5
7.5 28 22 18.5 13 1.5 27.5 22 18.5 13
9.5 27.5 24 18.5 13 9 27.5 24 18.5
19 15.5 9.5 6 24.5 19 15 9.5 6 24.5
21 17.5 | 11.5 8 26.5 21 17 11.5 8 26.5
235 20 14 10.5 5 235 | 195 14 10.5 5
4.5 225 19 13.5 8 28 225 19 13.5
25 215 | 155 12 6.5 25 21 15.5 12 6.5

o = m ol m| | 9 A w =

The composite layover time matrix is created by selecting the smallest element from the two matched elements in Table (9) and
(10). The Crew Based is Mumbai if the (*) present; else The Crew is Based in Delhi in Table (11).

Table 11

1 2 3 4 5 ] 7 8 9 10
a 17.5 15% g% 5.5% 12 18 14.5% g% 5.5% 12.5
b 16 16.5% | 10.5* 5 10.5 16.5 16* 10.5% 6 11
c 12 15.5 14.5% 11* 5.5% 12.5 16 14.5% 11* 5.5%
d 4.5 8 14 17.5 13* 5 8.5 14.5 18.5% 13*
e 13* 0.5% 8.5 12 17.5 13* o* 0 13 18
f 18 15.5% | 0.5* 6* 12.5 18.5 15* 0.5% 6* 13
g 16.5 15.5% | 11.5%* 5.5 11 17 17* 11.5% 6.5 11.5
h 12.5 16 14* 10.5% 5% 13 16.5 14* 10.5% 5%
i 8* 4.5% 13.5 17 13.5%* 4.5 8 14 18 13.5%
i 22 21.5% 7.5 11 6.5% 22.5 21* 8 12* 6.5*

Now, Solve the above problem using Hungarian Method and the complete steps are given in [14].and the final matrix is given in
Table (12).
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Table 12: Optimal Assignments

1 2 3 4 5 7 8 9 10
a 3 0 0 1 4 3 0 [0] 0 45
b 1 1 1 0 2 1 1 1 0] | 25
c 0 3 g 9 [0] 0 4 g g 0
d [0] 3 15 23 15 0 4 155 | 23 15
e 4 0 5 13 15 | 35 | [0] | 55 13 | 155
f 3 [0] 0 1 4 3 0 0 0 45
g 1 15 | 15 | [0] 1 15 | 15 1 25
h 1 4 8 0 0 1 5 8 8 [0]
i 4 0 15 23 16 | [0] 4 155 | 23 16
j 9 8 [0] 8 0 9 8 0.5 8 0

The pseudo python programming code is constructed for larger data sets which is given in [14].
3.2 Case 3: Air India-Transporting numerous items in a one plane

The problem consists of a transportation network, as well as a collection of diverse commodities, such as cargo goods, passenger
classes, and so on, all of which are distinguished by their physical characteristics. When different types of goods are transmitted
across the same network, which will benefit the airline business by lowering costs and increasing revenues, as well as allowing
them to transport multiple items at once, shortening travel time. This process will take longer if they opt to deliver cargo in one
plane and passengers in different flights.

Let us define the model in following manner. The first is the I. G International Airport in Delhi, and the second is the C. S.M
International Airport in Mumbai. From Delhi to Mumbai, we must transport both cargo goods and passengers.

There are many destinations between Delhi and Mumbai, thus we must choose the quickest route between them so that cargo and
people are transported in less time, which is beneficial to the airline sector. Let’s call I.G International Airport 1 and C. S. M
International Airport 9, respectively. and the different notations used to express different locations between them are as follows:

2 = Jaipur ,3 = Kota ,4 = Ahmedabad, 5 = Indore, 6 = Vadodara, 7 = Surat,8 = Nasik.
Below is the route map with all of the distances between each place for the above problem.

The main aim is to find the shortest distance between Airport 1 and Airport 9 such that the cost is minimized and the route map is
given in Figure 2.

We have assumed distance in hundreds

Figure 2: Route Map

What if you were given a graph of nodes in which each node is connected to a number of other nodes at varying distances? What
is the shortest path to every other node in the network if you start from one of the nodes in the graph? Dijkstra's Algorithm is a
simple algorithm that is used to find the shortest distance [8], [9], or path, between a beginning node to a target node in a weighted
network. This technique is being used to find the quickest way between two airports.
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Dijkstra's algorithm is an iterative algorithm that finds the shortest path from a single beginning node to all other nodes in a graph
[9], [10]. This algorithm is used to solve the model, and the final result is shown below in Figure 3.

A I3 C > | O F G H |
A ()] o0 o0 o0 o0 o0 0 0 o0
I3 ()] 5 2 o0 o0 o0 0 e e
_ () 4 2 o0 o0 N0 11 0 o0
[ ] () 4 2 T 11 o w 11 (s a (]
| Do () 4 2 T G O 11 o0 (]
F () 4 2 T ) 17 11 16 o0
G (] 4 2 T L 17 11 | I 3
H () 4 2 T ) 16 11 14 (]
1 () 4 2 T ) 16 11 13 o0

Figure 3: Dijkstra’s Solution

The pseudo python programming code is constructed for larger data sets which is given in Figure 4.
dijkstra algorithm

function stra(matrix,unvsett,shortdistance,node,source):
s = node
print(node)
unvsett.remove(s)//remove current node from unvisited set
print{unvsett)//print unvisited set

for 1 in unvsett:// running the loop in unvisited set

if matrix[s][i] != @:// checking if s and 1 are connected in the graph

if shertdistance[s]+matrix[s][1] < matrix[source][i] ://1if distance from the source(edge length) is greater than distance
(through path from s(current node)

shortdistance[i] = shortdistance[s]+matrix[s][i];//update the shortdistance array with the newly found short distance

glif shortdistance[s]+matrix[s][i] > matrix[source][i] & matrix[source][i] == @://if the node i is not connected to the source node
shortdistance[i] = shortdistance[s]+matrix[s][i];//updating shortest distance with only possible path distance
print (shortdistance)

if len(unvsett) » @://checking 1if unvisited set is empty
k = len{unvsett)

1=8;
for 1 in range(k):// finding the node with least possible shortdistance from the source
if shortdistance[unvsett[1]] » shortdistance[unvsett[i]] & shortdistance[unvsett[i]] > @:
1=1;
node = unvsett[1];//the node with least distance from source

stra(matrix,unvsett,shortdistance,node,source);//recalling the function with new updated unvisited set and new current node
if unvisited set is not empty
else:
print(shortdistance);//printing the shortdistance array if all the nodes are visited

Main function
m=[[8, 4,

B! B! Bf Bf Bf Sf
[4, @, 8, 8, 8, 8, &, 11, 8],
(e, 8, 8,7,8,4,8,8, 2],
(e, @, 7, 8, 9, 14, 8, @, 8],
(e, 8, @, 9, @, 18, @, 8, @],
(e, @, 4, 14, 18, 8, 2, 8, 8],
(e, 8,8, 8,8, 2,8,1, 5],
(8, 11, &, 8, @, 8, 1, 8, 7],

8, 2,8,89,8, 6,7, 8]

e,

?
u=[8,1,2,3,4,5,6,7,8];//nodes
s = @;//source node
=d = m[s];//edge set of source node
stra(m,u,sd,®,8)//functicn

Figure 4: Algorithm 2
3.3 Case4: Aircraft Maintenance Problem

As company levels of operational performance, complexity, and expense continue to rise, modern aircraft turbine engines need
new and increasingly severe management, operations, and maintenance difficulties. Repair and overhaul of aircraft gas turbine
engines, Repairing and overhauling gas turbine engines, rebuilding gas turbine engines, balancing components and assemblies,
testing and troubleshooting gas turbine engines, and inspecting gas turbine engine components and assemblies are all jobs for
technicians [11,12,13]. As a consequence, depending on business standards, the scope of the examination may be separated into
multi-level abilities, all technicians are employed needed to do only a subset of the duties stated in the analysis. This aviation
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engine specialist's responsibilities include troubleshooting and examining the components and assemblies of gas turbine engines.
This can entail dismantling and rebuilding engines, as well as balancing components in these complex [5], contemporary engines.
Engine overhauls are carried out in specialised shops where engines are dismantled, issues are detected, and Components of the
engine are cleaned, repaired, or rebuilt. After that, the engine is reassembled and examined.

The Performance and tolerances standards for aviation gas turbine engines are extremely tight, necessitating the use of highly
qualified experts with excellent mechanical skills. Workers in this position must be. Materials management data bases have been
built in engine repair facilities, and keyboarding abilities are becoming increasingly crucial.

Any maintenance job entails a variety of tasks. In this case, A model of aircraft maintenance is built, which aids in the
prioritization of the most important aircraft maintenance activity. Here, actions are represented by nodes in a network. The
activities and their durations are presented inside the node when showing activities on an Activity-On-Node or CPM network
[11,12,13]. The network "critical route," which consists of the sequence of project operations that determines the lowest necessary
project time, is computed using the CPM approach Consequently [11].

All of the duration are in the project outlined in Table: 13
Table 13: CPM Duration

No. [ Code Activity Description Precedence | Activity time
Activity
1 A Check stand by pump - Around 32 man-hours
2 E Calibrate all ganges A Around 20 man-hours
3 C Disassemble Pump cover and remove rotor A Around & man-hours
4 D Disassemble Twbme cover and remove A Around 16 man-hours
3 E rotor B Around 32 man-hours
6 F Clean all ganges and hine E Around 16 man-hours
7 G Replace ganges C Around 28 and 40 man-howurs
3 H Eepair lubncation system C Around 256 and 3 5 2manhors
o I Eebuld impeller C Around 32 man-hours
10 |17 Clear pump casting G Around 16 man-hours
11 K Fix pump beanngs H Around 32 man-hours
12 L Balance mmpeller LILEK Around 16 man-hours
13 | M Eemstall impeller D Around 260 and 400manhors
14 N F.ebuld turbine rotor D Around 16 man-hours
15 |0 Check twrbme beanngs M Around 64 man-hours
16 [P Balance turbme rotor N Around 16 man-hours
17 0 Fix turbine beanngs 0P Around 16 and 28 man-hours
18 F Fix turbine rotor Q Around 20 and 32 man-hours
19 5 Fix turbine cover R Around 12 and 18 man-hours
20 | T Text components E Around 16 man-hours
21 U Check clearance L Around 16 man-hours
2 |V Fix pump beanngs 4] Around 18 and 24 man-howurs
3 |W Fix pump cover V Around 16 man-hours
24 x Install shaft packing 5 T.W.F Around 48 and 72 man-hours
Final test
Float, Free float, independent float is given in Table 14
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Table 14: Float, Free Float & Independent Float
F|G|H|I [I|K|L M|N|O|P |Q |R|5|T|U |V IWX
- |A|AlA|B |E|C|C|C|(G|H|JK(D|D|M|N |OPQ|R|R|L|U |V |S5LWF
1|80 |8 (16(32 |15 40 32(90(70(40(70 [30|60|50 30|50 |[40|60|50(40|%50)10/60

Edge and its prec eded, succeed node are given in Figure 5.

FEdeo|Model > Mode2
A 1 * 2
(& 2 » 3
L= 2 » A
I 2 »
I ] » 6
L 1 » M
H 1 » 3
I 4 = 100
i | oo— 12
[ o » 133
I £3 » T
x T > 200
1 =5 — 10
[ 9 B — 10
L 111 » 11
L 11 » 1M
L 122 » 14
I~ 1% » 14
') 14 —» 15
I 15 » 143
| 13 » T
= 1%3 » 17
ol 17 » T
A% 15 » 1%h
WA 1% —» 7
Figure 5

The project's network diagram, including with activity times., is given in Figure 6.

Figure 6: Network Diagram
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Now solved with forward pass method and backward pass method and we will get the final result. Calculations of total float, free
float, and independent float for each non-critical activity are shown in figure 7:

Activity|Duration|Earliest time Latest time|Earliest time| latest time total Freo Independent
start finish finish start float float Float

(i, 7} (tes) [#4) () (La) (L) (i + Liy) (Ly — 4ig) J(Ly — tey) — Bs| (B — Ea) — by (Ey — La) — Ly

(1) (2) (3) (4) [ (5) (6) (T)=(3)+(2) [(B)=(6)-(2)| (3)=(8)-(3) |(10)=(4)-(3)-(2)[{(11)=(4)-(5)-(2)

2-3 R 32 112 32 273 112 14 161 ] ]

2-h 16 32 48 | 32 Bl A8 fid 32 ] ]

36 32 112 144 | 273 M5 144 aTi 161 0 -161

4-43 32 40 T2 | 40 110} T2 TH 35 ] ]

4-11) 0 40 150 40 150} 130 £l 20 20 )

n-12 230 A5 T ] 120} [t:] D 42 ] -32

n-13 il A5 108 | B0 140 105 =i 32 ] -32

Lz 15 144 F20 | 305 320 154 305 161 161 0

-1 40 72 150|110 150} 112 110 35 38 0

12-14 ol It La8 | 120 it 128 120 42 10 -32

13-14 230 105 La8 | 140 it 138 140 32 ] -32

14-15 ol 148 188|170 22 188 170 a2 0 -32

15-16 40 188 2R 1220 2400 228 220 32 0 -32

16-7 il 228 S20 | 260 320 278 270 42 42 10

16-17 il 225 2HR | 260 320 288 260 32 ] -32

17-7 ] 2ER S20 1320 320 288 320 32 32 0

Figure 7: Final Result
The complete pseudo python programming code is constructed for larger data sets which is given in [14].

DEFINE FUNCTION anelysis{rows)
FOR eachTask IN rows.keys():
SET roms{eachTask][“Es"] To @
SET roms[eachTask]["EF"] TC @
SEY roms[eachTask]["LS"] TO @
SET roms[eachTask]["sF"] TO @
SET roms[eachTask]["float'] TO @
SET rowmseachTask]["iscritical’] TO =alse
FOR TasktFW IN rows:
IF "-31" IN rows[taskPu]["sa"]):
SET rows[teskFu]l[‘ES"] TO 1
SET rowms[taskFu]["EF "] TO (rows[taskFu]|'curation’]))
ELSE:
FOR k IN roms.keys():
FOR sachDepencency IN rows[k]["Sa"]:
IF (eachDependency !« “.1° ang len(
rows[k][{'Sa']) EQuALSs 1):
SET rows[k]['ES"] TO int(rowms["task”™ + ecachDependency]["eF"]) = 1
SEY rows[k]['EF'] TO int(rows[k]["Es"]) =« int(rows[k]['duretion”]) - 3
ELSEIF cochDependency 1= *-1":
IF int{rows['task’ » sachDependency]['EF*]) > aint(rows[k]l["E5"]):
SET rowms[k]["ES"] TO int{rows{ ‘'task” « cachDepengency]["EF*]) = 1
SET rows(k]["EF"] TO int{rows[k]["ES"])) + int(rows[k]['suration‘']) - 1
SET Templist TO 1list{)

FOR slemant IN rows.keys():

RESULTS AND DISCUSSION
4.1 Result for case 1:
As a result, we've arrived at the best optimal solution.
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Table 15: optimal Table

Hongkons | Svdoey | Amsterdam | Moscow | Toronto | Bangkok | Lishon | Supply

Deelhi 116 a1l 71 190300) | 4901000 [ 47(800) | 48 1200
Aumbai A5(550) 1X(350) | 108 70 45 ED o0 LS00
Chandizarh | 54 14(580) | 65(d) 190320} | 105 59 68 LS00
Hyderabad | 74 109 58 4B 38100y | 51 200700y | BOO
Abmedabad | 100 102 o0 K1) 200700y | 5B 68 700

S e 0 0 0(1250) 0 0 0 0 1250
Demand £50 FETI] 1250 620 LS00 BOO 700

The lowest possible overall transportation cost:
19x300+49x100+47x 800+35x550+12x350+14x580+19x320+39x100+20x700+0x 1250
=117750.
4.2 Result for case 2:
The most optimum solution:
Table 16: optimal Table

Work | A B C d E f g h i i

Job 8 o 5 1 7 2 4 10 ] 3 Total

Cost |9 ] 5.5 4.5 9 155 | 5.5 5 4.5 7.5 72
4.3 Result for case 3:

2
Figure 8: shortest route
The Shortest Path Is: 1-3—> 758> 659
The Shortest Path Is From: Delhi —Kota —» Surat— Nasik - Vadodara— Mumbai
4.4 Result for case 4:
Figure 9:

The Critical path is: 1-» 2—» 4- 8- 10— 11- 18- 19- 7- 20
The Critical Activities are: A, C, G, J, L, U, V, W, X
The total time is 380
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CONCLUSION

Approaches based on operations research can be quite beneficial in terms of route optimization and resource utilisation. It
provides a simple and practical solution for better decision-making, as well as time, resource, and cost savings for businesses. We
employed the Hungarian approach of assignment algorithm to reroute flights between Mumbai and Delhi in order to increase crew
rest time for a certain airline operator in this study.

As a result, OR methods can be particularly useful in determining flight times and routes in order to save operational costs. After
analysing the aircraft maintenance activities of the airline using Critical Path Analysis, it can be concluded that CPM is a valuable
tool for reducing time elapsed and increasing flying hours, which in turn increases the airline's profits, and we also solve the
airline problem with various cases. Any aviation industry can benefit from the algorithms we mentioned above by saving time and
money while increasing profits
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