
 
Journal of Soft Computing and Decision Analytics, Volume 2, Issue 1 (2024) 159-168 

 

159 
 

 

 

Journal of Soft Computing and 

Decision Analytics 

 

Journal homepage: www.jscda-journal.org   
ISSN: 3009-3481 

 

The Impact of Cruise Controllability on the Decision Making of 
Schedule Construction 

 

Xin Wen1,*, Zimu Guo1  

 
1 Department of Industrial and Systems Engineering, The Hong Kong Polytechnic University, Kowloon, HKSAR, China 

 

ARTICLE INFO ABSTRACT 
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Nowadays, challenged by diverse uncertainties and disruptions (e.g., bad 
weather), as well as the strict environmental regulations imposed by 
authorities (e.g., on carbon emissions), airlines are struggling. How to 
improve their operational efficiency in such a volatile and adverse market 
becomes a top agenda of airlines. Among various operations, crew scheduling 
is fundamentally important as staffing cost is a big part of the total operational 
expenses. It is known that in crew scheduling, “robust crew pairing” is crucial 
to make the produced pairings less vulnerable in real operations. Existing 
studies generally construct robustness assuming that the aircraft cruise speed 
is fixed. However, prior studies have found that flight times exhibit significant 
variations due to reasons like cruise speed adjustment, and aircraft can 
control cruise speed for purposes like reducing delays. For crew, cruise speed 
controllability is also useful in hedging disruptions. For example, one flight 
can speed up to meet its on-time arrival even if it departs late due to crew 
disruptions. However, the impacts of cruise speed controllability on crew 
pairing robustness and the related environmental costs are under-explored. 
We thus propose this preliminary study to explore the possibility to use cruise 
speed controllability to enhance schedule robustness for crews. 

 
Keywords: Operations research; Transport; 
Aviation; Decision making. 

 

 
1. Introduction 
1.1 Background & Motivation 

In airline crew scheduling, the crew pairing problem (CPP) is to derive sufficient pairings (i.e., a 
sequence of flights to be served by the same crew which starts from and ends at the home base) to 
cover all flights while minimizing costs [1-5]. However, flight delays are common due to the great 
uncertainties in the air transportation industry (like bad weather). For example, it is reported that 
over 1.3 million flights encountered delayed arrivals in 2019 for major U.S. airlines. Therefore, robust 
crew pairing problems become crucial, where the possible disruptions in operations are considered 
during pairing construction, enabling the generated pairings to perform better in operations [6-11]. 
Traditional robustness enhancement approaches generally consider fixed aircraft cruise speed. 
However, from the industrial dataset, we interestingly found that the cruise speed of a flight varies 
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on different operation days. Besides, prior studies reveal that flight times demonstrate significant 
variability due to reasons like speed control during the cruise stage [12]. For crew, cruise speed 
controllability is also useful in hedging disruptions. For example, one flight can speed up to meet its 
on-time arrival even if it departs late due to crew disruptions. However, the industry has not taken 
full advantage of cruise speed controllability in crew pairing robustness enhancement. Meanwhile, 
modern airlines have to operate under strict environmental regulations (e.g., on carbon emissions). 
Therefore, the higher fuel burn and gas emissions brought by higher cruise speeds not only incur high 
costs, but also impair airlines’ image regarding environmental responsibility which may incur a heavy 
penalty/expense. 

In the existing CPP literature, pairings are modelled in a team or an individual basis [13]. In 
American and European airlines, the team modelling approach is commonly used. Different from the 
single-qualified cockpit crew, multi-class cabin crew is generally cross-qualified to serve several types 
of aircraft with heterogeneous manpower requirements (e.g., A320 and A330 require different 
numbers of cabin crew members for each class) [4, so that some Asian airlines schedule each cabin 
crew member individually. However, the individual modelling approach is more complicated as the 
cabin crew members assigned to a flight may come from different preceding (upstream) flights, and 
they may serve different subsequent (downstream) flights after the current operations. For both 
team and individual pairings, cruise speed control can be used to enhance robustness. However, due 
to the higher flight connection diversity, the impact of cruise speed controllability on robustness 
enhancement is expected to be much larger when the individual modelling approach is applied. We 
thus plan to use the individual modelling approach to demonstrate our idea in this study (when cabin 
crew is considered). 

 Motivated by the preliminary findings, this study aims to propose a novel robust individual cabin 
crew pairing approach with cruise speed controllability and environmental considerations. In our 
proposed robustness concept, a flight can maintain its on-time arrival even if it encounters a delayed 
departure due to crew disturbances. We thus define robustness as the enhanced buffer facilitated 
by cruise speed controllability within flight connections. This idea is important but new to the 
literature.  

 
1.2 Literature Review 
1.2.1 Airline crew pairing problems 

The CPP is the first stage of the airline crew scheduling problem [4], with two modelling 
approaches applied in the literature: the team approach and the individual approach [14]. The team 
approach is commonly used in western airlines for problem traceability and team spirits development 
[15-22]. In recent years, using the team approach, some studies even explore the integrated airline 
crew scheduling problems by simultaneously considering the CPP and the second-stage crew 
rostering/assignment problem [18], while some research focuses on the integration of the CPP with 
other airline scheduling problems like fleet assignment and aircraft routing [2] [21]. Despite the wide 
application of the team approach, recent practice reveals that many Asian airlines are scheduling the 
multi-class cross-qualified cabin crew individually due to the higher flexibility in handling various 
types of aircraft.  

Research gap: Although the individual approach can better capture the distinctive operating 
characteristics of cabin crew (i.e., multiple classes, cross qualification, heterogeneous manpower 
requirements, crew substitution), little research studies the individual approach due to the higher 
problem complexity. Moreover, the benefit of cruise speed control on robustness enhancement is 
expected to be much higher if the individual approach is applied due to the higher flight connection 
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diversity. Therefore, in this study, we will apply the individual modelling approach to characterize the 
robustness enhancement facilitated by cruise speed controllability for cabin crew pairings. Besides, 
if this study successfully gets funded, we will also study the application of the team modelling 
approach for cruise speed robustness enhancement. This study will provide a new research direction 
for the CPP. 
 
1.2.2 Robust airline crew pairing problems 

In the robust CPP literature, increasing flight connection time (i.e. buffer) is a useful strategy to 
enhance robustness [23] [24]. For example, buffer time determined by the expected flight arrival 
delay of the previous flight is used to enhance pairing robustness in [23]. Some studies incorporate 
recovery strategies (like crew swaps) into pairings so that the disrupted schedule in real operations 
can recover naturally at a small cost [25] [26]. Additionally, propagated delay minimization for the 
flight network is also applied for the robust CPP [27] [28]. Besides, some studies explore the 
integrated robust airline scheduling problems, like the integrated aircraft routing and crew 
scheduling [11], and integrated fleet assignment and crew scheduling. However, it is noted that the 
existing works usually consider fixed cruise speed, while robust scheduling is generally based on the 
team modelling approach [12]. 

Research gap: In the existing robust CPP literature, cruise speed control has not yet been applied 
as a robustness instrument. In this study, we propose to utilize cruise speed controllability which can 
shorten cruise times to enhance the robustness of individual pairings. A new robust pairing modelling 
approach will be developed, providing a new research direction for the robust CPP. 
 
1.2.3. Airline scheduling problems with cruise speed considerations 

Cruise speed controllability has been applied for airline recovery operations like aircraft 
rescheduling and passenger recovery [29-31]. For example, when a flight delay occurs, aircraft 
acceleration of subsequent flights is used to gradually reduce the delay of each downstream flight in 
the same aircraft route, and finally brings the disrupted flights back to the schedule in real operations 
[29]. Besides, speed adjustment is also integrated into scheduling problems like fleet assignment and 
aircraft routing [32-35]. For instance, cruise speed is controlled to ensure desirable passenger 
connection probabilities during fleet assignment and aircraft scheduling in [35]. However, aircraft 
acceleration is not free as it causes serious concerns due to the increased fuel burn and gas emissions. 
Therefore, in this study, we will analyze the benefits and the environmental costs brought by speed 
adjustment. 

Research gap: Although the importance of cruise speed controllability for improving airline 
operations has been realized, how it would impact crew pairing robustness has not been revealed. 
Our work provides a new pairing robustness enhancement scheme using cruise speed controllability 
to add extra buffer in flight connections. Besides, we will develop a new optimization methodology 
which considers the trade-off between robustness and environmental costs.  
 
2. Methodology  
2.1 Problem Description 

In this study, we will demonstrate our idea of enhancing pairing robustness by cruise speed 
controllability for multi-class cabin crew using the individual modelling approach (i.e., model each 
crew member individually). We briefly introduce it here. The cabin crew (for brevity, the word “cabin” 
will be omitted hereafter) is classified into |𝑅| classes. A set of flights (𝑓 ∈ 𝐹) with heterogeneous 
manpower requirements is to be covered. 𝑏𝑓,𝑡

𝑟  is the number of Class r (𝑟 ∈ 𝑅 ) crew members 
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required by Flight f (decided by the aircraft type 𝑡 (𝑡 ∈ 𝑇) used). The non-negative decision variable 
𝑥𝑗𝑟

 (𝑗𝑟 ∈ 𝐽𝑟) represents whether Individual Pairing (for brevity, the word “Individual” will be omitted 

hereafter) 𝑗𝑟 of Class r crew is selected (and by how many times) or not. The binary flight coverage 
coefficient 𝑎𝑓𝑗𝑟

 represents whether Flight f is covered by Pairing 𝑗𝑟. Due to finite availability, airlines 

sometimes encounter manpower shortage. Crew members from other classes are then assigned to 
substitute the originally required ones (crew substitution). Variable 𝑠𝑓

𝑟 records the number of times 

of Class 𝑟 crew being substituted on Flight 𝑓, creating a unit penalty cost 𝜇 to avoid unnecessary 
substitutions. In case when crew substitution fails to satisfy all manpower demands, the non-negative 
variable 𝑥𝑗𝑟

𝑒  (𝑗𝑟
𝑒 ∈ 𝐽𝑟

𝑒) is introduced with a large penalty 𝑀 to ensure solution feasibility (e.g., using 

additional manpower like reserve crew). We use 𝑃 to denote all potential pairings (𝑃 = 𝐽𝑟 ∪ 𝐽𝑟
𝑒, for 

all 𝑟 ∈ 𝑅). The basic costs for Pairings 𝑗𝑟 and 𝑗𝑟
𝑒 are represented by 𝑐𝑗𝑟

 and 𝑐𝑗𝑟
𝑒 , respectively, which 

are determined by the pairing minimum duty guaranteed cost, waiting cost, rest cost and fixed cost. 
Note that 𝑐𝑝 (𝑝 ∈ 𝑃) ≪ 𝜇 ≪ 𝑀. A feasible pairing should satisfy diverse regulations. For example, the 

connection time between two flight legs is termed as sit. As regulated, a feasible sit shall range from 
MinS to MaxS to ensure that those two flight legs can be operated by the same crew. A delayed flight 
arrival might leave insufficient sit for the on-time departure of the next flight to be served by the 
same crew (see Figure 1).  

 

 
Fig. 1. Delay of the next (downstream) flight due to the delayed arrival of the previous 

(upstream) flight operated by the same crew 

 
Buffer time is often used as a robustness strategy to absorb upstream disruptions. Traditionally, 

the buffer time between Flight f and its preceding Flight 𝑓− is 𝜑𝑓
𝑓−

= 𝑑𝑒𝑠(𝑓) − 𝑀𝑖𝑛𝑆 − 𝑎𝑟𝑠(𝑓−), 

where 𝑑𝑒𝑠(𝑓) and 𝑎𝑟𝑠(𝑓−) are the scheduled departure of Flight f and the scheduled arrival of Flight 

𝑓−, respectively. That is, the longest arrival delay of Flight 𝑓− that will not affect Flight f is 𝜑𝑓
𝑓−

 (Figure 

2(a)). If the arrival delay of Flight 𝑓− exceeds 𝜑𝑓
𝑓−

, Flight f is then disrupted (Figure 2(b)). 
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Fig. 2. The effects of traditional buffer time 

 
2.2 A New Robustness Enhancement Tactic by Cruise Speed Controllability 

In this study, we aim to enhance crew pairing robustness through aircraft acceleration during the 
cruise stage of downstream flights. The logic is to shorten the cruise time of the subsequent flight by 
flying faster to ensure its on-time arrival even if it departs late due to crew disruptions of previous 
flights, so that flights can better withstand upstream disruptions in operations, which is different 
from the traditional buffer approach. Actually, flights contain several stages like takeoff, climb, cruise, 
and descent. However, except the cruise stage, there is little room to control the others as they are 
generally dictated by air traffic control [29]. Therefore, we focus on the cruise stage and assume that 
all the other stages are operated as scheduled. We preliminarily model the robustness improved by 
cruise stage acceleration as the reduction in cruise time which can serve as an extra buffer within 
flight connections. For Flight f operated by aircraft type 𝑡 , if we denote the cruise distance and 

scheduled cruise speed by 𝑑𝑓
𝑡  and 𝑣𝑓

𝑡,𝑠, respectively, the planned cruise time is 𝑑𝑓
𝑡 𝑣𝑓

𝑡,𝑠⁄ . Traditionally, 

cruise speed is assumed to be fixed. In this study, we plan to model cruise speed as a decision variable 
𝑣𝑓

𝑡 which can be accelerated. The cruise time reduction of Flight f by speeding up to 𝑣𝑓
𝑡 (i.e., ∆𝑓

𝑡 (𝑣𝑓
𝑡) =

𝑑𝑓
𝑡 𝑣𝑓

𝑡,𝑠⁄ − 𝑑𝑓
𝑡 𝑣𝑓

𝑡⁄ ) is the extended buffer time between Flights 𝑓 and 𝑓−, as depicted in Figure 3. 

There is generally an upper limit for cruise speed for each flight operated by each type of aircraft due 
to factors like air traffic conditions. Therefore, cruise time reduction is bounded. We will carry out 
data analytics (e.g., statistics) to identify the highest cruise speed that aircraft type 𝑡 can achieve for 

Flight f, which is denoted as  𝑣𝑓
𝑡,𝑚. Therefore, we have 𝑣𝑓

𝑡 ∈ [𝑣𝑓
𝑡,𝑠, 𝑣𝑓

𝑡,𝑚]. The maximum possible cruise 

time reduction for Flight f is thus ∆𝑓
𝑡,𝑚= 𝑑𝑓

𝑡 𝑣𝑓
𝑡,𝑠⁄ − 𝑑𝑓

𝑡 𝑣𝑓
𝑡,𝑚⁄ . Accordingly, we can preliminarily model 

the overall robustness level of Pairing 𝑝 (𝛽𝑝) enhanced by cruise stage acceleration as in Eq. (1). 𝐴𝑝 

represents the set of flight connections contained in Pairing 𝑝. Note that the enhanced buffer within 
flight connections is determined by the traditional buffer and the cruise-acceleration extended 
buffer. Using the individual modelling approach, we can characterize the different flight connections 
contained in each individual pairing, thus precisely formulating the specific robustness levels.    
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𝛽𝑝 = ∑ (𝜑𝑓
𝑓−

+ ∆𝑓
𝑡 (𝑣𝑓

𝑡))(𝑓−,𝑓)∈𝐴𝑝
, ∆𝑓

𝑡 (𝑣𝑓
𝑡) ∈ [0, ∆𝑓

𝑡,𝑚], 𝑝 ∈ 𝑃, 𝑃 = 𝐽𝑟 ∪ 𝐽𝑟
𝑒 (for all 𝑟 ∈ 𝑅), 

𝑡 ∈ 𝑇. 

(1) 

Note that we will further study the robustness enhancement setting in which the preceding 
(upstream) flight can accelerate to arrive earlier to leave more time for the downstream flight to 
handle potential disruptions during flight connections. 

 

 
Fig. 3. Extended buffer facilitated by cruise stage acceleration of the downstream flight 

 
2.3 Solution Evaluation Mechanism 

Although aircraft acceleration is beneficial to enhance robustness, it will yield higher 
environmental costs with higher fuel consumption. Thus, in this study, we plan to propose a new 
solution evaluation mechanism involving robustness and environmental costs. We preliminarily apply 
the cruise stage fuel burn formulation developed by the Base of Aircraft Data (BADA) study of 

EUROCONTROL [29][30][31][34][36]: 𝜏(𝑣𝑓
𝑡)=𝑑𝑓

𝑡 ∙ (𝛿1
𝑡𝑣𝑓

𝑡2
+ 𝛿2

𝑡𝑣𝑓
𝑡 + 𝛿3

𝑡 𝑣𝑓
𝑡2

⁄ + 𝛿4
𝑡 𝑣𝑓

𝑡3
⁄ ), where 𝜏(𝑣𝑓

𝑡) is 

the fuel burn (kg) for Flight f operated by aircraft type 𝑡 at cruise speed 𝑣𝑓
𝑡 for cruise distance 𝑑𝑓

𝑡 . 

Coefficients 𝛿𝑖
𝑡 are determined by aircraft specific drag and fuel consumption coefficients, aircraft 

properties (e.g., mass of aircraft), air density, etc. We will refer to BADA user manual for the required 
parameters. If the unit price of fuel is 𝑝𝑢, the overall environmental cost of all flights (cruise stage) is 
𝐸𝐹 = ∑ 𝑝𝑢𝑓∈𝐹 𝜏(𝑣𝑓

𝑡). Now, we study how to develop a new solution evaluation mechanism. We 

preliminarily propose to maximize the weighted overall robustness (ф = ∑ 𝛽𝑝𝑥𝑝𝑝∈𝑃 ) and minimize 

the weighted environmental cost 𝐸𝐹 in Eq. (2). Weightings are 𝑤𝑖. Note that as the units of ф and 𝐸𝐹 

are different, normalization is needed (denoted by ̂ ).  

Min: 𝑤1(−ф̂) + 𝑤2𝐸𝐹̂ .  (2) 

Note that as airlines nowadays have to operate under strict environmental regulations (e.g., on 
emissions), we thus further enhance the mechanism to ensure that the gas emission will not exceed 
an upper limit (𝐶𝑚𝑎𝑥) imposed by airlines or authorities. Gas emission is shown to be proportional to 

the weight of fuel consumed, as represented by 𝜀(𝑣𝑓
𝑡) = 𝑘𝜏(𝑣𝑓

𝑡) , where 𝑘  is the gas emission 

coefficient. Therefore, the emission constraint can be modelled as ∑ 𝜀(𝑣𝑓
𝑡)𝑓∈𝐹 ≤ 𝐶𝑚𝑎𝑥. 

 

3. The Optimization Model and Solution Algorithm 
3.1 The Model 

We preliminarily consider a single-home-base problem. For multi-class cabin crew, we plan to 
build the flight network for each class for the generation of individual pairings, in order to better 
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model the robustness enhanced by cruise speed control as well as the distinctive operating 
characteristics (see Figure 4). We plan to formulate the novel robust individual cabin crew pairing 
model with cruise speed controllability and environmental considerations as in (4) to (10). Objective 
(3) is to strike a balance between the overall robustness level enhanced by aircraft cruise acceleration 
and the environmental cost. The environmental cost 𝐸𝐹 is related to the cruise speed of each flight 
(𝑣𝑓

𝑡 ). The overall robustness level ф equals ∑ ∑ 𝛽𝑗𝑟
𝑥𝑗𝑟𝑗𝑟∈𝐽𝑟𝑟∈𝑅 + ∑ ∑ 𝛽𝑗𝑟

𝑒𝑥𝑗𝑟
𝑒𝑗𝑟

𝑒∈𝐽𝑟
𝑒𝑟∈𝑅 , where 𝛽𝑗𝑟

 and 

𝛽𝑗𝑟
𝑒  are the robustness levels facilitated by cruise speed control of Pairing 𝑗𝑟  and Pairing 𝑗𝑟

𝑒 , 

respectively, as determined by Eq. (1). Therefore, during the individual pairing construction for each 
crew class (𝑟 ∈ 𝑅) and type (𝑗𝑟 or 𝑗𝑟

𝑒), the cruise speed of each flight (𝑣𝑓
𝑡) will be considered. Besides, 

Constraint (9) limits the total gas emissions decided by aircraft cruise speeds, while Constraint (10) 
sets a range for the cruise speed adjustment for each flight operated by a certain aircraft type (𝑣𝑓

𝑡 ∈

[𝑣𝑓
𝑡,𝑠, 𝑣𝑓

𝑡,𝑚]). Constraint (4) is to satisfy the flight heterogeneous manpower requirements with crew 

substitution, while Constraint (5) ensures that each class is assigned with at least one member from 
the originally required class on each flight. Constraint (6) records the number of times that Class r 
crew is substituted on Flight f, while Constraint (7) requires that the summation of the pairing 
durations (𝜎𝑗𝑟

) of all Class r pairings selected will not exceed an upper limit for the base (Ω𝑟) to satisfy 

the manpower availability restriction. Constraint (8) is to control that the total pairing basic cost does 
not increase too much (i.e., 𝑞%) compared with the optimal basic cost obtained when the cruise-
speed-enhanced robustness and environmental concerns are not considered (i.e., 𝐶𝐴). 

Min 𝑤1(−ф̂) + 𝑤2𝐸𝐹̂  (3) 

s.t. ∑ ∑ 𝑎𝑓𝑗𝑟
𝑥𝑗𝑟𝑗𝑟∈𝐽𝑟𝑟∈𝑅 + ∑ ∑ 𝑎𝑓𝑗𝑟

𝑒𝑥𝑗𝑟
𝑒𝑗𝑟

𝑒∈𝐽𝑟
𝑒𝑟∈𝑅 ≥ ∑ 𝑏𝑓,𝑡

𝑟
𝑟∈𝑅 ,  𝑓 ∈ 𝐹, 𝑡 ∈ 𝑇, (4) 

 ∑ 𝑎𝑓𝑗𝑟
𝑥𝑗𝑟𝑗𝑟∈𝐽𝑟

+ ∑ 𝑎𝑓𝑗𝑟
𝑒𝑥𝑗𝑟

𝑒𝑗𝑟
𝑒∈𝐽𝑟

𝑒 ≥ 1, 𝑓 ∈ 𝐹, 𝑟 ∈ 𝑅, (5) 

 ∑ 𝑎𝑓𝑗𝑟
𝑥𝑗𝑟𝑗𝑟∈𝐽𝑟

+ ∑ 𝑎𝑓𝑗𝑟
𝑒𝑥𝑗𝑟

𝑒𝑗𝑟
𝑒∈𝐽𝑟

𝑒 + 𝑠𝑓
𝑟 ≥ 𝑏𝑓,𝑡

𝑟 , 𝑓 ∈ 𝐹, 𝑟 ∈ 𝑅, 𝑡 ∈ 𝑇, (6) 

 ∑ 𝜎𝑗𝑟
𝑥𝑗𝑟𝑗𝑟∈𝐽𝑟

≤ Ω𝑟 ,   𝑟 ∈ 𝑅, (7) 

 ∑ ∑ 𝑐𝑗𝑟
𝑥𝑗𝑟𝑗𝑟∈𝐽𝑟𝑟∈𝑅 + ∑ ∑ 𝜇𝑠𝑓

𝑟
𝑓∈𝐹𝑟∈𝑅 + ∑ ∑ (𝑐𝑗𝑟

𝑒 + 𝑀𝑗𝑟
𝑒∈𝐽𝑟

𝑒 )𝑥𝑗𝑟
𝑒𝑟∈𝑅 ≤ (1 + 𝑞%)𝐶𝐴,  (8) 

 ∑ 𝜀(𝑣𝑓
𝑡)𝑓∈𝐹 ≤ 𝐶𝑚𝑎𝑥, 𝑡 ∈ 𝑇, (9) 

 𝑣𝑓
𝑡,𝑠 ≤ 𝑣𝑓

𝑡 ≤ 𝑣𝑓
𝑡,𝑚, 𝑓 ∈ 𝐹, 𝑡 ∈ 𝑇. (10) 

Note that we will further study a multi-home-base problem and other forms of manpower 
availability constraints like the maximum number of pairings allowed in an operation day [37].   

 

 
Fig. 4. Flight networks for multi-class cabin crew 
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3.2 The Solution Algorithm 
The crew pairing problem is well-known as NP-hard. In this study, we will propose a new CG based 

solution methodology with new methodological acceleration techniques. Due to the large scale (e.g., 
millions or even billions of possible pairings), we preliminarily apply the CG approach to solve the 
problem proposed. We tentatively plan to consider the cruise speed decisions in the restricted 
master problem (RMP) with a limited number of individual pairings. For the sub-problem of CG, new 
potential individual pairings with negative reduced costs will be identified. Note that the cruise speed 
decisions may also be studied in the sub-problem. We will further study the efficacy of considering 
cruise speeds in the RMP and in the sub-problem. When the sub-problem fails to identify a better 
pairing, the CG ends. The branch-and-price technique will then be applied to obtain integer solutions. 
The CG sub-problem usually occupies most computational time. We thus plan to propose two 
methodological acceleration techniques as follows. 

The sub-problem can be transformed to solve a resource-constrained shortest path problem 
(RCSPP) in the flight network for each crew class and type. The resources can be working rules and 
regulations. Note that in addition to the traditional considerations like the pairing basic cost and 

resource consumption, the cruise speed enhanced robustness ( 𝜑𝑓
𝑓−

+ ∆𝑓
𝑡 (𝑣𝑓

𝑡) ) should also be 

integrated into the process of path extension in the RCSPP. Accordingly, a new path dominance rule 
based on the cruise speed enhanced robustness levels can be constructed to reduce computational 
efforts thus accelerating the RCSPP. Besides, even if several promising individual pairings can be 
added to the restricted master problem simultaneously in each iteration, the sub-problems of CG still 
waste plenty of time on those networks with little potential, which limits its application. Therefore, 
in this study, we will study problem features and develop a new network-selection technique which 
can provide useful instructions regarding when certain crew class (es) and type (s) have the highest 
potential to generate promising new pairings, in order to avoid useless searching and thus accelerate 
the CG. 
 
4. Conclusions 

In this preliminary study, we explore the possibility to use cruise speed controllability to enhance 
schedule robustness for crews. Specifically, we have discussed the impact of flight duration variability 
of upstream flights on downstream flights, based on which we develop a new robustness 
enhancement tactic by controlling cruise speed. Besides, we also take sustainability issues into 
account, e.g., by considering the fuel consumption and carbon emission in the optimization objective. 
Moreover, we preliminarily propose to build a solution approach based on branch and price. Note 
that as cruise speed is generally controlled during the operational stage to hedge against departure 
delays or to reduce arrival traffic jam, how this measurement could be applied during tactic 
scheduling is still a question. We thus propose that to validate the effect of cruise speed control to 
enhance tactic schedule robustness as a promising future research direction. 
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