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Abstract
*

This paper concentrates on the problem of the air cargo space management str ith a
comprehensive, abstract and simplified way, on the basis of the actual chakactefistics of
transport demand in China's air cargo market. We focus on the urgent t@ ation of
goods and general cargo transport whose time requirem re» diffe paper first
proposes a single-leg cargo space management dynam ng according to
the different time limit of different kinds of goods, two d|$?0nal single-leg air
cargo problem is transformed into one dmensmn@l g ai ork problem. After

that, we use the expanded method of dynamic pr mming posmon to solve the
model. A numerical example is solved and ated w@fy the effectiveness of the
program.

Keywords: Air Cargo, Cabin Invent@ntrols&@% Programming

1. Introduction

Aiir cargo service has be U|ckly an Xlly developed since the mid-1990s. There are
also many literatures abg cabm i ry controlling management, that is, to gain the
maximal expected ineorge By reasopally receiving and refusing the order. Since Littlewood
proposed the cabm IMERtory c Ifg model [1], many research fruits emerged such as the

ping, papers by McGil'and Van Ryzin [2], Talluri and Van Ryzin [3].

However, @ métl nsionality including the weight, volume and shape and so on

m

and the multiple”types s including urgent and ordinary orders, the cabin inventory
control problem ca ply replaced with the passenger space control problem.
Kasilingam initiall zed the yield management of air cargo transport and passenger
transport and de\@ ed four analysis steps and the model of the yield management of air
cargo transport [4]* Kasilingam developed a simple model on the one-dimensional space by
minimizi tal cost considering the given transport capacity, overbooked cost, and then
obtained optimal overbooking levels [5]. Luo et al. extended Kasilingam’s one-
di @p: model and proposed a two-dimensional overbooked model for air cargo
t@rt. They divided the overbook of goods into the volume and weight, and developed the
model with the minimal cost as the objective by the rectangular approximation method and
marginal analysis [6]. Amaruchkul et al. introduced a Markov decision-making model and
discussed the cabin inventory controlling problem when the weight and volume of goods are
random in a multi-dimensional space [7]. Levin and Nediak divided the agents into contract
customers and treaty customers, developed a dynamic shipping space controlling model and
verified the effectiveness by a numerical example [8].

Above all, although many scholars paid much attention on the cabin inventory controlling
problem, most of them aim at the passengers transport and shipping container transport and so
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on. There are less literatures aiming at air cargo transport. In fact, it is always an important
spot to efficiently draw up a sales plan of shipping space according to different categories and
required transport time of goods. The rest of this paper is as follows. In Section 2, a cabin
inventory controlling problem for air cargo is introduced. Then the model building process is
exhibited in Section 3. The solution method is introduced in Section 4. A numerical example
is proposed in Section 5 to verify the effectiveness of the proposed model and solution
method. Finally, some conclusions are summarized in Section 6.

2. Problem Statement

In China, air cargo carriers usually receive the cargo book 48 hours in advance. In high
season, the flight often appears obvious shortage of supply. The tons control departmept
traditionally receives and transports goods according to the arrival order. If the Sﬂ'yof
freight space is not enough, they will refuse the later arrival goods. There exis t\%’ﬂds of
goods including urgent and ordinary order in the whole progress of booking ace. The

urgent order usually requires a higher price and simultaneously the hig ss without
the delay. The ordinary order usually requires a lower ~%ind sim usly the low
timeliness permitting the suitable delay. Therefore, alth raditio tegies guarantee
the complete transportation for those received ‘/ nd ieve¥a high customers’
satisfactory level, they usually ignore the dlfference een the t and ordinary goods.
On one hand, they provide the ordinary order he excel ervice which is only for the
urgent order and therefore the cost for serV| ded. O other hand, the tons control
department has to refuse the later arrlva rder s so e early arrival ordinary order

takes the cargo space.

Therefore, how to reduce the @) potent enue as far as possible under the
assumption that the service quali t redu % e research spot in this paper. The object
in this paper is to maximize tal revent minimize the penalty cost by reasonably
receiving and transporting ds.

;a imal Iﬁjymg capacity and volume of flight A are k,, and

Assume t
K, respectn@urmg e@k period. The time of booking cargo space is discrete,

denoted by t (0<< t<S 0 denotes the start of booking and t = T denotes the end of
booking that is th:q of flight after loading goods. When describing this problem,

3. Model Buildi

the interval is ly divided that there is only one arrival of the order in every
interval t. A ums that i=1 denote the urgent order, i=2 denote the ordinary order and

the unit pri penalty cost are I, and h,. Because the urgent order cannot usually be
he ordinary order can be properly delayed, let Error! Reference source not
h,=r,. During the booking period, the weight w, and volume v, of

f

tw demand are random variables following the distribution ¢ and ¢, , respectively
and the income of the i-th demand is r,w,. Let p, denote the probability of the arrival
of the i-th demand in the interval time t and p,, 21—2:12 p, be the probability that

there isn’t any one order in time t.
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If t <T, let U(X,,X,) be the maximal expected revenue from time t to the end of
booking cargo space when the available loading capacity is X, and the volume is X, .
Then the Bellman equation of U, (X,,X,) can be described as follows,

U (%) = D, P MaxqU s (X, =W, X, =Vie) +EWi, Uy (6, X, )3 Pl (X0 X,)
)

where w, and v, are the weight and volume of the arrival goods in time t, which are
also random variables following the distribution ¢ and ¢, .Equation (1) means that the
maximal expected revenue from time t to the end of booking cargo space when the
available loading capacity is X, and the volume is X, should be the sum of the mq?ml

expected revenue with some arrival goods and the maximal expected reven out
any arrival goods in time t.

When t=T, let w;,V; , ; =12,...J; be the weight and me of t
J; be the total amount of the i-th goods. If the pena

the following programming,
minC3) =3 %K ..i(1—%/ @)

st Y A wangl), (3)
Ji

& 2N ®

{0 1} fo i=12, j=12,.. (5)

Equation (2) is the objectlve jon to mi the total penalty cost after Ioadlng goods.

Equation (3) means that ota Wel loading goods cannot exceed the maximal

weight capacity of Io uatlon ans that the total volume after loading goods

cannot exceed the volu paC|ty of loading. Equation (5), in which a; =1
denotes the j, —th@o oaded | ht or a; =0, is about the decision variables.

Obviously, tron (1 salisties the foIIowmg boundary conditions,

XW&)——E[C(J)] if x, <0orx <0 (6)

(%, X)) =—E[C(J)] if t=T 7

Equation (6) €8 that the tons control department does not anymore receive the order

eeded the maximal capacity. Equation (7) denotes that the tons control

arrived at
departmeq s not anymore receive the order and only consider the loading problem of
goads n booking cargo space is over.

i« (X0 %) =U, (X, X,) —U, (X, —W,, X, —V,) be opportunity cost of the i-th
received goods whose weight is W, and volume is v, when the surplus available loading

and only cgniide he loading problem of goods when the volume of received goods has

weight is X,, and surplus volume is X, . Then equation (1) can be rewritten as follows,
U (% X,) = D, P max{U (%, = Wi, X, = Vi) +EWi, U (% %03 Pl (%0 %)
= Zi:l,z pit max{rlvvlt AUl t+1(Xw Xv) O}+Ut+l(xw Xv) (8)
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It easily follows that the optimal boundary condition of receiving the i-th goods is
rW AU|t+l(xw )g/) (9)

that is, if and only if the maximal expected revenue of receiving the i-th goods exceeds or
equals the opportunity cost, the goods will be received, or the goods will be refused.

4. Model Solution

In this section, the dynamic programming decomposition proposed by Talluri and Ryzin
[2] is used to approximate the optimal solution of value functionU,(X,,X,), 0<t<T.A

two-dimensional air cargo freight problem with single segment is firstly converted into a one-

dimensional passenger transport problem with two segments. Then the dynamic prog ifg
decomposition is used to solve the unit opportunity cost of surplus available i and
volumes in time t, further compute the expected opportunity cost of the i-th a goods in

time t and finally decide whether the goods is received. The de |Ied steps mmarized
as follows. Q

Step 1. Convert the transport problem. OQ

Figure 1. Proceiséonvertln%b transport problem

As shown in Figure 1, th ght an \@e of cargo flight are regarded as two legs
(A,B) and (B,C) of passen ervice, m@ the available maximal seating in (A, B) is K,
(the maximal capacny %t) and the available maximal seating in (B, C) is K,

adl

e). Therefore, the two-dimensional air cargo freight
gment has Been converted into a one-dimensional passenger transport

Step 2. Find the initi oximate solution of the opportunity cost of loading weight and
volume.

After the prob@converted, the opportunity cost of loading weight and volume equals
the unit op ity cost of seat on the leg (A, B) and (B, C). According to the assumption
that there y an arrival order in the time interval t, the expected amounts of pre-orders of
the i-t nger tickets during the whole period should be

n = Zt =0 Pi (10)
Meanwhile, the numbers of passengers W, , V;, on the leg (A, B) and (B, C) are
respectively random variables subject to the distribution ¢ and ¢, then it follows that

Elw,]=E[w]=["g0)d (1)
Elv,1=Ev]=[ @)l (12)
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where ¢ and ¢, are the density functions of the distribution ¢ and ¢, as follows,

a@=]" g, p@)=]" ad (13)
Obviously, when | <0, it follows that ¢ (I) =¢. (1) =0. The random multiple objective
expected model can be described as follows,

max E{z s f.(x)—C(x),—C(x)} (14)
st. x>0,i=12
where E[f,(x)]=r, - min{x,n}- E[w,] . Take equations (2)~(5) into the above model, and
we have

maxd,” —d; —d, +d,

st. > {6 mingx,n}E[w]- me{”}h E[w](1-a;)}- d*@?? (16)

Z”"“{X YhEWw]A-a;)}- d*\dy%b Q/ (17)
Z —1zzn.“n{x n}E[V\’ (18)
Z _lzzmm{x n < kv (19)
X, d* 2 {0, l} (20)
forall i=12,j,=12,...,X

In order to conveniently solve thﬁwe mode&\\ax be simplify as follows by denoting
a, as the total order amounts of r ing the i@assenger tickets,

maxd X (21)
$ X —h(x —a)}-d +d =0 (22)

Q}E[w](x —a)}-d; +d; =0 23)
OQ % LEWa <k, (24)
6 L ElB <K, (25)

@ a-x<0 (26)
x —n <0 (27)
% a,x,d">0 forall i=1,2 (28)

o find the optimal solution 7, of the above model and the optimal solution =,

problem, that is, the initial approximate solution of the opportunity cost of loading
and volume.

Iti

we

Step 3. Compute the unit prorated cargo rate of all kinds of goods.

The unit prorated cargo rate of all kinds of goods is the unit prorated rate for all kinds of
passenger tickets on every leg after the problem is converted. Let pcr; be the unit prorated

rate for the i-th kind of passenger tickets on the j-th leg, then
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per; = max{O,ri -, |Ie{w,v},|¢j} (29)

It means the expected revenue generated by goods taking up the unit weight (volume) of
the flight after deducting the expected opportunity cost generated by goods taking up the unit

weight (volume) of the flight when receiving the i-th kind of goods. Obviously, if pcr; is
bigger, it means that the resource which the j-th leg is more intense for the i-th kind of goods.

Step 4. Convert equation (1) into two one-dimensional dynamic programming models.

The unit prorated cargo rate of all kinds of goods is pcr; , then equation (1) are converted

into two one-dimensional dynamic programming models as follows,
L 4

)= pmax{U,, s (%, —1)+ pch,. Uy (%)} + ol 30)

i=1,2

Uw(xv)=anmaX{Uv,m(xv 1)+ per,,, U, (&)}+%WCQ) (31)

i=1,2

Meanwhile, equations (31) and (32) satisfy the followi undary,conditions,
00 -E[CE e

Uy (%)= E[C jzwv%ift-T (33)

Step 5. Compute the unit opportunity ¢ % loa n‘@e}ut and volume.
cost

Let AU, (x,) be the unit op

available loading weight is XWQ then

loading weight when the surplus

xw)—UM (%, —1) (34)

Accordingly, Iet be th t opportunlty cost of the loading volume when the
surplus available @ volum tlme t, then we have

t Uy (%) =Uy (%, 1) (35)
Step 6. Compute the opportunity cost of all kinds of goods.

As known tha it opportunity costs of the loading weight and volume when the
surplus available Ygading weight and volume are X, and X, at time t are AUM(XW) and
AU, (xv ctively, then the expected opportunity cost of the i-th kind of goods with the
wei h@ nd the volume v, should be

é EC =AU, (X,)- W, + AU, (X, )V, (36)

Hence, the optimal boundary condition to receive the goods should be

rw,—EC>0 (37)

that is, if and only if the maximal expected revenue of receiving the i-th goods exceeds or
equals the opportunity cost, the goods will be received, or the goods will be refused.
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Above all, the total algorithm of the solution method can be summarized as follows:

Procedure Approximate the optimal solution by the dynamic programming
decomposition

Input: Basic parameters of all goods
Output: Receive or refuse the goods
Step 1. Convert the two-dimensional air cargo freight problem with single segment into
one-dimensional passenger transport problem with two segments.
Step 2. Find the initial solution of the opportunity cost of loading weight and volume.
Step 2.1 Find the random multiple objective expected model as Equation (14).
Step 2.2 Convert the random multiple objective expected model intoga goal
programming problem as shown from Egs. (21)~(28).
Step 2.3 Solve the goal programming problem by Lingo. ? v
Step 3. Compute the unit prorated cargo rate of all kinds of goods as sho (29).
Step 4. Convert the initial model into two one-dim n&a# dy grammmg

models as shown from Egs. (30)~(33).
Step 5. Compute the unit opportunity cost of tr@g Welg volume by Eq.

(35). \/
klnds\ ds by Egs. (36) and

Step 6. Compute the expected opportunity cost o
(37). Then decide which goods should be rec{%d or refugtik

\ \J
5. Numerical Example
Flight A could be ordered 48 ho %ce T&v imal loading weight and volume of
flight A are 15,000kg and 100 spectl e unit transport prices of urgent and
ordinary goods are 3.00 yua d 1.00 § respectlvely Because the urgent goods
cannot be delayed and the ardinary g be properly delayed, their penalty costs are
100.00yuan/kg and 1.00 , respec
During the period® king ¢ space, the average arrival orders are 245, in which
urgent orders take o and«Qydi orders take 88%. The weight and volume of urgent
i ow Gammangistribution and whose density functions can be found

orders respec
in Figure 2 weight and volume of ordinary orders respectively follow
Gamma distribution an e density functions can be found in Figure 4 and Figure 5.

N

\17 ™\
O
P |

N
=

Figure 2. The density of the weight of urgent orders
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Figure 3. The density of the volume of urgent orders ?\/‘

2N 2

Fig:re 4, Thﬂr@ ight of ordinary orders
\S
& $ :
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/ i
= Eait: m’
O ;igure 5. The density of the volume of ordinary orders

% that the arrival process of urgent and ordinary follows the Poisson distribution
du the whole period of booking cargo space. It follows that the computing process of
capacity control model during the peak period and computing results are as follows,

(1) Find the initial approximate solution of the opportunity cost of loading weight and volume.
It is easily to obtain that the expected number of urgent orders n, = 245x12% ~ 29 and the

expected number of ordinary orders n, = 245x88% ~ 216.
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The expected weight and volume of urgent orders are E[w,|=48kg , E[v,]=0.25m,
respectively. The expected weight and volume of ordinary orders are E[W2]=l60kg :
E[v,]=0.84m’, respectively.
Take them into the random expected model,

max d,; —d, —d, +d,

st. 48{3x,—100(x —a,)}+160{x, —(x,—a,)} —d; +d, =0
48-100()(1 —a1)+160(x2 —az)—dz+ +d, =0
48a, +160a, < 30000

0.25a, +0.84a, <100 \2
a—-x<0 ®?~

X, —29<0 .

X, —216 <0 & \g/

a,x,d*>0 forall@Z \/
It can obtained that the maximal expected revenug,is 17784, the n}ﬁmal penalty cost is 0, the

optimal solution is x, =a, =29, X, =a, 5 i
N

he initi proximate solution of the

opportunity cost of loading weight and vo T, = =0.

\
(2) Compute the unit prorated cargo &) Il kints\ ods.
per,, =max{0,r, -, 0, 3‘—%3
per,,, =max{0,r, — 7, F’'=m 1=1
W}= ,3—1}=2
per,, = aR{D: m@&x{au}—o
(3) Take %3 as time interval t, then 48 hours will be divided into
T =48x60- 288 &tervals. Since the arrival process of urgent and ordinary
follows the Poisson g tion during the whole period of booking cargo space, the
probability of all % ods is same and we have
=0.12x =10.21%
plt 2 8

p 8x%: 74.86%
288

%t =1- p, =14.93%
i=1,2

forallt=0,1,2,...T-1.
Take all data into equation (29)~(32), we get the dynamic programming model and further
obtain the unit opportunity cost by solving them (See Table 1).

r.
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Table 1. Unit opportunity cost of the loading weight and volume
(Only the first and second time interval)

Ti Expected Marginal Surplu Expected Marginal
ime Surplus ; X
interval  weight revenue of opportunity of S revenue of  opportunity of
weight weight volume volume volume

1 10 27.00 3.00 10 18.00 2.00

1 20 56.94 2.97 20 37.95 1.97

1 30 83.23 2.11 30 54.31 1.12

1 40 97.48 1.08 40 58.65 0.08

1 50 107.63 1.00 50 58.81 0.00

1 60 117.63 1.00 60 58.81 00 «

1 70 127.63 1.00 70 58.81

1 80 137.63 1.00 80 58.81 ;0.00

1 90 147.63 1.00 90 58.81 O 0.00

1 100 157.63 1.00 100\* 58, 8@ 0.00

2 10 27.00 3.00 2.00

2 20 56.94 2.97 é\ &&\/ 1.97

2 30 83.14 2.09 %& 1.10

2 40 97.28 1.08 0.08

2 50 107.42 1. w \ 58.60 0.00

2 60 117.42 % 58.61 0.00

2 70 127.42 %) \ 58.61 0.00

2 80 137.42 00 58.61 0.00

2 90 147.42 1. Op 58.61 0.00

2

100 157.42 {&\\ 100 58.61 0.00

<

Further, the opti Qegy is li in Table 2. If we use the traditional strategy, that is,
first arrival is f| celved rafsported, the average income is 16223.84 yuan, the
average rate @ g weig 9 .96% and the average rate of loading volume is 79.72%. If

o

we use the s g spac | strategy considering the priority of the goods, the average
income is 17296.32 yu average rates of loading weight and loading volume are 99.96%
and 78.31%, respectivgly* It can be easily obtained from the results that during the peak
period, adopting &pping space control strategy indeed brings the growth of income for

the airline. Th'|s sthategy is efficient.
Table 2. Results using two different strategies

ﬁ Average Average Rate of Average Rate of

Income Loading weight Loading volume
First'come first go 16223.84 99.96% 79.72%
Shipping space control ;7596 35 99.79% 78.31%
strategy
Changing rate 6.67% -0.17% -1.76%
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6. Conclusion

Since air cargo is mainly transported by freighter and passenger aircraft belly, and the
passenger aircraft belly compartment assumed most of the transportation business. On the one
hand the aircraft capacity is limited. On the other hand, market demand has significant
uncertainty and volatility. Not only there are so many kinds of goods transported, and
different goods have different transport requirements, but also the weight and volume of
goods have a very large uncertainty. Therefore, how to management the cargo space during
the sales time is one of the important issues about air cargo management decisions. This paper
is studied the problem of the air cargo space management strategy with a comprehensive,
abstract and simplified way, on the basis of the actual characteristics of transport demand in
China's air cargo market. First it gives full focus on the urgent transportation of g ods a Qd
general cargo transport whose time requirements are different. Then the effect

booking orders cancellation phenomenon is considered. As a result, a new mo cargo
space management for a single-leg flight is proposed and solved, based fon existing
research. This study has certain reference value for the actual mana Air China

decisi nhance space
utilization and profitability while also improving cust isfactiony

This paper researched the air cargo inventory @‘ gs cording to China’s
transport requirement of air freight market. Conside e prlorl aII kinds of goods, we
converted the two-dimensional air cargo frei oblem, single segment into a one-
dimensional passenger transport problem wit segments? n the dynamic programming
decomposition proposed by Talluri and as use approximate the optimal solution
[2]. Finally, a numerical example was to sh \gﬁoptmg the shipping space control
strategy indeed brings the growth me for t ine. This strategy is efficient during
the peak period. In addition, thro lysis e numerical examples, this paper finds that
the marginal capacity opport cost is ch@d regularly with the change in remaining
space capacity, booking ti and the on rates. And through its simulation results,
not only the paper has vexi he eff c ss of the new programs, but also it sums up how
to own these effecti e
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