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An Approximate Algorithm for Air-Cargo Revenue Management Problem
Considering Both Volume and Weight

Student : Ko-Chen Chang Advisors : Dr.Kuan-Cheng Huang

Department of Transportation Technology and Management
National Chiao Tung University

Abstract

Due to world trade liberalization and global supply chain, air cargo industry has been
booming for the past several decades. The growth rate of air cargo has surpassed that of air
passengers. On the other hand, since American Airlines successfully applied revenue
management to raise its profit, revenue management has become a common technique in air
passenger business. Therefore, this study is aiming to apply the revenue management concept
to the planning and control of air cargo space, so the airlines can fully utilize the limited cargo
space to increase the expected revenue.

This study develops a Joint Approximate Heuristics (JAH) based on approximating the
expected revenue function in a dynamic programming (DP) model considering both the
stochastic volume and weight of air cargo shipments. In order to alleviate the computational
load, the approximation is achieved by computing only a specific numbers of data points,
which evenly spaced in the ranges of the DP stage variables, the accumulated average weight
and volume of the accepted bookings. In addition, the expected penalty due to overbooking,
the boundary condition of the DP model, is estimated by simulating the arrivals and then by a
multiple linear regression analysis.

This study verifies the model by performing a series of simulation experiments,
including the sensitivity analysis for several important factors. In particular, the result is
compared with that of a decoupling heuristic (HD) of a key prior research work. It is found
that it does not need a large number of sampling points to achieve a good solution quality. In
general, the average revenue using JAH is 7% higher than the FCFS (first-come-first-serve)
policy and roughly the same as that by the HD control, but the revenue variation by JAH is
smaller, suggesting more stable revenue. Especially, if the volume is the bottleneck of the
capacity, using JAH control could get better performance than the HD control.

Key Words: Air Cargo, Revenue Management, Dynamic Programming
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World Air Cargo Traffic Will Triple Over the Next 20 Years
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Rt 2 AR > B gt > 7 4 54 [McGill & van Ryzin, 1999]#74 412 3 j< ¢
% 34 0 & A [Talluri & van Ryzin]ehy jo g 122 b f 43— 4 o
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H%%‘%mﬂﬁ%%k?g B PR R 2 gt B R S o e R G 2 4
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TR A KA S A e B RE RS L
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C. HPhdb~AHfLE  mEXFPYE NRREERDPE  §BREALRF
BERARR > B AP EE g FA RS B2 R e

d. § @& * %87 (belly cargo)ﬁ% PE s od SNFTH R @f\&;eﬁﬁg B A
CEEAREDFTEEIRE R NFI A P g g o FlUt L & DS
T RmEss FER* TRNAG 50 {2 mE -

e. 4z |84 ¥ 4 (air freight forwarder)id TEFLARBALED BB
' A T]‘ i (allotment) » @ FZFTHP LMo F £ ¥ 2
TE™ o T - 38a pd px B (free-sale) FEF U F
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i

Efe GRS I HAE £ R BE
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»
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3
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[

iﬁﬁ%#ﬁfﬁ*#7nﬁaﬂ7W% AR i T Rl PR A AT
BAL LB H o KRR R
2. ;T‘k‘;ﬁ%']“—l VA BB GEZ T LRV o T SE
SRR S B AR ST R R SURIE R
B

-
pde B e U o e A & L 0 B ARAR B 2

7 134
b. i T B hF Tigee , chlo 2k B PRy EF R
AT A LH ‘zﬁ?ao@{%; FEMERA MY - &E

&

TG BREF R F R E TG P AT
ZOFH AR - B LR M EET
FIMHEN > R A A Y A BRI F
?;‘E—%@F %#"/T""7 4'53-1"&”1\
7w ~y?EELﬁ7%ﬁ%ﬁ’ﬁ'f¥?1 (SR ES L B L RS
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[Popescu et al, 2006]uﬂ FEEFREEZAACAANER &g 27 F F

L £

B Fg en3p m R H PR E4
AL 4 1008
L S N PP RPN

%
51Iﬁ..§"riq7 ’ ,u‘: g 7*, ,p F — B3y s{l/ :".Eﬁ.,f%‘%v\ f‘r}x , ?wd ﬁﬁ:m /? F?L“ ;J-_\;: ﬂ“ L H
mié“"ﬁlai?mww&ﬁkﬁ

[Luo & Cakanyildirim, 2004]43% &1 % jg b 4 &£ £ &2 M g gf 7 o de g it > H
AT RFEAR A AU E 2 DI E & Afodgd ko A A k4
BoREIAB] T cBERTAFIRIPFEET A GRG KR €gF 727 R
i a Y REPFEREHMAT oGk E A - WL HMA S Pl R .
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LR N A LA el S R

- TG g et o H ¢ Bt a ; & 4z 2 F 3 o [# % % >2004]~[Huang
and Hsu, 2005]#% 1 - ¥ J§ % 72 Fx 222 &0k %T@ﬁ% ’: ds B RHIHE O AT 2P &
g KRG ELES 5 2 AT P gd § Fagifrp el - E SR

)j‘fka‘% FERSE A ] TR

TEZHE-AAR O FLRE ARZEIRS PHFFTL

EhFHfFELES B ek d [Amaruchkul ez all, 2006]

E SUES .;\ ’—,H%E#f' TEMAA T AR Y “'”fﬁ HREEELERR- FIL G

WAL S FE- I g AR J‘\ﬁ”éﬁ — Ay B2 # R BOF R o A o
FR o Hg g A ER R (L8 H% EUPRE) HAL M

A3V (type) o R dp e T A D SIS Ew e R A G on BARKEFER o 5 B on 2
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FIFTs A F - KR A W) n S%EiD 00 Hé i 22 i 4T o

e
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t DR A AREERW0 . )
ri DR AR '\%#ﬂmﬁ S0 i o
Vi ¢ RTINS FIRBER TR HREAS (T BER S EHASE EFINR
PHE T RES G -
Wa 0 3RS fE SR Tl RS F (7 RR S L ROE £
FrEgo i Rigs W) -
= d IATATT 22 WA & RARE chy i
i AFRLAIN gt P AN BT E
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Py RRRPERO AR e sE o
Py 1 hAREE BiTeg RAL s B =1-3 P,
i=1l
Xi DORAAG e BRiT 2 kP -
X Dol g xttes e g0 A ERAN S B2 8E o X=(x,
X2y veey X ) ©
g(x) ¢ RAREEERr RT3 B R F B

3
!

B
1

h() 1 OFIRARR G FAT R 4R H A
ho() ¢ FIEARE SR TRL FRE ERS 6 2 B sk



g (x)= il’u max{p; +g,,(x+¢;),8, )+ Fg 1 (X), 1=L...n. (1)

=

gO(X):—E hv(ZZVil)+hw(z 1) (2)
i=1l =1 =1l =1
S5 - BB S RS AT RE MY AR E € SN R
Bffnﬁ“}"‘OBf7 éﬁlp;ﬂ”*‘k gi&‘?‘ ]3—"} )’?47}” Er,f']gx 9%,—@:}&'_&?]’%&,3{0;}'&
Rz g RET > RREEFDIREERIZF PV EF 2tz 0 F7
B e E AN EREER LR ERBL 0 F 2R F o deR(3)H R

th(X)—gt(X-i'e[) (3)
n"vd“?““fh“" LA Ry P BT TR R X d AR
T Ea iR & SURIRIECE R C RN ﬁéfﬁ’ﬁ%&éﬁﬁmﬁ&#ﬂowu“ﬁmﬂ;
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1 RBREREGCEABAR > P BRI TSP 2 RATHENFELE -
2. ¥Rt Tat REHEA TSk LY PRI KA > £
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PRfRZ A P B R LR S BATR LN R 0 BT S
B et - RF IS A VR AR o
RIS IH N FY Lbﬁggggtg%évﬁ_iki_ P (g ,f’p.%ﬁgf
W gz N2 5 Heuristics Decoupling, HD » & 47 3 {4 4 % r2 HD f?—&) P AeTE PR

-

3
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=
]
|
s

PR BRI > BT RN Y R 2 iR o B R
R RN
‘7,- DR AN L T
Ji DR AAS TR
m
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i=1
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ul(x) AT PR T SR xMHLITE MR RBE LR A §
EE2ZHT R E -

u(y) ¢+ o ERoT AR SRIXYyER 2 RBEE R TR ET LI Y Rk

o

>
=

u! (x) = 3 P max{f) +uy (x4 v,) (0} + P!y (x); 1=Lm (4)

uy (x) = ~h, (x) (5)

uf00==5i31maX{ﬁW*ﬂdﬁ(y+;gluﬁd}9}+f&uﬁKy); t=l..n (6)
ug (y)=—~h,(¥) ()
XA FEFEEFEHBE LR 2 DY R E DEF AR - 5(6) ~ (DR

A E] G ﬁf*iiﬁéﬁﬁﬁi*Oiﬁﬁwk’ﬁﬁ%F%éiwﬁwéf@’w%
Bl Sk A N RS TR R o
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A SR G - 2 R EE S ML B
g,(X)<u/(x)+u(y) ,foreachr=0,1,....n (8)

7 i HD £os 20 7 i il S R AR R AR o A
Q)L VEFE- ERLTEET mﬁgl“:}”"?;\ 3o

P2 )+ (=T (e v) ) (v +w)] 9)
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u(x,y) 1 EEREFER D BRI NFxEPZEL yFOR GO TR

ez B o
h() DOTAARG R FRT R 2 g Sl o

u,(x,y)= ZPU max{p, +u, ,(c+v,,y +w,), i, (x, )+ Py, 1 (x, )

fort=1...n (10)
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o (x, y) = —E[h(x, y,k,. k,)] (11)

F0)E B F B E 2 R RPN 0 NADR AR PRI E R iEE o
PR ST RN A RIIPHFEL R 2T o RRAEYFEA PR

L
B ©

—\

il ’i?«fsﬁ T2 AN 0 BliRERN(12)47 0 BRI AN TR E LY

i{‘i/’:fz B~ 3 F ‘puj—%iﬂé*:-ﬁl»\é“ ‘1(_‘,_ B RIS K 2T o
Py 210, (%, ) =1, (x + v,y +w,) (12)
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d AN TR BL 2D AHMFELEERF YR TR HfFxEE
By BAaR BBEBL T lEERD L BEORE M RAEY VR o bdo
[Amaruchkul et all, 2006]#7i¢ * Lfs-:}g‘g% bk > H A :E_ﬁ?f% 7% _0~5940 (¥ = % 10*
cm®) » € £ 7£.0~1020 (¥ = % 10 kg) » a-a-l@sxﬁrg@T* 7 %2+ ¥ 50401020 i ® -
ﬁfiﬁ@ﬁ&@’%*mﬁﬁm$ﬁm%ﬁcwu? YRR E L HAE B EER )
Yokt b S+ ﬁﬁqfi@@ 0~5940 *» %] 5 10 B ELIT & £ » E‘_‘E_f@ 0~1020 » *» &) 52 10 B
BT A R E AR EZBER S 100B » 230 H B gBER T )
Joi o SR R IR ALRR ] M T ﬁ#ﬁfﬁu’“ﬁﬁ%éﬁ\aﬁ
0L B e (MLt F e P 3] 0 K0 Joint Approximate Heuristics, JAH fz )#77

LR

Xj THRHTRIRGTEIHFERE I aE s R HFEL N A
Pl g RE R o (20,1, .. a) ¢

Yk PRTRIRGETEZE R R E LS oM kB2 EREL N A

g BLEGE E 5 (k0,1 ... b) -

wilgy) KR 2 BT D E B B R ZER el g B
HCRNED WAL ARSI R RN CIRYS) ¥ RO
fort=1,2,...,n,j=0,1,...,a;k=0,1, ..., b. (23)
wo(x,, ) =—Elh(x,, v, k, . k)] (14)

%%PﬁJNﬁﬁﬂm’F%$ﬂ$ HF AP E (g R kKl
ZRAE wloy) B o @ R BEE LWL A BIEE 0 e A
L 41 2E)ERE) s - Homrn 3 EHALE R AN F B Wnms &
— S PR Sl -
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EZWFLT DAL B TF R ARITEE U RS ’;T‘Jt‘, 5
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# ﬁﬁﬁ; -‘]‘\t‘ii SRR AT S R T ik i 2 R0 S o
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AW EZ G2 4R 50 (vy)2 B 2§ A E R Bk JAH & B2 A1 20w
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v

5 0k 2 fR

By Simulation
w,_,(x,
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wh ( X, »

e 7
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y RO IATAT R MR ABE S B F RS HAE R 20 20 Rl
W #c % >6,000 o
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2ASARAFET 2L SR A E 0 A5 EAGE AT RAARPFRLF KT
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%6 fARPEFRr=4pFz2 DP¥ JAH ) ¥ % jxF &
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=50 334 334 33.4 334 334 334 332 318 0.5 284 230 173 111 oo 57| 314
=55 317 317 317 317 318 318 318 0.4 291 277 224 166 109 oo 157 314
=8l 778 274 278 778 778 277 277 276 6.3 244 213 155 93 oo -157] 314
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=00 6.4 6.4 6.4 f.4 f.4 6.4 6.4 f.4 f.4 6.3 6.3 39 02 EF] R R
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%90 -8.5 -g.5 4.5 8.5 -85 -g.5 4.5 8.5 -85 -g.5 4.5 8.5 -85 gs5|  -2a5| w04
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for x=1:(in_range+out_range+1)
for y=1:(in_range+out_range+1)
%u(x,y,1)=min(0,-170.91-2.17625*max(-50,rx-kv)-1.33151*max(-50,ry-kw)); %(1.2,1.2)
%u(x,y,1)=min(0,-213.64-2.72026*max(-50,rx-kv)-1.66442*max(-50,ry-kw)); %(1.5,1.5)
u(x,y,1)=min(0,-256.37-3.26427*max(-50,rx-kv)-1.99731*max(-50,ry-kw)); %(1.8,1.8)
%u(X,y,1)=-1*(max(0,hv*(rx-kv)))-1*(max(0,hw*(ry-kw)));
end
end
% DP
u_temp=0;
test=0;
for t=2:(time+1) %t=1 equal take off(period 0)
for x=1:(in_range+out_range+1)
for y=1:(in_range+out_range+1)
u(x,y,t)=P0o(t-1)*u(x,y,(t-1));
for I=1:class
for k=1:g
if X <= in_range
real_x=(x-1)*in_volume;
elseif x==(in_range+1)
real_x=x_bound;
elseif x==(in_range+out_range+1)
real_x=volume_limit;
else
real_x=x_bound+(x-in_range-1)*out_volume;
end
if y <= in_range
real_y=(y-1)*in_weight;
elseif y==(in_range+1)
real_y=y bound;
elseif y==(in_range+out_range+1)
real_y=weight_limit;
else
real_y=y_bound+(y-in_range-1)*out_weight;
end
a=real_x+m_volume(k);% total volume, if sell category_k cargo

b=real_y+m_weight(k);% total weight, if sell category_k cargo
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if (a<=volume_limit) && (b<=weight_limit)

if a<blv
x1=floor(a/in_volume)+1;
d_volume=in_volume;
rx=(x1-1)*in_volume;

elseif a<x_bound
x1=in_range;
d_volume=b_volumel;
rx=blv;

elseif a<h2v
x1=in_range+floor((a-x_bound)/out_volume)+1;
d_volume=out_volume;
rx=x_bound+(x1-in_range-1)*out_volume;

else
x1=in_range+out_range;
d_volume=b_volume2;
rx=h2v;

end

if b<blw
y1=floor(b/in_weight)+1;
d_weight=in_weight;
ry=(y1-1)*in_weight;

elseif b<y_bound
yl=in_range;
d_weight=b_weight1;
ry=blw;

elseif b<b2w
y1=in_range+floor((b-y_bound)/out_weight)+1;
d_weight=out_weight;
ry=y_bound+(y1-in_range-1)*out_weight;

else
yl=in_range+out_range;
d_weight=b_weight2;
ry=b2w;

end

p=a*d_weight-b*d_volume-(rx*d_weight-ry*d_volume);
if p>0 % the right side of plane

nl=-d_weight*(u(x1+1,y1,t-1)-u(x1,y1,t-1));
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n2=(u(x1+1,y1,t-1)-u(x1,y1,t-1))*d_volume-d_volume*(u(x1+1,y1+1,t-1)-u(x1,y1,t-1));
n3=d_volume*d_weight;
d=n1*rx+n2*ry+n3*u(x1,yl,t-1);
u_temp=(d-n1*a-n2*h)/n3;
else % the left side of plane
nl=d_weight*(u(x1+1,y1+1t-1)-u(x1,y1,t-1))-d_weight*(u(x1,y1+1,t-1)-u(x1,y1,t-1));
n2=d_volume*(u(x1,y1+1,t-1)-u(x1,yl,t-1));
n3=-d_volume*d_weight;
d=n1*rx+n2*ry+n3*u(x1,yl,t-1);
u_temp=(d-n1*a-n2*h)/n3;
end
u(x,y,H=u(x.y.t)+P((g*(I-1)+k),(t-1))*max((exp_R(g*(I-1)+k)+u_temp),(u(x.y,(t-1))));
else
u(x,y,H=u(x,y.)+P((g*(I-1)+k),(t-1))* (u(x.y,(t-1)));
end
end
end
end
end

end
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