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A Study on the Decision of High versus Low Paying Cargo for
Maximum Revenue in Liner Ship

S.K. Yang* L. M. Kim**

Abstract

A liner ship has its own freight rates on cargoes carried in the trade. This study is on
low paying cargoes to deduce the maximum
comparison of low paying freight rate

the optimum combination of high and
freight rates at the

freight revenue in various
with high paying freight rate in a liner trade.
that the probabilities of being booked of high

The solution is under the assumption
paying cargoes are either a uniform distribution or a normal distribution.
A numerical solution 1is also used for deriving out the maximum freight revenue
which will not have a general solution, and also a numerical method is applied for the

further-practical results of the clearer relations between high and low freight rates.
From the result, we can expect a higher revenue by appropriate combination of high

and low freight cargoes according to their freight rates comparison.

1. & i
CHRP SRS IRl TPHlshed oF Bhiz 4RME W) Heol
ek,

Bl i LHE-S 2 M) A m i
W EEe o] Rl ob=l Bl 3 (Discriminatory Rates)& iJHshi
MY AT el 2 4Bt L <Inl EeEtelxl SWHie M — T
= Pyl A £ BookingshAl vt
g R BRHARY S —RheE e
5] MRS MAEitot 2 S Bt mTE A sl =,

el

FUSH] BT LY el &

[>+3
Ry

%7l geme [

PR A BS A st A 4Tl
sebd SIS M

BME o s mad R kY

ZE BE TR Behel = MMIE LA AN IR PRIl

* EEH, WEIEEAS
o F@H, WEKEAE KB



el el A BANCES T i - TR del W DR

BT asel SolA MIEE A X MBS s sl Be fielmE Rl fehx
BRI SR fe# o) Bookingshel Mshzd & fiyrels] W Ee)  MHI@is B s
FEIT AR B Space® WA TR MBS AT 4 2t MBS WA HEdA MEE
W ok @ £14r0] ok

celes I E MRS AT L5 WA et Y29 Spaces] ot A&
TS e Bookingsl T TEMALE MAFRS 2 M ES MEEHE s A —iy
o],

HebA R4 MBS RS S MRS B I e doehs W) ¢,
RS s ERE Wk

A RS WHETRERY MG MRS Z Ricle - SR 29 MR o
| ORERHILE dRsEEA WG BAKEE 9E HEE Fideh |

2. BERMBL| RE

A HEE #Eehs kel & WAKAEE feAssts A RS E Ko e sh el ol
K Bl AT RIS KRS = ke R Wigdl
ol Flel A pEE RN R YRS REYS] B0sel Madibel meRMEs S Hlithe 3
W B Bt gt e fRed el
D B/ BEE WEERYS REERYY ZHve s [REdet
i) Yyekhel Biis Spaced o kel M RS = wMiLT IR i\ikim”. Zreb s e gt
i) $E Containerfi#ye] FHMLFME 70014 100 mE HEE] = ZE 129 AR
¥ (Measurement cargo) i {85t she}.
iv) A goEshE ST o A puEsta BGehR] Edhe e ek

7

~

g A
A s me) Rt E cu-f0), BTG At
¥ THEFEE T cu-fO
xRN NEERH
pr o cu-ftd gEhE FORT (KHUTIRPe AU
g:  cu-ftd webE SRk THHUIRIEI el AUNRR
E(R): 842k (Expected revenue)
E(L): %5 % (Expected loss)

—x A
E(R):px_i_qu y.f(y)dy +qu-x(A__x)f(‘y)dy ................................................... (3_1)

3 FHshel FOd spaced Awhar char wAl fiifgel A Higel WS = WEERDES
—_ 9 -



GapigaGak, #2% B4, 1978

(A—nha ¢ o SESREE 2 RSPl 99, 2 B oot ek

BEERHR BT ¢ 2t BEHLE Soder [y 0dre EREREE yEE R
T 4 g WEE) S5 BEREREE 0~ A—07 BT T+ de WEEs [ oy
A S, odslel MikaE 0% FE a [y fdye GRS 0~A-DRT BVES e
Wissdsel Ao £ BHEEARA-OF BF BT 4 T BESIEE FO)F S, WL

A

g A-nRE WS + gt BEe | fOdsl, 2 g | (A-ofodrt 1
S BHESHE (A-ORE BEE + s WEKEe ¢ (A-0s0dyel s,

as [Ty rndyst o7 A—w-fndye AR BRABE @-DRE 2

dAdA e EEESHROE B EERAIAH MEARNE MET F 5t P
e BAS Hn KHE SETEE A EERETE I TR RRREE 4+ +
91 AT EE A+ Bhw EAAEE MERES bR 284 ek

a¥mE EEEHY MG SEERHE MR ¥ BECH b MWl REF st

o MFAE TAL F%E WA Ush Bobd ROTES SRR EES 15

G7d WAHES Wi AT AMs EESEL dAAE WEHTL MEsee 9% B
i RS E R el 49 2k,

2.1 H#M8 WEE = Uz BERKDVEA HENHE HENHE RESIVS

1
A | 1
!
N
: L j
< ‘ J I w’
f , B I R .
Y ta da i o 34 34 I A et CER)

(Z81) AilE Ko MBS B350
(2919 B gelA
y; O~AdS f(D=F

¥y 299 A5 <0, y>AA & f(y)=0c] =
@C—DRel KA

E®R) =px+qu—xy-;11-dy +qJA (A—x)4dy

=p jf%] 4 a-00

o+ 44 -]




il Q1A BAMES R w5 STl dueel WY SR

=Px+~qé—A—[1_—jfT] .................................................................. 2—2)
WA RAMEE Kol 2w
PR _p I By g =ty
SEER) o olme wekiish R,

pA

Sox= e o A maximum (KK §6)

2.2 fafRE MiRE 5 U= BERAYEC HESTE ERSHE BEsiie o

\ ;
\
I \
Lk
# i AN
5 | l \
E i ! \
i 1 V]
|
{ o |
t ! Q J\
/ ’ : . ! N
/ i ‘ LN
I I RN
e ! o I : ‘L_\_ -
« B ! % | ! o
0 La A gA A A AA LA A i

2. 16} A i EEERApe]l MBI HOE S %S Aok fleskich
SOEESTl el A B gAre] olm Wl A FNEE RS E MBT o sl
OB SEAMTERS PR A ea, AE QA BshAG RARBIE Mt ool
wt, whebal PENIAE el MBI MRS HSARE B AR BRI e Ao
o] vf.
B Heskod i et abeh
- Qy—n)®

f(y>=7§};—;e 27 & —DRA KA

E®)=px (}2—(;)~ dy+q(A—x) ! T —e 250 dy
)=brq s/2ﬂo- S eyTd / » Vono

(2—3)3kel A f—y;ﬁ =tz yodd

y=ot+p
dy=qdt



BRI A% BUR, 1978

= ATE8 o o 3)wel foASHA

a
At A At __'3_
ER)=px+ “‘/—qu-':" ‘\ ’0 e ) (a'l‘"}‘f‘)a'dt‘f'“q—(‘/—i)” P © odt
T £ —z—‘_
Amrtt 12 (A1) Azt 4%
_ _,,q,_ aq - 2 q £ -—-x B o 2
=pr+ = n e (ot+madt+ Vors 4_—1,—&] dt
A=x-! o _A=x= il _,.!?, (A—2) _A=ft _122_,
— N e _a# i z qiA—x) ’ e °
=p +\/2# o te. it Von J- e dit V2 A=zt “
W (4——!‘——\) Azt 2
- 745}”2— ‘ 252 6 J o -
E(R)=px+ %{Le —e ]+jg’ﬂ J , ¢t
A=t =
. s ) .
+_.‘J%;’Q_ ‘ e F woneeeeesannon ettt e s vt e bbb e aeeab s (2—4)
C—)KANA s FAME Rpe] 2
dER) _,  q(A—p—=x) . LAt gp AT A (Akea)t
dx Von o 20° T Vore 207 Vi 202
p ALl --f‘(lt
~ v
A=t -
' 2
st =3 IR
A= _!,“L
I Ai/!‘- e d/—_~_‘/2” ........................................................................ (2_..5)
_ (A—p—z)?
2
CER) L, 2 <oelmz FAA FRtEReL

de* = V/2ns €
RS @5 R MEA FolA o F Mmoo R 4 glonm WMo R & 5

el et



sERfRel ool A HAUBREe 1Y W - IR Pueel BT PR
3. BB W ER
B HES 2L
Q-2

A—x A
ERy=pr+q [ vpdvte [ (A—0jdy

A x? . . -
=prt-LE[1-F Yo Sebed —mmwad WSS Kok 2D A
#1 EERHEW JEEN UE ¥EKE
LR
q. A
IRHUT S0 IR e -
blg=1/4 b/q=1/2 | b/9=38/4 pla=1
x = 0 0. 500 0. 500 ‘ 0. 500 { 0. 500
1/84 0.523 0.555 | 0.586 0.617
1/44 *0. 521 0.594 0.651 0.719
3/84 0.523 0.617 0.711 0.805
1/24 0. 500 +0.625 | 0.750 0.875
5/84 0. 461 0.617 1 0.773 0. 930
3/44 0. 406 0.594 | *0.781 0. 969
7/84 0. 336 0. 555 { 0.773 0.992
1/14 0. 250 0. 500 i 0.750 *1,000
GE, 819 ol ¢ 4% Fabad Mifgkel B od
b 1
1.04 IR
P
I P///V
0.8 ) . M *11
/// T \‘;"ﬁ‘
E(R : g .
\.E.&‘T\)* 0.64 = ;/',’// IS . RN
= - R
0.4 “ /
. ‘p,q 1
0.2 |
|
0.0 : — e o — [ —
X ’}sA HA l/3/\ SeA LA WA :

2.8

ARt AR
— 6



BRI ROE, W2k MR, 1975

EDAA v 47hAF =9k

a. —fh o R (UIITE s RSk Ml

b, ENEEERWS WAt t WEERYS KAk goll vske Er 4
EREERMA o5 AA & o SRRl dh

c. #19 p/q=1/4, p/9=1/2, p/q=3/47 1A ARHEE 5 (%)=
150%, 75%~125%, 83%~117% 2= $#{tA A5 Hfekase]l B
e #eE e & F dvh

d BRESM S hoo R EEEEsRe i = MOMES LT8Rl wEba (SEER
Pride BoRWCE S REeh AA MBSt 2% Wik gl Aol mhe] fiBtshe] 2o MRk
T 2 AR FlEE Aol

(F12) EBSA 2 =

Iy Al ] I1 o
glovt, Higa Bg

fBists Al Al
i PSS O

s EmRe] 50%~
1.5%, 1.28%, 1.03%9]

T (#)=%°1 3, B () F %ﬁé fizazste] (2—4)Re] peoe] {CASEA w3t 2eh

4 1 25 25 ( 1 x )2
-8 ) 2 T A
E(R)——px+q—5—72-7- [e ]
A1 EmF I
A 7 2 — 2
St e "2 P S S . S / SO TO —
+a 57 f dt+q(A—2)= /5 [, A GES))
2z 2 T A
(3—Dkell A g3 o] Fow
2
I 1 _‘?85‘ ¢ "'225'(% “74') ]
=vaRle -
5 br 2
1 ] A - 2
= dt
I V2o fs ¢
2
1 _ 5 2
2 )
J A
3 \/27t ‘J\\sa _ _§Le dt
2 A
Iy, I8 FFE-S IEBUMAE Bkl & 3D
£2 5L 5L, LY H TR
I, ( I, I,
x =0 0 } 0.9876 0
1/84 —0.0512 0. 9616 0. 0259
1/44 —0. 1651 ’ 0. 8863 0.1012
3/84 ~0. 3106 0. 7262 0. 2613
1/24 ~0.3814 | 0. 4938 0. 4938
5/84 —0.3106 | 0.2613 0. 7262
3/44 —0.1651 | 0.1012 0. 8863
7/84 —0.0512 | 0. 0259 0.9616
A 1 0 { 0 0. 9876




el olel 2l S Mss 7 - (UEITIeg el puil MR TR

ER) =px+-TA 1y qér‘l.zﬁq(A_x)z, ............................................................ (3—2)

)
xS (B—2)Rell fUAFIe] E(R)S F3bd (H3)S} 2Eeh
* 3 KEBEREDS THBU OE BHEKE

1 _ER).
I q. A
POTT fely TR 1 —
= } pla=12 | pla=3/4 pla=1
L _____
x =0 | 0. 4938 ' 0.493%% | 0. 4938 ‘ 0. 4938
1/84 ‘ 0.5245 | 0.5557 | 0.5870 0.6182
i |
144 | 0.5485 | 0.6110 | 0.6735 0.7360
i i i
384 | “0.5581 | 0.6518 | 0.7455 0.8393
1/24 0. 5425 “0.6675 | 0.7925 0.9175
5/84 0.4971 0.6533 €0.2006 0. 9658
& , ‘
3/44 | 0.4266 0.6141 | 0.8016 0. 9891
7/84 0. 3418 0.5604 | 0.7791 0. 9979
A 0.25 0. 50 | 0.75 %1.00
! I
(z, 949 el ¢ A% Fabed kel ®ebd
- b ,
l (J - B
' ////—'VE‘*
I
.//
L
"4 / e T P i g
- ~ e
_E_(B)_ - ,// -
e //"_— T —a
A o6l T T
T ~— By s
- e e T T YT T \\
é‘i/f/; e T —
¢ \ i
R
\x\
0.1 ——
S VO ¥
~_ M
£ \r
0.2+
|
0.0 T T v = T T + !
X - lb AL ]‘.‘ A - ’5,: A ,1 2 A . 7’y A 34 A . :s A _,1' 1 A

(28 4 ER) q-A RS i

(£ A & AL Fedet
a THIEITISES] MRBOHMsRe] MR B TR el A5 BRI okl

- 8 =



TRIMAIATEE, 2% MG, 1978

b, FEMEIEMS) MBRER) BSMAR [LESTR S W s AU/ =1/4011 AL
Wegk o ARHEATER e HeiRe] 1/44%F 5] 5., pla=1/201w 1/247} = 2, pla=3/4c]u] 3/4A}
S gl FEEHe MbikEe] BRSO W 44 3/84, 1/24, 5/84mnge,

c. #E3el p/q=1/4, p/q=1/2, p/q=3/1zte} A (EHEEHE (DS BREEHTEERS 674~
133, 752 ~125%, 80%~120% = %47 = SEATIFFRIS S SBH0-2.8%, 2.4%, 2.2% L

Fe WA BEE Stz 9ee o & g

4, & B

a. AR il <l hel A gar WEhhtS HERT 4 o& W= KT R RS EYs) 4 sk
ﬁk%ﬁ%%ﬂﬁ?ﬁ%

b-“&%&iﬁﬁﬁéﬁﬁﬁﬁ%%Hﬁﬂlﬁﬁﬁﬁ%%ﬂﬁ%ﬁ%ﬁmm 9l o}, o], 4
O] HEE KIEITER Y-S EEkAl MBE MITEMse] B0 drolaleli Al S oF o elvl,

c. THVEITEM FORITE e WEEAE A8 e BT BRI MU ol (RNMUITIERGE
1 B#EE Aol ek

d. ii15e) FRRE 3FE 4o = FR A MW Spaced BNISTITHl WIfRmAMRF o A 9
S ell A A= oro @ u Figechel oF 94w,

e. A i VHHSTEYel MBUMERE 0P et ERMAE Fb o A E 8l ot Poisson {7
fiol ¥fstol = ik Pigeded = b olvh

o

g £ X W

1. ARLEEN O’LOUGHLIN, <“The Economic of Sca Transport,” Pergamon Press, OXFORD, UK.,
1967.

2. IHEERE, “¥Mo> FLE7, WOCEE, Hl, Sep. 1068

3. BUEFEL, AL —i 3 XY F—F, April, 1977,

4. AMELIO M. D’ARCANGELO, Ship Dcsign and Construction, SNAME, New York, 1975.



meftifel elolA FEAMQRS B3 A - AUHETSE S Buiel T i

HER MmOl RENEE HEAH W ERATR UBU ROMEMKO et 1N
A~x A

E(L)zpjo (\A—x“y)f{”dy*‘(q—p)f,,_, (Y (A= 2) Y f (W) A yrreereeernerneeammencnnirinnsinias )

2 wol Bl Spaced Ashelm Pl il A kel BAIS = FOEEEHES (A-x
2 8¢ W EEIe e 21T BT s

ole} FEAIUMIY (A—D ok AA BE mRA (A-r—ymsre] MIEREHS BN
A #RAE ok

M [T (A e R (A-r—)RE MRS ¢ 9 WL Sk

7)ol IR S (A—x—3) Wt MBCE o2 A 47 S RS p [ (A—x—3) f1dy

)
F

= ISR R (0] (A—0u el Hes 2 [y—(A—nI=he] iTee st
A s U IITERYE MBS S R S
B IR (0e] (A= D—(A—0)ad ¥ A4 ke ke [T -
—D)f Dyt a2 ke G—p [T - (A-01(dyA .
9 [ Ay dy 9 = [ —(A-afdye e BRIk S (D3
pado
1 HES MHE = U BERNHEY REAHES NENHE BEHUS o
0<y<A 4 = f(y)=14
y<0,3>A4 <L W f(3)=00] ],
Ao AA f(N=4% (k] KA
. _ A-x e lA _ A _ _ \_1, ,
EWy=p[ " (A—s—y g dy+a—p [ —(A-n11ds
=3 (=g )5 (0]

-5+ (-4)

MRS ROME RSt ®

A
A

—-x

dE (Ll Ay p— = __It__‘ 1_~
g ES lx =0, x
,dgE(L) q

- , 2 ——']>0

olm B Azt fFEDT
—_10 —



R, M2k MR, 1978

o xm pfwﬂxi Minimum (g4 )

£ 4 EEREYMC DEBO 2 HHHEL

_EQL).
g.4
IR 7Y BHR
pla=1/4 b/q=1/2 b/a=3/4 p/q=1
x = 0 0.125 0. 250 0.375 0.5
1/84 0.01 0.195 0. 289 0. 382
1/44 *0, 093 0. 156 0.218 0.281
3/84 0. 101 0.132 0.164 0.195
1/24 0.125 *0, 125 0.125 0.125
5/84 0.164 0.132 0. 101 0. 700
3/44 0. 218 0.156 *0. 93 0.031
7/84 0. 289 0.195 0.101 0. 007
1/14 0.379 0. 250 0.125 *0. 000
Gn, A9 2l 0. A% Fo BAEHRRe 2D
2. WS WMBE = UE BEREDS REHHE ERAHE BESIUS ©
N Cialo5
ERM S HRGLIE == e 7 & (DR {LAH
__G=m? _G=m
E= A= ("pa—v-p ¢ ¥ ay+ [t v-@-0)q-p e T dy
.................................................................. @

i

@D3kell A 2=} o ng

<

y=ct+p, dy=cdt

y=A—x o, 1=AEH
a
y=A o o, ;_iq:_ﬂ

A—x—y=A—x—p—ct
y—(A—x)=ct+p—A+x, & Q)R KA

A-x—{t 2

1 T -3 - it
E(D:ﬁ [ p j L (A—x—p—ct) e ? dt+(q—p)f et (ot+p—A+x) e dt

[

A

v

14

2

3
i
J



+(g—p)(b—A+x) j N

OFEC R

T (pa-mnf | e

sefiifrel olel ] MRS M 7 ST RS Puedl B 6

A—x—1! —gl?f

: dt——,ba-f

A=l 2 A_rt 2

x—'le— 2 dt+(([—p> O-J‘ A—w

(A—x—u)2

uz 202

9y g

(A—x—un)? (A—u)?
. TR e

2 Te T ‘ - 2z
dt:[ -e ] =g -€ 5
Aex-t

(DRl AASHA

B= 77«[p.4 o x)f ,, e ' dttq-pu—A-nf e

—po €

+qo e

+g0 e

202 +po €

(A—x—u)?

- [P(A—/A—x) f j‘ e

(A—x—p)?

A—x={l ,2

AN 2

_A=a=ft

[

uz (A—x—p)?
202

—(g—P)e €
gt

—po e

A-x-! :2

dt+(q—p) (p—A+x) j

777777 B (A—p)?
20t —(q—Po € 2ot ]

202

—po e

W3R A HIFHHA RIS Rk 2wl

dEL 1

Tdx T Vin

+—(q

1

T Vex

= x/27z

(A-—x——u')2 (A—-x—u)?
202 —

202 ]

DB—A+x) e

LA={l-x 12

(o, e

!I—x

[Pf

A1t 2

Tata-nf T

12 A;—’l 2

12 A=lt
R G T2 - i 3
e di—pf P +q e = dt

—_—12—

.......................................

........................



WEMBEEE, $25 KM, 1978

A—ll 12 A—-” _'_’
dE(L) 2
= ~/2n [ Pf ¢ dt+ qf _A- x-l’ dt]
1 _A-f 4 1 _A-ft -2
3 “2 v 2 -
= —b 5= f__ig e dt+ ng?,‘j‘ e © QE +eeveenenoresremininnenniint (5)

®RI = [0 ¢ T drg el e ek

1 fA . Q=)

Von o dy=lelBZ
A-[t +2
dE(L) _ 1 G =Tz
e =—b+4 ‘/2,;{_]‘ g € A s 6
(6)5R+ = ogen]
A=t 2

O)Rell A D fiie] FFEE E7] Hhe] 2RM s
(A—p—r)?
d?E(L) 1 q = 22 o ou
B, >0l &
S RS BT glel A S b HIRRSU e BAE RIS R ACKIITRI R PelA g
o g,

L i (Minimum) 7} 72 #£ 8o},

R MERAMS THAN U2 HHER

l _ECL)
i -4
AT S R :
pla=1/4 i pla=1/2 5/g3/4 p/g=1
s =0 0. 1234 | 0. 2468 0.3703 0.4937
1/84 0.0937 ‘ 0. 1863 0. 2851 0.3715
1/44 0.0695 | 0.1316 0.1933 0. 2550
3/84 0. 0803 ‘ 0.0913 0.1196 0.1531
124 0.0762 | %0. 0762 0. 0762 0.0762
5/84 0.1222 0.0913 *0. 0605 0.0296
3/44 0.2051 | 0.1316 0.0698 0. 0081
7/84 0.2789 | 0. 1863 0. 0937 0.0011
1/14 0.3703 | 0. 2468 0.1234 *0. 000

&, 99 99 AT 7o BREZe 990

—_13 —



