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Abstract. This study looks at a production inventory system that experiences breakdowns in machines,
negative customers and catastrophes. If a customer arrives and raises their level in the waiting hall
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a customer exits the system, causing the inventory level to decrease by one. Catastrophic events force
the inventory level to drop to zero. The production policy is (s,S), where S is the fixed maximum
inventory level. A machine could break down during production, in which case it will be fixed at
random. The steady-state joint probability distribution of the inventory level, the number of customers
in orbit, and the machine status are derived using the matrix-geometric method. Several performance
measures are calculated, and the results are used to develop a cost function. Finally, numerical results
are presented to demonstrate the system’s behavior.
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1. Introduction

This study examines the impact of machine breakdowns, negative customer effects and
catastrophic events on production inventory systems. As discussed by Berman and Sapna [2],
and Buzacott and Shanthikumar [3], stochastic models are used to model systems that are
subject to random variations or uncertainties. The production process refers to the conversion
of raw materials into finished goods. The production rate can fluctuate due to breakdowns,
where production may be halted, leading to inventory shortages or delays. Gelenbe [4]
introduces an innovative approach to queueing network theory by incorporating both positive
and negative customers. Anitha et al. [1] explored a production inventory system affected
by machine breakdowns, using exponential distributions for production time, interfailure
time, and repair time. The production inventory system was further examined by Karthick et
al. [5], who introduced two distinct customer types alongside machine breakdowns. Sivakumar
and Arivarignan [[10] builds on the concept of queueing theory and inventory management,
specifically, in systems dealing with perishable goods and the concept of negative customers.
A catastrophe in the production inventory system typically refers to a significant disruption
or crisis in managing the inventory of materials or products within a production environment.
According to Melikov et al. [6,/7]], and Ozkar et al. [9], when a catastrophe strikes, all inventory
items are destroyed, including those that were already allocated to customers for release.
Following such an event, customers who were disrupted and had their inventory destroyed
are re-entered into the queue. This situation introduces the potential for delays in customer
fulfillment, as the queue is likely to expand with the addition of returning customers.

This paper analyses the production inventory system combining machine breakdowns,
catastrophes and negative customers through a matrix geometric method.

Notations
* [A];; : Element or sub-matrix at ith row, jth column of the matrix A.

* e : A column vector of the appropriate dimension filled with ones.
e Fr=1-r,0<r<l.

e E7 : The set of all natural numbers from m to n, inclusive of m and n.

2. Model Description

Consider a production inventory system with a maximum stock capacity of S units. Customers
arrive according to a Poisson process with rate w and upon arrival, each customer either
increases their level in the waiting hall with probability r or decreases their level with
probability 7. When a customer lowers by one with a unit item, the service rate denoted
by T occurs and the service facility uses an exponential distribution. Catastrophes may occur in
the system, and it is assumed that they follow an exponential distribution with a parameter
of {. Once the inventory falls below a certain threshold, s (< .S), the machine is activated to
produce the item. The production of a unit item is assumed to follow an exponential distribution
with a parameter x. When the inventory level reaches S, manufacturing is halted. The machine
may break down during production, in which case the breakdown time follows an exponential
distribution with a parameter €. The breakdown is repaired after a random amount of time, and
the repair duration is assumed to follow an exponential distribution with a parameter 7.
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3. Mathematical Analysis

Let C1(¢) represent the number of consumers in the waiting hall at time ¢, Co(¢) represent
the amount of merchandise that is on hand at time ¢ and C3(¢) represent the machine’s status
at time ¢,
0, the machine is idle,
C3(t)=<1, the machine is switched on,
2, the machine is under repair.

Using the input and output process assumptions, it is possible to demonstrate that the stochastic
process {(C1(2),C2(t),C3(t)), t = 0} is a continuous time Markov process with state space,

0- {(61,02,0), c1=0,1,2,...;c0€ES ;

(c1,c2,c3), ¢1=0,1,2,...;c0€ ES7 Y c3=1,2.

The ordering of the above states space is denoted by, (<K 0>,< 1>, 2>,...), where
<<Cl>> = ((Cl70>’ <Cl, 1)’ M <C].7S>)7 C]_ = 07 1’27 A

and
((c1,c2,1),(c1,c2,2)), c1=0,1,2,...;co€ ES;
(c1,c2) =1 ((e1,¢2,0),(c1,c9,1),(c1,¢c2,2)), ¢1=0,1,2,...;c9 €Ef+_11;
(c1,c2,0), c1=0,1,2,...;¢c2=S;

is the infinitesimal generating matrix @ (block matrix), which is a tri-diagonal matrix because
the number of customers in the waiting hall can either go up or down by one or stay the same.
Let

€Oy (1) «2) «3» «4»
«O» [ Bo Ao O 0 0
1y | A2 A1 Ap O 0
Q=N | 0 Ay Ay Ay O
@G| 0 Ay A1 A

where
X()(), 6,2262,02 EE%; 1 2
Xo1, ch=co,coeESTL 1[ro 0
[Aole,e, = ; Xoo =
Xo2, c45=c2,c2=S; 0 ro
0, otherwise,
0 1 2
Ofro 0 O 0
Xo1=1|0 row 0| Xo2 =0 (rw)

2\V\0 0 row
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Wao, CéZCQ—l,CQEEs;
Wai, 0'2202—1,02:8+1; L o
Wos, 0,2202_1,C2€E§+_21; 1 2
Was, cho=ca—1,c2=38; 1{7 0 O ©
[Asleyey = o 2 o Wao = ( ), Wai=1]7 0
X0, Cy=cg,c2€Ey; 210 7
/ S—1 2\0 7
Xo1, c9=cg,c2€E] T
Xag, cy=c2,c2=3S;
0, otherwise,
0 1 2
1 2
0z 0 0 0 1 2 o o
Fw
Wee=110 o, Wa=0 (r 0 0), X0 = ( ),
2\ 0 ro
2\0 0 7
0 1 2
0[fw O O 0
Xo1=1]0 Ffo 0|  X22=0 (fw),
2\0 0 row
Yl, C’2=0,02€E31;
Yo, 0’2:0, c9 EE'_SS_:ll;
Y3, ¢,=0,c2=8;
X11, c4=ca,c2=0;
1 2
Xzz, CéZCQ,CgEE‘i; 1 2
X33, cL=co 02€ES_1' 1(¢ O 0f¢ 0
[30]020’2:< ’ ,2 s s+1°? Y= ( ), Yo=1 ¢ 0
X44, cy=cg,c2=38; 210 ¢ 2 \o ¢
Zo1, 0,2202+1,02€E8_1;
Zo2, ch=ca+1l,ca=s;
Zos, 0,2202+1,02€E‘SS+_12;
Zo4, C,2202+1,02:S_1;
0, otherwise,
0 1 2
1 2 01 2
L2 1 0 1(0 0 0000
K K
Y3=0 ({ 0), Zo1 = ( ), Zog = ( ), Zos=1[0 x 0]
210 0 2\0 0 O
2\0 0 O
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0
1 2
010 1(—( )
—(rw+x+e€ €
Zoa=1 |« X11 =2 ( ( )),
—(ro+
910 n n
1 2
1 |-(rw+x+e+ €
Xy ( (r 0 )
2 n —(ro+n+Q)
0 1 2
0-Grow+0) 0 0 0
X33=1 0 —(ro+x+e+0) € , X44=0 (—(rw+()),
2 0 n —(ro+n+Q)

Y1, ¢,=0,c0€ES;
Ys, ¢,=0,c2€ Ef;ll;
Y3, ¢,=0,c0=3S;
X11, ch=cg,c2=0;
Xoo, 012202,02 EE‘;;
X33, 6,2 =9, C2 EE‘Sg;ll;
[141]020’2 =1 - ,
Xy44, cy=cg,c2=3S;
Zo1, ch=co+1,cocESY;
Zo2, co=cz2+1,co=s;

S-2.

I —
Zo3, 02—02+1,02€E8+1,

/ .
Zo4, C2=C2+1,02:S—1,

0, otherwise,
1 2
0
~ 1 [ —(w+x+e) € =
X11= ( ), X44=0 (—(a)+(+r)),
2 n —(w+n)
1 2
~ 1| (w+x+e+(+T €
X22: ( c ) ),
2 n —(w+n+{+71)
0 1 2
0 —-(w+l+71) 0 0
X33=1 0 —(w+x+e+(+71) €
2 0 n —(w+n+{+71)
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3.1 Stability Analysis

Now, let us examine the generating matrix D = Ag+ A1+ Ag is provided by
Yo, ¢5=0,c2=1;

Yy, C,2:0,02€ES;

Ye, c¢5=0,c2 EE‘SSIII;

Y3, ¢5,=0,c2=8;

Wzo, 6,2202—1,02€E8;

/ .
Woi, 02=02—1,02:s+1,

S-1.

-
Wag, C2—C2—1,02€E8+2,

W23, C,2:C2—1,02:S;
[D]CQC’z =1 X(), CI2:CQ,02:0;

X1, cy=cg,c2€ES;

X, cy=ca,co €E§+_11;
X3, cy=c2,c2=38;

Zo1, CI2202+1, co EEg_l;

!/ — a*
Zoz, c9q=cg+1l,c2=s;

S-2.

I _
Zo3, C2—Cz+1, ()] €Es+1’

/ .
Z04, 62=CQ+1,02=S—1,

0, otherwise,

where Yo = Y1 + Wao; Xo = Xoo + Xao + X11; X1 = Xoo + Xoo + Xoo; Xo = Xo1 + Xo1 + Xs3;
X3 = X2 + Xa9 + X44. This structure clearly shows that the generating matrix D is ergodic.
There is a steady-state probability distribution.

Assuming that I1 stands for D’s steady state probability distribution, the equation

IID =0, (3.1
Ile=1, (3.2)

where the vector I1= (7?70 7@ . 7(9).
From the above two equations, we get the following set of equations

n<j>XO+nU+1>ZOI =0, j=0,
a9 VY, + 729X + 72V Z01 =0, J=1
7OV + 7Y VW + 79X + 7V 201 =0,  jeES Y,
1OV + 79 OWoo + 71X+ 7Y Zge =0,  j=s,
1OV + 79 VWoy + 710Xy + 7YV Z03=0, j=s+1,
1OV + 7Y OWoo + 1 KXo+ 7V Z03=0,  je E§+_22,
7 OY + 7Y O Wog + 70X + 1V Zs =0,  j=8S-1,
7 OYy + 7 D Wag + 19 X5 =0, Jj=8.
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Lemma 3.1. The stability condition of the system under study is given by

ro<fo+1-1%e)r. (3.3)

Proof. From the well known results of Neuts [8]] on the positive recurrence of D, we have
HA()e < HAze (3.4)
and by exploiting the structure of the matrices Ay, Ag and II stated result follows. O

3.2 Steady State Analysis

The irreducible structure of the rate matrix € and Lemma make it evident that
the continuous-time Markov process {(C1(t),Ca(2),C3(?)), t = 0} with state space Q is regular.
For this reason, the limiting distribution ®,

olere2¢d) = lim PrlC1(f) = 1,C2(t) = ¢2,C5(1) = 3| C1(0), C2(0), C3(0)]

exists and does not depend on the initial state, that is ® = (®©,dD) .. ) satisfies
PR =0, de=1. (3.5)

4. System Performance Measures

In this section, we derive several important system performance metrics.

Expected Inventory level

oo S
Sr=Y. Y c®t?e

c1=0c9=1
Expected number of customers in the waiting hall

[e.°]
%0 = Z Clq)(01)e
c1=1

Expected value of arrivals of negative customers

o0
Sy =Y Fwd“Ve
c1=1

Expected Production startup rate

%P — io: i (q)(chz,O) + i T(D(cl,s+1,0)

c1=0c9=s+1 c1=1
Expected Repair rate
oo S-1
Sp = Z Z n@c1-c2:2)
c1=0c9=0

Expected Catastrophe rate

x _ o S (61702)
Ser= ). Y (D e

c1=0cg=1
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5. Cost Analysis
The long-run total expected cost rate for this model is defined to be

TC(S,S) =cpS7+ ¢SS0 + ¢, SN +¢sS8p +¢,.Sgr +ce:Ser,

where
¢, : The inventory carrying cost per unit item per unit time
¢, : Waiting cost of a customer in the waiting hall per unit time
¢n : Loss per unit time due to arrival of a negative customer
¢s : Production startup cost for per production initiation
¢, : Machine service cost per repair per unit time
c.t . Catastrophe cost per unit time

6. Numerical Analysis

The function T'C(s,S) appears to be convex based on extensive numerical experimentation.
Optimal values of the total cost rate, denoted as TC*, s* and S*, are obtained through a simple
numerical search process. A typical three-dimensional plot of the expected total cost function is
presented in Figure

The optimal cost value TC* = 1.2224 is achieved at (s*,S™*) = (4, 18), for the fixed parameter
values w=2.3;7=38.5;r=0.7; { =0.05; x =3.2; ¢ =0.9; n =2.4; ¢, =0.01; ¢, = 0.8; ¢, = 0.027;
cs=12;c¢,=0.152; ¢.; = 0.65.

Figure 1. A typical three-dimensional plot illustrating the convexity of the total expected cost rate

The impact of variations in cost rates and system parameters on the optimal values is
analyzed and summarized in the following tables. In each cell, the lower entry represents
the optimal cost rate, while the upper entries provide the corresponding S* and s* values. Given
the fixed parameter values c¢; = 0.01, ¢, = 0.8, ¢, =0.027, ¢, =1.2, ¢, =0.152 and c¢.; = 0.65,
the results presented in Tables ([T} [2| and [3|demonstrate that the optimal cost increases with
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rising values of w, { and ¢, whereas it decreases as the parameters 7, ¥ and 7 increase. S*
increases monotonically with w, 7 and € increases and decreases monotonically as {, x and 1
increases. s* increases monotonically with w and € increases and decreases monotonically as 7,
{, ¥ and 7 increases.

Table 1. Impact of parameter on the optimal values for fixed w = 2.25

w=225| ¢ 0.8 0.9 1
n 2.37 2.4 2.43 2.37 2.4 2.43 2.37 2.4 2.43

T 4 K

18[4[18[4]18[4]18] 4 [18]4]18]4|18|4|18]|4]|18]4
3.12 | 1.1768 | 1.1747 | 1.1727 | 1.2011 | 1.1985 | 1.1961 | 1.2277 | 1.2245 | 1.2214
183183183 |18 4 [18]4]18[4|18[4]|18[4]|18]4
0.04 | 3.20 | 1.1666 | 1.1646 | 1.1627 | 1.1.1889 | 1.1866 | 1.1843 | 1.2132 | 1.2103 | 1.2075
183183173 |18 4 [18]4]18][3|18[4]|18[4]|18]4
3.28 | 1.1573 | 1.1555 | 1.1538 | 1.1783 | 1.1762 | 1.1742 | 1.2006 | 1.1980 | 1.1955
183183183 |18 4 [18[4]18[4|18[4]|18[4]|18]4
3.12 | 1.2075 | 1.2049 | 1.2025 | 1.2353 | 1.2322 | 1.2293 | 1.2654 | 1.2616 | 1.2581
183183183 |18 4 [18[3|18[3|18[4]|18[4]|18]4
3.4 | 0.05 | 3.20 | 1.1951 | 1.1928 | 1.1906 | 1.2210 | 1.2182 | 1.2155 | 1.2486 | 1.2452 | 1.2419
173173173 |18 3 [18]3|18][3|18[4]|18[4]|18]4
3.28 | 1.1843 | 1.1822 | 1.1801 | 1.2083 | 1.2057 | 1.2032 | 1.2339 | 1.2309 | 1.2279
18|3|18[3]18[3[18]| 3 [18[3]18|3|18[4[18][4]|18]4
3.12 | 1.2371 | 1.2342 | 1.2314 | 1.2684 | 1.2648 | 1.2614 | 1.3020 | 1.2978 | 1.2937
183183173 |18 3 [18][3|18[3|18[3]|18[3|18]3
0.06 | 3.20 | 1.2231 | 1.2204 | 1.2179 | 1.2519 | 1.2487 | 1.2456 | 1.2830 | 1.2791 | 1.2753
17317317 ]3|18] 3 [17][3|17[3|18[3]|18[3|18]3
3.28 | 1.2107 | 1.2083 | 1.2060 | 1.2375 | 1.2345 | 1.2317 | 1.2661 | 1.2625 | 1.2591
18[4][18[4]18[4]18] 4 [18]4]18]4|18|4|18]|4]|18]4
3.12 | 1.1490 | 1.1469 | 1.1449 | 1.1734 | 1.1708 | 1.1683 | 1.2001 | 1.1968 | 1.1938
18|3|18[3]18[3[18] 4 [18[4]18|4|18[4[18][4]|18]4
0.04 | 3.20 | 1.1388 | 1.1368 | 1.1349 | 1.1612 | 1.1588 | 1.1566 | 1.1855 | 1.1826 | 1.1798
183183173 |18 4 [18]4]18[3|18[4]|18[4]|18]4
3.28 | 1.1295 | 1.1277 | 1.1260 | 1.1506 | 1.1484 | 1.1464 | 1.1728 | 1.1702 | 1.1678
183183183 |18 4 [18[4]18[4|18[4]|18[4]|18]4
3.12 | 1.1793 | 1.1768 | 1.1744 | 1.2072 | 1.2042 | 1.2012 | 1.2374 | 1.2336 | 1.2300
183183183 |18 4 183|183 |18[4]|18[4]|18]4
35 | 005 | 3.20 | 1.1670 | 1.1647 | 1.1625 | 1.1929 | 1.1901 | 1.1874 | 1.2205 | 1.2171 | 1.2139
173173173 |18 3 183|183 |18[4|18[4]|18]4
3.28 | 1.1562 | 1.1540 | 1.1520 | 1.1802 | 1.1776 | 1.1751 | 1.2050 | 1.2028 | 1.1999
183183183 |18 3 [18[3|18[3|18[4|18[4]|18]4
3.12 | 1.2086 | 1.2057 | 1.2030 | 1.2400 | 1.2364 | 1.2330 | 1.2736 | 1.2694 | 1.2653
183183183 |18 3 [18][3|18[3|18[3]|18[3|18]3
0.06 | 3.20 | 1.1946 | 1.1920 | 1.1894 | 1.2234 | 1.2202 | 1.2171 | 1.2545 | 1.2506 | 1.2469
173|173 |17 [3]18]| 3 |18[3[17|3|18|3|18[3]|18]3
3.28 | 1.1823 | 1.1799 | 1.1775 | 1.2090 | 1.2060 | 1.2032 | 1.2376 | 1.2341 | 1.2307
Table Contd.
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w=225\ € 0.8 0.9 1

n 2.37 2.4 2.43 2.37 2.4 2.43 2.37 2.4 2.43

18[418[4]18[4]18][4]18|4]18[4a|18|4a|18][4a]18]4

3.12 | 1.1231 | 1.1211 | 1.1191 | 1.1476 | 1.1450 | 1.1425 | 1.1743 | 1.1711 | 1.1680

183183183 |18[4|18[4|18|4]|18|4[18|4]18]4

0.04 | 3.20 | 1.1129 | 1.1109 | 1.1090 | 1.1353 | 1.1330 | 1.1307 | 1.1597 | 1.1568 | 1.1540

183183183 |18[4|18|4|18|3[18|4[18[4]18]4

3.28 | 1.1035 | 1.1018 | 1.1001 | 1.1247 | 1.1226 | 1.1205 | 1.1470 | 1.1444 | 1.1419

18 \ 3| 18 \ 3| 18 \ 3| 18 \ 4| 18 \ 4| 18 \ 4| 18 \ 4| 18 \ 4] 18 \ 4

3.12 | 1.1532 | 1.1506 | 1.1482 | 1.1811 | 1.1780 | 1.1751 | 1.2113 | 1.2076 | 1.2040

18 \ 3| 18 \ 3| 18 \ 3| 18 \ 4| 18 \ 3| 18 \ 3| 18 \ 4| 18 \ 4| 18 \ 4

3.6 | 0.05 | 3.20 | 1.1408 | 1.1385 | 1.1363 | 1.1668 | 1.1640 | 1.1612 | 1.1944 | 1.1910 | 1.1878

18 \ 3| 17 \ 3| 17 \ 3| 18 \ 3] 18 \ 3| 18 \ 3| 18 \ 4| 18 \ 4| 18 \ 4

3.28 | 1.1299 | 1.1278 | 1.1258 | 1.1540 | 1.1514 | 1.1489 | 1.1797 | 1.1766 | 1.1737

18 \ 3] 18 \ 3| 18 \ 3] 18 \ 3] 18 \ 3| 18 \ 3| 18 \ 4| 18 \ 4| 18 \ 4

3.12 | 1.1821 | 1.1792 | 1.1765 | 1.2135 | 1.2099 | 1.2065 | 1.2472 | 1.2429 | 1.2389

18 \ 3| 18 \ 3| 18 \ 3| 18 \ 3] 18 \ 3| 18 \ 3| 18 \ 3| 18 \ 3] 18 \ 3

0.06 | 3.20 | 1.1681 | 1.1654 | 1.1629 | 1.1969 | 1.1937 | 1.1906 | 1.2281 | 1.2241 | 1.2204

17 \ 3| 17 \ 3| 17 \ 3| 18 \ 3|18 \ 3| 18 \ 3| 18 \ 3| 18 \ 3| 18 \ 3

3.28 | 1.1558 | 1.1534 | 1.1510 | 1.1825 | 1.1795 | 1.1767 | 1.2111 | 1.2076 | 1.2042

Table 2. Impact of parameter on the optimal values for fixed w = 2.3

w=23 \ € 0.8 0.9 1

n 2.37 2.4 2.43 2.37 2.4 2.43 2.37 2.4 243

18[418[4]18[4]18[4]18|4]18[4a]19|4a|19][4a]18]4

3.12 | 1.2080 | 1.2058 | 1.2036 | 1.2341 | 1.2313 | 1.2286 | 1.2626 | 1.2591 | 1.2558

18 \ 4| 18 \ 4| 18 \ 4| 18 \ 4| 18 \ 4] 18 \ 4| 18 \ 4| 18 \ 4| 18 \ 4

0.04 | 3.20 | 1.1969 | 1.1948 | 1.1929 | 1.2207 | 1.2182 | 1.2157 | 1.2467 | 1.2436 | 1.2406

18 \ 3| 18 \ 3| 18 \ 3| 18 \ 4| 18 \ 4| 18 \ 4| 18 \ 4| 18 \ 4| 18 \ 4

3.28 | 1.1872 | 1.1852 | 1.1834 | 1.2092 | 1.2069 | 1.2047 | 1.2330 | 1.2301 | 1.2274

18 \ 4| 18 \ 4| 18 \ 4| 18 \ 4| 18 \ 4| 18 \ 4| 18 \ 4| 18 \ 4| 18 \ 4

3.12 | 1.2404 | 1.2377 | 1.2351 | 1.2700 | 1.2667 | 1.2635 | 1.3023 | 1.2982 | 1.2943

18 \ 3|18 \ 3| 18 \ 3| 18 \ 4| 18 \ 4| 18 \ 4| 18 \ 4| 18 \ 4| 18 \ 4

3.4 | 0.05 | 3.20 | 1.2272 | 1.2247 | 1.2223 | 1.2544 | 1.2514 | 1.2486 | 1.2839 | 1.2803 | 1.2767

18 \ 3] 18 \ 3| 18 \ 3| 18 \ 4| 18 \ 3| 18 \ 3| 18 \ 4| 18 \ 4| 18 \ 4

3.28 | 1.2154 | 1.2132 | 1.2110 | 1.2409 | 1.2382 | 1.2355 | 1.2680 | 1.2646 | 1.2615

18 \ 3| 18 \ 3| 18 \ 3| 18 \ 4| 18 \ 4| 18 \ 4| 18 \ 4| 18 \ 4| 18 \ 4

3.12 | 1.2717 | 1.2685 | 1.2655 | 1.3050 | 1.3012 | 1.2976 | 1.3409 | 1.3362 | 1.3318

18 \ 3| 18 \ 3| 18 \ 3| 18 \ 3| 18 \ 3| 18 \ 3| 18 \ 4| 18 \ 4| 18 \ 4

0.06 | 3.20 | 1.2564 | 1.2536 | 1.2509 | 1.2872 | 1.2837 | 1.2803 | 1.3201 | 1.3160 | 1.3120

18 \ 3| 18 \ 3| 18 \ 3] 18 \ 3] 18 \ 3| 18 \ 3| 18 \ 3| 18 \ 3| 18 \ 3

3.28 | 1.2431 | 1.2405 | 1.2380 | 1.2715 | 1.2683 | 1.2652 | 1.3021 | 1.2982 | 1.2945
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w=23 e 0.8 0.9 1

n 2.37 2.4 2.43 2.37 2.4 2.43 2.37 2.4 2.43
T 4 K

18418418 ]4af18[a|18|a|18 [ a|19][a]19][a]18]4
3.12 | 1.1794 | 1.1771 | 1.1749 | 1.2056 | 1.2027 | 1.2000 | 1.2341 | 1.2306 | 1.2273
184|184 18418 |4a]18|a[18]a]18][4a]18][4]18]4
0.04 | 320 | 1.1682 | 1.1661 | 1.1642 | 1.1921 | 1.1896 | 1.1871 | 1.2182 | 1.2150 | 1.2120
18318318 [3|18|4|18[a]18]a]18|4a|18][4a]18]4
3.28 | 1.1585 | 1.1565 | 1.1547 | 1.1805 | 1.1782 | 1.1760 | 1.2044 | 1.2015 | 1.1988
18418418418 |a|18[a]18]a]18|4a|18][4a]18]4
3.12 | 1.2113 | 1.2087 | 1.2061 | 1.2411 | 1.2377 | 1.2345 | 1.2734 | 1.2693 | 1.2654
18318318318 |4|18[a]18]a]18|4|18[4a]18]4
35 | 005 | 320 | 1.1981 | 1.1956 | 1.1932 | 1.2254 | 1.2224 | 1.2196 | 1.2550 | 1.2513 | 1.2478
18)3|18[3[18[3|18|4|18[3]18[3][18|4|18[4]18]4
3.28 | 1.1864 | 1.1841 | 1.1819 | 1.2119 | 1.2091 | 1.2064 | 1.2390 | 1.2356 | 1.2325
18318318 [3|18|4|18[a]18]a]18|4|18[4a]18]4
3.12 | 1.2423 | 1.2391 | 1.2362 | 1.2756 | 1.2718 | 1.2682 | 1.3115 | 1.3069 | 1.3025
18)3|18|3|18|3|18[3[18]3]18[3 184184184
0.06 | 3.20 | 1.2270 | 1.2242 | 1.2215 | 1.2578 | 1.2543 | 1.2509 | 1.2908 | 1.2866 | 1.2826
18|3|18|3|18|3|18[3[18]3]18[3|18][3]|18][3]18]3
3.28 | 1.2137 | 1.2111 | 1.2086 | 1.2421 | 1.2389 | 1.2358 | 1.2727 | 1.2688 | 1.2651
18418418 ]4a|18[a|18|a|18 [ a]19][a]19][a]19]4
3.12 | 1.1527 | 1.1504 | 1.1482 | 1.1790 | 1.1761 | 1.1734 | 1.2076 | 1.2041 | 1.2007
184184 18|a]18]a]18]a]18[4a|18][4]|18][4]|18]4
0.04 | 3.20 | 1.1415 | 1.1394 | 1.1375 | 1.1655 | 1.1629 | 1.1604 | 1.1916 | 1.1884 | 1.1854
18|3|18|3|18[3|18]4a[18]a]18[4a|18][4|18][4]|18]4
3.28 | 1.1317 | 1.1208 | 1.1279 | 1.1538 | 1.1515 | 1.1493 | 1.1777 | 1.1749 | 1.1722
18418418418 |a|18[a]18]a][19|4a|18][4a]18]4
3.12 | 1.1843 | 1.1817 | 1.1791 | 1.2141 | 1.2108 | 1.2076 | 1.2466 | 1.2425 | 1.2386
18318318 [3|18|4|18[a]18]a]18|4a|18][4a]18]4
3.6 | 0.05 | 320 | 1.1711 | 1.1686 | 1.1662 | 1.1985 | 1.1954 | 1.1926 | 1.2281 | 1.2244 | 1.2208
18318318 [3|18|4|18[3]18[3]18|4|18[4]18]4
3.28 | 1.1593 | 1.1570 | 1.1549 | 1.1849 | 1.1821 | 1.1794 | 1.2120 | 1.2087 | 1.2055
18318318 [3|18|4|18[a]18]4a]18|4|18[4a]18]4
3.12 | 1.2149 | 1.2118 | 1.2088 | 1.2483 | 1.2445 | 1.2409 | 1.2843 | 1.2797 | 1.2752
18)3|18[3[18[3|18|3|18[3[18[3[18|4|18[4]18]4
0.06 | 3.20 | 1.1996 | 1.1968 | 1.1941 | 1.2304 | 1.2269 | 1.2236 | 1.2635 | 1.2593 | 1.2553
18)3|18[3[18[3|18|3|18[3]18][3[18|3|18[3]18]3
3.28 | 1.1863 | 1.1837 | 1.1813 | 1.2147 | 1.2115 | 1.2085 | 1.2453 | 1.2415 | 1.2378
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Table 3. Impact of parameter on the optimal values for fixed w = 2.35

w =235 € 0.8 0.9 1
n 2.37 24 2.43 2.37 2.4 2.43 2.37 24 2.43

18418418 ]4a|19][a]19[a]18|a]19][5]19][5][19]5
3.12 | 1.2401 | 1.2877 | 1.2353 | 1.2681 | 1.2650 | 1.2621 | 1.2983 | 1.2946 | 1.2911
184184184184 |18]a]18|4a]19][a]19]|4]19]4
0.04 | 3.20 | 1.2279 | 1.2257 | 1.2236 | 1.2535 | 1.2507 | 1.2480 | 1.2813 | 1.2779 | 1.2746
184184184184 |18]4a]18|4a]18][a]18]|4]18]4
3.28 | 1.2174 | 1.2154 | 1.2135 | 1.2408 | 1.2383 | 1.2359 | 1.2663 | 1.2632 | 1.2602
184 184 18|a]18]a][18]a]18[a|19][a|19][4]|19]4
3.12 | 1.2741 | 1.2712 | 1.2684 | 1.3059 | 1.3022 | 1.2988 | 1.3404 | 1.3360 | 1.3318
184184184184 |18]a]18|4a]19][a]18]|4]18]4
34 | 005 | 3.20 | 1.2598 | 1.2572 | 1.2547 | 1.2888 | 1.2856 | 1.2825 | 1.3205 | 1.3165 | 1.3126
183183183184 |18]4a]18|4]18][a]18]|4]18]4
3.28 | 1.2473 | 1.2449 | 1.2425 | 1.2741 | 1.2711 | 1.2683 | 1.3030 | 1.2994 | 1.2960
18418 418|318 [a[18]a]18[4a|19][4|19][4]|18]4
3.12 | 1.3072 | 1.3039 | 1.3007 | 1.3426 | 1.3385 | 1.3345 | 1.3810 | 1.3760 | 1.3712
183183183184 |18]4a]18|4]18][a]18]|4]18]4
0.06 | 3.20 | 1.2907 | 1.2877 | 1.2847 | 1.3233 | 1.3196 | 1.3161 | 1.3585 | 1.3539 | 1.3496
183|183 |18[3[18|3 183183 [18[4a]18]|4]18]4
3.28 | 1.2763 | 1.2735 | 1.2708 | 1.3065 | 1.3031 | 1.2997 | 1.3388 | 1.3347 | 1.3308
18418418 4a|19][a]19[a]19|a]19][5]19][5][19]5
3.12 | 1.2106 | 1.2081 | 1.2057 | 1.2386 | 1.2355 | 1.2325 | 1.2689 | 1.2652 | 1.2616
184184184184 |18]a]18|4a][19][a]19]|4]19]4
0.04 | 3.20 | 1.1983 | 1.1961 | 1.1940 | 1.2239 | 1.2211 | 1.2185 | 1.2518 | 1.2484 | 1.2451
184184184184 |18]4a]18|4a]18][a]18]|4]18]4
3.28 | 1.1878 | 1.1858 | 1.1839 | 1.2112 | 1.2087 | 1.2063 | 1.2368 | 1.2337 | 1.2307
184184 18]4a]19]a][18]a]18[a|19][a|19][4]|19]4
3.12 | 1.2441 | 1.2412 | 1.2385 | 1.2759 | 1.2723 | 1.2689 | 1.3106 | 1.3062 | 1.3019
184184184184 |18]a]18|4a]19][a]18]|4]18]4
35 | 005 | 3.20 | 1.2298 | 1.2272 | 1.2247 | 1.2589 | 1.2556 | 1.2525 | 1.2906 | 1.2866 | 1.2827
183183183184 18418 |4]18][a]18]|4]18]4
3.28 | 1.2173 | 1.2149 | 1.2125 | 1.2441 | 1.2412 | 1.2384 | 1.2731 | 1.2695 | 1.2660
18418318318 ]a[18]a]18[a|19][a|19][4]|19]4
3.12 | 1.2769 | 1.2736 | 1.2703 | 1.3123 | 1.3082 | 1.3042 | 1.3507 | 1.3457 | 1.3409
183183183184 |18]a]18|4]18][a]18]|4]18]4
0.06 | 3.20 | 1.2604 | 1.2573 | 1.2543 | 1.2930 | 1.2893 | 1.2857 | 1.3282 | 1.3236 | 1.3193
183183183183 183183 [18[4a]18]|4]18]4
3.28 | 1.2459 | 1.2431 | 1.2404 | 1.2761 | 1.2727 | 1.2694 | 1.3085 | 1.3044 | 1.3004
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w=235| e 0.8 0.9 1
n 2.37 2.4 2.43 2.37 2.4 2.43 2.37 2.4 2.43

T 4 K

184 184 18419 af19]a]19][a]|19]5]|19]5]|19]5
3.12 | 1.1831 | 1.1806 | 1.1782 | 1.2111 | 1.2080 | 1.2051 | 1.2415 | 1.2378 | 1.2343
18[4]18|4|18[a|18[4a[18|a|18[4a[19|4a|19][4]19]4
0.04 | 3.20 | 1.1708 | 1.1686 | 1.1664 | 1.1965 | 1.1937 | 1.1910 | 1.2244 | 1.2210 | 1.2177
18\4 18\4 18\4 18\4 18\4 18\4 19\4 18\4 18\4
3.28 | 1.1602 | 1.1582 | 1.1563 | 1.1837 | 1.1812 | 1.1788 | 1.2093 | 1.2062 | 1.2032
18418418419 ]4a|19|4a]18]4a19]4a][19]4a][19]4
3.12 | 1.2163 | 1.2134 | 1.2106 | 1.2482 | 1.2446 | 1.2411 | 1.2829 | 1.2784 | 1.2742
18418418418 a]18|a]18|4a]19[a][19]|4a][18]4
3.6 | 0.05 | 3.20 | 1.2020 | 1.1993 | 1.1968 | 1.2311 | 1.2278 | 1.2247 | 1.2628 | 1.2588 | 1.2550
183183183 |18|4[18|4a|18[4[18|4a]|18]4]18]4
3.28 | 1.1894 | 1.1869 | 1.1846 | 1.2163 | 1.2133 | 1.2105 | 1.2453 | 1.2417 | 1.2382
184183 |18[3[18[418[4a]18|4a]19|4a][19]|4a][19]4
3.12 | 1.2487 | 1.2453 | 1.2421 | 1.2841 | 1.2800 | 1.2761 | 1.3226 | 1.3176 | 1.3128
183|183 |18[3[18[4|18|4]18|4]18|4a][18]4][18]4
0.06 | 3.20 | 1.2321 | 1.2291 | 1.2261 | 1.2648 | 1.2611 | 1.2575 | 1.3000 | 1.2955 | 1.2911
18318 |3 183183183 |18[3[18|4|18]4]18]4
3.28 | 1.2176 | 1.2149 | 1.2122 | 1.2479 | 1.2444 | 1.2412 | 1.2803 | 1.2762 | 1.2722

From Tables and [6, under fixed parameters w =2.3; 1=3.5; r =0.7; { =0.05; x = 3.2;
€=0.9; n=2.4 it is observed that the optimal cost value increases with rising values of cj, cs,
Co, Cn, ¢y and c.;. S™ monotonically increases when cg, ¢,, ¢, and c.; increase and decreases
monotonically as c¢;, and ¢, increase. s* increases monotonically with increases in ¢, and ¢,
and monotonically decreases when cy, cs, ¢, and c.; increase.

Table 4. Effects of costs on optimal values for fixed ¢ = 0.008

¢y, =0.008 ‘ cr 0.142 0.152 0.162
Cet 0.62 0.65 0.68 0.62 0.65 0.68 0.62 0.65 0.68
Cs Co Cn

194194194 [19]4a]19[4]19]4[19[4a]19[4]19]4
0.022 | 1.1846 | 1.1853 | 1.1860 | 1.1895 | 1.1902 | 1.1909 | 1.1944 | 1.1951 | 1.1958
194194194194 ]19]4]19[4[19][4]19]4]19]4
0.79 | 0.027 | 1.1861 | 1.1868 | 1.1875 | 1.1910 | 1.1917 | 1.1924 | 1.1958 | 1.1966 | 1.1973
194194194194 ]19]4]19[4[19[4]19]4]19]4
0.032 | 1.1875 | 1.1883 | 1.1890 | 1.1924 | 1.1932 | 1.1939 | 1.1973 | 1.1981 | 1.1988
194194194194 ]19]4]19[4[19][4]19]4]19]4
0.022 | 1.1971 | 1.1979 | 1.1986 | 1.2020 | 1.2028 | 1.2035 | 1.2069 | 1.2076 | 1.2084
194194194194 ]19]4]19[4[19[4]19]4]19]4
1.15 | 0.8 | 0.027 | 1.1986 | 1.1993 | 1.2001 | 1.2035 | 1.2042 | 1.2050 | 1.2084 | 1.2091 | 1.2098
194194194194 ]19]4]19[4[19][4]19]4]19]4
0.032 | 1.2001 | 1.2008 | 1.2016 | 1.2050 | 1.2057 | 1.2064 | 1.2099 | 1.2106 | 1.2113
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19\4 19\4 19\4 19\4 19\4 19\4 19\4 19\4 19\4

0.022 | 1.2097 | 1.2104 | 1.2111 | 1.2146 | 1.2153 | 1.2160 | 1.2195 | 1.2202 | 1.2209

19\4 19\4 19\4 19\4 19\4 19\4 19\4 19\4 19\4

0.81 | 0.027 | 1.2112 | 1.2119 | 1.2126 | 1.2161 | 1.2168 | 1.2175 | 1.2210 | 1.2217 | 1.2224

19[4]19[4]19]4[19]4a[19]a]19[a]19][4][19]4]19]14

0.032 | 1.2127 | 1.2134 | 1.2141 | 1.2176 | 1.2183 | 1.2190 | 1.2224 | 1.2232 | 1.2239

19 419419419419 a][19[a]19]a]19]4a][19]4
0.022 | 1.1860 | 1.1867 | 1.1875 | 1.1909 | 1.1916 | 1.1924 | 1.1958 | 1.1965 | 1.1973
19[4]19[4]19]4[19]4a[19]a]19[a]19][4][19]4a]19]14
0.79 | 0.027 | 1.1875 | 1.1882 | 1.1890 | 1.1924 | 1.1931 | 1.1938 | 1.1973 | 1.1980 | 1.1987
19[4]19[4]19]4[19]4a[19]a]19[a]19][4][19]4a]19]14
0.032 | 1.1890 | 1.1897 | 1.1904 | 1.1939 | 1.1946 | 1.1953 | 1.1988 | 1.1995 | 1.2002
194/19|4]20][4]19[4]19][a[19]4a][19][4]19][4]19]14
0.022 | 1.1986 | 1.1993 | 1.2000 | 1.2035 | 1.2042 | 1.2049 | 1.2084 | 1.2091 | 1.2098
19[4]20[4]20]4[19]a[19]a]19[a]19][4][19]4]19]14
12 | 0.8 | 0.027 | 1.2001 | 1.2008 | 1.2015 | 1.2050 | 1.2057 | 1.2064 | 1.2099 | 1.2106 | 1.2113
19[4]20[4]20]4[19]4a[19]a]19[4]19[4][19]4]19]14
0.032 | 1.2016 | 1.2023 | 1.2030 | 1.2064 | 1.2072 | 1.2079 | 1.2113 | 1.2121 | 1.2128
20420 4204|194 |19[4a]19][4][19]4a][19][a]19]4
0.022 | 1.2111 | 1.2119 | 1.2126 | 1.2160 | 1.2168 | 1.2175 | 1.2209 | 1.2217 | 1.2224
20420420 4a[19[a]19[4|19]a|19]4a][19]4a][19]4
0.81 | 0.027 | 1.2126 | 1.2133 | 1.2141 | 1.2175 | 1.2182 | 1.2190 | 1.2224 | 1.2231 | 1.2239
204204204194 |19[4a]19][4][19]4a][19]4a]|19]4
0.032 | 1.2141 | 1.2148 | 1.2155 | 1.2190 | 1.2197 | 1.2204 | 1.2239 | 1.2246 | 1.2253
204204 ]20|4]20]a[20][4]20]4][19][a]19][4]19]4
0.022 | 1.1874 | 1.1881 | 1.1888 | 1.1923 | 1.1930 | 1.1938 | 1.1973 | 1.1980 | 1.1987
204204204204 ]20[4]20][4][19]4]20]4]|20]4
0.79 | 0.027 | 1.1889 | 1.1896 | 1.1903 | 1.1938 | 1.1945 | 1.1952 | 1.1987 | 1.1995 | 1.2002
204204204204 ]20[4]20][4][19]4]20]4]|20]4
0.032 | 1.1903 | 1.1911 | 1.1918 | 1.1953 | 1.1960 | 1.1967 | 1.2002 | 1.2009 | 1.2017
20420420 4[20][4]20[4]20]a]20]4a][20]4][20]4
0.022 | 1.1999 | 1.2006 | 1.2014 | 1.2049 | 1.2056 | 1.2063 | 1.2098 | 1.2105 | 1.2112
20| 4[20|4[20]4]20][4]20[4]20]4]20]4]20]4]|20]4
125 | 0.8 | 0.027 | 1.2014 | 1.2021 | 1.2028 | 1.2064 | 1.2071 | 1.2078 | 1.2113 | 1.2120 | 1.2127
20420 |4[20]4]20][4]20[4]20]4]20]4]20]4]20]4
0.032 | 1.2029 | 1.2036 | 1.2043 | 1.2078 | 1.2086 | 1.2093 | 1.2128 | 1.2135 | 1.2142
20420420 4a[20[4]20[4]20][4a]20]4][20]4][20]4
0.022 | 1.2125 | 1.2132 | 1.2139 | 1.2174 | 1.2181 | 1.2189 | 1.2224 | 1.2231 | 1.2238
204204204204 ]20[4]20]4]20]4a]20]4]|20]4
0.81 | 0.027 | 1.2140 | 1.2147 | 1.2154 | 1.2189 | 1.2196 | 1.2203 | 1.2238 | 1.2246 | 1.2253
204204204204 ]20[4]20]4]20]4]20]4]20]4
0.032 | 1.2154 | 1.2162 | 1.2169 | 1.2204 | 1.2211 | 1.2218 | 1.2253 | 1.2260 | 1.2268
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Table 5. Effects of costs on optimal values for fixed c; = 0.01
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cp =0.01 cr 0.142 0.152 0.162

Cot 0.62 0.65 0.68 0.62 0.65 0.68 0.62 0.65 0.68

Cs Co Cn

18418 |4|18[af18|4|18[af18|4a|18][a][18]4]18]4

0.022 | 1.2012 | 1.2020 | 1.2027 | 1.2061 | 1.2068 | 1.2075 | 1.2109 | 1.2116 | 1.2124
184184184 |18|4]18|a[18[a|18]a]18]4a][18]4

0.79 | 0.027 | 1.2027 | 1.2034 | 1.2042 | 1.2076 | 1.2083 | 1.2090 | 1.2124 | 1.2131 | 1.2139
184184184184 |18]a]18|4a[18][4]18][4]|18]4

0.032 | 1.2042 | 1.2049 | 1.2057 | 1.2091 | 1.2098 | 1.2105 | 1.2139 | 1.2146 | 1.2153
184184184184 |18]a]18|4a[18][4]18][4]|18]4

0.022 | 1.2138 | 1.2145 | 1.2153 | 1.2187 | 1.2194 | 1.2201 | 1.2235 | 1.2242 | 1.2249
184184184184 |18]a]18|4a[18][4]18][4]|18]14

1.15 | 0.8 | 0.027 | 1.2153 | 1.2160 | 1.2167 | 1.2201 | 1.2209 | 1.2216 | 1.2250 | 1.2257 | 1.2264
184184184184 |18]a]18|4a[18][4]18][4]|18]4

0.032 | 1.2168 | 1.2175 | 1.2182 | 1.2216 | 1.2223 | 1.2231 | 1.2265 | 1.2272 | 1.2279
184184184184 |18]a]18|4[18][4]18][4]|18]4

0.022 | 1.2264 | 1.2271 | 1.2278 | 1.2312 | 1.2320 | 1.2327 | 1.2361 | 1.2368 | 1.2375
184184184 |18|4|18]a[18][a|18]a]18]4a][18]4

0.81 | 0.027 | 1.2279 | 1.2286 | 1.2293 | 1.2327 | 1.2334 | 1.2342 | 1.2376 | 1.2383 | 1.2390
184184184 |18|4]18]a[18[a|18]4a]18]4a[18]4

0.032 | 1.2294 | 1.2301 | 1.2308 | 1.2342 | 1.2349 | 1.2356 | 1.2390 | 1.2398 | 1.2405
18|4|18|418[4a]18[4a[18]a]18]a]18|4a]18|4]|18]4

0.022 | 1.2028 | 1.2035 | 1.2043 | 1.2077 | 1.2084 | 1.2091 | 1.2125 | 1.2132 | 1.2139
184184184184 |18]a]18|4a[18][4]18][4]|18]4

0.79 | 0.027 | 1.2043 | 1.2050 | 1.2057 | 1.2091 | 1.2099 | 1.2106 | 1.2140 | 1.2147 | 1.2154
184184184184 |18]a]18|4a[18][4]18][4]|18]4

0.032 | 1.2058 | 1.2065 | 1.2072 | 1.2106 | 1.2113 | 1.2121 | 1.2155 | 1.2162 | 1.2169
184184184184 |18]a]18|4a[18][4]18][4]|18]4

0.022 | 1.2154 | 1.2161 | 1.2168 | 1.2202 | 1.2209 | 1.2217 | 1.2251 | 1.2258 | 1.2265
184184184 |18|4|18|a[18[a|18]4a]18]4a][18]4

12 | 0.8 | 0.027 | 1.2169 | 1.2176 | 1.2183 | 1.2217 | 1.2224 | 1.2232 | 1.2265 | 1.2273 | 1.2280
184184184 |18|4]18]a[18[a|18]4a]18]4a[18]4

0.032 | 1.2184 | 1.2191 | 1.2198 | 1.2232 | 1.2239 | 1.2246 | 1.2280 | 1.2288 | 1.2295
184184184 |18|4]18|a][18[a|18]a]18]4a][18]4

0.022 | 1.2280 | 1.2287 | 1.2294 | 1.2328 | 1.2335 | 1.2342 | 1.2376 | 1.2384 | 1.2391
184184184184 |18]a]18|4a[18][4]18][4]|18]4

0.81 | 0.027 | 1.2294 | 1.2302 | 1.2309 | 1.2343 | 1.2350 | 1.2357 | 1.2391 | 1.2398 | 1.2406
184184184184 |18]a]18|4a[18][4]18][4]|18]14

0.032 | 1.2309 | 1.2316 | 1.2324 | 1.2358 | 1.2365 | 1.2372 | 1.2406 | 1.2413 | 1.2421
Table Contd.
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cp =0.01 ‘ cr 0.142 0.152 0.162
Cet 0.62 0.65 0.68 0.62 0.65 0.68 0.62 0.65 0.68
Cs Co Cn

184184184 |18|4|18|4a[18[4|18|4]18]4][18]4
0.022 | 1.2044 | 1.2051 | 1.2058 | 1.2092 | 1.2099 | 1.2107 | 1.2141 | 1.2148 | 1.2155
18[4]18[4]18|4[18|4a[18]a|18[4]18][4[18]|4][18]14
0.79 | 0.027 | 1.2059 | 1.2066 | 1.2073 | 1.2107 | 1.2114 | 1.2122 | 1.2155 | 1.2163 | 1.2170
184184184184 |18]a]18|4a[18][4]18][4]|18]4
0.032 | 1.2073 | 1.2081 | 1.2088 | 1.2122 | 1.2129 | 1.2136 | 1.2170 | 1.2178 | 1.2185
18[4]18[4]18|4[18|4a18]a|18[4]18][4[18]|4][18]14
0.022 | 1.2170 | 1.2177 | 1.2184 | 1.2218 | 1.2225 | 1.2232 | 1.2266 | 1.2274 | 1.2281
184 18[4]18|4[18|4a18]a|18[4]18][4[18]|4][18]14
125 | 0.8 | 0.027 | 1.2184 | 1.2192 | 1.2199 | 1.2233 | 1.2240 | 1.2247 | 1.2281 | 1.2288 | 1.2296
184184184184 |18]a]18|4a[18][4]18][4]|18]4
0.032 | 1.2199 | 1.2206 | 1.2214 | 1.2248 | 1.2255 | 1.2262 | 1.2296 | 1.2303 | 1.2311
18[4]18[4]18|4[18|4a18]a|18[4]18][4[18]|4][18]4
0.022 | 1.2295 | 1.2302 | 1.2310 | 1.2344 | 1.2351 | 1.2358 | 1.2392 | 1.2399 | 1.2407
184 18[4]18|4[18|4a[18]a|18[4]18][4[18]|4][18]4
0.81 | 0.027 | 1.2310 | 1.2317 | 1.2325 | 1.2358 | 1.2366 | 1.2373 | 1.2407 | 1.2414 | 1.2421
184184184184 |18]a]18|4a[18][4]18][4]|18]4
0.032 | 1.2325 | 1.2332 | 1.2339 | 1.2373 | 1.2381 | 1.2388 | 1.2422 | 1.2429 | 1.2436

Table 6. Effects of costs on optimal values for fixed c; = 0.012

c,=0012 [ ¢ 0.142 0.152 0.162
Cet 0.62 0.65 0.68 0.62 0.65 0.68 0.62 0.65 0.68
Cg Co Cn

17 a1 4|7 ]af1r|al1r[4|17 417 |4a]17][4]|17]3
0.022 | 1.2170 | 1.2178 | 1.2185 | 1.2218 | 1.2226 | 1.2233 | 1.2266 | 1.2274 | 1.2281
1741747417417 |47 |47 [4a]17]4a]|17]3
0.79 | 0.027 | 1.2185 | 1.2193 | 1.2200 | 1.2233 | 1.2241 | 1.2248 | 1.2281 | 1.2288 | 1.2296
17417 417417417417 [4[17][4]17[4]|17]4
0.032 | 1.2200 | 1.2207 | 1.2215 | 1.2248 | 1.2255 | 1.2263 | 1.2296 | 1.2303 | 1.2311

17\4 17\4 17\4 17\4 17\4 17\4 17\4 17\4 17\4

0.022 | 1.2296 | 1.2304 | 1.2311 | 1.2344 | 1.2352 | 1.2359 | 1.2392 | 1.2399 | 1.2407

17\4 17\4 17\4 17\4 17\4 17\4 17\4 17\4 17\4

1.15 | 0.8 | 0.027 | 1.2311 | 1.2318 | 1.2326 | 1.2359 | 1.2366 | 1.2374 | 1.2407 | 1.2414 | 1.2422

17\4 17\4 17\4 17\4 17\4 17\4 17\4 17\4 17\4

0.032 | 1.2326 | 1.2333 | 1.2341 | 1.2374 | 1.2381 | 1.2389 | 1.2422 | 1.2429 | 1.2436

17\4 17\4 17\4 17\4 17\4 17\4 17\4 17\4 17\4

0.022 | 1.2422 | 1.2429 | 1.2437 | 1.2470 | 1.2477 | 1.2485 | 1.2518 | 1.2525 | 1.2533

17\4 17\4 17\4 17\4 17\4 17\4 17\4 17\4 17\4

0.81 | 0.027 | 1.2437 | 1.2444 | 1.2452 | 1.2485 | 1.2492 | 1.2500 | 1.2533 | 1.2540 | 1.2547

17\4 17\4 17\4 17\4 17\4 17\4 17\4 17\4 17\4

0.032 | 1.2452 | 1.2459 | 1.2466 | 1.2500 | 1.2507 | 1.2514 | 1.2548 | 1.2555 | 1.2562

Table Contd.
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c,=0.012 [ ¢, 0.142 0.152 0.162

Cet 0.62 0.65 0.68 0.62 0.65 0.68 0.62 0.65 0.68
Cs Co Cn

1741741731417 |8 |17 3|17 [4a]17]38]17]3
0.022 | 1.2188 | 1.2195 | 1.2202 | 1.2236 | 1.2243 | 1.2250 | 1.2283 | 1.2290 | 1.2297
17417 |a|17 |37 |47 4173174173173
0.79 | 0.027 | 1.2202 | 1.2210 | 1.2217 | 1.2250 | 1.2258 | 1.2265 | 1.2298 | 1.2305 | 1.2312
17 a1 4|17 |31 a7 4|17 [8[17|4]17][3]|17]3
0.032 | 1.2217 | 1.2225 | 1.2232 | 1.2265 | 1.2273 | 1.2279 | 1.2313 | 1.2320 | 1.2327
17 4|17 |a|17 a7 a7 ]af17[a]17][4a]17]4a]|17]3
0.022 | 1.2313 | 1.2321 | 1.2328 | 1.2361 | 1.2369 | 1.2376 | 1.2409 | 1.2417 | 1.2424
17 a1 4|17 a7 |a]1r[4|17 417 |4a]17][4]|17]3
1.2 | 0.8 | 0.027 | 1.2328 | 1.2336 | 1.2343 | 1.2376 | 1.2384 | 1.2391 | 1.2424 | 1.2431 | 1.2439
17417 |a|17|a| 7|47 |47 [af17][a17]4a]17]4
0.032 | 1.2343 | 1.2350 | 1.2358 | 1.2391 | 1.2398 | 1.2406 | 1.2439 | 1.2446 | 1.2454
17 a7 4|17 a1 |al17[a|17|4a][17][4a]17[4a]17]4
0.022 | 1.2439 | 1.2447 | 1.2454 | 1.2487 | 1.2495 | 1.2502 | 1.2535 | 1.2542 | 1.2550
17417 |a|17 a7 a7 a7 [af17][a17][4a]17]4
0.81 | 0.027 | 1.2454 | 1.2461 | 1.2469 | 1.2502 | 1.2509 | 1.2517 | 1.2550 | 1.2557 | 1.2565
17 a7 a7 a1 |alr[a|17|af[17][a]17[a]17]4
0.032 | 1.2469 | 1.2476 | 1.2484 | 1.2517 | 1.2524 | 1.2532 | 1.2565 | 1.2572 | 1.2579
17 3|17 ]s]17|s|17|3]17 |3 |17 |3 |17[3]17]3][17]3
0.022 | 1.2205 | 1.2212 | 1.2219 | 1.2252 | 1.2259 | 1.2266 | 1.2300 | 1.2307 | 1.2314
17 a7 3|17 [3[17 3|17 3|17 [3[17|3]17[3]|17]3
0.79 | 0.027 | 1.2220 | 1.2227 | 1.2233 | 1.2267 | 1.2274 | 1.2281 | 1.2315 | 1.2322 | 1.2329
1741|317 |3 | |s]1w|[3[17[3][17]3]|17]|3]|17]3
0.032 | 1.2234 | 1.2241 | 1.2248 | 1.2282 | 1.2289 | 1.2296 | 1.2330 | 1.2337 | 1.2344
17 a7 417|317 |4a]17[3|17[3[17|4]17[3]|17]3
0.022 | 1.2331 | 1.2338 | 1.2345 | 1.2378 | 1.2386 | 1.2393 | 1.2426 | 1.2433 | 1.2440
17417 |4a|17 |3 |47 ]af17[3]17]4a]17]|3]|17]3
1.25 | 0.8 | 0.027 | 1.2345 | 1.2353 | 1.2360 | 1.2393 | 1.2401 | 1.2408 | 1.2441 | 1.2448 | 1.2455
17 a1 417|317 a7 4|17 [83[17|4]17][3]|17]3
0.032 | 1.2360 | 1.2368 | 1.2375 | 1.2408 | 1.2415 | 1.2422 | 1.2456 | 1.2463 | 1.2470
17 4|17 |a|17|a]m a7 ]af17[a]17][4a]17]4a]|17]3
0.022 | 1.2456 | 1.2464 | 1.2471 | 1.2504 | 1.2512 | 1.2519 | 1.2552 | 1.2560 | 1.2567
17 a1 4|17 a7 a7 4|17 417 |4a]17][4]|17]3
0.81 | 0.027 | 1.2471 | 1.2479 | 1.2486 | 1.2519 | 1.2526 | 1.2534 | 1.2567 | 1.2574 | 1.2582
17417 |a|17 a7 |a]7 a7 [af17][a17][4a]17]4
0.032 | 1.2486 | 1.2493 | 1.2501 | 1.2534 | 1.2541 | 1.2549 | 1.2582 | 1.2589 | 1.2597
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