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RYEE

In the classical inventory with backorder model, the time period between the ordering and
arriving of stock per cycle is in general not the same in practical situations. It will fluctuate a
little. This will influence the ordering quantity g per cycle. Therefore we fuzzify g to a triangular
fuzzy number Q = (g1,60,2), 0 < @1 < go < gz- It is a little bit hard to find 7, for the total
demand r in the plan period. In real situation, the total demand will be round ry. We have
fuzzy language ” about ry”. Hence we fuzzify r to a triangular fuzzy number R= (r1,70,72),
0 < r, < 7y < ry. Therefore, we consider the inventory problem with backorder such that both
order and total demand quantities are triangular fuzzy numbers respectively. Let s denote the
maximum inventory quantity. Under conditions s < ¢ < gy < g2 < 11 < 19 < T2, we find the
membership function ,u,G(Qﬁ)(z) of the total fuzzy cost function G(Q, R) and their centroid,
then obtain the order quantity ¢* in the fuzzy sense and the estimate of the total demand
quantity r*.

From a numerical example, we let a = 20, b = 5, ¢ = 30, rp = 300 and T = 10, then
g, = 21.21,s, = 4.24 are the crisp optimal order quantity and optimal maximum inventory
quantity. F'(g,, s,) = 848.5281 is the crisp minimum total cost. For the fuzzified case, we know
that when s is near to s.; q1, ¢o, and ¢; are near to g,; also, r;, and ry are near to rg, then the

results of fuzzy case and crisp case are closed.

Keyords: Fuzzy inventory with backorder; Membership functions; Extension principle; Fuzzy

economic order quantity.
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When we discuss the classical inventory with backorder model, we get the total cost function
F(q,s) = %;3 + b—t('lz;‘;ﬁ + %, g > 0, s > 0; where a is the cost of storing one unit for one day,
¢ is the order cost per cycle, ¢ is the order quantity per cycle, T is the planning time for
the whole period and r is the total demand over the planning time period [0,7]. Some fuzzy
inventory problems have been discussed in [1]~[7]. Chen and Wang [1] used fuzzy set concepts
in the model. They replaced the costs a, b, ¢ and R which are parameters but not variables in
F(q, s) by fuzzy numbers. Also, they solved the fuzzy order quantity problem with numerical
operation based on the function principle. Yao and Lee [7] solved fuzzy order quantity problem
by fuzzifying ¢ to a fuzzy number with s an ordinary positive real number. Chang, Yao and
Lee [2] used extension principle to solve fuzzy order quantity problem by fuzzifying s to a fuzzy
number with ¢ an ordinary positive real number. Yao etc.[7] solved fuzzy order quantity and
fuzzy total demand quantity in inventory without backorder.

In classical inventory with backorder model, a, b, ¢, T and r are given constants. Because

the total cost on the planning time period [0, 7] is given by

r o as?T  blg—~9)*T cr

3 qg—3
F(g,s) =[axt; x = +bxty X +c-= + T+ =

2 ¢ 2% 2q g

Then, we obtain
(a + byer . . .
: the crisp economic order quantity
2bcr
)T : the crisp economic backorder quantity

2aberT
F(g, 84) = g : the minimum total cost

For the total cost function F'(g, s), consider ¢, r are variables and denote

as’T N b(g — )T cr

Gilg,r +—,g>0,7>0
r)= 2q 2q q

be the total cost function for given s.



Since the order quantity ¢ may slightly change for some uncontrollable situations (as mention
in the introduction). Therefore, corresponding to the crisp order quantity go(> 0) which is an
unknown number, we consider the fuzzy order quantity Q= (g0 — A1, 40,90 + Az) which may
change around gy, where 0 < A; < gg, 0 < A,. For given s, suppose the membership function

of Q) is given by

pale) = 222 ¢, <g< g (1)

0 elsewhere

where g =qgo— Ay, o = qo+ D2, 0 < Ay < go— 5,0 < Ay, and A} A, are determined by the
decision maker based on the uncertainty of the problem. Then

Ay = Ay

_ ©)

1
Mo(t, 90, q) = g(fh +q0+q) =g+

is the centroid of ,u@(q). Also, the total demand r is inherently extremely difficult to estimate
without any error. Therefore, we consider the total demand quantity = is a fuzzy numbers R

near rp with membership function R given by

'3

r—r
o, TLST ST

par) =8 oL 50 < p <y (3)
T9—To - =

L 0 elsewhere
where s < q; < qp < go < 7 < 19 < 73 (g is a known constant). Similarly,
1
Mg(r1,70,72) = §(T1 + 79+ 72) (4)

is the centroid of ug(r).
Let G4(g,7) =y (= 0), then

bTq* — 2(y + bT's)g + (a + b)Ts* + 2cr = 0
and hence

. —bTg% + 2(y + bTs)q ~ (a + b)Ts?
= o .




Also,
S bT'q* — 20T sq + (a + b)T's?

r>20&y2> 5
q

= ¢(q) (say)Vq € g1, g2}

Thus, g{q) is minimized if ¢ = 1/9%93 and g(q) is maximized if ¢ = ¢; or ¢ = ¢;. Furthermore,

(a+b)s?

g(q1) < 9{q2) © q192 > ;

Let ,
9(@) @@ > ga—t:’)—s-

t.(s, q1,q2) = max[g(q), 9(g2)] = { 2

’ , gla1) q1G2 < Kﬂ:E-
Therefore, for every q € [q1,qz], the range of y > g(q) is equivalent to ¥ > t.(s,q1,¢2). By
the extension principle, for y > t.(s,¢1,¢2). The membership function of the fuzzy total cost

function G4(Q, i) is given by

pom®) = s [16(a) A a(r)]
_bT? _ 2
_ ) <\q/<w [HQ(Q) A i bTq® + 2(y + bg“cs)q (a+b)Ts ) (5)

By (3) we have

—0Tq? + 2(y + bT's)qg — {(a + b)T's*

falg)  uwe<g<u
Bl 5 )=19 file) w<Lgly (6}
¢ 0 elsewhere
Where
—bTq% + 2(y + bT's)g — (a+ b)Ts? — 2cry
fl (Q) = )

2¢(rg — 1)

bTq? — 2(y + bT's)qg + (a + b)T's® + 2cry

fq) =

26(7‘2 - To)

and u; = & [\/y2 + 2bTsy — abT?s? — 2bcT'r; + y + bT's)

ify > —bTs + \/(a + b)bT2s? + 2bcTr;, §=1,0,2

Since

~b6T's + \/(a + 0)bT2s? + 2bcTr; < —bT's + /(a + b)bT2s? + 26cTr, = E.,(s) (say)

soy > —bTs+ \/(a + 0)bT252 + 2bcT'r; for all § =1,0,2 if y > E.(s), and hence y must satisfy
y > E.(s) and y > t.(s,q1,¢2). In order to find the range of y and then to obtain the solution

of equation (6), we denote

31(3, a1, fh) = ma,x[E,,(S), t*(3= a1, (I‘.z)]-

3



For y > ey(s,q1,¢:) = max[E.(s), t.(s, g1, g2)], we consider ug, 5 7)(y) in equation (5) under
conditions 1° and 2° as following cases:
case 1: up < qo and u; 2> ¢y,
case 2: up > gp and uy < ¢s.

We use the extension principle to find the membership function B, (6, ;,)(y) of the fuzzy cost
G4(Q, R) and its centroid M (s, q1, go, g2, 71, 72) Which will be an estimate of the total cost. Then
we will obtain the order quantity ¢* in the fuzzy sense and the estimate of the total demand
quantity .

Let a = 20, b = 5, ¢ = 30, 7y = 300 and T = 10, then g, = 21.21,s, = 4.24 are the crisp
optimal order quantity and optimal maximum inventory quantity. F(q.,s,) = 848.5281 is the
crisp minimum total cost.

In the fuzzy sense, we use a FORTRAN program to find M* = M (s, q1, 9, 42,71, 72),
which is an estimate of the total cost under the fuzzy order quantity (g, qo,¢2), maximum
inventory quantity s and the fuzzy total demand quantity (ri,rg,72). Also, let ¢* = Mg_‘rﬂz
and r* = D42 be the centroid of (1,0, 42) and (r1,70,72) respectively. Then the relative

error in fuzzy sense for order quantity, total demand quantity and total cost are given by

RBJQ:q _Q*’ RelR:T —7"(), RelC:M —F(q*,s.)
s To F(q.,54)

respectively. For some sets of (q1, g0, ¢2) and (ry, 7o, 72), we have the numerical results in Table
1. From Table 1, we know that when s is near to s,, q1,qy , and g, are near to ¢,. when ry,

and 7, are near to 7y, then the results of fuzzy case and crisp case are close, i.e., Rel C' is small

whenever Rel ¢ and Rel R are small.



Table 1
Numerical Results for a = 20, b = 5, ¢ = 30, 7y = 300, T = 10.

8 q 9o gz 1 T2 q T M* |Rel@ RelR RelC

3.51 20.11 22,71 25.11 296.2 302.2 | 22.65 299.47 860.98 [ .0676 -.0018 .0147
3.51 19.41 22.01 24.41 2976 300.1|21.95 299.23 856.37 | .0346 -.0026 .0092
403 20.11 2271 2511 296.2 302.2 | 22.65 299.47 857.11| .0676 -.0018 .0101
4.03 1951 22.11 24.51 2974 3004 |22.05 299.27 853.30 | .0393 -.0024 .0056
4.07 19.81 2241 24.81 296.8 301.3|22.35 299.37 854.96 | .0534 -.0021 .0076
4.07 19.61 22.21 24.61 2972 300.7 [ 22.15 299.30 853.65| .0440 -.0023 .0060
411 1971 2231 24.71 297.0 301.0 | 22.25 299.33 854.20 | .0487 -.0022 .0067
411 19.41 22.01 2441 297.6 300.1|21.95 299.23 852.18 | .0346 -.0026 .0043
4.19 19.71 2231 24.71 297.0 301.0 | 22.25 299.33 853.89 | .0487 -.0022 .0063
4.19 1951 2211 24.51 2974 3004 | 22.05 299.27 852.58 | .0393 -.0024 .0048
4.22 19.61 2221 24.61 2972 300.7 | 22.15 299.30 853.19 | .0440 -.0023 .0055
4.22 19.41 22.01 24.41 297.6 300.1 | 21.95 299.23 851.99 | .0346 -.0026 .0041
4.26 19.61 2221 24.61 297.2 300.7 | 22.15 299.30 853.02 | .0440 -.0023 .0053
4.26 19.51 22.11 24.51 2974 3004 | 22.05 299.27 852.44 | .0393 -.0024 .0046
4.30 19.61 22.21 24.61 297.2 300.7 | 22.15 299.30 853.16 | .0440 -.0023 .0055
4.30 1941 22.01 24.41 297.6 300.1 | 21.95 299.23 851.85| .0346 -.0026 .0039
4.31 1951 22.11 24.51 2974 3004|2205 299.27 852.34 | .0393 -.0024 .0045
431 1941 2201 24.41 297.6 300112195 299.23 851.89 | .0346 -.0026 .0040
4.35 1951 2211 24.51 297.4 3004|2205 299.27 852.37 | .0393 -.0024 .0045
4.35 1941 2201 2441 297.6 3001 |21.95 299.23 851.71| .0346 -.0026 .0037
439 1951 22.11 2451 297.4 3004 |22.05 299.27 852.48 | .0393 -.0024 .0047
439 1941 22.01 2441 297.6 300.1|21.95 299.23 851.74 | .0346 -.0026 .0038
443 1951 22.11 2451 2974 3004 |22.05 299.27 852.36 | .0393 -.0024 .0045
444 1941 22.01 2441 297.6 300.1 [ 21.95 299.23 851.68 | .0346 -.0026 .0037
447 1941 22.01 2441 2976 300.1|21.95 299.23 851.70 | .0346 -.0026 .0037
450 1941 22.01 2441 297.6 300.121.95 299.23 851.65| .0346 -.0026 .0037
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