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Abstract

The ordering policy of a fixed lifetime inventory system is either based on the
quantity of items on hand or the number of useful lifetime remaining on the items
on hand. In this work, we enumerate the features of both the quantity based and
useful lifetime based models and apply their ordering policies to two fixed lifetime
products, egg and bread and compare the performance of the policies.
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1. INTRODUTION

The fixed lifetime inventory system is one of the most critical aspect of operations management. This is because of the effect
of outdating on products, when not used to meet demand during their useful lifetime in inventory. Over the years, fixed
lifetime inventory models have based the decision to reorder new items on the quantity of items on hand, rather than the age
of items on hand at the point of reorder.There are many authors in the literature with ordering policies based on the quantity
of items on hand. The ordering policy (Q,r) which order Q whenever inventory on hand drops to the reorder point I' was

considered in [1 - 5]- The ordering policy (S,S) which order up to S when inventory on hand drops to the reorder point s
was considered in [6 - 9] The ordering policy (s -1,s) in which an order is placed for exactly one item each time inventory
is depleted by either demand or outdating was considered in [10 -12]. The ordering policy that maintains a minimum volume
of inventory, whenever inventory drops to this level a new order is placed, was considered in [13]. As a deviation from these
ordering policies, a new fixed lifetime inventory model where the decision to reorder is based on the number of useful
lifetime remaining on the items on hand rather than just the quantity of items on hand was developed in [14]. The useful
lifetime based model takes the form (y, m—1) interpreted as order Y when the useful lifetime remaining on the items on hand

is one period. One advantage of this policy over existing policies is that, the policy is not fixed. If the demand is high, the
inventory manager can decide to reorder new items with two periods remaining on the items on hand instead of one period.
This is very common during festive periods when sales are high. If the demand drops, the inventory manager can reverse
back to placing new orders with one useful period remaining on the items on hand.

placing new orders with one useful period remaining on the items on hand.

Features of Quantity based model.
A fixed lifetime inventory model where the decision to reorder is based on the amount / quantity of items on hand at the point
of reorder is called a quantity based model. The features of the model are;

(1) Place new orders whenever quantity on hand drops to a certain point (called the reorder point) determined by the
model’s assumption.

(2) The ordering policy is fixed or rigid, since items on hand must drop to the reorder point before new orders are can be
placed.

(3) The quantity ordered by the model is always fixed e.g. order Q whenever inventory drops to I , order up to S
whenever inventory dropsto S

(4) Does not consider the demand for items in placing new orders.

(5) Quantity based model exists in many forms. A few examples are (Q,r) , (s,5),(S -1,5)
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Features of Useful lifetime based model.
A fixed lifetime inventory model where the decision to reorder is based on the number of useful lifetime remaining on the
items on hand at the point of reorder is called a useful lifetime based model. The features of the model are;
(1) Place new orders when the useful lifetime remaining on the items on hand is as stipulated by the model’s assumption
eg 1 useful lifetime remaining, 2 useful lifetime remaining etc.
(2) The ordering policy is not fixed or rigid, since the number of useful lifetime remaining before placing an order can
be changed whenever the need arises.
(3) The quantity ordered can vary from one order to another.
(4) Considers prevailing demand for items in placing new orders

(5) Model exist in only one form, that is (y,m —1) as developed by Izevbizua and Omosigho.

As a way of comparing the ordering policies of these models, we will use the quantity based model of [1] and the useful
lifetime based model we developed in [14]. Also, two Benin City based companies (Uwa poultry products and llos
supermarket) applied theseordering policiesto two fixed lifetime products, egg and bread respectively. The results will be
given in this work.

Chiu’s model (quantity based)

Chiu considered a continuous review perishable inventory model by approximating the expected shortage quantity, the
expected outdate quantity and the expected on hand inventory. He developed a (Q, r) ordering policy where Q is the
ordered quantity and I the reorder point. We used simple minimization method to obtain an expression for Q , the order

quantity. The model is shown here. Details can be seen in [1]
Notation
m = lifetime of product

L =order leadtime

¢ =replenishment cost per uint

k = fixed ordering cost

p = shortage cost

w = outdate cost

h = holding cost

d,, =demand during lifetime of product
d, =demand during leadtime

Q =ordered quantity

r =reorder point

D =mean of demand distribution

ER = outdate quantity

ES = shortage quantity

ET =cycle time

OH =on hand inventory

c. =total cost
The total cost function for the model was given as

EAC(Q,r) ={(k + cQ + pES + WER)/ET}+ hOH o)
where
ES:T(dL —-r)f (d,)d, (2

r+Q r
ER= J.(I' + Q - dm+L) fm+L(dm+L)dm+L - J‘(I’ - dm+L) fm+L(dm+L)dm+L (3)
0

0

ET:Q+E;—ER @

OH =r—(DL)+% ®)
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S0 that (3.1) becomes
r+Q

EAC(Q.1) ={k +cQ+ P (A, ~ 1)1, (@), + W [(F+ Q) Ty () -

=000 1 G0, BHET DL+ D ©

To implement the model, we obtain the partial derivative of equation (6) with respect to the ordered quantity using
MATHEMATICA 8 and equate to zero. The resulting equation yields (7).
thfm+|Q6 Dme+|_W(fm+|)2 5_thm+lQ4 me+| 2Cfm+| 3

A oo ° 3 e

3
(h

wf
+ 2 m+l
( 2

k
— fa)Q?—2k=0 7
+2D m+I)Q ()

We use equation (7) to generate the order quantity

Izevbizua and Omosigho’s model (useful lifetime based)

Details of the derivation of the cost components for our model are contained in [14]. We will only state the required
equations here.

The shortage, outdate, and holding costs are as shown in equations (8), (9) and (10) .

Expected (unsatisfied demand) = I(t —(x+y)) f (t)dt (8)
X+y
Expected (outdate) = [(x—1)f (t)dt ©)
0
X+Yy
Holding cost =h j(x +y—t)f (t)dt (10)
0

There is a fixed ordering cost k per unit ordered, so that our ordering cost is Ky
The total cost function is

X+y el Y

COxy)=min{ky +h [(x+y -t f Odt+v [t - (x+y)F ®dt+o[(y - ®)dt} 1)
v 0 X+y 0

where

f"(t)= distribution of total demand in periods 1,2, . . . m.. that is

m
f7(t) is distribution of t=>"d,

m = lifetime of the product. m is a positive integer
d; =demand in period i

t:Zdi,totaI demand with distribution f”(t)
i=1

X represent the quantity of products with one useful period remaining in them. Thatis , _ y—fdv

Y = new products ordered/entering into inventory with age zero

6 = outdate cost per unit
Vv = shortage cost per unit

h = holding cost per unit
K = fixed ordering cost per unit.
c, =total cost
To find the optimal order quantity, we minimize (6) with respect to the order quantity.
2% 2¢%
YOyt s e fry ke XLy T g

2 2 2 2 (12)
Equation (12) is used for obtaining the order quantity for our model.

h
—+
(2

Empirical Examples:

In this section, the useful lifetime ordering policy was first applied to egg and bread inventories and thereafter the ordering
policy of quantity based model was applied to the same order distribution. We compared the outdate quantities and the total
cost for both models using equations (6) and (11).

Transactions of the Nigerian Association of Mathematical Physics Volume 5, (September and November, 2017), 51 —60
53



Comparing the Ordering Policies... Izevbizua and Emunefe  Trans. Of NAMP
Example 1

Product: bread

Useful lifetime: 4 days

Source: Illos supermarket, Benin City.

The ordering policy of the useful lifetime based model was applied by Illos supermarket to bread inventory. New orders were
placed with one useful lifetime remaining on the items on hand. The daily demand, outdates, order and quantity of items in an
order reordered in Table 1.

Tablel: Inventory on hand ,demand and outdates, using the useful lifetime model. With the useful lifetime remaining
before order as one period.

Day Order(s) On hand inventory demand Outdates
1 1 50 15 -
2 1 35 10 -
3 1,2 25 20 -
5,30

4 1,2 5,30 16(5:11) -

5 2 19 8 -

6 2,3 11 9 -
2,35

7 2,3 2,35 14(2:12) -

8 3 23 10 -

9 3,4 13 5 -
8,60

10 34 8,60 28(8:20) -

11 4 40 27 -

12 4,5 13 10 -
3,32

13 4,5 3,32 12(3/9) -

14 5 23 8 -

15 5,6 15 5 -
10,40

16 5,6 10,40 23(10/13) -

17 6 27 10 -

18 6,7 17 9 -
8,35

19 6,7 8,35 6(6/0) 2

20 7 35 15 -

21 7,8 20 16 -
4,40

22 7,8 4,40 22(4/18) -

23 8 22 12 -

24 8,9 10 15(10/5) -
0,50

25 8,9 0,45 19(0/19) -

26 9 26 10 -

27 9,10 16 13 -
3,42

28 9,10 3,42 20(3/17) -

29 10 25 14 -

30 10/11 11 12(11/1) -
0,45

31 10/11 0,44 21 -

32 11 23 18 -

33 11/12 5 15 -

70,
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Observe that after 12 orders , we have 2 outdates. Next, we obtain the total cost for each order in example 1 using our model (11) and
Chiu’s model (6). We used the exponential distribution in our computation.

Table2:Comparing total cost for examplel for our model and Chiu. m=4, h=1,v=1, & = 0.5

Order k y X D C, C,
1 120 50 5 50 7405 6272
2 30 2 30 4744 3856
3 35 8 35 5448 4473
4 60 3 60 8724 7473
5 32 10 32 5042 4120
6 40 8 38 6068 5052
7 35 4 35 5374 4462
8 40 0 40 5980 5060
9 50 8 50 7395 6281
10 42 4 42 6585 5306
11 45 5 45 6691 5669
12 70 10 70 10162 8699
13 65 8 65 9433 8088
14 60 9 60 8764 7490
15 55 5 55 8024 6874
16 71 12 69 10339 8796
17 80 15 78 11675 9883
18 45 3 45 6667 5665
19 50 3 50 7328 6268
20 65 4 65 9364 8077

Table2 shows that our total cost per order are lower than that of Chiu. The reason for this is shown in Table3 where we see
the effect of placing new orders when inventory drops to 5 with respect to example 1. That is applying the quantity based
model to the bread inventory.

Table 3: Effect of outdating on quantity based model, placing neworder when on hand inventory drops to 5

Period

Order(s)

On hand
inventory

Demand

Outdates

1

50

15

35

10

25

15

g jWIN|E-

10

5

1,2

5
30

11

[e2]

19

8

2,3

11
60

9(6/3)

2
60

20

9

42

10

10

32

10

11

22

12

12

34

10
32

10

10

13

22

8

14

14

8

15

4,5

6
40

5(1/4)

16

1
40

13

17

28

10

18

18

9

19

5,6

9
35

6(412)

20

3
35

15

21

6,7

20
50

16(15/1)

22

4
50

15

23

39

9

24

30

10

25

20

15

26

5

5
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From table 3, the number of outdates after 7 orders is 23 as against 2 from 12 orders in Table 1. The high number of
outdates is the reason for the higher cost associated with the total cost of quantitybased model.
Example 2:
Product: egg
Useful Lifetime: 5weeks
Previous outdate rate: 10 creates per order.
Previous Quantity per order: 100 creates of eggs
Source: Uwa poultry products, Benin City.
In example 2, the ordering policy of the useful lifetime model was applied to egg inventory. New orders were placed
with one useful period remaining on the items on hand. Table4 shows the daily demand, outdates, order and quantity of
items in an order. Also, we looked at the effect of continuously ordering 100 creates of egg instead of allowing demand
determine the quantity order. Table 6 shows the number of outdates.

Table 4: on hand inventory , daily demand and outdates for the egg inventory

Date week Order On hand inv demand Outdates
24-30/6 1 1 84 24
1-7/7 2 1 60 16
8-14/7 3 1 44 10
15-21/7 4 1 34 12
22-28/7 5 1,2 22,75 25
29-4/8 6 2 72 17
5-11/8 7 2 55 15
12-18/8 8 2 40 16
19-25/8 9 2 24 10
26-1/9 10 23 14,90 13 1
2-8/9 11 3 90 20
9-15/9 12 3 70 21
16-22/9 13 3 49 9
23-29/9 14 3 40 23
30-6/10 15 34 17,80 23
7-13/10 16 4 74 14
14-20/10 17 4 60 16
21-27/10 18 4 44 15
28-3/11 19 4 29 9
4-10/11 20 45 20,100 21
11-17/11 21 5 99 30
18-24/11 22 5 69 10
25-1/12 23 5 59 14
2-8/12 24 5 45 29
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9-15/12 25 5,6 16,150 38
16-22/12 26 6 128 40
23-29/12 27 6 88 35
30-5/12 28 6 53 15
6-12/1 29 6 38 15
13-19/1 30 6,7 23,60 20 3
20-26/1 31 7 60 12
27-212 32 7 48 14
3-9/2 33 7 34 19
10-16/2 34 7 15 10
17-23/2 35 7.8 5,60 13

We observe from Table 4 that the number of outdates is 4 creates of eggs after 7 orders. This is an improvement on the

company’s outdate record. Again, we compute the total cost for the inventory using both models.

Table5: total cost per order for the egg inventory. m=5,h=1, v=20, 8 =10

Order k Yy X D Cc Co
1 500 84 22 84 45324 43075
2 75 14 74 40442 38553
3 90 17 90 48367 46066
4 80 20 80 43180 41068
5 100 16 100 53616 51069
6 150 23 147 80623 76110
7 60 5 60 32500 31033
8 80 12 80 43012 41052
9 90 15 90 48320 46062
10 70 11 70 38781 36046

Again the cost are lower with the useful lifetime model. As stated above, the quantity based model order a fixed quantity
whenever a new order is placed. We look at the effect of ordering 100 creates of eggs continuously, given the same demand.

Table 6: Effect of continuously ordering 100 creates of eggs

Week Order On hand inventory demand Outdates
1 1 100 24 -
2 76 16 -
3 1 60 10 -
4 1 50 12 -
5 1,2 38,100 25 13
6 2 100 17 -
7 2 83 15 -
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8 2 68 16 -
9 2 52 10 -
10 23 42,100 13 29
11 3 100 20 -
12 3 80 21 -
13 3 59 9 -
14 3 50 23 -
15 34 27,100 23 4
16 4 100 14 -
17 4 86 16 -
18 4 70 15 -
19 4 55 9 ]
20 45 46,100 21 25
21 5 100 30 -
22 5 70 10 -
23 5 60 14 -
24 5 46 29 -
25 5,6 17,100 38 -
26 6 79 40 -
27 6 39 35 -
28 6 4 15 -
29 6 0 15 -
30 6,7 0,100 20 -
31 7 54 12 -
32 7 42 14 -
33 7 28 19 -
34 7 9 10 -
35 7.8 0,100 13 -

The large number of outdates was due to the fixed reorder quantity, an assumption we have relaxed in our model
reordered quantity at 100 crates, as previously done by the company yields an outdate quantity of 71 crates over the period.

Conclusion

We have looked at practical application of ordering polices based on quantity of items on hand and based on useful lifetime
remaining on items in inventory. Using records provided by egg and bread vendors in Benin City, we observe that the
number of items outdating in the quantity based models are higher than that of the useful lifetime based model. This in turn
makes the total cost per order for the quantity based model higher than the total cost for the useful lifetime model. Also, to

constantly order a fixed quantity without regards to prevailing demand increasesthe number of outdates.
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