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Introduction:-

In real life literature review of inventory theory, it is assumed that the payment will be made to the vendor for the
goods immediately after the receiving the consignment is relevant to economic policy for the companies of
supplying. The several researchers have developed analytical inventory models with some considerations. Chang, et
al (2010) presented the discount cash flows approach to the analysis of the optimal inventory policy in the presence
of the trade credit Ghare, Schrader (1963), Goyal (1985). Since this literature reviews of study as Chung (1997),
Goswami and Chaudhuri (1992), Covert, Philip (1973), Misra (1975), Elsayed and Teresi (1983), Donaldson (1977)
used inventory replenishment policy for a linear trend in demand. Buzacott (1975) developed an economic order
quantity model with the inflation rate. Pakkala, Achary (1992) developed deterministic -inventory model for
deteriorating items with two warehouses and finite replenishment rate, Hwang, and Hahn (2000) proposed an
optimal procurement policy for items with an inventory level-dependent demand rate and fixed lifetime. Teng and
Chang (2005), Soni and Shah (2008), Stavrulaki (2011), Musa and Sani (2012), most of the researcher's Authors
formulated model with infinite horizon demand of the items exist over infinite time. According to this assumption,
keep product specification remains unchanged forever. Mishra (1973) formulated an inventory model with a variable
rate of deterioration, a finite rate of production and no shortage. Goswami and Chaudhuri (1992) represented
inventory model the deterioration rate is assumed to be proportional with time, the finite production rate to be
proportional to the demand rate, the demand rate to be time-dependent with a linear positive trend. Silver and Meal
(1973) developed an approximate solution procedure referred to as Silver, Meal Heuristic for the general case of
deterministic time-varying demand pattern. Donaldson (1977) solve analytically the classical inventory policy for
the case of the linear trend in demand. Cobbaert and Oudheusden (1996) developed Inventory models for fast
moving spare parts subject to sudden death obsolescence. Breakability is defined as broken items cannot use it under
any circumstances to sell it directly to the buyers. Enter in this model there is the case can add it as the items have
breakability rate especially tiles with the ability to sell the breakable items as raw material for a local industry used
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them as small pieces, in the local tiles production to increase the quality as a strength that decreases the total cost
for the items, because the cost of breakable items is not distributed to the cost of no breakable, Whatever if the
break-ability rate occurs unintentionally or intentionally, so that is helpful to decrease the total cost. The
management and holding inventories for breakable items become an important for inventory managers at the same
time the minimization of total cost, there are many items having break-ability property as tiles with each types which
are used for bathrooms, dining halls, kitchens, platforms of house and trains and many purposes, including Yemen
as one world’s countries as produced in Yemen or imported others companies at neighboring counties as Saudi
companies of production tiles, Emirates, European, Egypt.

Material and methods:-

Collection of data:-

The sampling technique which is used in the collection of the data adopted the random sampling without
replacement for the population where the population of the study is the export companies of tiles in SANAA capital
of Yemen after that choosing the types of tiles randomly from a selected export company of tiles.

Study of the area:-
Yemen is the aimed area for inventory control system for perishable items as tiles whereas the export companies of
tiles at Sanna are population, Saudi’s tiles which are selected randomly from the export companies of tiles.

Assumptions and notions:-

Assumptions2.3.1. Assumptions:-

The mathematical model in this paper is developed with the following assumptions
The planning horizon is finite.

1. Single item inventory control.

2. Breakability rate and function of sell broken items are constant.

3. Daily demand is uncertain is having Weibull distribution.

4. Breakability occurs as soon as the items are received into inventory.

5. The shortage is not allowed.

6. The inflation rate is constant and the time value of money.

7. The lead time is zero.

8. The inventory level at the end of the planning horizon will be nonzero.

9. The cost factors are deterministic.

10. The number of replenishments is restricted to one integer for satisfying the new order.

11. The total relevant cost consists of fixed ordering, purchasing, holding interest payable, Interest earned from
sales revenue during the permissible period.

12. The last order is only being placed to satisfy the balance of the last period.

13. The goal of the model is to determine the fitted value for a breakable rate under which the net present value of

total cost during the horizon planning is minimized.
Under the above assumptions following notations are used to develop the model
where.

Notation:-
C,= The present value of holding cost during the first replenishment cycle
Q = The order quantity in each replenishment.

TC,=The total fixed ordering cost (0, b).

TC,=The total holding cost (0, b).

TC,= The total purchasing cost (0, b).

@' = Function sells of broken items during (0, b)

TC = the total relevant cost during (0, b).

Parameters:-

A = The fixed ordering cost per replenishment, $\order.
C =The unit purchasing price at time zero, $\order.
C(t)= The unit purchasing price at time t, C(t) = Ce kT
D(t)= The Weibull distribution demand per unit time.
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b =The length of the finite planning horizon.

i =the constant inflation rate.

[(t) =The inventory level at time t.

I, = The interest charged per $per year by the supplier.

I,, = The holding cost rate per unit time excluding interest charges.
r = The discount rate representing the time value of money.
R=r-1, representing the net constant discount rate of inflation.
T = the length of each replenishment cycle.

T; = The total time that elapsed up to, including interest charges.
t; = The time at which the inventory level in the;*".

V = the unit selling price at time t.

V (t) = the selling price per unit at time t, V(t) = Ve kT

6 = The constant break-ability rate, units/unit time.

= The function of sell broken items.

Mathematical model:-

Let I(t) is the inventory level at any time t,0 < t < t,, Depletion due to demand and deterioration, breakability will
occur simultaneously. The first order differential equation that describes the instantaneous state of | (t) over the

open interval (0, b) is given by,

»
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Fig.1Graphical representation of the inventory control diagram
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Fixed ordering cost:-
We assumed the number of replenishment is N so that the fixed ordering cost over the planning horizon under the
inflation consideration is:

. —(N+)RT
N N ( -1
JRT e b
TCA= 2 AjT= 2 Ae = Al =—— L T=—
[ B AL N @
Then
_ Rb
N N RT e VN1
TCA= X AjT= 2 Ae = =A Rb (5)
1= = TN -1
€

Holding cost excluding interest cost:-
We find the average inventory quantity to obtain holding cost

. _ta-a'ep e(tl—t)_} _a-a'e[ &,
I_g)l(t)dt_é—g [e 1|dt [e oy 1} (6)

02
By using Eg. (6) holding cost is obtained as follows

N-1

N_1 —NRT
=Y 1= ,C
TCh j=0|th jzolh e

—RjT (a—a')CI 1
: = ( ZD) h |:e€t1 _etl _1:| & “RT (7)

since T = -2 then Eq. (7) it will be as
N

(@a-a'9)lnc[ &, !
TCh= 2 [e -6y _1} e_Rb ®)
0 e N -1
Purchasing cost:-

= th
The inventory level the purchasing cost of J a cycle is calculated as (Fig. 1)

. a—-oa' .
CP(J):CjImZCj{ ;‘40(,39&_1)}]:112’3, ..... N )

The total purchasing cost over the planning horizon can be obtained as

Special case for total purchasing cost when

Cla-a' R b
(a 00! ?) [eﬂl_l}[e_% 1T~ (10)
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Total cost function:-

TC=TCA+TCh+TCp
Then,
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Economic order quantity:-

To find EOQ by minimizing the total cost function as

. Fb
Since t; = ~

a-ao'
Q= ( P (pj(eﬂl —1), By utilizing a truncated Taylor series for the

eetl, about t, =0, then

02 2
thl =1+ Htl + 2t1 , after simplifying we can write t; as a function in Q as the following equation
1
2 (12)
L2 ( 20 +1j 1
dlla-a'ep
) Substituting Eq.(5, 8, 10) in the Eq. (11) can be_rewritten as
Cl, 9 —
o
—(N+1)Rb 1 _Rb
N -1 1 20Q 2 -1
- AlE ~(a-a' _ e -
TC=A “Rb +| ClI, 7 (a-a'p) (a—a' +1j 1+ “Rb (13)
e N -1 e N -1
CQ

By taking derivate the Eq. 13 with respectto Q to finding out the minimum value of total cost function then

d(;I'C _ Cglh 3 Cl, e
Q o 29Q| +1
a-a'@
a If Qx> a-ayp
20
* CI - '
Q = —~h |1 (wj (14)
Cl, +C6 20
This is an infeasible solution for the total cost function.
_ a-a'ep
b) if < — T
Q 20
2
. Cl - (15)
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The obtained solution is a feasible solution for the total cost function.
To test the value of Q* in second order derivative if total
cost function has minimum value as

3l —Rb

dTC  Cl, (a-a'p)|e -1

2 T o _ =Rb
dQ a—-a'epl 260Q N -1
Since Q* >0
In the second case if a-a'ep
Then | Q< 20
2
dTC 50

2
dQ
The total cost function is having a minimum value at Q* at second case2

Numerical examples:-
Their table explains the sensitivity analysis represents the economic order quantity, optimal total cost as follows.

Example:-

Based on the data of the study area and estimate parameters of the daily demand distribution

Kolmogorov Smirnov. The goodness of fit for daily demand distribution as Weibull distribution is fitted at the level
of significance at 10%, 5%, and 1%.

Fb
ty =—,t; = 62days
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Fig2.Graphical representation of the inventory model of tiles
Then

F=0.533, the first cycle of replenishment is equal to 62 days.

Ih =0.005R =0.05,b=365,A=1,C=7.5N =3,

o =0.88577, B = 249.67,y =10,a =10.873,¢ = g,a' =1
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Tablel:-The sensitivity analysis

o a-o'd D Q* TC*(Q*)
0.0000762 10.8837 350 2128.69 23366.30
0.04 10.8704 200 49.40 380.94
0.05 10.86706 2500 39.68 306.63
0.1 10.8504 30 19.96 156.65
0.2 10.81706 1400 10.00 81.31
0.3 10.78373 430 6.67 56.20
0.4 10.7504 48 5.00 43.64
05 10.71706 55 4.00 36.11
0.6 10.68373 102 3.33 31.09
0.7 10.6504 800 2.86 2751
0.8 10.61706 22 2.50 24.82
0.9 10.58373 39 2.22 22.73
0.99 1055373 400 2.02 21.21
0.0000762 10.8837 200 782.34 6808.39
0.04 10.8704 12 49.40 380.94
0.05 10.86706 20 39.68 306.63
0.1 10.8504 2000 19.96 156.65
0.2 10.81706 108 10.00 81.31
0.3 10.78373 356 6.67 56.20
0.4 10.7504 125 5.00 43.64
05 10.71706 2000 4.00 36.11
0.6 10.68373 103 3.33 31.09
0.7 10.6504 250 2.86 2751
0.8 10.61706 15 2.50 24.82
0.9 10.58373 1500 2.22 22.73
0.99 1055373 850 2.02 21.21
0.0000762 10.8837 65 782.34 6808.39
0.04 10.8704 50 49.40 380.94
0.05 10.86706 112 39.68 306.63
0.1 10.8504 85 19.96 156.65
0.2 10.81706 48 10.00 81.31
0.3 10.78373 33 6.67 56.20
0.4 10.7504 22 5.00 43.64
05 10.71706 25 4.00 36.11
0.6 10.68373 144 3.33 31.09
0.7 10.6504 90 2.86 2751
0.8 10.61706 50 2.50 24.82
0.9 10.58373 40 2.22 22.73
0.99 10.55373 75 2.02 21.21
0.0000762 10.8837 25 782.34 6808.39
0.05 10.86706 140 39.68 306.63
0.04 10.8704 70 49.40 380.94
0.1 10.8504 10 19.96 156.65
0.2 10.81706 20 10.00 81.31
03 10.78373 89 6.67 56.20
0.4 10.7504 60 5.00 43.64
05 10.71706 80 4.00 36.11
0.6 10.68373 125 3.33 31.09
0.7 10.6504 32 2.86 2751
0.8 10.61706 17 2.50 24.82
0.9 10.58373 35 2.22 22.73
0.99 10.55373 130 2.02 21.21
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0.0000762 10.8837 64 782.34 6808.39
0.05 10.86706 80 39.68 306.63
0.04 10.8704 86 49.40 380.94
0.1 10.8504 55 19.96 156.65
0.2 10.81706 68 10.00 81.31
0.3 10.78373 130 6.67 56.20
0.4 10.7504 230 5.00 43.64
0.5 10.71706 98 4.00 36.11
.6 10.68373 350 3.33 31.09

too r = o]

2900 Daty_Deewrnd g TC_Actund_ECO

LO00cK
000008

Fig 3:-Graphical representation EOQ, daily demand VS Fig 4:-Graphical representation actual total cost,
break-ability rate optimal total cost VS break-ability rate

Conclusion:-

In this paper, a new parameter i.e. sell function is represented as of broken tiles to reduce the total cost it. The output
of the proposed mathematical model for obtaining the optimal total cost of tiles and obtaining the economic order
quantity for several breakable rates are calculated and compared with the standard breakable rate of tiles. The
economic order quantity was decreased as the breakable rate increases so that the total cost of tiles is decreased as
the order economic quantity decreased. The output of the inventory model showed the optimal total cost, an
economic order quantity for the collected data, first time cycle with 0.0000762 as breakable rate obtained in
maximum value with low-risk level as breakability rate whereas, it would be at a minimum value when risk was
increasing. The impression about the output of the proposed model for the tiles items is the committed policy of
imported industry of tiles at Yemen is useful with low-risk level as breakability rates of tiles with the procedure of
selling broken items for a local industry tile to minimize the total cost. The economic order quantity is feasible
whatever the values of the breakability rate and optimal total cost also. This makes the proposed model is applicable
under any risk level. The suggestion for the imported industry of tiles at Yemen to maintain the risk level as the
safely level 0.0762 % and adopted the proposed model to take the decision for the economic order quantity.
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