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A Study for Multi-items Ordering Model with transportation
on the Depot System
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Abstract In this paper, we propose a ncw ordering model for the mixed parts transportation problem with multi-items
based on the depot system. Order scale are used as decision parameters instead of order point for ordering multi-items.
Finally we test the model with simple example and show computational result that verifies the effectiveness of the
model.
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1. Introduction determined near optimal frequencies of production
and the associated cycle time for production sched-
The automobile parts transportation problem from  ules.

supplier to automobile maker has been one of the They determined optimal ordering cycle as deci-
major issues o inventory and cost management in sion parameters without considering transportation

the automobile industry. In this paper, we propose a  condition.
ordering model for multi-iterns based on the depot Tersine and Barman [4] constructed a model con-
(distribution center) system. The depot system is  sidering tramsportation condition (freight rate) for
being utilized to adjust the inventory and the timely determining ordering size in a deterministic EOQ
supply of the parts demanded by automobile maker. system. Buffa and Munn [5] proposed an algorithm
Actually, it is need in the case of JIT supply for  that could formulaie an inbound consolidation strat-

small lot and the distance from the supplier to auto-  egy. The model is available to the case of replenish-
mobile maker in long. ing multi-items with some groups and the cost of
There has been several models about the multi- transportation and inventory being affected by the

items ordering system. Shu [1] proposed a ordering strategy.

model for multi-items firstly. He determined the But these models are not considered the transpor-

optimal ordering cycle with respect to the rate of  tlation condition and multi-items together. Therefore,

demands for two items. Nocturne [2] formulated 2  we propose a new ordering model on the fixed order

mode] for joint replenishment of two items with his  method wilh order scale in order to overcome the

proposed original logic. Doll and Whybark [3]  above mentioned shorlcomings. The proposed model
is considered the multi-items and transportation con-
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2. MODEL DESCRIPTION

2.1 Concept

In the fixed order point method, an order is placed
when the inventory on hand reaches a predetermined
inventory level, to satisfy demand during the order
cycle. The economic order quantity will be ordered
whenever demand drops the inventory level Lo the
reorder point. This method is based on the following
assumptions; (1) A continues, constant and known
rate of demand. (2) A constant and known replen-
ishment or lead time. (3) Only one item in inven-
tory. (4) An infinite planning horizon. etc.

It is difficult to consider the impact of multi-items
and transportation condition in the typical fixed
order method, For this reason, the model proposed
in this paper use order scale as decision parameters
instead of order point. Therefore, the order policy
are changed as follows. We show the order policy of
the proposed model for two itlems (a, b).

Case 1: When the inventory level of a and b are
within the order scale of a and b. If the sum of
transportation order quantities (a, b) is in the limits
of the available transportation quantity, order a and
b, else do not order a and b.

Case 2: greater than the upper order scale of a .
greater than the order scale of b. Do not order a and
b.

Case 3: greater than the order scale of a. within
the order scale of b. Do not order a. If the transpor-
tation order quantity (b) is in the limits of the avail-
able transportation quantity, order b, else do not
order b.

Case 4: greater than the order scale of a. less than
the order scale of b. Do not order a. Order b.

Case 5: within the order scale of a. less than the
order scale of b. If the transportation order quantity
(a) is in the limits of the available transportation
quantity, order a, else do not order a. Order b.

Case 6: less than the order scale of a. less than the
order scale of b. Order a and b.

Figure 1 shows the behavior of inventory level on
proposed model. In Figure 1, the transportation order
for the item a and b are placed on the order scale pre-
determined respectively. The (ransportation quantity of
the item a and b are Qa and Qb respectively.
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Figure 1. Behavior of inventory level on the depot in the
proposed mode]

The decision factor of proposed model is as fol-
lows.

(1) determination of the order scales,

(2) determination of transportation order quantity.

The model is formulated for deciding maximum
point of order scale and transportation order quantity
in such a way that total cost is minimized. The min-
imum point of order scale is determined by adapting
the order point in the typical fixed order method.

2.2 Assumption

The material and information flows in the pro-
posed model is shown in Figure 2. We assume that
transportation lead time is L1 and demands are sup-
plied to assembly line from the depot timely. Sup-
plier produce M types of items and let i € {1,2..., M}
be index of items. Let ie {1,2..., T} be an index
of the time periods with the condition that the plan-
ning horizon starts al the beginning of period 1 and
the end of period T. The set of time period is H.

The assumption used in this paper are as follows.

(1) Demands for depot are deterministic process
and suggested by assembly line.

(2) Inventory quantities in supplier’s inventory
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Figure 2. Material and information flows in the proposed
model
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point are always sufficient.

(3) During the planning horizon, inventory cost
and transportation cost are constant.

(4) A minimum and maximum shipping quantity
on the transportation are predetermined.

(5) Transportation for one period occurs once or
not.

2.3 Notation

k : time periods on transportation lead time
(k=1,2,-, L)

Dﬁ : demands for item 7 in period ¢

' : safety inventory level for item i

C}, - holding cost in the depot for item i

C; : transportation cost

Z': container size for item i

Foins Froax and maximum
transportation size considering the mixed parts
transportation and freight rate

W' value of minimum of order scale for item i (this
value is equal to order point in order point method)

If : inventory in the depot for item i in period ¢

Y, : variable of transportation in period ¢

Qf: :L1+1 - transportation quantity ordered in period ¢
for item i this quantity is transported at the
beginning of period +L1-+1

Vi:value of maximum in order scale for item i
(decision variable)

: minimum available

G': set of transportation quantity for item i,

. . T .
Gn={gqu= (ED;J/t 1€ H}
r=1

[ X7 : minimum integer larger than X

2.4 Formulation
(1) The inventory quantity on the depot:

i i i
]r=1t—l+Yt—L1—1 x Qr—Lla l:t_Dr

(t=1,2,,T;i=l, 2, M) (1)

I'(‘J : Initial inventory level for items i on the depot
Y, % Qi“:l,...,YO X Qf,zl +11 - preordered transporta-
tion quantity
(2) The transportation order quantity:
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(3) The criterion of transportation:

1,2, T;i=1,2,, M) (2)

M
. i i
1 lmemS 2 Z XQt:t+Ll+ISFmax
Y= i=1 or
0 otherwise

Ll
Eie (172""’M)7 I: 2 Yr—kx Q;-k:t+L1+1—k< WZ
k=1
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(4) The condition for next planning horizon:
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T _ T
Z YIXQ;:I+L1+12 Z D; (i:1’ 2""’M) (4)
r=1 r=1

(5) The condition of safety inventory quantity:
r>s =12 Ti=1,2;+, M) (5)

(6) The set of transportation order quantity in our
model:

R P T . . .
Gl={gl]g'= (Z D;]/t Lg<F_JZ te H}
t=1

@=1,2;, M) (6)
(7) The range of maximum of order scale:
Vin S V'S Vi, (i=1,2,", M) @)
(8) The minimum of maximum of order scale:
V‘;m:hl xD'+ax Ll x Sb—l

(i=1,2;, M (8)
(9) The maximum of maximum of order scale:
V= xS (i=1,2,, M) ©)
(10) The minimum of transportation order quantity:
i < minG’ (=1, 2", M (10)

(11) The maximum of transportation order quantity:



A Study on Optimal Design of Single Periodic, Multipurpose Batch Plants

g maxG' (=127, M) (11)

where,

D' : average demands of item i

L] : transportation lead time

o : safety coefficient (in this model, o= 1.65)
85, : standard deviation of demands of item i

From the above formulation, we define an optimi-
zation equation as follows. This equation means the
minimization of the sum of holding cost in the
depot, transportation cost between depot and sup-
plier.

Minimize

T M . ) T
TCr=Yy Y CoxI+Cix Y Y, (12)

r=11i=1 r=1

s. t. (D-(7)
3. COMPUTATIONAL PROCEDURE

The computational procedure to determine the
transportation order quantities and order scales are
as follows,

Step 1

1) Input the initial data:

S Z. I, CL L1, Cy, T, M, Fy, Foae» D
where, i=1,2,, Mu=1,2--, T.

2) Set the initial value of parameters:

TC,p =, AV 1,11, TT ¢ T, Vi Vs

g;ninv g;nax
Step2

Calculate equations (1), (2) for item i.

L1
i i P
if Ir*'kzl Y, o X Qe r1e1-1> Vi then set

Q;:t+LI +1 €0, Q;:1+L1+1 — g:nin. And set
M . -
SQ« X, Z'XQryipy41 80 10 Step 3.

i=1
Step 3

For item i. If Ii >S', then go to Step 8, else go to
Step 4.

Step 4
Calculate equation (3). If F;, < SQ < Fp,,, orif
o ‘ _
I+ 2 Y, X0 ywr1e1-x> W for item 4, set
k=1
¥, <1, then go to Step 5, else set ¥, <0 go to
Step 5.

Step 5

Calculate equation (6) at period 1.

1) If t< T, then set ¢t <« t+1 go to Step 2.
2)If t=T, then go to Step 6.

Step 6 T
Judge equation (4). For item i, if ¥ ¥, X Qs 1149

1= 1

T
<3 Dj, then g0 to Step 8, else go to Step 7.

i=1

Step 7
_1) If TCy = T_Cap,, then set TCOI,,
Vinin s 8ope € &min » TOT item £, go to Step 8

DU TC,=2TC,,,, then go to step 8.

«TC,, Vi,p,<—

opt?

Step 8
For item 7, _
1) if gyyin < &rmax » then set TTTT « TT-1, gr <

t=1

T
|7[ Y D;)/TT], 1«1, go to Step 2,

2)if gf_nin > g,imx , then set t < 1 go to Step 9.

Step 9

For item i,

1) if Vi< Vi, then set Vi « VI +AV, g0
to Step 2,

2)if Vi, 2V, , then go to Step 10.

Step 10

If TC,, =, print “infeasible” and end, else print
TC s Vopr 8op for item i, and end.

4. NUMERICAL EXAMPLE

We consider numerical example in order to dem-
onstrate the effectiveness of the mode! developed.
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We assume that there are 3 types of items and the
planning horizon starts at the beginning of period 1
and finishes at the end of period T=10. And trans-
portation lead time is | period. Following data are
used 1n this paper.

4.1 Input Data
(1) demands (container)

=] 1 [z[3[4[s5[6[7[8[9]10
DI 9 (1T [IL|{10]9 8|9 11|91l
DY 1819 2224 |24 20|21 | 18| 20| 22
D’ | 28| 32(32|30|31|30|33]28|30]|30

(2) size for each items (m®)

2'=3 7=2 Z’=1

(3) minimum and maximum available transporta-
tion size (m>)

Fiuin=180 Fn=220

(4) holding cost and transportation cost ($)

Co=l Ci=2 Cy=1 (=100

(5) initial inventory level, safety inventory level
(container)

=10 ;=27 [=39 S=1 (i=1,2,3)

(6) preordered transportation quantity (container)

014=0 (=1,23) Qu,=23 05,=40

Q(i):2=61 Y =0 Yy=1

4.2 Computational Result

Through the computational procedures with above
input data, we obtained the Table 1, 2, 3 and Figure
3. Table 1 shows the value of compulational results.
The transportation on the planning horizon occurs 5
times. Total cost is 1,185, The transportation orders
(20 of item 1, 42 of item 2 and 61 of item 3) are
occured at end of period of 2, 4, 6, 8, 10 (Table 2).
Table 3 shows the inventory level in the depot.

Table 1. Value of computational results

Item i = 1 2 3
Transportation order quantity 20 42 6l
Occurrence of order 5 5 5
Order scale 13-15 | 25-30 | 3440
Total inventory quantity 88 179 239

Table 2. Tansportation order gqunatities

1= 1|23 |4|5]6]7|8]|9]10
Qrivrisr | 0]20[0 (200 0f20(0 20| 0|20
0l 0laiola]o|a|olaelolae
Qpis | 0|61 061 0f61|0]|61[ 061
Table 3. Inventory level on the depot
t= | 1| 2| 3| 4|5|6]7]|8]9]10
vz |zl31506 15615
I | 91301028 4 |26]5]2] 912
P lu4|8 (3] 8 (39639940
5 mmi - order scale — item 1 item 2 - item 3
& .
2o \ |
i=] . : |
=t i I~ i /
2 N E—" i
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Figure 3. Behavior of inventory level on the depot.

Figure 3 illustrates the behavior of inventory level
in the depot. The inventory level at period of 1 is
less than the order scale, but order was not placed
on this period because there were preordered trans-

* portation quantity. The order was placed on the
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period 2 because the inventory levels on hand were
within the order scale.

From this example, we can conclude that

(1) the mixed parts transportation for multi-items
occurr all period (see Table 2)

(2) the occurrence of order is minimized by the
proposed model under total minimum cost.

5. CONCLUSION

In this paper, we proposed the ordering model for
multi-items in consideration of the tranportation
condition. The contributions of this paper are as fol-
lows.

(1) A new ordering model for multi-items with
order scale proposed.

(2) The proposed model considered the mixed
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parts transportation.

(3) A numerical experiment to verify the effective-
ness of proposed model was demonstrated.

We used to the personal computer for culculating
our numerical example, it is necessary to develop
our model to calculate simply and fastly for the fur-
ther study.
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