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Abstract. To reduce inventory and pick-up costs, a mutually beneficial collaboration between
suppliers and manufacturers is the basis for developing an integrated inventory and order pick-up
model, known as Inbound Inventory Routing Problems (IIRP). Unfortunately, the IIRP model
developed so far has not been able to accommodate several manufacturing industry problems,
including vendors’ limited capacities. Concerning these conditions, this study aims to develop
an ITIRP model in the Multi-Vendor Single-Buyer (MVSB) systems considering suppliers’ limited
capacity. The total relevant cost consisting of set-up costs, ordering costs, holding costs, and
the pick-up cost is kept to a minimum. The IIRP model developed in this study is classified
as mixed-integer non-linear programming (MINLP), which can be solved using an analytic,
heuristic, or metaheuristic approach. Model testing was carried out on the MVSB system by
developing three numerical examples. Each of them involved three suppliers of similar parts,
then solved using an analytic approach. The results obtained show that the three numerical
examples’ global optimum solutions were found. Based on these numerical models and criteria,
it is recommended that parts pick-up from suppliers be carried out as often as possible in small
lot sizes, consistent with the JIT procurement.

1. Introduction

To produce products according to consumer demand, manufacturing industries (such as
automotive, heavy equipment, machine tools, and electronics) provide various types of parts
in two ways, namely making in-house or buying (outsourcing). Global competition and the
increasing demand often encouraged companies to outsource functions previously made [1]. In
many industries, outsourcing ratios have reached 60 percent or more [2]. Companies tended to
outsource several required parts because they chose to focus on core competencies [3].

The trend towards outsourcing encourages collaboration between suppliers, manufacturers,
and other parties (including freight forwarders) in the supply chain. As a result, manufacturers
prefer to leave traditional, self-serving, and short-term purchasing strategies. Instead,
manufacturers employ a purchasing approach in a just in time (JIT) environment, known as
JIT procurement, to procure parts as often as possible in small lot sizes [4,5]. There was a
trade-off between the cost of inventory and transportation costs. Small inventory costs can be
achieved with small lot sizes, with the risk of incurring high transportation costs due to high
pick-up frequency. Conversely, small transportation costs could be achieved with large pick-up
lot sizes, potentially resulting in enormous inventory costs [6]. For JIT procurement to provide
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long-term benefits, suppliers’ determination of lot size and delivery policies should consider both
parties’ interests simultaneously [6-8].

Determination of lot sizes that integrates all relevant costs between suppliers and buyers to
minimize the total system costs is known as the Joint Economic Lot Size (JELS) [9,10]. Based
on the structure of supplier and buyer relationships, JELS is divided into four types, namely
single-vendor single-buyer (SVSB), single-vendor multi-buyer (SVMB), multi-vendor single-
buyer (MVSB), and multi-vendor multi-buyer (MVMB) [10-12]. Of the four systems mentioned,
this study focuses on the MVSB system because the manufacturing industry generally involves
many suppliers to provide various parts. Although the supply of parts for manufacturers involves
many suppliers as found in the manufacturing industry practice, from 155 papers related to
vendor-buyer integration, it turns out that papers that discussed the JELS model in the MVSB
system were still limited [12].

Several inventory models in the MVSB system proposed an integrated pick-up consolidation
strategy to reduce pick-up costs [3,6,13,14]. Pick-up consolidation is carried out by supplying
large capacity vehicles by manufacturers to pick up small lot size parts from each supplier and
then collectively brought to the manufacturer. One form of pick-up consolidation strategy is the
milk-run, which has been successfully implemented by Toyota and various other companies [15].
For the milk-run transportation mode, the vehicle visited several suppliers’ locations in a specific
route to minimize the pick-up costs.

An integrated inventory and pick-up model using a milk-run transportation mode known
as the inbound inventory routing problem (IIRP) has been proposed by several researchers
[4,16-20]. However, the IIRP model in the various studies mentioned above does not consider
suppliers’ limited capacity to be found in the manufacturing industry. Each supplier has a
limited capacity, which results in un-meet demand of manufacturers. For example, in the
automotive industry, one type of part should be purchased from 2 to 3 suppliers due to its
limited capacity. Thus, this research focus on integrating inventory and pick-up that considered
the limited capacity of suppliers.

The problem in this research is how to model the integration of inventory and pick-up orders
using milk-run transportation mode considering the limited capacity of suppliers. The criteria
used to minimize relevant costs consist of set-up costs, ordering costs, holding costs, and pick-
up costs. This study aims to produce an integrated inventory and order pick-up model using
milk-run transportation mode on the MVSB system that considers suppliers’ limited capacity
to minimize the total relevant costs.

2. Formulation of the Problem

In this study, the MVSB system consists of several suppliers (vendors) who provide a single
buyer. Each supplier acts as a manufacturer because it must carry out production activities
to meet the parts demand for a single buyer. The purchaser is also the manufacturer that
needs to assembly the parts purchased from the supplier. The proposed model used some
decision variables, including the typical pick-up cycle time, pick-up frequency, pick-up batch
size, production lot size for each supplier, number of vehicles, and vehicle routes. The model
minimizes the total relevant costs of set-up costs, ordering costs, saving costs, and pick-up costs.

2.1. Assumptions and notations
The assumptions and notations that limit the problem need clearly defined.

(i) Each supplier offers only one kind of part to the assembler.

1 roduction rates of parts at all suppliers an e demand rate of parts at assemblies are
ii) Producti t f ts at all li d the d d rate of ts at bli
constant.

(iii) Each supplier’s production rate is lower than the buyer’s demand rate.
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Shortage and backlog are not allowed.

(iv)
(v) The system is assumed not to produce defective parts.

(vi) All suppliers use a JIT delivery policy with the same delivery cycle time.
(vii) The pick-up of parts from suppliers to manufacturers/assemblers involves third-party

logistics (TPL) services, using a milk-run transportation mechanism.

(viii) One vehicle (truck) handles one transportation route.

Table 1: Parameter, Variables, and Indices of the model

Parameters Variables
Dk = Demand rate for part k (k= [, ..... , k), | T = Common pickup cycle time for n supplier (in
(unit/year) year)
Pic = Production rate of supplier i for partk, (i=1, | Qi = Production lot size of supplier i to produce part
...... ,n; k= 1,....., K), (unit/year) k (unit/batch) = miqix
HM = Holding cost of parts k at manufacturer’s side x{; = A binary variable set to | if supplier j on route
($/unit/year) v visited immediately after supplier and 0
Hiy® = Holding cost of parts k at the supplier i otherwise, v=1,2, ..,V
($/unit/year) V = The number of routes (i.e., the number of
F, = Fixed transportation cost for the delivery trucks used)
truck ($/truk) y' = A binary variable set to 1 if the route is used
Aj = Ordering cost of parts k from supplier i and 0 otherwise
($/order) ¥/ = Abinary variable set to 1 when supplier j is on
Sk = Set-up cost of part k at the supplier i, (i =1, route v and o otherwise
ey n), ($/sef-up) o mjy;. = The number of pick-ups of parts k from
dj = Distance from supplieritoj, (ij =1, ......,n), supplier i to assembler in each production cycle
(km) . ) qik = Pick-up lot size part k from supplier i (unit)
W = Transportation capacity of each truck,
(ton/truk) Indices
Fy = Variabel transportation cost per unit distance | ; j = Supplier indices, i, = 1,..... n
per unit weight ($/kg/km) k = Partindex, k=1, ..., K
Wi = Weight of unit part k (kg) v__ = Vehicle index, v=1...... V

2.2. The objective function

This model’s objective function is to minimize the total relevant costs consisting of set-up
costs, ordering costs, saving costs, and pick-up costs. Regarding [4], the objective function

is formulated as follows:

1 [« S <«
c_ - ek )
re T <; mi+z‘—1Al>

T [ < 2D; - D;
S e (22 ) [+ oo (1o 2 )
i=1 Zk:l Py, i=1 Zk:l P
F V n 1% n n
0
D IIEEED IR DD IE N DTS2k
v=1 j=1 v=1 | i=0 j=0 rey
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2.8. The constraint functions

The constraint functions in this study refer to [4] by adding two new constraints. The addition
of further restrictions, namely Constraint (2) and Constraint (3), is needed because the model [4]
does not consider the limited capacity of each supplier. The formulation of all constraints is
stated in Table 2.

Table 2: Constraints of the model

No Constraint No Constraint
2 | Y q=DpT k=1, k 8 noxh =y =12, v=12,..,V
3 | Qe S PyTsk=1, ... ,k 9 foxly =X xf i=0,v=1,2,..,V

K vy —
4 e Ze= Y Wi < W s v=1,2,..,V 10 desEjesxg’,SISI—l,v=1.2,--,V.S§

v oon v ) {1,2...,n}
5 v=12i=1xij = 1, ] = 1,2, e, 1
. 11 | x;e{0,1}, y/€{0,1}.1,j=0.1.2, ... n, v
6 | Ziy) ={1’ J=L2.n =12, ...Vik=1.2,
vV, j=20

12| T>0,mx>0,i= 1,2,...,n,meZ"

o X =¥/, j=L2..n,v=12.,V

Constraint (2) shows that the fulfillment of one type of part involves several suppliers because
of the suppliers’ capacity limitation. Constraint (3) shows that each supplier’s production rate
limits the order size to each supplier. Constraint (4) ensures that the load does not exceed the
truck’s capacity for each truck (route) v. Constraint (5) provides that each supplier is assigned
to one and only one truck. Constraint (6) ensures that each part produced by the supplier
is transported by one truck, and all supplier parts are transported by as many as V trucks.
Constraints (7) and (8) ensure that each supplier can only be served by one truck. Constraint
(9) provides that each route starts and ends at the buyer/assembler’s location. Constraint (10)
means no sub-tours in any set S from the supplier, excluding the starting point. Constraints
(11) and Constraints (12) are a range of variables.

3. Result and Discussion
Concerning the results of the model formulation, it can be seen that the model developed is
mixed-integer non-linear programming (MINLP). This paper uses an analytic approach with
the help of LINGO 12.0 to solve the MINLP problem. To check the model’s feasibility and the
model solution approach’s effectiveness, we tested the model using three numerical examples.
Each example involves three limited-capacity suppliers providing similar parts (k=1), picked up
by one vehicle (V=1) using milk-run transportation mode. The three numerical examples have
several different parameter values. Table 3 shows the parameter data for the three numerical
models.

Using LINGO 12.0, Figures 1 and 2 suggest the optimum solution for numerical example 1.
It can be seen in Figure 1 that the optimum solution obtained is the global optimum solution,
with the computation time are 16 minutes and 19 seconds. Figure 2 shows the pick-up vehicle’s
optimum solution to the supplier’s location every 0.0022 years or every 19.2 hours. During each
pick-up, the vehicle departs from the buyer’s location (0) to the supplier’s location 3 to pick up
the parts’ 44,444 units. Then the vehicle headed for supplier 2 to pick up 133,333 units. The
vehicle then should continue to the supplier 1 location to pick up 155,5556 units. In the end, the
vehicle carries all the parts to the buyer’s location (0). Thus the pick-up route is 0-3-2-1-0. In



ICETIA 2020 IOP Publishing
Journal of Physics: Conference Series 1858 (2021) 012016  doi:10.1088/1742-6596/1858/1/012016

Table 3: Parameter data for numerical example 1, 2 and 3

1 D; =150000 H;M =25 A;; = 1000 S9; = 800 Dos= D3o = 13 C = 1000
Py; = 70000 Hp;;® =10 As; = 1500 S3; = 900 Dy1=Dip =6 F, = 2000
Py = 60000 Hg1® =12 Ag; =2000 Doy =Djp=12 Dy3=D3y3 =8 F, =5
P3; = 50000 Hszp® =11 S;; =700 Dgp=Dg =16 Doz3=D3 =7 W; =3

2 Dy =200000 H;™ =25 Ay =2000 So; =800 Dos= D3p = 13 C = 1000
Py; = 70000 Hy® =12 Ay = 1000 S3; = 700 Dyi=Dis =6 F, = 2000
Py; = 50000 Ho1® =11 Ag; =3000 Doy =Djp=12 Dy3=D3 =8 F, =5
P31 = 90000 Hggs =10 SH = 900 D()Q: D20 =16 D23: D32 =7 W1 =3

3 D; =120000 H;M =25 A =2000 Sz =800 Dos= Do = 13 C = 1000
P11 = 40000 Hy® =12 Ay = 3000 Sz = 500 Dyy=Di2 =6 F, = 2000
Py = 60000 H® =10 Az =1000 Do =Djp=12 Dy3=D3 =8 F, =5
P31 = 30000 HgQS =11 SH = 600 D()Q: D20 =16 D23: D32 =7 W1 =3

one production cycle, the pick-up frequency from suppliers 1, 2, and 3 was 34 times, 33 times,
and 37 times. Since the production lot size of supplier i, Q;; = m;pX q;x, the production lot sizes
of supplier 1, 2, and 3 are 3289, 4400, and 1644 units, respectively. The vehicle’s utility can be
calculated by comparing the total cargo carried in one pick-up with the vehicle capacity. The
total cargo carried in one pick-up is (155.5556 + 133.3333 + 44.4444) units = 333.3333 units =
(333.333 unit x3 kg/unit) = 999.9999 kg or near to 1000 kg. Thus the utility of all vehicles is
100 percent.

The status of solutions, computation time, pick-up route, and vehicle utility for the three
numerical examples are shown in Table 4. The type of solutions obtained is a global optimum.
It means that an analytic approach using LINGO 12.0 is practical in finding optimal solutions.

Lingo 12.0 Solver Status [Lingo1 Numerical 3 ¥Yendor]

Solver Status Wariables
Model Class: HINLP Total 13
Manlinear: 19
State: Global Opt Integers: 15
Objective: 3. 20168=+008 Conshaints
Irfeasitilty: ] Total: 22
Manlinear: 1
[terations: 588e142
MNaonzeros
Extended Solver Status Total: g9
Monlinear: 19
Salver Type: Global mninear
Best Obj: 3. 20168e+006 Generator Mermory Used (K]
ObiBound:  3.20168e+006 32
Steps: 26752 Elapzad Runtime [hh:mrm:ss]
Active: 0 00:16:19

Update Interval: |2 | Close |

Figure 1: Solution status for numerical example 1

The results obtained indicate that in the MVSB system, the pick-up of parts from each
supplier is carried out as often as possible with a small lot size to minimize the total relevant
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T 0.2222222E-02
M11 34.00000
Mz1 33.00000
M3l 37.00000
X011 0.0o00ooo
X0z1 0.0o00ooo
031 1.000000
¥1z1 0.000000
Q11 155.5556
¥231 0.000000
z1 133.3333
X301 0.000000
ok 44, 44444
X131 0.0o00ooo
321 1.000000
X201 0.0o00ooo
X211 1.000000
X311 0.0o00ooo
¥101 1.000000

Figure 2: Solutions for numerical example 1

Table 4: The comparison of the results of numerical examples

Status Computation times  utility (%)  Route
Numerical example 1 global optimum 16 minutes, 19 seconds 100 0-3-2-1-0
Numerical example 2 global optimum 17 minutes, 43 seconds 100 0-3-2-1-0
Numerical example 3 global optimum 17 minutes, 08 seconds 100 0-3-2-1-0

costs. These results are consistent with JIT procurement, namely receiving parts as often as
possible in small lot sizes [4-6]. However, the optimal value of pick-up frequency (mi) and
pick-up lot size (qi) depends on the parameter values used in the model.

Accommodating supplier capacity constraints are needed to develop an integrated inventory
and order pick-up model in the MVSB system. Buyers must involve many suppliers to provide
certain parts because of the suppliers’ capacity limitation. However, this study has limitations
because it only can involve three suppliers of similar parts. As a result, it only needs one vehicle
to pick-up. Manufacturing industrial companies generally transport various types of parts from
many suppliers located in different locations, so it is necessary to involve several pick-up vehicles
on other routes.

Consequently, increasing the number of suppliers will exponentially increase the number of
decision variables and constraints (known as NP-hard). As a result, the computation time will
be even greater. In this condition, this study’s analytic approach is no longer reliable, so it
requires a different approach. For this reason, in future studies, it is suggested to develop more
complex computational models and strategies to accommodate a larger number of suppliers and
parts.

4. Conclusion

This study aims to produce an integrated inventory and order pick-up model using milk-run
transportation mode on the MVSB system by considering suppliers’ limited capacity to minimize
the total relevant costs. By modeling the problem as a mixed-integer non-linear programming
(MINLP) with the help of LINGO 12.0, this research can accommodate the limited capacity of
suppliers. Model outputs include typical pick-up cycle time, pick-up frequency, pick-up batch
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size, the production lot size for each supplier, number of vehicles, and vehicle routes to produce
a minimum total relevant cost. It is recommended to pick up from each supplier as often as
possible with small lot sizes. In future studies, it is suggested to develop a model for a larger
number of suppliers and parts.
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