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Abstract. This research develops single-tier city logistics model which consists of suppliers,
UCCs, and retailers. The problem that will be answered in this research is how to determine the
location of UCCs, to allocate retailers to opened UCCs, to assign suppliers to opened UCCs, to
control inventory in the three entities involved, and to determine the route of the vehicles from
opened UCCs to retailers. This model has never been developed before. All the decisions will
be simultaneously optimized. Characteristic of the demand is probabilistic following a normal
distribution, and the number of product is single.

1. Introduction

This research continues the research of [1] to develop mathematical model for single-tier city logistics
system. Single-tier city logistics system consists of three entities, that is, point of supplies, logistics
facilities, and point of demands [2]. The location of point of supplies and logistics facilities is outside
of the city and the location of point of demands is inside of the city. In this research, point of supplies
are then called suppliers, logistics facilities are called UCCs (urban consolidation centers), and point
of demands are called retailers. The problems that will be answered in this research are how to
determine the location of UCCs, to allocate retailers to opened UCCs, to assign suppliers to opened
UCCs, to control inventory in the three entities involved, and to determine the route of the vehicles
from opened UCCs to retailers. All the decisions will be simultaneously optimized for city logistics is
the process for totally optimizing the logistics and transport activities [3]. City logistics model that can
answer the described problems simultaneously in single-tier city logistics system has never been
developed before [4].Characteristics of the demand is the probabilistic one, following a normal
distribution, and the number of product is single.

2. Methodology

This research used [5] as reference model to develop the single-tier city logistics model. The entities
involved in [5] were single supplier, multi depot, and multi retailers, while the entities in single-tier
city logistics model that would be developed in this research were multi suppliers, multi UCCs, and
multi retailers. The illustration of entities involved in this research can be seen at Figure 1.
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Figure 1. Illustration of entities involved in single-tier city logistics system.

3. Mathematical model
Mathematical model for single-tier city logistics model for single product that will be developed in
this research is described as follows.

3.1. Index sets

=2 <—-z<«<Xx

set of retailers
set of potential UCCs

set of capacity levels available to UCC (] el )

set of suppliers
set of vehicles

merged set of retailers and potential UCCs, i.e. (K uJ )

3.2. Parameters and notations

At retailer

Ay

mean of demand at retailer k& (Unit/day) (Vk € K)
variance of demand at retailer k (Unit/day) (Vk € K)
inventory holding cost at retailer k (Rp/unit/day) (Vk € K)
ordering cost at retailer k (Rp/order) (Vk € K)

lead time of retailer k (Day) (Vk € K)

shortage cost at retailer & (Rp/unit) (Vk € K)
fill rate
left o -percentile of standard normal random variable Z

fixed cost for opening and operating UCC j with capacity level n (Rp/day) (Vj eJ,Vne N, )
capacity with level n for UCC; (Unit/day) (Vj eJ,vne N, )

transportation cost between node & and node / (Rp/delivery) (Vk, leM )

inventory holding cost at UCC; (Rp/unit/day) (Vj el )
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a; ordering cost at UCCj (Rp/order) (Vj el )

It, lead time of UCCj (Day) (Vj € J)

vC capacity of vehicle (Unit)

At supplier
h. inventory holding cost at supplier i (Rp/unit/day) (Vi el )

a ordering cost at supplier i (Rp/order) (Vi € I)

It,

lead time of supplier i (Day) (Vi € I)
b. capacity for supplier i (Unit/day) (‘v’i el )

At system
w transportation cost of truck (Rp/truck)
pp capacity of truck (Unit)

B number of retailers contained in set K, i.e. B = |K|

3.3. Decision variables

At retailer
NP,  order frequency of retailer k(Vk € K)

E order frequency of every retailer
Q.  lot size of retailer & (Unit) (Vk € K)

MK, number of shortage at retailer k (Unit) (Vk € K)
RK,  reorder point at retailer £ (Unit) (Vk € K)
SS,  safety stock at retailer £ (Unit) (Vk € K)

At UCC

U Jn 1 if UCCj is opened with capacity level n, 0 if otherwise (VJ eJ,vne N, )
D,  demand of UCC j (Unit/day) (Vj € J)
A 1 if retailer £ is assigned to UCC j, 0 if otherwise (Vj elJ,Vk e K)

NP.  order frequency of UCCj (Vj el )

Z order frequency of every UCC
Q, lotsize of UCC) (Unit) (Vj € J)

RK. reorder point at UCC; (Unit) (Vj € J)
R., !ifk precedes/in route of vehicle v, 0 if otherwise (Vk, leM,Vv EV)

M,, auxiliary variable defined for retailer k& for subtour elimination in route of vehicle v

(Vk e K,Vvv eV)
X number of truck at UCCj (Truck) (Vj eld )
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At supplier

D, demand of supplier (Unit/day) (Vi € I)

Q, lot size of supplier i (Unit) (Vi el )

RK. reorder point at supplier i (Unit) (Vi € I)

X.  number of truck at supplier i (Truck) (Vi el )

G, 1 if supplier i supplies UCCj, 0 if otherwise (‘v’i el,Vje J)

amount of demand of UCC;j supplied by supplier i(‘v’i el,vVjeld )

At system
TC  total cost (Rp/day)
T single cycle time (Day)

3.4. The model

Mathematical model of single-tier city logistics model for single product is given below.

Objective function:

MnTC=3 T U]+ ST 3 S d Ry, ¢ z{ 3 (Qk+ssj+skMKk[g_

jed neN; veV keM leM keK
a D,

> +h(Q—+Z|tk,uk+SS ){ka+wX,Z (1)

jed | Q; k T

> a‘—D‘+hi g+(ZZ((It +1t, u, +SS, )(JkJ it

iel L Qi 2 j k T
Subject to:
S SRy, =LvkeK )
veV leM
D> > QR SVe, W eV 3)
leK keM
M, —M, +(BxR,,)<B-1Vk,IleK,WeV 4)
ZRK,V—ZR,W:QVKEM,VVEV (3)
leM leM
> D> Ry, <LvveV (6)
jed keK
ZRHV+ZRJ—,V x<LVjel,VkeK,vweV (7)
leM leM
dUi<Lvjel (®)
neN;
PNAPEDY HUER RN ©)
keK neN;
> Yy =>.DUl Vjel (10)
keK neN;
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Z;ij =1vk e K

je

D> G;=LViel

jed

ZNDJ.UJ.n :Z;vijc;ij Vjel
>V, =D, Viel

jed

DV, <b,Viel

jed

SS, =1, ItO'kZ,VkeK

=t (z,)-2,u(z, )} vk e K

Ky =|tk,uk +SSk,VkeK

RK =(Z(|tj 1t +SSijjk,Vj el

k

- [Zk:ltiyk +(;§k“(|tj 1t ), + sskBij,w el

L _Q _NPQ; NPNRQ,

Di_ D, B Hy
NP, =E,Vk e K
NP, =Z,vjeJ
X, = [Q}VJEJ
X, [ —IViel
U {01} ,Vjed,VneN,
Ylke{ }VjeJ,‘v’keJ

Ry € { ,},Vk,l eM,VveV
G, {01} Viel,vjel
M,, 20,Vk eK,VveV
Q.Q;,Q =0,Viel,vVjeJ,VkeK

T>0

N,N;,N, 2L N,N;,N, eint,VjeJ,vk e K

(11)
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(13)
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24)
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(26)
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The difference between single-tier city logistics model that has been developed with the model of [5]
is at constraints (12)—(15) where constraint (12) ensures that a supplier can supply more than one
UCC:s, constraint (13) ensures that demand at opened UCC must be fulfilled, constraint (14) ensures
that demand at supplier is sum of the amount of demand of UCCs supplied by that supplier, and



InCITE 2017 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 273 (2017) 012015 doi:10.1088/1757-899X/273/1/012015

constraint (15) ensures that amount of demand of UCCs supplied by a supplier does not exceed its
capacity. The explanation of other constraints can be seen at [5].

4. Numerical example

The model was then solved with Lingo 12.0 for some numerical examples. The data used were
generated. Figure 2 gives the illustration for numerical example of 3 suppliers, 2 UCCs, and 4
retailers.

Outside of the city Inside of the city
Supplier 1 7
1
Supplier 2

Figure 2. Illustration for numerical example of 3 suppliers, 2 UCCs, and 4 retailers.

From Figure 2 it was found that both UCC1 and UCC2 were opened. UCC1 was supplied by
Supplierl and supplier2 in accordance with UCC1’s lot size. UCC2 was supplied by Supplierl also in
accordance with UCC2’s lot size. UCC1 supplied R3 and RS in accordance with their lot size and to
serve R3 and RS there was a route from UCCI, that is, UCC1-R3-R5-UCC1. UCC2 supplied R4 and
R6 also in accordance with their lot size. To serve R3 and R6, there was also a route that started from
UCC2, that is, UCC2-R4-R6-UCC2. All decisions were simultaneously optimized.

5. Conclusion

This research has developed single-tier city logistics model for single product which has never been
developed before. All the decisions are simultaneously optimized. The decisions are location-
allocation of UCCs retailers, assignment of suppliers that supply opened UCCs, inventory control at
all entities involved, and vehicle routes to serve retailers. This research also gives challenges for future
studies to develop heuristic method to solve the model in large scale for the model itself belongs to
NP-hard problems [6].Considering multi product also can be a challenge for future studies.
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