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I ABSTRACT

Companies look for ways to improve their costs and to be efficient. Meeting both can prove to be a great
challenge. In many occasions in the course of optimizing costs, quality is sacrificed, but this does not
mean that companies look for new ways to optimize operations and the time that allows them to be
competitive. One of the areas in which it is sought to optimize the expense and the operation is in the
warehouse and in the transport. The expense of transport does not generate a direct value to the product,
therefore it is necessary to find strategies that support the reduction of that cost. One of them is to use
transports of opportunity, these transports are cheaper, but in many cases, they are not the most reliable.
The punctuality and reliability of these transports depend on the efficiency of the previous warehouse,
the traffic conditions and the weather. This document proposes a simple formula for daily use to carry
out a load plan, as well as a way of assigning priority and loading order of the units. For this, the use of
LINGO and linear programming is presented to optimize day-to-day loads. This paper studies the
operations of a made-to-stock warehouse that attempts to optimize time in their loading docks. It focuses
on scheduling outbound trucks at the outbound doors of a made to stock warehouse considering truck
arrival time uncertainty. The arrival time of each outbound truck is known to arrive within a time window
frame. Another important consideration is the need to look at the scheduling problem for multiple time
windows for shifts of certain duration.

Keywords: Warehouse, loading plan, truck scheduling, optimizing, costs.
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VI. CHAPTER 1. INTRODUCTION

1. Introduction and literature review

While cross docking has been accepted as a common practice to reduce warehouse and transportation
costs, there are still companies that operate under different warehousing models. Cross docking presents
many advantages, one is the reduced cost of holding inventory, transportation cost is reduced due to
consolidation of various shipments to different destinations is achieved. Authors Agustina, Lee and
Piplani (2010) identify cross docking operations to include production allocation, dock assignment,
scheduling both inbound and outbound trucks.

Nevertheless, there are companies which operate under different inventory strategies such as a made-
to-stock inventory. In addition, such operations focus on point to point deliveries without making stops
to consolidate cargo. These companies must find other ways or strategies to reduce operational costs.
There are many challenges involved under this inventory strategy, but operational difficulties are often
the same ones found in a cross-dock warehouse. One strategy is to reduce transportation costs utilizing
not so conventional providers. These providers include trucks that are unloading in a nearby location to
the warehouse and return empty to their origin destination, we will call these opportunity transports.
Companies looking to reduce transportation costs may look to these providers as they generally offer
lower rates than dedicated outbound trucking companies would. This is possible if the destination is
located on the same route or near to the route the truck takes to arrive to its origin destination and in this
case, the final destination to where products must be delivered. (Bartholdi, 2000)

Truck scheduling problems are focused on warehouses that utilize cross-docking systems. In
addition, most papers consider the exact arrival time of inbound and outbound trucks. They also do not
have multiple time windows or consider truck arrival time uncertainty (Lin, Lu & Yu, 2011). Under the
opportunity transports system, time arrival uncertainty is more relevant. The arrival time of these trucks
depend not only on travel conditions from their previous destinations but also on the efficiency of the
warehouses they are unloading products in. This work was carried out to help the company divide the
loads between the shifts and optimize the time and work force. The company needs simple tools that

employees of all backgrounds can become familiarized quickly within the warehouse. They would also



like to determine if all three shifts are truly necessary to meet the demands of their shipments on a daily
basis. (Boysen & Fliedner, 2010)

This paper uses a modified version of a model proposed by Konur and Golias to solve a truck
scheduling problem with truck arrival time uncertainty. For this particular problem, the multiple time
windows or work shifts will also be considered as they have different durations. Ultimately, a simplified
equation using linear programing is used so that the company is able to use on a day by day basis and to
provide more flexibility, both of the equations are shown. Konur and Golias’ proposed model may be
able to be applied for long term planning in future operations as the arrival of the inbound trucks should

become more reliable and stable.

VII. CHAPTER 2. LITERATURE REVIEW

2.1 Made to Stock Warehouse Operations

Make-to-stock (MTS) is a traditional production strategy that is used by businesses to match production
and inventory with consumer demand forecasts. The (MTS) method requires an accurate forecast of
demand in order to determine how much stock should be produced. If demand for the product can be
accurately forecasted, the MTS strategy is an efficient choice for production. The company where the
warehouse is located uses this particular production strategy. As it has already been established cross-
dock warehouses are more cost effective due to the fact that they reduce holding inventory costs as well
as transportation costs. This is why, warehouses that do not operate under a cross-dock operation scheme
must find different ways to reduce operational cost. The warehouse must assure to operate efficiently.
(Wild, 2018)

In the future, the total service time per OT at every OD will be reduced. This will be possible by
using Konur and Golias’ model. Therefore, it is important for the products stored in the warehouse to be
easily accessible in order to reduce the travel time between its position and the outbound door of the
outbound truck to which the products have been assigned. In order for this to be possible, products must
be ordered according to an ABC inventory analysis. ABC analysis divides an inventory into three
categories- "A items" with very tight control and accurate records, "B items" with less tightly controlled
and good records, and "C items" with the simplest controls possible and minimal records (Toomey,

2003).



There is no fixed threshold for each class, different proportion can be applied based on objective
and criteria. ABC Analysis is similar to the Pareto principle in that the 'A' items will typically account

for a large proportion of the overall value but a small percentage of the number of items (Toomey, 2003).

Examples of ABC class are:
e ‘A’ items — 20% of the items accounts for 70% of the annual consumption value of the items.
e ‘B’ items - 30% of the items accounts for 25% of the annual consumption value of the items.

e “C’items - 50% of the items accounts for 5% of the annual consumption value of the items.

The ABC analysis suggests that inventories of an organization are not of equal value. Thus, the
inventory is grouped into three categories (A, B, and C) in order of their estimated importance. ‘A’ items
are very important for an organization. Because of the high value of these 'A' items, frequent value
analysis is required. In addition to that, an organization needs to choose an appropriate order pattern (e.g.
‘Just- in- time’) to avoid excess capacity. 'B' items are important, but of course less important than 'A’
items and more important than 'C' items. Therefore, 'B' items are intergroup items. 'C' items are
marginally important. It is important to consider the rotation frequency of the products so that products
that are more popular or have a higher rotation rate are placed closer to the stack doors or outbound doors.
There are also other factors considered in this analysis such as the capacity limits of each rack which
include weight limits and height limits (Toomey, 2003).

Through the utilized model, we hope to optimize operational time for loads in each shift, this
will leave time in one of the shifts for administrative activities as well as for maintenance. The shift with
few loads to complete shall become responsible to ensure that the inventory is kept according to an ABC
model and that there are no discrepancies between where the system says the product is located and

where it actually is located.

2.2 Problem description

The company is a beverage bottler that produces under a made-to-order scheme. They produce their
clients' brands, as well as produce their own brands. The company hires trucks for national distribution
of their own brands. The brands they produce for other clients are both, national and international, but

those companies send their own transports for the pick-up of the product.
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At the beginning, it was considered to manage and to develop strategies for the load plan only considering
the transports for which the company is directly responsible. However, when analyzing the transport of
one year, the volume of the transports assigned by the clients was found to be sufficiently large and
significant to consider the two segments in the analysis. Since the company hires their own transports for
national distribution of the in-house brands, the cost of these transports impacts the operational cost of
the company. This is why, companies have opted to use opportunity transports, to reduce costs as these
providers are only looking to make a little more profit on an otherwise waisted trip back.

Since the company in the study uses transport of opportunity to reduce transportation costs, the
availability of them often depends on the carrier’s other customers and deliveries. They depend on the
efficiency of the warehouse and the unloading personnel where the transporter must be before arriving
at the evaluated company. In many occasions the transports take too long to arrive and suddenly several
transports arrive at the same time. This can cause bottlenecks in the warehouse and generates
inefficiencies. Currently trucks are assigned a loading ramp based on a first come- first serve basis which
has proved to not always be the best way to go. The company’s loads have assigned appointments and if
they are not met financial repercussions may be applied through penalizations by their clients. In addition,
by the same transport companies can, at times, charge overtime fees. Since trucks arrive on their own
terms, there are shifts that do not load a single truck and then when they arrive all at once and they are
assigned a dock on first come first serve policy, many shipments are passed over to the next shift and
have the personnel of the last shifts scrambling to load trucks who have run behind to meet a delivery
appointment.

The company also had at the beginning of last year a long list of transport providers,
approximately over 60 of which not all were reliable but since the company had been looking to reduce
cost the selection process consisted of choosing the cheapest and working their way down the list if their
first choices weren’t available. Through other methodologies utilized within the company, but primarily
based on experience, the company has been able to reduce the list to about 20 providers who are more
reliable and offer competitive pricing. In the data analyzed the providers have been available the day
needed but the arrival times were still very varied and fluctuated. The information also showed that there
were shifts were little or no loading activity occurred and then the following shifts where saturated. The
company rolled over the outbound trucks to the following shifts without keeping in mind the priority of
each transport based on their destination appointments. A very simple sheet in excel was provided to the

company to establish priorities for loading each truck without basing it on a first-come first-serve basis.
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VIII. CHAPTER THREE. METHODOLOGY

For this paper, a year and half of shipments have been accounted and the following information has been
considered: date and time of arrival of the outbound trucks, time they were assigned a loading dock,
number of pallets loaded, time to load the truck, date and time the truck was released from the dock. In
this analysis, we found that some shifts were carrying the loads of unfinished shipments left by the
previous shift. We also timed several shipments in different shifts to determine the time needed to load
each pallet onto the truck as well as know the turnover time of each truck. This also helped us compare
the time it took to load previous loads and found they were close to the average, we also determined for
the equation in the proposed model.

20 shipments were timed in different time shifts. We averaged the time per pallet of each shipment
to determine the average time to finish loading a truck and to have an average loading time per pallet.
Reviewing the history of loading times, the company had performed in the 1.5 years, the average time

was within range of the timed shipments.

Table 1: Average time in seconds per pallet per shipment

Average
Shipment time per

pallet (secs.)

1 114 .1
2 122.3
3 121.3
4 120.2
5 119.3
6 118.5
7 118.3
8 118.4
9 118.6
10 120.5
11 121.6
12 122.7
13 123.4
14 121.03
15 119.3
16 118.9
17 119.4
18 117.8
19 118.8
20 119.2
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From table 1, we averaged the time per pallet for the 20 shipments and used that time for the
model proposed and used for the day to day operations. It takes 119.7 seconds to load 1 pallet onto a

truck we have rounded to 120 secs or 2 mins.

IX. CHAPTER FOUR. RESULTS

4.1 Konur and Golias’s proposed model

Consider a made-to-stock warehouse where ready to load pallets are stored, this warehouse follows First
in First Out or F.ILF.O inventory. However, this inventory method does not have dedicated storage
allocation resolved yet. The company manages three work shifts and has limited loading equipment.
They have a set number of stack doors or out bound doors (OD), which are designated to serve a set
number of outbound trucks (OT). Let OD’s be indexed by i such that i € I, where I= {1,2,3...m} denotes
set of OD’s. Now let OT’s be indexed by j such that j € J, where J={1,2,3...n} denotes set of OT’s. The
handling time of an OT considers the loading time at the OD and the travel time of the loading equipment
from the lane, product location or staging area to the OT. This problem also considers a maximum
handling time for each OT at every OD. As noted by Boysen and Fliedner (2010), truck-specific handling
times reflect practical characteristics of cross-dock operation and will be considered true for this
outbound dock operation. Handling time of OT at OD i will be defined as C;;. (Golias & Konur, 2013).
Utilizing opportunity transports it is safe to assume that the outbound dock operator does not
know the time of arrival of the trucks. They do, however, know that it must arrive within a time window
of the estimated time of arrival of each truck. With this, the operator must then assign an OD within one
of the 3 time shifts available to the loading dock. For the time window in which the operator knows the
truck will arrive in he considers it can arrive with in the lower bound or an early arrival or the upper

bound or considered a late arrival. Let Aj denote the arrival time realization of OT j, then A;j € [A]l-,A}‘]
where A]l- is the lower bound or early arrival and A} is the upper bound or late arrival (Golias & Konur,

2013). The dock operator’s objective is to determine a schedule, i.e., an OD-to OT assignment that
minimizes the total service time of the OTs at the ODs. The total service times include the total handling

time of the OT’s and the waiting times of the OT’s to be served.
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The following definition of the notation used for the model proposed and modified.

i index forOD,i €1 ={1,2,3,..m}

j index for OT, j € ] = {1,2,3,...n}

Cj; handling time of OT j at OD i

tii travel time between product position k and OD i

p; number of products (pallet) that must be loaded to OT j

Cpj handling time of pallet p to OT j.

T truck changeover time

mw work shift

A} lower bound or early arrival

A} upper bound or late arrival

Aj OT j’s arrival time, A; € [A] A}']

tj service start time of OT j

xij Xi=1 1f OT j is served at OD I, x;;=0 otherwise

yab Yab=1 if OT a is served as OT b’s precedor at the same OD, ya, =0 if otherwise
fi fi=11f OT j is served as the first OT at the OD it is assigned to, f=0 otherwise
otherwise

l; i=11f OT j is served as the first OT at the OD it is assigned to, ;j=0 otherwise

Let X be the m x n matrix of x;’s, and A denote the n-vector of A;’s. Then the dock operator’s total
service time is:

Function (1):

=D CiXi+ Z

iel jeJ
SP (scheduling problem) function is:

min F(X,A) ZZCUX’J“LZ

iel jeJ

Subject to:
YiaXijj=LVj€] (2)

fi+ ) Yg=Lvie]

aej:a*j
3
aej:a*j
C))

fot+fo <m—xiq—xi, Vi €E1,Va,b €],a # b (5)
la+lb Sm—Xjg — Xjp, Vi €l,Va,b E],aqtb (6)

14



Yap — 1< xig—xp <1 —ygp Vi€ ,Va,b €], a+ b (7)

t'> . . .
J—Zae]#} tayg;j +Yje 2 aej:a%j Caixia Yaj vjeJ

(8)

tizajvje) (9)

Xije{o,l},Vi EILVj €], yap€{0,1},Va,b € J,a#b

(10)

The cross-dock operator’s objective in SP is to minimize the total service time. Equation 2 ensures that
each OT is only assigned to one OD. Eq 4 guarantees that each OT will either be served as the last OT
at the OD it is assigned to or preceded by another OT, eq 3 restrict OT to be either served as the first OT
at the OD it is assigned to or followed by another OT. Eq 5-7 ensure that only 1 OT is served as first and
last OT at each OD. 8, 9 define the service start times of the OT’s. 10 is the set of binary constraints.
(Golias & Konur, 2013)

4.2 Proposed and utilized problem

Since the arrival of the trucks is currently 100% dependent on the availability of the transport provider
and the time they are released, we have designed a simpler model using linear programing and to be
resolved using Lingo. The model looks to optimize the time available per shift with the personnel,
equipment and loading doors available. This will allow the warehouse operator or shift manager to
determine how many pallets must be loaded within each shift. Since the company operates on a made-
to-stock system they know ahead of time, how many pallets will be loaded for each day and know how

many trucks are to be expected during the day.

JL= Actual operational time per shift
D= demand pallets loaded daily

V= trucks expected to arrive for load
T= turnover time

A= time needed to load each pallet
R= Outbound doors

Costo= operational cost per shift

Jor= Sum of operational time per shift

Let X;j Pallets needed to be loaded in shift ; for period ;

15



Max ZXU* Jor;j — Costo;
Function (2)

1) Xi=D
(2) JL*R>=(X*A+X/CAP_V*T))

The first restriction ensures all the pallets are assigned shift to be loaded. The second ensures
that the time needed to load the demand is within the time allotted for each shift and is within each
truck's loading capacity.

We have also implemented new policies for the transportation providers to have more control of
their arrival. We still do not have control of the time they arrive, but we can control during which shift
they are allowed into the premises so that we can assign a loading door accordingly. Trucks that arrive
before requested time will be queued depending on the schedule of that day. If there are doors available,
then, they will be assigned a door but will have to leave the premises within 30 minutes to ensure no
bottle necks are created at the loading doors or entry to the plant.

To supplement the first come first service policy we have designed a simple excel sheet to
determine the order or priority in which the trucks should be loaded. This considers the number of pallets
that need to be loaded and the date and time they must arrive for the delivery date as well as the transit

time with an addition of a safety hour added to the transit time.

The formula is as follows:

Maximum time to start load = time of delivery appointment — (transit time + security time) — loading
time

Loading time = (number of pallets *2)

This formula which is used by creating an excel can be utilized the day before to plan the following day’s

operations. It can be displayed on the loading dock for the operators to know, as well as each warehouse

manager in shift to know which trucks must be loaded first.
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X. CONCLUSIONS

Based on the loading history and the arrival times of each truck, we have compared the results that the
model recommends. The model indicates how many pallets must be loaded within each shift optimizing
the time available for each shift while meeting the demand of pallets to be loaded. Also, the third shift
will have time allotted for administration and inventory control. We can also note this by comparing

tables 2 and 3 that the second shift has been underperforming significantly.

Table 2: Pallets loaded per shift

Pallets
loaded

Client/ purchase order

24
30
28
24
28
24

26
12
30
26
28
44
Total pallets F 352

- | -] -
winl2lale|e|~|ofa|s|wn]-

40 14
40 15
Total pallets || 80

2

40 16
24 17
21 18
3 24 19
40 20
22 21
26 22
Total pallets [ 197
Total pallets to
be loaded this
day 629
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Table 3: Number of pallets to be loaded according to model

Il:)zlcllzt: Client/ purchase order
24 1
30 2
28 3
24 4
1 28 5
24 6
28 7
26 8
12 9
Total pallets 224
30 10
26 11
2 28 12
44 13
40 14
40 15

Total pallets || 208

40 16
24 17
21 18
3 24 19
40 20
22 21
26 22

Total pallets || 197

Total pallets to
be loaded this
day 629

The company can now use the model to plan their loading schedule ahead of time and update it
in between shifts if needed. With the excel format in order to assign priority based on the delivery

appointment time, the warehouse manager and operators can plan the order of which trucks to load first

18



and pressure the trucks that must be loaded in the first two shifts. This information should help them to

better negotiate the arrival times of each transport provider.

As stated previously, we look to use the model proposed by Konur and Golias to include the
arrival time uncertainty within a specific time window. This will allow us to also consider the location
of each pallet in relation to the distance of each outbound door for the assignment of a time slot and door
to assign. Currently, we still need to align the transport providers and gain negotiation power in order for
them to arrive closer to the time scheduled. We can now set up a truck scheduling plan according to the
number of pallets per day, considering the number of trucks expected a particular day to load. This will
help the loading crew to become more efficient and load the number of pallets optimizing the time

available per shift.
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