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LOGISTIC OPTIMIZATIONS. SELF-ADAPTIVE ALGORITHM AND
SOFTWARE FOR ROUTING OPTIMIZATIONS

Abstract. The purpose of this research is optimization of transport
logistics using algorithms to optimize finding the optimal path and
implementing the basic necessary for the logistics company, taking into
account the characteristics of the goods. The goal of the work is to create the
optimal algorithm for logistic transportation with customized superstructures
for goods delivery.

Keywords: logistics, optimizations, algorithm, costoptimizations.

skokok

Anpatna. bynm 3eprreynmiH MakcaThl TayapiAblH CHIIaTTaMajapblHa
Kapail oJapAbl THIMAI JKETKI3y aIrOpUTMICPIH KYPY apKbUIbl TPacHCOPT
KOMITAaHHUSIAPBIHBIH JIOTUCTHKAJIBIK €CENTEPiHiH OHTAMIBI MICIIy KOJIJapblH
KapacTeIpy. Tayap jKeTKi3y/AiH apHaibl KeKeJIeHIeH 9AICTEePiH TaHIay apKbLIbI
OHTAMJIBI JIOTHCTHKAJIBIK )KETKI3y JITOPUTMI KapacThIPBIIA b

KinTr ce3mep: noructuka, OHTAMNIaHABIPY, AalTOPUTM, HIBIFBIH]IBI
OHTaWJIaHIBIPY.

kskok

AHHOTanms. llenpio 3TOro WcciaeqOBaHMS SIBISCTCS ONTHMH3ALUSL
TPAHCHOPTHOM JIOTUCTUKH C UCIIOJIB30BAHUEM JIITOPUTMOB JJISI ONTUMH3AINN
IIOMCKAa ONTHMAJIBHOTO MYTH M peaju3allid OCHOBHOTO, HEOOXOAMMOTO ISt
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JOTUCTHUYECKONM  KOMIAHMHM, C  Yy4eTOM  XapaKTepUCTHK  TOBapa.
PaccmarpuBaeTcsi co3maHue  ONTUMAIBHOIO — alrOpUTMAa  JIOTUCTUYECKOM
TPAHCTIIOPTUPOBKM C HHAWBUIYaJbHBIMU HAJCTPOMKaMU JJii JOCTaBKH
TOBapOB.

KaloueBble  caoBa:  JIOTUCTHKA,  ONTHUMH3ALUs,  aJTOPUTM,
ONTUMU3ALIMS PACXO/0B.

Introduction

Because of globalization and longer and more complex supply chain,
logistics plays a more critical role in developing a successful supply chain.
Total logistics cost has become one of the most important economic indicators
of supply chain efficiency. The costs included in logistics activities are:
transportation, warehousing, order processing/customer service, administration,
and inventory holding costs.

In Kazakhtan industrial and commercial companies, logistics costs have
been rather stable during the last five years, accounting for 12-14% of
companies’ total costs. Transportation costs are the biggest single logistics cost
element with 4,4% of total cost on average. Along with warehousing costs,
they account for 60-70% of logistics cost and almost 8% of total cost.

On the other hand, in the major business areas of the case company, the
logistics costs can be as high as 15 % of total costs. In these companies the
transportation and warehousing costs account for more than 10% of the total
costs. When logistics costs share is that big part of total costs, it is necessary to
evaluate logistic processes and their cost efficiency. Optimizing the processes
and costs related to warehousing and transporting goods is the key to better
logistics cost efficiency. Especially the activities related to outbound logistics,
which account for a major part of warehouse and transportation costs, have to
be examined. This research takes a closer look in one individual case in the
case company’s supply chain and examines ways of optimizing total logistics
cost through solving this problem and optimizing the costs related to it.

Logistics is the general control of how goods are acquired, stored and
transported to their last destination. Logistics management involves finding
prospective distributors and suppliers, and determining their effectiveness and
accessibility. Ultimately, management establishes a relationship with the
appropriate companies or handles its own logistics if it is more cost-effective to
do so.

Examining your transportation costs can pay big dividends.
Transportation is one of the highest cost components of cost-of-goods-sold
and your supply chain. Operating issues like volatile freight rates (all modes),
fuel costs, capacity, inefficient route planning, port and highway congestion,
empty miles and productivity impediments are some of the key challenges
companies are facing more than ever. We have found that transportation can be
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optimized in many ways in order to reduce cost while potentially improving

customer satisfaction.

Here are some of the actions and analysis we can help you undertake to
drive improvements:

- Perform transportation modeling and simulations for your network — this
will consider alternate transportation modes, costs, and customer delivery
windows.

- Our modeling will also identify the right number of transportation assets
and where to domicile these assets. We can simulate routing strategies
(carriers, dedicated contract carriage and company fleets) and define costs
and service levels.

- It is best to utilize this tool as a living transportation model to determine the
cost and service effect of supply chain changes as they occur.

- Utilize a Transportation Management System (TMS) to manage, control
and measure all of the transportation methods and modes you use in your
supply chain.

If you operate a private fleet or have a dedicated contract carriage
arrangment consider:

- Truck and tractor-trailer utilization study — if you operate a fleet, whether
it is leased or owned right sizing the fleet periodically affects your bottom
line.

- Routing optimization — reduce miles, improve driver productivity and fuel
consumed.

- A fresh look at the type of equipment you are operating to see if different
equipment configurations can increase your payloads.

- Improve truck or trailer loading of your equipment or that of your carriers
that load up at your distribution centers to better utilize trailer cube and
increase payload.

Background

System study aims at establishing requests for the system to be
development and installed. It involves studying and analyzing the ways of an
organization currently processing the data to produce new and needed
information. We analyze the problem thoroughly forms the vital part of the
system study. In system analysis, prevailing situation of problem is carefully
examined by breaking them into sub problems by using dynamic programming.
Problematic areas are identified and by doing research information is collected.
Data gathering is essential to any needed analysis of requests. It is necessary
that this analysis familiarizes the designer and programmer with objectives,
activities and the function of the organization in which the system is to be
implemented.
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Study of existing system

Route optimization algorithms are the mathematical calculations and
formulas to solve the routing formulas which includes traffics and having many
different routes and points.

Types of routing:Vehicle Routing ProblemH Travelling Salesman
Problem Ant Colony Problem

Existing algorithms:

e High Dencity Routing - points to waste of collection, local post
deliveries, snow cleaning, newsletter delivering and meter reading
actions. High Density Routing is used when you have big number of
locations to visit on the same scheduled time.

e Point-to-Point Routing — refers to the sales, deliveries and collections
with points to visit less than 200 for each day. With this algorithm,
boundary is not so important as the schedule and sequence.

e Paired Routing — points to para transit, car with armor routing and etc.
This algorithm is similar to point-to-point routing algorithm, but the
sequence requires to every stop to be «paired» with trip.

Ant algorithm with ruin and recreate procedure the algorithms Ant and
Ruin & Recreate is main idea of the research. Firstly Ant algorithms creates the
not the best routing, then I will need to apply ruin and recreate procedure on
my routing to improve delivering process.

The main idea of ruin and recreate is ruinning route created by ant and
improving it. In first graph of Figure 1.1 we can see how Ant algorithms
generated route. As we can see that it is not the optimal road to deliver. Ruin &
Recreate destroys some edges between points and searchs for optimal verticel
for this route. In the end of ruinning and recreating we will get optimal routing
plan than visits all vertices with less resources.

Fig.1.1. Simple Ruin & Recreate
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One of the useful method of using ruin and recreate is radiusing the ruin
area. When ruinning algorithms looks for a vertices to destroy, it takes only
edges which is in selected radius, it is useful when company has geozones in
routing.

Constrait programming

Constrait programming is a way of modeling and solving combinatorial
optimization problems, it includes artificial intelligence, logical programming,
and operations research techniques. The benefits of Constrait programming;:

Systematic search

Reasoning on individual at each search state. Reduce search space
filtering at variable domains.

Domains contain holes very suitable for highly combinatorial problems
At the Figure 2.1 we can see how ruin and recreate works. The idea of using
constrait programming is applying own constraint as logistic company, which
includes:

e Goods weight
Goods volume
Time to unload
Maximum weight for courier’s transport
Maximum volume of goods
Courier’s working hours
Maximum orders which courier can take for each route
Incompatible orders
Geozones by routes where courier works

e (Geozones by prices
e Time window
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procedure REMOVECUSTOMERS( s)
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l; «+— calculate(Eqg. T)
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emnd if

end for
returm 7

end proceduare
Fig.2.1. Ruin & Recreate Algorithm

Using air and real router

In the real world, vehicles in a Vehicle Routing Problem (VRP) have to
follow the roads: they can’t travel in a straight line from customer to customer.
Most VRP research papers and demo’s happily ignore this implementation
detail. Although using road distances (instead of air distances) doesn’t impact
the NP-hard nature of a VRP much, it does result in a few extra challenges.

First off all, we will need real datasets of points. Unfortunately, open
VRP datasets with road distances are less than needed in the VRP community.
The VRP WebSite has few ones, such as a dataset of Bavaria with 29 locations,
but nothing serious. So I had to generate some data by myself with
requirements:

e I need to use Google Maps for real distance roads in KM between every
pair of point in the dataset. For example, use highways when reasonable
over small roads.

e To compare every dataset, I will generate air and road distance.

e To compare scalability, I need to generate a similar dataset in many
orders of magnitude.

Add reasonable vehicle capacities and customer demands, for the vehicle

capacity constraint in VRP.

When [ finished generating datasets in Belgium I had the 2750 locations.

figure 3.1

224



CAY xabapwwicer. 2018/1 (44). SDU bulletin

- 900 locations

f £

1000 locations % 2750 locations

Fig.3.1. Address points
For clear vision, I will focus on belguims choosen dataset of points,
which has 50 locations, 10 vehicles with capacity 125 each. Using air distance
(which calculates the euclidean distance based on latitude and longitude)
results in figure: 3.2

1187125

2,258.31 km

- Customer: demand 49 customers

Fig.3.2. Air distance

The total distance is 20.99 KM, it doesn’t say any interesting
information because, our vehicles fly between points. Next thing what I do is,
apply real distance solution on my air roads which is shown in figure 4.3:

The road distance is 2 366.76 KM. Now I will compare the road
distance which I genereated using Graphhopper and OpenStreetMap.

In the figure 4.4 we can see that road distance is 108.45 KM less than air
distance, so it’s almost 5% better.

\us
2,366.76 km
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Figure 3.3 Air road distance

1247125

20.99

Fig.3.4. Real distance

Conclusion

In addition, due to the current market condition increasing the
significance of 4 major logistics performances which are the delivery time,
delivery cost, delivery quality, and delivery utilization; the supply chain and
logistics functions need to achieve all performances with the minimum total
cost. The alternative selection process which combines the total logistics costs,
performance measurement, and systems optimization concept altogether is
constructed to ensure the optimal decision making in the logistics operations.
The conversion of some performance measurements such as the delivery time
and delay time into penalties is generated. Model 3 is designed accordingly to
select the delivery mode which gives the minimum overall logistics cost.
Model 4 extends the use of Model 3 by adding auxiliary binary variables to
select the appropriate freight forwarder to handle the operations in the route.
The new approach will be expected to give the ensured optimal solution and
increase the transparency of the decision making if it is used as the standard
procedure.

Generally, the optimization tools in this paper are developed with the
intention to optimize the overall logistics cost including the intangible costs.
Furthermore, desired objectives have been considered and converted into costs
for comparison and all related information from every function in the supply
chain has been shared to create the process alignment and gain better
communications which are the important characteristics of the responsive
supply chain.
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