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jobs in SCM?
47 i 7 17 Logistics involves the planning, design,
coordination, management and improvement of
the processes of moving goods and
resources. The primary goal of logistics is to
1mprove the efficiency of internal warehousing
and transportation functions and to collaborate
with distribution partners to maximize efficiency
in the movement of information and goods.
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https://www.youtube.com/watch?v=lZPO5RclZEo
https://www.youtube.com/watch?v=Mi1QBxVjZAw
https://www.youtube.com/watch?v=AwemFfdD6VI
https://www.youtube.com/watch?v=4-QU7WiVxh8
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A central difference between logistics and
distribution 1s that logistics encompasses more
elements of planning and information flow,
whereas distribution more often describes the
physical movement of goods.

Career in Warehousing & Distribution? What kind of
job 1s 1t(0:50,2:07)?
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https://www.youtube.com/watch?v=EvKEzXkOYjs
https://www.youtube.com/watch?v=JfBbSLaj0Pc
https://www.youtube.com/watch?v=cuPnPJCWJwU
https://www.youtube.com/watch?v=QTrzEZJEX0c
https://www.youtube.com/watch?v=zqKoXPHhmsM
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Example: Papa John's Food Service - Fleet Technology
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https://www.youtube.com/watch?v=U1yqpFlYZ58
https://www.youtube.com/watch?v=9I6HPpDUR-s
https://www.youtube.com/watch?v=K4OxHDyShSk
https://www.youtube.com/watch?v=UTCuDk3EdmY
https://www.youtube.com/watch?v=UTCuDk3EdmY
https://www.youtube.com/watch?v=cWXSOSy46-U
https://www.youtube.com/watch?v=8eIE3Zyy0VU
https://www.youtube.com/watch?v=ktJ5gRkF7og
https://www.youtube.com/watch?v=6nSLnJm1UwY
https://www.youtube.com/watch?v=6nSLnJm1UwY
https://www.youtube.com/watch?v=6nSLnJm1UwY
https://www.youtube.com/watch?v=6nSLnJm1UwY
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https://www.youtube.com/watch?v=LLUoj-tDgtY
https://www.youtube.com/watch?v=LLUoj-tDgtY
https://www.youtube.com/watch?v=OigjoQuiz5o
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T g 2 (The Internet » E-Business & E-Commerce )
Grainger: stocks about 100,000 SKUs that can be

sent to customers within a day of the order being
placed.
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https://www.youtube.com/watch?v=s-3eQEpeOyk
https://www.youtube.com/watch?v=KZgaMUofEdY
https://www.youtube.com/watch?v=NalUh2bIBi4
https://www.youtube.com/watch?v=NalUh2bIBi4
https://www.youtube.com/watch?v=NalUh2bIBi4
https://www.youtube.com/watch?v=NalUh2bIBi4
https://www.youtube.com/watch?v=NalUh2bIBi4
https://www.youtube.com/watch?v=NalUh2bIBi4
https://www.youtube.com/watch?v=NalUh2bIBi4
https://www.youtube.com/watch?v=NalUh2bIBi4
https://www.youtube.com/watch?v=NalUh2bIBi4
https://www.youtube.com/user/wwgraingerinc
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http://www.ups.com/content/tw/zh/about/facts/worldwide.html
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DHL Express Taiwan DHL Global
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http://www.tjoin.com/about/info.asp
http://www.tjoin.com/about/info.asp
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o New Technologies: drone in warehouse,
robot in warehouse, drone for delivery,
robot for delivery, self-driving truck,
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Artificial Intelligence,Big Data
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https://www.youtube.com/watch?v=EXj6DUJ3GtI
https://www.youtube.com/watch?v=72OKQGKebp4
https://www.youtube.com/watch?v=_QndP_PCRSw
https://www.youtube.com/watch?v=P5hQHBNpd7s
https://www.youtube.com/watch?v=Y2j6m83LU7k
https://www.youtube.com/watch?v=sIlCR4eG8_o
https://www.youtube.com/watch?v=sIlCR4eG8_o
https://www.youtube.com/watch?v=sIlCR4eG8_o
https://www.youtube.com/watch?v=Wan_M1PwcOQ
https://www.youtube.com/watch?v=S8yNxVa0uKc
https://www.youtube.com/watch?v=xPmk-yoiKOE
https://www.youtube.com/watch?v=KvKo9udblEI

@® HAMILTONIAN CIRCUIT
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HAMILTONIAN CIRCUIT

A Hamiltonian cycle, also called a Hamiltonian
circuit, Hamilton cycle, or Hamilton circuit, is

a graph cycle (1.e., closed loop) through

a graph that visits each node exactly once
(Skiena 1990, p. 196). A graph possessing a
Hamiltonian cycle 1s said to be a Hamiltonian
oraph. By convention, the singleton graph 1s
considered to be Hamiltonian even though it does
not posses a Hamiltonian cycle, while the
connected graph on two nodes 1s not.

12
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http://mathworld.wolfram.com/GraphCycle.html
http://mathworld.wolfram.com/Graph.html
http://mathworld.wolfram.com/HamiltonianGraph.html
http://mathworld.wolfram.com/HamiltonianGraph.html
http://mathworld.wolfram.com/SingletonGraph.html
http://mathworld.wolfram.com/HamiltonianGraph.html

HAMILTONIAN CIRCUIT
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@® TRAVEL SALESMAN PROBLEM
TSP
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TRAVEL SALESMAN PROBLEM (TSP)
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http://upload.wikimedia.org/wikipedia/commons/c/ca/Salesman.PNG
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TSP MATH. PROGRAM

N N

Minimize ) > c;X;
i=1 j=1
S.L.
N -
D x; =1 (j=1...,N)
B
N
qu =1 i=1...,N)
x; =01 for all 1, ]



TSP ANALYSIS

If there are N cities (including the depot) in a full
connected network, then the number of feasible solutions

IS (N-1)!
123 ....N1

If the network is symmetric, then (N-1)!/2 answers can
be obtained -

Assume N=20 - then (N-1)!/2=60822550204416000

If 1,000,000 answers can be calculated by one computer

per second, then
121645100408832000/1000000/60/60/24/365=1928.67
years are needed for obtaining all answers o

6¢/6/520¢
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@ VEHICLE ROUTING PROBLEM
VRP
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VEHICLE ROUTING PROBLEM
(VRP)(COMMERCIAL SOFTWARE)
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https://optimoroute.com/?gclid=CPnT5JXy-NQCFYJ8vQodpXAAPQ
https://optimoroute.com/?gclid=CPnT5JXy-NQCFYJ8vQodpXAAPQ
https://optimoroute.com/?gclid=CPnT5JXy-NQCFYJ8vQodpXAAPQ
https://optimoroute.com/?gclid=CPnT5JXy-NQCFYJ8vQodpXAAPQ

VRP CONSTRAINTS — CAPACITY
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o Capacity
- Volume %
- Weight
» Units




VRP CONSTRAINTS — TIME WINDOW

o Time Window

» Distribution Center
Time Window

6¢/6/520¢

o Customer Time

Window

» Hard time window v.s.
soft time window
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VRP MATHEMATICS PROGRAMMING

min E E Ef;jI‘t'j

ielV jeV
subject to

Y @y =1 Ve V\{0};

=l

Y m=1 VieV\{0};

jev

Z i) =
Z &Ly = :

jeV

Y ) w=r(S) VSCV\{0},S #0;
i28 je§

xi; € {0,1} Vi,jeV.

Constraints 1 and 2 state that
exactly one arc enters and exactly
one leaves each vertex associated
with a customer, respectively.
Constraints 3 and 4 say that the
number of vehicles leavmg the depot
1s the same as the number entering.
Constraints 5 are the capacity cut
constraints, which impose that the
routes must be connected and that
the demand on each route must not
exceed the vehicle capacity. Finally,
constraints 6 are the integrality
constraints. An alternative
formulation may be obtained by
transforming the capacity cut
constraints into generalized sub-
tour elimination

> ay < IS -r(s)

icl je&

which 1mposes that at least r(s) arcs
leave each customer set S.2

62/6/5¢0¢


https://en.wikipedia.org/wiki/Vehicle_routing_problem
https://en.wikipedia.org/wiki/Vehicle_routing_problem
https://en.wikipedia.org/wiki/Vehicle_routing_problem

SUB-TOUR ELIMINATION CONSTRAINT
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Traveling Salesman Problem

Subtour elimination constraints for the example:
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VRP CLASSIFICATION

6¢/6/520¢

» Time window o Uncertain demand
* Travel time (dynamic?) o Stocl)lastic demand(multi-
1tem

« D d It1-1t
emand (multi-item) o Stochastic travel time

o # f)f depot . o Uncertain service time
» Different Kinds of
vehicles Others
o With trailer + Backhauls

o co-operate vehicle
» Multiple visits?

» Pickup & delivery
.1 * Homogeneous vs.
» Periodic ‘

* Open ended
* Limited number of vehicles

Heterogeneous




VRP TYPES — EXAMPLES

VRPTW (time window)

DVRP (dynamic)
ITraffic speed
Customer uncertainty

MDVRP
multiple depot

FSMVRP (Fleet Size
and Mix Vehicle
Routing Problem)

Heterogeneous
vehicles

PVRP

Periodic planning

PDVRP (Pick-up and
Delivery Vehicle
Routing Problem)

SVRP (Stochastic
Vehicle Routing
Problem)

including customer
appear, customer
demand and traffic
flow

SVRP (Split VRP)

26
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® EULER CIRCUIT
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o Euler circuitan: Eulerian path
1s a path 1n a graph which visits
each edge exactly once. Similarly,
an Eulerian circuit is an
Eulerian path which starts and
ends on the same vertex.

o Chinese Postman Problem
o Rural Postman Problem
o Windy Postman Problem



http://en.wikipedia.org/wiki/Path_(graph_theory)
http://en.wikipedia.org/wiki/Edge_(graph_theory)
http://en.wikipedia.org/wiki/Vertex_(graph_theory)

CHINESE POSTMAN PROBLEM

Directed Graph
Windy Chinese Postman Problem
Mixed Graph
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The directed Chinese Postman Problem

Given a strongly connected directed graph G = (V,A4), with nonnegative costs ¢;; for
each (1, ) € A, the Directed Chinese Postman Problem (DCPP) is the problem of finding a
minimum cost tour passing through each arc in A at least once.

In order to formulate the problem we introduce the following notation. For each
vertex 7, let 8(7) denote the set of arcs leaving 7, & (1) the set of arcs entering 7, and
s; =187 (2)| =] (7). For each arc (z,7) € A, let x;; be the number of copies of each arc

N
o
N
a1
~~
©
~
N
©

that must be added to G in order to obtain an Eulerian graph. Edmonds and Johnson
[13] showed that the DCPP can be formulated as the following linear program (LP):

4.1) (DCPP) min 2 C..X..

ey

(z,7)eA
(4.2) D oxi— DL x=s, VieV,
(2,/)€8+(s) (j,1)e8 (1)
(4.3) x;; >0 Y(i,j)€A.

This corresponds to a minimum cost flow problem on G with supplies s; for vertices
¢t with s; > 0, and demands —s; for vertices 7 with 5, < 0 (Liebling [26], Edmonds and
Johnson [13]).

*Angel Corberan,Gilbert Laporte. (2014) Arc Routing: Problems, Methods, and Applications




® ARC ROUTING PROBLEM

Arc Routing is the process of selecting the best path in a network
based on the route. Contrary to normal routing problems, which
usually involve mapping a route between nodes, arc routing focuses
more heavily on the route itself. The goal of many arc routing
problems is to produce a route with the minimum amount of dead
mileage, while also fully encompassing the edges required. Examples
of arc routing applications include garbage collection, road gritting,
mail delivery, network maintenance, and snowploughing.

6¢/6/520¢



ARC ROUTING PROBLEM

|Waste Collection Routes |

6¢/6/520¢
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[Four routes servicing four districts |

One possible solution: AGFADCFECBA
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ARC ROUTING CONSTRAINS

Capacity

Time

Times of passing for an arc
Turn penalties (U-turn)
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® METHODOLOGIES
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An Instance of the Search Space
Traveling Salesman Problem a
10
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(Linear
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General Example g o
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Z=min ¢'x ~
st. Ax=0D
Dx<e

x > 0, x integer
L(u) =min c¢’x+ u(Ax - b)
st. Dx<e

x > 0, x integer

max L(v)
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Find an efficient cir'cui'F between the cities below using the Nearest Neighbor "@;\w _‘Eﬂﬁéb{ ﬁ
Algorithm starting in Portland t\\ iﬁé%&ia vﬁﬁ,ﬁ_
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A single 2—O0FT move

Z<

Identify two edges Remove them

Insert two edges to complete tour

LdO-¢

2-opt is a simple
local search
algorithm first
proposed by Croes
in 1958 for solving
the traveling
salesman problem.
The main idea
behind it is to take
a route that
crosses over 1tself
and reorder it so
that it does not.

6¢/6/520¢
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Deleting these 3 edges

can result in any of the
™ following tours

through a 3-opt

‘1__“_\/ % move...

LdO-§

3-opt analysis
involves deleting 3
connections (or
edges) in a
network (or tour),
reconnecting the
network in all
other possible
ways, and then
evaluating each
reconnection
method to find the
optimum one. This
process 1s then
repeated for a
different set of 3
connections.

46
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Converting a coarse partition to a fine partition

Briefly, it involves
swapping pairs of
sub-tours to make
a new tour. It is a
generalization of
2-opt and 3-opt. 2-
opt and 3-opt work
by switching two
or three paths to
make the tour
shorter. Lin—
Kernighan is
adaptive and at
each step decides
how many paths
between cities
need to be
switched to find a
shorter tour.

Partition shown in green

DLLSTHNHH NVHOINUHAY-NI|

AN

Solve each sub—problem separately

/\OX—}

Stitch together
into final tonr
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er. com/posts/travel
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simulated-

anneal ing-r-and-
shiny/




The basic elements of simulated annealing (SA) are
the following:

1. A finite set S.

2. A real-valued cost function J defined on S. Let
S* C S be the set of global minima of the function
J, assumed to be a proper subset of S.

3. For eachie S, aset S(i) C S — {i}, called the set
of neighbors of i.

4. For every i, a collection of positive coefficients
gy, j € S(i), such that Zjesiy gy = 1. It is assumed
that j e S(i) if and only if i € S(j).

5. A nonincreasing function T: N - (0, ), called
the cooling schedule. Here N is the set of positive
integers, and 7\(t) is called the temperature at
time t.

6. An initial “state” x(0) € S.

ATdINVXH VS

If J(j) < J(i), then x(t + 1) = .
If J (j) > J(i), then
Acceptance probabilities x(t+1)=j
with probability exp[— (J(j) — J())/T(2)]
x(t + 1) = i otherwise.
costprevious = infinite
temperature temperature_start
while temperature > temperature_end:
costpey = cost_function(...)

difference = costpey - COStprevious

if difference < @ or e(-difference/temperature) , . ndom(0,1):
costprevious = COSthey

temperature = temperature * cooling factor

Applied onto the
TSP

62/6/5¢0¢



Added to tabu list

How toget here?

=
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Tabu Search Method for Solving the Travel salesman Problem

Begin with starting current solution obtain the solution by
apply the (Greedy procedure)
Current sol 2City;= Cityj = Cityy #City)2remmemmmeeeee = City,

\d

Initialization: x: current sol.

x*:Best solution have minimum length for complete tour
Tabu List is empty:[00 00 ... 0]

.

Create a candidate List of Moves (Generate of neighbor solution)

The moves that swap between any two cities, each move would generate a new solution from
the current solution) as:

Swap Cityde City; 2Cityy = City = City 2Oy ssemmmmeeaes =2 City,

Swap Citvi&e City, (City; = City2City, 2 Cityy =2 eeeeeeeeeeee ity

¥

Choose the best neighbor % ° from set of neighbor solution: Swap City,, City,

b

Check Tabu
Status
Is %' Tabu?

Check
Aspiration
Level?

Yex

Is %' 15 better Ne

than x*

Candidate
List Check?

Na O

Take the next solution

No Cheek the

Update Tabu List:[0 0t00.0] ¥ i=it+]

number of
iterations

Figure(2) The flowchart of Tabu search with TSP

Yex

/mpm x*: Solution has minimum length of tour /

ATdNVXH SI,

*Alkallak, I.N. and
Sha’ban, R.Z. (2008)
Tabu Search method for
solving the Traveling

Salesman Problem. Raf.

J. of Comp. & Math’s.
5(2), 141-153
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central 1dea

» generate subproblems by keeping all but £ solution
components fixed

» apply a local search only to the k “free” components

1
.. 3
2
/ ® T
[ ) .
fix red edges and
o

4 >
. 5 [ ] g 5
[ define subproblem @

o s @
7

(HOYVIAS AOOHYOIHOIAN HTAVIIVA ) K=t LE T e [0

It explores distant
neighborhoods of
the current
Incumbent
solution, and
moves from there
to a new one if and
only if an
Improvement was
made. The local
search method 1s
applied repeatedly
to get from
solutions in the
neighborhood to
local optima.

53
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GlobalBest

\ ' Past Best '
A\ Solution ¢

/S WFEBEN

® 1995 & & EberhartflKennedyig ¥ ¥ & &
{£1t(Particle Swarm Optimization, PSO)

o REBVHRBITANRE(LREE

(NOILVZINLLAQ WIVMS ATOILIVJ) KT} FH 1T

A -4 E S (b
(Particle Swarm
Optimization) FHY
(S A
¥, (particle) > &
e
(solution space)
H—{& AT REAY R -
EHEN TR R
THEASHIEE
(inertia)yf - H&H
{EHS A B A A5
M mEERRIEE
(cognitive learning)
R » 2 5
HE B RS A R A B i
& E2E (social
learning) » #E(H
{BRT#E » Bt UIBl
M2 a4 -
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'UEH—I) =aq- ’Ugt) + Tloc * Dloe - (pz- — ﬂ?gt)) + T'glob - bglob ' (pglob - mit)) (1)
:ngtﬂ) = mgt) + UEHI). (2)

The parameters a, bioe, bglob € R are constant weights which can be selected
by the user. The inertia a adjusts the relative importance of the inertia of the
particles, and the so-called acceleration coefficients bioe and bgion, determine the
influence of the local and the global attractor, resp. In every iteration, r,. and
relob are drawn uniformly at random from [0, 1]. Particles exchange information

ATIINVXHT OSd

N
o
N
a1
~~
©
~
N
©

about the search space exclusively via the global attractor pgion. p; — :r:gt) is the
(

local attraction exerted by the local attractor on particle 7, and pgion — :1::) is
the alobal attraction exerted bv the global attractor.
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Fig 1. As cusmple with reall aati o)) As follow & path betwreen possls
A and E. (b An obeiack i torposed, asti caa chive o po sousd
following oae of e two Effereet palk with ayes] peolabdEry. (e On the
shogior path mofe phensmoss 4 kil dowa




max{Att;;} if q <q,
S — JEQ
Di; otherwise

>
a
S
S
s
=
w
-
=1
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where g is a random number generated from a 1
parameter (g, then the next arc chosen is the arc
to the state transition probability p;; given by:

( Att; j Vj c Qi
Zkeﬂiﬁtt"k

Pii=yo0 Vj¢ O,

\

and the attraction of arc (i,j) for an ant is

Att;; = (Ti,j)[x(’?u)ﬁ




3.1.2. The local pheromone-updating rule
Every time an artificial “ant” finishes cons
be represented as follows:

Tij=(1—-p) Tij+p-To

where 7o = 1/(N - J i ) 1s the amount of phe

3.1.3. The global pheromone-updating rule

The ACO will update the pheromone alloc
number of iterations. In addition, the pheron
omone-updating rule resets the ant colony’s
update rule is as follows:

Tij=(1=p) Tij+plla (i) €

>
@
-
=
A
=
~
-
&=
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after mutation
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Roulette Wheel Selection

the roulette wheel
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L [ 7

$ —» has smallest share of
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In the HS
algorithm, each
musician (=
decision variable)
plays (= generates)
a note (= a value)
for finding a best
harmony (= global
optimum) all
together.

HOUVHS ANOINYVH

100mm 300mm S500mm
200mm 400mm 600mm
300mm 500mm 700mm

= 100mm =300mm = 500mm

i Do

Re
La So g
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Initial Harmony Memory | Next Harmony Memory
Min  f(x)=(x,—-2)" +(x) 3 (k-0 3 | Min F)=(x -2 (-3 (%D 43

HOUVAS ANOIWIVH
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(4) Reproduction and production: Two methods are used to gen-
erate the population for a new generation.

4.1. The first approach is to reproduce the population by conven-
tional crossover methods. The single-point crossover is used

in this research, and the offspring with the largest fitness
value is retained for the next generation each time a cross-
over is complete. The mutation scheme remains affected
on those chromosomes. If mutation is triggered, a randomly
generated gene will replace another gene at a randomly
selected position.

4.2. The other approach is to produce a Frankenstein. First, one
noumenon is selected, and the genes are subsequently
decided individually. The pathological changes may be
applied on the gene under a specific probability, p.

6¢/6/520¢

sponding gene in the noumenon. It is believed that the chromosome
with the highest fitness value has superior gene traits. This step is
called the “transplant.” The transplant operation is executed only

INHLIHOO'TY DILANHY)-ANOINIVH

if ¢ < q where g is randomly generated and q is given. The parame- i i ¥ i
ter g is named the “transplant ratio.” When g = g, the correspond- i 4 it ¥ b
ing gene in the noumenon remains the same. A consequence that il 4 i ¥ ¥ i
may occur after the transplantation is referred to as “pathological il i - i - .
changes.” If pathological changes occur, the gene will mutate to an-

P . i i i ¥ i Pt
other form and a new gene will be generated to replace the old ¥ P,
gene. A specific parameter called the “pathological changes ratio,” Ji s b

symbolized as p, was designed to control the occurrence probability
of pathological changes. If p < p, the pathological changes occur,
where p is a random number.




@® APPLICATIONS
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problem with customer
uncertainty and time
dependent link travel time
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Seta 0.e 0

Parameter setting:o,Poyvp. L. and G

Y

Set imtial pheromone 1

Obtain

solution V

Initial
solution?

) A

wet =y

Are all customers
served?

Dispatch stand-by
vehicle from depot

Best solution q;-if

Y

Dispatch one

vehicle

Anv unplanned

active vehicles?

Any visible nodes?

Decide next node
according to
mechanism s

'

Move vehiele

h 4

to next node

Local pheromone
update

Y

a=at1l

Figure 2 Flowchart of the ACO rerouting process

Select active
vehicle at node r

Send vehicle

back te depot

= (57

Yes

(rlobal pheromone

update

No
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<3

File

BOERSBIE 5
EltrEt#iE 15
BOE Lo
Fandom Zelect
Manual Fevise
Save Demand
Load Dermand
Ant Algorithm Paramiers
Parameter o: 1
Parameter B: 5
Fade Rate P: 0.5
Iterations 1
Ants Homber : 1
Max Capacity 50
Eound 3

MAaCE £ 88
Clear
Feszult Eeport
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MULTI-ITEM
INVENTORY ROUTING PROBLEMS
WITH DEMAND UNCERTAINTY




stockout cost recourse

X=00 C K c
SOC= | ¥ 'S, xR (x)dx 2,20, 0% 6,
x=1 i€V2 C:]. ieVl,
i=1

Z = planned travel cost + recourse cost + stockout cost

Zzi(DmXT)+%ZK:(2di,OXQmeT)+ T > iSCxPi"(x)dx

m=1 i=1 x=1 1€V, c=1

6¢/6/520¢

73



S.t. ZZE ] % ym (1)
ieVy c=1
> me =1 VieV,.i#0j#0,i#] (2)
jeVy m=1
M
YN Xt =1 VjeVy,i#0,j#0.i#] (3)
ieVy m=1
M
Zjevz Y Xt =0 Vi#j (4)
j=i m=1
M
D v, DX =0 Vi (5)
i=j M=l
M M
DD Ko=) ) Xgy=m (6)
icV; m=1 jevy m=1
x;’j.gy;” VieV, VmeM (7)
D™ =Y ") dij- Xt Vije{0}uVy. iz (8)
N b
> yrwih DM /sh< W VmeM (9)
i=1
C
u —u" + Q- X} <Q - E[E] VmeM (10)
c=1
C
YEE <u'<Q VieVy VmeM (11)
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C
Xil

=0orl, y"=0orl, VieV,
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YmeM



TRUCK WITH TRAILER
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TRUCK WITH TRAILER

Depot
Vehicle Customer

Truck Customer

Parking Place (Root)

Vehicle Route
Truck Route
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‘ | 1¢0¢

é $ I Truck | "l - =
j N 0 Truck 2 "8
b4 N |
h 7‘? Truck 3 a8 o
s s é
(a)

Figure 1. Illustration of the truck working time.

(b)

| |




25014 (311101412123 (246|197 1718216212285 ]9]120( 13 (15|11
F 3 F 3 F
Truck 1 T Truck 2 T Truck 3 T T Truck 4 t Truck 5 I
o
Figure 2. Demonstration of a chromosome and the number of trucks needed. E
A
20 |14 94|23 |2 (17|71t |13|25 3|12 |10 21|18 ]2|15[16 |19 |8 |[11]|5]|24]6
o o |1 f{1]o |1 (1 {o]Jofo [1 Jo|lo [1 J1 Jo Jo|l1 [o |1 |10 |J1]oO
A'}
B
6lslali]ol3f2|is5|afiof7|19|22|5(23|2]21|25(24|17|18|20]|13]11]6
1 Jofoft]oftf1t o |1 o [1]0o o [of1 [1]Oo Jo (1 o |1 |1 {1 |1 ]o0O
Bﬁ
C
20114 (237 |t (133 |22 16|11 |24]|8|4]|9 [i15]10]|19[22]5 |21[25]17]6
611 [3 | 121147 | 232 [24]18]20| 13|11 |9o|4|2|17]|25|10|21|15[19(8 |5 |6
Cﬁ

Figure 3. An example of crossover.




OF CONSTRUCTION
MACHINERY IN TAIWAN'S
SMOOTH ROAD PROJECT




Time T for a K1 truck to start serving arc b in set A3

The time window constraint propagated from problem P1
for a K2 truck to start serving arc b in set A3

Fig. 1. The formation of time window constraints for A3 arcs.
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minimize

R H

S.L.

k. Kk k
2 gy, =Q
(ij)EA1UA3

X gy, < Q°

(i) EA2UA3

> oy =1
kek1 !
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= v
D.
k { k ik
y”_(fi—Fs—k t})éﬂ
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K Dij K
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2

ijev
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Hyper-node: HA, HB, HC, HD

N
o
N
a1
~
©
-~
N
(o]

HB

(b)

Fig. 2. lllustration of two hyper-node types: (a) separated and b) adjacent.
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ROUTING PROBLEM WITH REFILL
POINTS




Day 5

Day 4

Day 3

Day 2

Day 1

/
/
/
/
/

Figure 1. An illustration of
weekly route.

the

Time horizon

PARPRP

network with a e
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Set the value of parameters including o,
B. p,ANT, EPOCH, and let ant=0, e=0.

[ )

\

Dispatch an artificial ant from the depot >

Send out an ant

to search the
solution

Y

Create a corresponding hyper
graph and let o=depot

One solution J
achieved?

yes

no

Let nV=nV-1

A

)

Construct the routes

in which the number

of vehicle is equal to
nV

Resume the

Let n P=number of vehicle
used in J and d.J/=total
travel length of J.

Move the ant to the next
node according to the
selection mechanism s

l

visiting record

Record the ant’s path

no

r

_ Feasible solution?

no

dJ=total travel
length of new
solution

Ant=ANT?

ant=ant+1

yes

Y




e et

Let e=0, ant =0,

d.ngf :dj

Y

send out the
artificial ant from
the depot

Move the ant to the next

Y

node according to the
selection mechanism s

Global pheromone
update

Resume the
visiting record

e= EPOCH?

Y

Stop

Y

Construct the routes in which
the number of vehicle is equal

1 tonV
Local pheromone ¥
update
ant=ant+1

Resume the
visiting record

A

-

-
-

dJ o =dJ
.

-
-

djgﬂg! =dj'§f?g‘l

yes

no

Stage2 |

I_I_-_I_-_I_-_I_-_I_I_I_I-I_I_I_I_-_J--.-!
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WASTE COLLECTION SYSTEM
UNDER THE “KEEP TRASH
OFF THE GROUND” POLICY




Block 10 Block 4 \Block\  Block8 Block 10
6 ol
2k

Block 9

Block 5 Block 11

required _service =4

J J

Fig. 1. Adjacency of blocks and intersections. Fig. 2. A possible way to fulfill number of collection services for block 5.

Block 8 Block 10

Block 4 \ Block 6

Block 11

depot/destination
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SOLVING THE BRIDGE INSPECTION ROUTING
PROBLEM BY ANT COLONY OPTIMIZATION




Day2 bridge 2

e,

accommodation A -
bridge 3

T‘E;ﬂgel

Day1 Day3

bridge 4
depot

Day5 @ Day4

accommodation 1‘F¢ﬁis
e il bridge 5
bridge 7
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SCHEDULING: FROM MODELING
TO IMPLEMENTATION




For crew scheduling models with DA approach.,
the basic mathematics program can be expressed as

min )  ¢x; (1) 5
jeM N
S.1. Zag){f >1 VieN (2)
JjEM
X, =0,1, (3)

where ¢; 1s the cost of duty j, N is the set of all trips
in the schedule, and M 1s the set of all duties
generated; a;=1 1f trip i participates in duty J,
a; =0 otherwise; and x; =1 if duty j participates in
the solution, x;=0 otherwise.




dead-heading-not-allowed approach vs. dead-heading allowed approach

DNA approach:

min | K], Y > e (5)

keK (i,j)eA’
I#]

sy Y k=1 (6)

keK ieN

Yo Y xhi=IK (7)

keK ie N,i#0
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[5] Ubus Transfer Station

[6] Luchuan E. Station

[12] Overseas Chinese University
[13] Ling Tung University

[14] Taichung Vet. Hospital

[18] AU Optronics Corporation
[19] Donghai Villas

Miaoli Cgunty. Zhuolan[30 ]
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Stage 1 Stage 2 Stage 3 Stage 4 Stage 5

SR
Y

FOS
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Station 3

Station 2

Station 1

Stage 5 Time
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trip Departure station Destination station

Virtual node Depot
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OPEN VEHICLE ROUTING PROBLEM

=
62/6/520¢

= Unserved customer

L]
Hewdy appeared demand

Figure 1: Solution for C7
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A\ Linehaul customer
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PicKuUP AND DELIVERY VRP

. VRP with 7
@ Pre\nous Works Simultsa‘n[e)a;gs Pick- , u‘fbﬁ
ur(Jtonstr:ilr(?tr 4 ' . ’ 22
\_& = s
7w i# ” ¢
m S -.ﬁ‘ g ‘ E 1| = ;
A: 3 / / | o :&g’ Egﬂ
B: . :ﬁﬂ ’, -
C: :g,\* WA 22
D: §% t =
E: #&% \‘ﬁ \ £ .
oy m i
a::_\(

« one-to-many-to-one pickup and delivery problem(1-M-1 PDP)
* one-to-one pickup and delivery problem (1-1 PDP)
* many-to-many pickup and delivery problem (M-M PDP)
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BALANCED VRP

A formal definition of each OF under study is presented: %
o1
Possible objectives: All-min S
Put it to the constraints miny " (I, — mingerl,) (1)
=T
as threshold Max-min
min{maTyer b, — Mingerl;) (2)
Min-max
min maryerl (3)
Rel
1 MmaTyerly — I ,
o 3 (2t
Var
min Lier f — (E‘ETI: Jz (5)
T 1T
MAD
min - g It 1| (6)
Gini

min ?12{ SN el (1)

teT treT
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PROJECT SCHEDULING
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R2:9

6
8
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FEEDER VEHICLE ROUTING PROBLEM

Smaller capacity vehicles to cooperate with a

truck.
o ¥
o @
o . — =7 @ caimas
' \ 2 f ] Chis
A /“ \5 _1: F 4
(o} & % Rosas | 3 % Cage st g
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VEHICLE ROUTING PROBLEM FOR
HAZARDOUS MATERIALS TRANSPORTATION

0000

1-Exp|s|ves 2.1-Flammable 2.2- Hon -toxic 2.3-Toxic gases  3-Flammabhle

6¢/6/520¢

gases liquids
non- ﬂammable
gases
4.1-Flammable  4.2-Spontaneously  4.3-Dangerous 5.1-Oxidizers 5.2- Organlc
solids combustibles when wet peroxides
AN
(eX A1 R
¢ N
TOXIC
6 \/
6.1-Toxic 6.2-Infectious 7-Radioactive 8-Corrosive 9-Miscellaneous
substances dangerous

substances




EMERGENCY VEHICLE ROUTING PROBLEM

‘ Vehicle Routing/Scheduling |

‘ Logistics Network Design ‘

K%
CHAI
W BISKET

Safety Stock Allocation
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Forecasting
Revenue Management

www.chaibisket.com

Lot-Sizing
Scheduling




ALLEVIATE CARBON DIOXIDE EMISSIONS IN
VEHICLE ROUTING PROBLEM

Alleviate carbon
dioxide emissions in
Vehicle Routing
Problem 1s actually r—
the side effect of the | ™ L°9‘S“°S
objective in which the
travel length 1s
minimized.

Electric vehicle
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©® FAcCILITY LOCATION PROBLEM
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FACILITY LOCATION PROBLEM

P-median problem
(min-sum) ° o ©
In the p-median problem p o ©

facilities have to be o
located on a graph such -

that the sum of distances

between the nodes of the ¥,

ograph and the facility
located nearest 1s ¥ ={
minimized.

= {1 if faciluty i is opened

0, otherwise

1 if client j isserviced by facility i,
0 otherwise.

Zpy-xg- <Vy;, iel,
jeJ

min{Zcfyl- +> Zgy-xy}
el i€l jeJ
2% =L jed,

el

Xy, ¥i € {0.1}. i€l jeJ.
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P-center problem
(min-max)
p-center problem the aim of
which is to locate p facilities

such that the maximum
distance 1s minimized.

- T
b ——
° o O e 9
i = JL f |
2 / L3
emag” TR
£ Jx S k “
o — b ) (o] o il
I 1
. ,-"_}f'-.‘ ll. \ .rj
P - \Il"'\ | .fJ
. :'I D } .‘H.‘_.HJ
L ;
b )
Oooooo Q-

Minimax facility
location

The minimax facility
location problem seeks
a location which
minimizes the
maximum distance to
the sites.

It the case of the
Euclidean metric it 1s
known as the smallest
enclosing sphere

problem or 1-center
problem. Its study

traced a least to the
year of 1860. The

planar case (smallest
enclosing circle problem)
may be solved in
optimal time.
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http://en.wikipedia.org/wiki/Smallest_enclosing_sphere
http://en.wikipedia.org/wiki/Smallest_enclosing_sphere
http://en.wikipedia.org/wiki/1-center_problem
http://en.wikipedia.org/wiki/1-center_problem
http://en.wikipedia.org/wiki/1-center_problem
http://en.wikipedia.org/wiki/1-center_problem
http://en.wikipedia.org/wiki/Time_complexity

Maxmin facility location

The maxmin facility
location or obnoxious
facility location problem
seeks a location which
maximizes the minimum
distance to the sites. It the
case of the Euclidean
metric 1t 1s known as the
largest empty sphere
problem. The planar case
(smallest enclosing circle
problem) may be solved in
optimal time

6¢/6/520¢
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http://en.wikipedia.org/wiki/Largest_empty_sphere
http://en.wikipedia.org/wiki/Time_complexity
http://images.google.com/imgres?imgurl=http://t.douban.com/icon/g124018-1.jpg&imgrefurl=http://www.douban.com/group/124018/&usg=__GuQkdzIh1G18HdzPH_BIoYPkzbo=&h=48&w=48&sz=2&hl=zh-TW&start=15&um=1&itbs=1&tbnid=OybIRuUxx53QzM:&tbnh=48&tbnw=48&prev=/images?q=%25E8%25A8%258E%25E5%258E%25AD&um=1&hl=zh-TW&lr=&sa=N&tbo=1&rlz=1G1GGLQ_ZH-TWTW366&imgtbs=z&imgsz=i&ndsp=21&tbs=isch:1

Nondeterministic p-
median problem
Find p facilities (p 1s not
determined) to minimize
the sum of distances.
Nondeterministic p-

center problem

Nondeterministic
demand p-median
problem

Nondeterministic
demand p-center
problem

62/6/S¢0¢
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® LOCATION ROUTING PROBLEM

6¢/6/520¢



LOCATION ROUTING PROBLEM

6¢/6/520¢

the location-routing problem (LRP)

seeks to minimize total cost by simultaneously
selecting a subset of candidate facilities and
constructing a set of delivery routes that satisfy the
following constraints:

(1) customer demands are satisfied without exceeding
vehicle or facility capacities;

(11) the number of vehicles, route lengths, and route
durations do not exceed the specified limits; and

(111) each route begins and ends at the same facility.
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EXAMPLE 1 CAPACITATED FACILITY
LOCATION PROBLEM

3
&
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R
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8
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1
' customers

| Materials — Manufacturers |—. Distribution center L
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A NESTED GENETIC OPTIMIZATION ALGORITHM
FOR THE CAPACITATED FACILITY LOCATION

PROBLEM

6¢/6/520¢

Customer
number

0O|12/0f1 (1|02 (0|10

@acility number 1

1(1|2(2|3(3|-|b
Chromosome of GA-I //‘
01 2 3 4 5 - It
| Customer i chromosome of GA-II
Tnp
number
1221233, ||Y(Y (223 |3].]|]I

|ﬂ123|45,||!}113|45,|

Vehicle 1 Vehicle 2 Vehicle 1 Vehicle 2

| | |
facility 1 facility 2 Chromosome of GA-IlI

126



EXAMPLE 2 STOCHASTIC CAPACITATED
FACILITY LOCATION PROBLEM

Facility cost + transportation cost + vehicle cost + penalty.

min 3 Co(z)Yn + H Y Y 26,4%, +O Y| Ko [+ 3P,

N
o
N
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~
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EXAMPLE 3 CAPACITATED LOCATION
ROUTING PROBLEM

Materials

o Manufacturers
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Chromosome® % [\§ #& & 4 2 — 4]
125 2 |17] 9 [10]22] 3 | 7 | 5 [13]20[18]12] 1 | 4 |23[14]15[16]19] 8 [11] 6 [24]21] Chromosome®
ofoft1]1foj1f1]ojofol1fojof1f1]ofoefj1fof1]1fof1fofo] Chromosome®

Chromosome® %, Chromosome@ ¥ Chromosome® Lk # 1%
AT & 4 2 R R = i) 4 A

(24| 8 |16] 1] 9]22][18[15]14[10] 7 | 5[6 ]| 2 [23]|20]21[12]19]17] 4 | 3 [13]11]25] Chromosome®@
(1lof1]ofofolt1fof11[1]1fof1[1]of1]1]o]ofofo]1[1]1] Chromosome®

4 fit £ Chromosome®
Chromosome® #} j& Chromosome® > L H Al $ %3 4 0 oy K&
Chromosome® #} j& Chromosome® > L H Al $ %3 & 0 oy &
A fif £ Chromosome®
Chromosome@ %} /& Chromosome® =2 £ H A & E#1 & 1 o) & A
Chromosome@ ¥} j& Chromosome® = AL F Al & &4+ 4 1 o) A K
A 4
2L
v

(25] 2 [10] 7 [ 5 [13]18[12[23][14] 16] 11]24]21] 8 | 1 [ 9 [22[15] 6 [20[19][17[ 4 ]3] Chromosome®
124]16[18[14]10] 7 [ 5[ 2 |23]21[12[13[11]25[17[ 9 [22] 3 |20 1| 4 [15]19] 8 |6 | Chromosome®
o

| X B

6¢/6/520¢

130



EXAMPLE 4 STOCHASTIC CAPACITATED
LOCATION ROUTING PROBLEM

(facility opening cost+ route cost + traveling cost + penalty cost)

mn z=FC+RC+TC+PC i ./.\.
\ -/ ........ —
FC = Z Fm Ym (&) | / L \

RC =0, > (nMI7y,)

TC = 7(777(:”2” m m+zzcm¢nH:)ym
i n=2

PC = pZ(ex(Pr((Zmed,—yr) ex)))

ex=0

6¢/6/520¢
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USING GENETIC ALGORITHM TO SOLVE THE
CAPACITATED FACILITY LOCATION ROUTING
PROBLEM WITH STOCHASTIC DEMAND

6¢/6/520¢

(\ Depot 1 D Depot 2 g\ Depot 3

25| 4| 3| 1|10| 14|12\ 24| 6| 19| 7| 17| 18| 2| 16| 22| 8| 59| 20| 13| 15| 11




SOLVE FACILITY LOCATION PROBLEM IN
UPSTREAM OF SUPPLY CHAIN USING HARMONY
SEARCH
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SOLVING THE CAPACITATED LOCATION ROUTING
PROBLEM WITH PICKUP AND DELIVERY ROUTES

6¢/6/520¢




pickup

Route 1

Route 2

m,

Route 3

Route 4

delivery

1 2 6 7 2 3 4 6
m,

1 2 6 7 2 3 4 6

| Route 1 Route 2 Route 3

|:| asszgnment-determined customers

I:I asszgnment-undetermined customers

ms

Route 5 Route 6
| |

1 2 4 5 6

1 2 4 5 6

pute 4 Route 5

6¢/6/520¢
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CAPACITATED LOCATION ROUTING
PROBLEM WITH PICKUP-DELIVERY
ROUTES AND STOCHASTIC DEMANDS

6¢/6/520¢

min

Y OnYm+ DD > CiXi +F, Xni + Xni +
mev, eV jeV keK keK, meV, jev, keKy meV, jeVvy
2> 3 ymx;n_w np, X P8, <Q <) X Pr(s," > Qpu) X Pr(s," < Q) +

meV, k n=1
2> 3 ymx;n_m ng. X Pr(5d“ <Qk)x Pr(5du >Qf ) x Pr(5d“ <QX))+

meV, k n=1
ZZE (e(F’r((ZZZ.md.u ~Wj)=¢))) + ZZE (e(Pr((ZZ Zin iy —Wyy) =€)))
e=0 u e=0 u
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Questions or Comments?

QUEST IONS

6¢/6/520¢
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http://images.google.com.tw/imgres?imgurl=http://192.107.108.56/portfolios/m/murray_k/final/QUESTION.GIF&imgrefurl=http://192.107.108.56/portfolios/m/murray_k/final/retention.html&h=755&w=360&sz=6&hl=zh-TW&start=1&um=1&tbnid=nUTyOOL-WcTXRM:&tbnh=142&tbnw=68&prev=/images?q=question&svnum=10&um=1&complete=1&hl=zh-TW&sa=N

o https://[www.youtube.com/watch?v=mjbCUr2uFM
C

o https://www.youtube.com/watch?v=Rm_V75Jzapg

o https://www.youtube.com/watch?v=cwbHVhZYu?2
k

o https://www.youtube.com/results?search query=
%ET7%8D%A8%ET7%AB%8B%E7%89%B9%E6%B
4% BE%E5%93%A1+%E7%89%A9% E6%B5%81
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https://www.youtube.com/results?search_query=%E7%8D%A8%E7%AB%8B%E7%89%B9%E6%B4%BE%E5%93%A1+%E7%89%A9%E6%B5%81
https://www.youtube.com/results?search_query=%E7%8D%A8%E7%AB%8B%E7%89%B9%E6%B4%BE%E5%93%A1+%E7%89%A9%E6%B5%81
https://www.youtube.com/results?search_query=%E7%8D%A8%E7%AB%8B%E7%89%B9%E6%B4%BE%E5%93%A1+%E7%89%A9%E6%B5%81

