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(Vehicle Routing Problem)

2.1

Customer

Depot F’+

2.1
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(Travelling Salesman Problem: TSP)

2.1 (a)
(Depot) (Customer)
2.2 (b)
[4]
NhX X
Subject to
X' L<t< (2.)
s 1<i< (2.2)
Z, - pl-1 GleVi2<IsI<N-2) (2.3)
A !
x. [0] Vij (2.4)
« 1 g 0
€] o d # i J
X VA | | ] 0 }
5 } « 2



(Objective Function)
2.1

2.3 ! 2.4

(Capacity)

(Demand)

2.2

(Vehicle Routing Problem: VRP)
(Single Depot)

(Multi- Depot)

2.2 (a) (input)

2.2 (b)

16
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Depot

+ T
+

Customer

<=

(a)
Depot
Custome

(b)

2.2

2.3

Hoffman Padberg Set Partitioning

(Scheduling problems) (Location problems)



Subject to:
R Set
y Set
X]
0
Cj Cost
Qi

Mn A CiXj
JXJ a'iv=1 r-R
XLE(LO) ie]

(Constraints)

(Column)

Column |

Set Partitioning

(Column Generation)
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2.4
2.3
3
52 Tandilgm
y
afanuiaes
uiTaym
Fmuamasfianga I58150An
2.3 ;
L
(Ohjective)
. (Minimize Cost)
. (Minimize
Number of Truck)
2.

2 (Objective)
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(Constraint)

3 (Vehicle Routing Problem: VRP)

(Operations Research)

2 (Exact) (Heuristic)
2
2
2.4.1 ' (Exactalgorithm)
(Exact Method)
24.1.1
(Simplex ~ Method) (Linear

Programming Problem: LP)
(Tableau form)

(Iteration)



2

(Sense)
(Minimize Problem) (Maximize Problem)
Tableau
Form
2.4.1.2
(Branch & Bound) (Integer
Programming: IP) (Dividing or Branching) (Conquering)
(Sub problem)
(Bounding)
0
Branch & Bound Integer Programming (IP)
Mixed Integer Programming(MIP) Binary Integer Programming (BP)
2.4.1.3
Barnhart et al. (1998) (Column Generation)
(Large-Scale Optimization
Problem)
(Master Problem: MP) Restricted Master Problem (RMP)
RMP (Objective
Function Value) (Right hand side) 1
(Shadow price) (Reduced cost)

nrunaa



g,=¢c,-( a

Taui Reduced cost
y ¥ Matrix Shadow price
Matrix element
)
RMP
Reduced Cost
|P LP
LP

Simplex

22

(2.7)

Master Problem

RMP

(Sub Problem)

Wayne (2004)

LP




(Heuristic Method)

a) Constructive Heuristic -

b) Single constructive heuristic
Improvement thread

d) Single constructive heuristic
Serveral improvement

d) Several constructive heuristic

Improvement threads

- Constructive ’ Improvement

2.4 Constructive Improvement

Gendreau

Constructive Heuristics

23



(Saving Method) Clark Wright (1964) (Sweep Method)

Gillett  Miller (1974)

Improvement Heuristics

Construction Heuristics
2.4

exchanges (1965)

Population Mechanism
2.5
Genetic Algorithm

Reeves (2003)

First  Second Last

2.5 Population Mechanism Heuristic

2.6 Learning Mechanism Heuristic

Learning Mechanism Population Mechanism

2.6

, Ant Algorithm Heuristic Reimann et al. (2004)

24
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2421 1
2.8
(Route)
2.7(h)

(Savings Method)

Clarke Wright (1963)

(Depot Center: DC) 3 I J

(Cost)

= 4 (p i)+ (P ) - d (i)

D (i,j) i J

D (Distribution Center: DC)

(Savings Method)

2.7(a)

(28)

25
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(a)

(b)

2.7

Saving Method (Greedy
Algorithm) [

Saving Method (Route)
(Cluster)
(Route First Cluster Second)

2.4.2.2 7) (Insertion Heuristic)

Dantzig Ramser (1959) (Insertion Heuristic)



Saving Method

(Sweep Method)

Start line Route 1

2.8

(Sweep Method)

Stop line Route 2

10

20



2.8

(Cluster First Route Second)

(Traveling Salesman Problem: TSP)

(Time Windows)

28
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2A.2.4 (NeighbourhoodSearch)

( Start )
/Initial Solution /

BSCV

= Soft Constraint Violation

v

Improvement Solution

Yes

Algorithm

SCV < BSCV or not?

End Process
riteria or not?2
2.9
Shaw (1998) (Neighbourhood Search: NS)
local Search

(Initial

Solution)

2.9

(Constraint) 2
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L (Hard Constraint)

2, (Soft Constraint)

(Initial Solution)

(Soft Constraint Violation)
(Best Soft Constraint Violation; BSCV) (Improvement
Solution  Algorithm)
(Neighbourhood Search List)

(cyclic)

Neighbourhood Search

(2007)

(Improvement Solution Algorithm)

(Internal Trial Swap) (External Trial Swap)



1T

Customer 1

Customer 2

Customer 3

Customer 4

Customer 5

Customer 6

Customer 1

Customer 2

Customer 3

Customer 4

Customer 5

Customer 6

2.10

1

1

1

2

Truck 1

3 45

WE;
k11l

1

6



?

13 »icfe .1 1

Customer 1
Customer 2
Customer 3
Customer 4
Customer 5

Customer 6

2.10

2.10
Trial Swap)

2.10 (a)

1,2,453,6

Truck 1

12,3 4 5 6

1

2.10 (b)

32

(Internal

1
2.10

1,4,2,53,6



Ahaja Orline (2000)

3

L

(Adding and Delete Arcs)
2. (Compounded swap)
3. (Cyclical shift)

Neighbourhood Search [7]
3
2.4.2.4 ® (Large Scale Neighbourhood Search)

(Global Optimal)

(Local Optima)

Scale Neighbourhood Search: LNS)

Ahuja Orlin (2000)

(Large Scale Neighbourhood Search: LNS)

(Neighbourhood solution)

33

(Large
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(Initial Solution) ,

(Local Optima)

2.11 (Local Optima)

Current State (NS)

(Local Optimal)

(LNS)

Current State A

(Global Optimal)
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Ubyecave Function = Eabal Optunal

Current State
2.11
(Local Optima) Trial
Swap
2.5
Pepin (2006)
5
Shaw (1998) Large Scale
Neighborhood Search (LNS) (Time Windows)
(Capacity) (Remaoval) (Re-
insertion)

T <KCCL ¥
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Ergu Savelsbergh (2004) Time-constrained lane covering (TCLC)
(Starting Location)
(duration of tour) : (Objective Function)
Minimize Duration of tour Time windows

(Cycle) Cycle Generation 2

Time Windows Algorithm
(Waiting Time) (Qrigin)

Cycle Generation

Bent Hentenryck (2006) 2
2 Simulated annealing (SA)
(Route)
2 LNS

VRP 600
(2007) Column Generation (CG)

Large Scale Neighbourhood Search Pickup and Delivery Problem (PDP)

CG CG

Branch and Bound Tree
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Local Search

(Hard Constraint) 5

(Soft Constraint) 2

(Standard)

(Weight Factor)
10 10

(2007)

(Path Base)



L

2.

(Shortest Path Algorithm)

Liu (2003)
(Hub-and-spoke)

Ching (2004)

Pisinger

Neighbourhood Operators

Roulette - wheel

(Reconstruction)

(Direct Shipment)

Ropke (2007)

(Destruction)

38



Desaulniers (2007)

Pisinger Ropke (2007)

200

Method)

2.6

(Probability)

39

(Hybrid Method)

(Reconstruction)

Pisinger Ropke

(Hybrid

(Random Experiment)

E

PE) = lim 2.9)

10
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0.7

PE) = | (2.10)

(Operation of events)

4
1) ( of Event) 2.9 2
A B A B alb
A B
A B
2) (Intersection of Event) 2.10
2 A B A B
aPlb a B
3) (Complement of Event) 2.11
2 A B A
a A
4) (Condition of Event) A B A
B AlB A
B P(AIB) A
B
P(A B
PCA/B) = A 8 (2.12)



2.12

ANB
A

2.13

A’
N\
A \ B
2.14
(Shortest Path Algorithm)

(Shortest Path  Algorithm)

A-Star Algorithm

41

Dijkstra
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2.1.1 ' (D ijkstra Algorithm)

Dijkstra (1963)
(Destination) node (Qrigin)

00

Dijkstra Algorithm

Arc

2.12

Dijkstra Algorithm

Destination

2.15 Dijkstra Algorithm
L 6 nodes [0, 00, 00, 00, 00, 00]
2. 1 (node 1)

4 3 GO



[0,4,3,00, 00, 0]
3 2
(node6) [0,4,3,7 6,8

node 1 node 6

A-Star Algorithm

2.7.2 / 7(A-starAIgorithm)

(A-star Algorithm) A* Algorithm

211
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(2.10)
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