
運輸與配送 
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供應鏈管理，物流管理，配送管理? 

 供應鏈管理?also see this  

 jobs in SCM?  

 物流管理? Logistics involves the planning, design, 

coordination, management and improvement of 

the processes of moving goods and 

resources.  The primary goal of logistics is to 

improve 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


配送管理 

 配送管理系統是管理、運作配送範圍內的配送業務之
物流信息系統，對配送相關的運送資源、貨物資源、
客戶資源、 人力資源等進行動態最佳化管理，以提
供高效率、低成本之智慧化、網路化暨可視化之配送
管理系統。See also 1, distribution strategy 

 A central difference between logistics and 

distribution  is 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 is it(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


配送資訊管理系統 

配送系統包含以下之資料管理系統：基本資
料管理、車輛管理、配送業務管理、客戶管
力、聯盟伙伴管理、財務管理、及決策分析
系統等等。Illustration for DC, 
WareHouse 

基本資料管理：包含貨物、行政區、道路、
送貨區域、裝貨點、配送點、貨場(Yard 
Management)、車、路線資料場等。 

車輛管理(Fleet management)：包括車輛基
本資料管理、駕駛員（司機）管理、裝卸工
管理、車輛維修/保養、車輛用油管理等。
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


配送資訊管理系統 

配送業務管理：包括業務受理、裝載計畫、
車輛調度、回車管理、事故管理等。 

客戶管理：包含客戶基本資料、聯絡人資料、
合約管理、項目管理、投訴與建議、競爭對
手資料等。 

聯盟伙伴管理：包括聯盟火但基本資料管理、
聯絡人管理、合約管理等。 

財務管理：包括固定大客戶配送價格、散客
送貨價格、配送費用結算等。How To Set 
Up Your Product Price, on wholesale 

決策分析系統：資料分析及挖掘、排程及預
測分析等，並提供各類統計報表。 
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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


 舊有行業，何以老調重彈？ 

 運輸的先進（陸海空機具，貨櫃，新式IT科技，ITS，
GPS） 

 資訊的普及（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


HTTP://WWW.UPS.COM/CONTENT/TW/ZH/ABOUT/FACTS/WORLD

WIDE.HTML 
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 包裹業務 

 2015年營收總額 : 489億美元 

 2015年全球貨運量 : 47億件包裹和文件 

 每日遞送量 : 1830 萬件包裹和文件 

 每日美國地區空運量 : 260萬件包裹和文件 

 每日國際貨運量 : 270萬件包裹和文件 

 服務涵蓋範圍 : 超過220個國家及地區，在北
美及歐洲遍及所有地區 

 客戶 : 每日 980萬人 (160萬取件及 840萬送件
) 

 線上追蹤 : 平均每天有6940萬 個追蹤貨物的
要求。 

 服務據點 : 包括 The UPS Store®  4,841個; 

Mail Boxes Etc.® , 1 個 (全球); UPS 服務中
心 1,001個; 授權服務據點 10,602個; UPS 

Drop Boxes 38,352個; Kiala / UPS Access 

Point超過 19,000地點 

 營運設備 : 1,990 
 

  遞送機車隊 : 99,984台運輸車、輕型貨車、拖車及摩
托車，包括 5,088台油電混合車 

 UPS 噴氣式飛機隊 : 237 

 包機 : 412 

 每日飛機班次 : 美國國內：940；國際：1,015 

 機場服務 : 美國國內：382；國際：346 

 供應鏈及貨運業務 

 供應鏈及貨運業務2014營收淨額 : 94 億美元 

 UPS Supply Chain Solutions 

 主要服務項目 : 物流配送, 貨運運輸（空運、海運、陸
運、鐵路）, 195國家的貨運承攬代理商, 國際貿易管
理, 海關報關行。 

 特殊服務項目 : 服務零件配送; 技術維修及裝置; 物流
設計與規劃; 退貨管理。 

 服務據點 : 於全球120個以上的國家, 535個以上的服
務據點; 32.2萬平方呎。 

 運輸隊伍 : 541 

 UPS Freight 

 主要服務 : 提供併櫃服務領導者 

 運輸隊伍 : 5,599運輸車、19,884拖車 

 設施 : 超過 213間服務中心 

 
 
 

http://www.ups.com/content/tw/zh/about/facts/worldwide.html
http://www.ups.com/content/tw/zh/about/facts/worldwide.html
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http://www.ups.com/content/tw/zh/about/facts/worldwide.html
http://www.ups.com/content/tw/zh/about/facts/worldwide.html


HTTP://WWW.DHL.COM.TW/PUBLISH/TW/ZT/ABOUT/TW_ABOUT.

HIGH.HTML 
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 DHL Express Taiwan 

 在台成立時間：西元1973年  

 員工人數：1,070  

 全台服務中心數：10  

 全台7-11寄件點：超過
4,700點  

 全台台塑加油站寄件點：10
點  

 車輛數：超過300部各式車
輛  

 服務範圍：全球超過220個
國家和地區 

 

 DHL Global 
Forwarding 新加坡商敦豪
全球貨運物流股份有限公司
臺灣分公司，成立於1980年，
現屬於德國郵政集團
（Deutsche Post World 
Net）旗下公司  

 2006年空運總共運送超過
186,000筆貨物(55,000噸)  

 2006年海運總共運送超過
24,000TEUs  

 主要客戶總數超過8,500  

 員工超過300名  

 DHL Global 
Forwarding 全台有7個據
點  

http://www.dhl.com.tw/publish/tw/zt/about/tw_about.high.html
http://www.dhl.com.tw/publish/tw/zt/about/tw_about.high.html
http://www.dhl.com.tw/publish/tw/zt/about/tw_about.high.html
http://www.dhl.com.tw/publish/tw/zt/about/tw_about.high.html
http://www.dhl.com.tw/publish/tw/zt/about/tw_about.high.html
http://www.dhl.com.tw/publish/tw/zt/about/tw_about.high.html
http://www.dhl.com.tw/publish/tw/zt/about/tw_about.high.html
http://www.dhl.com.tw/publish/tw/zt/about/tw_about.high.html
http://www.dhl.com.tw/publish/tw/zt/about/tw_about.high.html
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http://www.dhl.com.tw/publish/tw/zt/about/tw_about.high.html
http://www.dhl.com.tw/publish/tw/zt/about/tw_about.high.html
http://www.dhl.com.tw/publish/tw/zt/about/tw_about.high.html
http://www.dhl.com.tw/publish/tw/zt/about/tw_about.high.html
http://www.dhl.com.tw/publish/tw/zt/about/tw_about.high.html
http://www.dhl.com.tw/publish/tw/zt/about/tw_about.high.html
http://www.dhl.com.tw/publish/tw/zt/about/tw_about.high.html
http://www.dhl.com.tw/publish/tw/zt/about/tw_about.high.html
http://www.dhl.com.tw/publish/tw/zt/about/tw_about.high.html


HTTP://WWW.TJOIN.COM/ABOUT/INF

O.ASP 

成立日期：1954年6月  

資本額：新台幣49.7億  

97年營業額：53.8億  

全省據點：121處  

員工人數：4,000+人  

車輛數：2,000+輛  

倉儲面積：120,000+(sq.m) 

 

 2008年11月21日大榮貨運之重要股東群與嘉里物流
分別簽署合資協議書，大榮貨運同日正式成為嘉里物
流成員之一。 

目前嘉里大榮擁有4,000多名員工及3,000餘台車輛 
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http://www.tjoin.com/about/info.asp
http://www.tjoin.com/about/info.asp
http://www.tjoin.com/about/info.asp
http://www.tjoin.com/about/info.asp
http://www.tjoin.com/about/info.asp
http://www.tjoin.com/about/info.asp
http://www.tjoin.com/about/info.asp
http://www.tjoin.com/about/info.asp
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http://www.tjoin.com/about/info.asp
http://www.tjoin.com/about/info.asp
http://www.tjoin.com/about/info.asp


資訊科技輔助運輸配送： 
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 Advantages： 

 速度、數量 

 Disadvantages： 

 Security 

 是否引進？ 

 成本 

 技術（軟硬體） 

 人員 

 是否準備好接受？（Readiness） 

 New Technologies: drone in warehouse, 
robot in warehouse, drone for delivery, 
robot for delivery, self-driving truck, 
machine learning, cloud, sustainable,  
Artificial Intelligence,Big Data  

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 (i.e., closed loop) through 

a graph that visits each node exactly once 

(Skiena 1990, p. 196). A graph possessing a 

Hamiltonian cycle is said to be a Hamiltonian 

graph. By convention, the singleton graph  is 

considered to be Hamiltonian even though it does 

not posses a Hamiltonian cycle, while the 

connected graph on two nodes  is not. 
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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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 Hamilton circuit 

 

 



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 
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•變數xij表示是
否行經節線
(i,j) 

•變數cij表示節
線成本，可為
距離、時間或
金錢等等。 

•N為網路中之
所有節點數。 



TSP ANALYSIS 

 If there are N cities (including the depot) in a full 
connected network, then the number of feasible solutions 
is （N-1）! 

 1 2 3 …..N 1 

 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。 
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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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 Capacity 

 Volume 

 Weight 

 Units 



VRP CONSTRAINTS – TIME WINDOW 
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 Time Window 

 Distribution Center 

Time Window 

 Customer Time 

Window 

 Hard time window v.s. 

soft time window 

 



VRP MATHEMATICS PROGRAMMING 
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 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 leaving the depot 
is 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 

 

 

 which imposes that at least r(s) arcs 
leave each customer set S.[2] 

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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VRP CLASSIFICATION 
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 Time window 

 Travel time (dynamic?) 

 Demand (multi-item) 

 # of depot 

 Different Kinds of 
vehicles 
 With trailer 

 co-operate vehicle 

 Multiple visits? 

 Pickup & delivery 

 Periodic 

 

 

 

 

 Uncertain demand 

 Stochastic demand(multi-
item) 

 Stochastic travel time 

 Uncertain service time 

 

 

 

Deterministic  Stochastic 

Others 

 Backhauls 

 Open ended 

 Limited number of vehicles 

 Homogeneous vs. 

Heterogeneous 

 

 

 

 

 



VRP TYPES - EXAMPLES 
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 VRPTW (time window) 
 DVRP (dynamic) 

 Traffic 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) 



EULER CIRCUIT 
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 Euler circuitan: Eulerian path 
is a path in a graph which visits 
each edge exactly once. Similarly, 
an Eulerian circuit is an 
Eulerian path which starts and 
ends on the same vertex.  

 Chinese Postman Problem 

 Rural Postman Problem 

 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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*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. 
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ARC ROUTING PROBLEM 
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One possible solution: AGFADCFECBA  

Euler path: OK. Euler circuit: NO. 



ARC ROUTING EXAMPLES 
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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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窮
舉
法
（

E
N
UM
E
RA
T
IV
E A

P
P
RO
A
CH）

 

簡單但無效率 
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分
枝
界
限
法
（

B
R

A
N

C
H

 A
N

D
 B

O
U

N
D
）

 

• 混合整數規
劃問題：利
用逐漸縮小
上限
（Upper 
Bound）與
下限
（Lower 
Bound）間
的差距來搜
尋最佳解。 

 

• TSP: 分枝
界限法把問
題的可行解
展開如樹的
分枝，再經
由各個分枝
中尋找最佳
解 
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鬆
弛
法
（

R
EL
A
XA
T
I
ON）

 

藉由放鬆原問題之
某些限制條件來產
生下陷值的方法，
例如線性鬆弛
（Linear 
Relaxation），拉
氏鬆弛
（Lagrangean 
Relaxation) 
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TOUR CONSTRUCTION 

根據Bodin et al. 
 路線建構（Tour Construction）：根據路往之距離或成

本矩陣直接產生較佳的TSP可行解，常見的方法如： 

 插入法（Insertion procedures）：如最近插入法、最省插入法、
隨意插入法、最遠插入法、最大角度插入法等。。 
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最
近
鄰
點
法
（
N
E
AR
E
ST N

EI
G
HBO

R P
RO
C
ED
U
RE）

:
 

一開始以尋
找離場站最
近的需求點
為起始路線
的第一個顧
客，此後尋
找離最後加
入路線的顧
客最近的需
求點，直到
最後。 
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節
省
法
（

C
L

A
R

K
 A

N
D

 W
R

IG
H

T
 S

A
V

IN
G
）
：

 

以服務每一
個節點為起
始解，根據
三角不等式
兩邊之和大
於第三邊之
性質，其起
始狀況為每
服務一個顧
客後便回場
站，而後計
算路線間合
併節省量，
將節省量以
降序排序而
依次合併路
線，直到最
後。 
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插
入
法
（

I
N

S
E

R
T

IO
N

 P
R

O
C

E
D

U
R

E
S
）
：

 

如最近插入法、最
省插入法、隨意插
入法、最遠插入法、
最大角度插入法等。 
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TOUR IMPROVEMENT 

 根據任意一個起使可行解，以交換型啟發式方法
（Exchange Approach）改善路線成本，例如2-
opt交換法、3-opt交換法、k-opt交換法、Lin-
Kernighan交換法等。 
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2
-O

P
T

 

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 itself 

and reorder it so 

that it does not. 

 

 

2
0

2
5

/9
/2

9
 

45 



3
-O

P
T

 

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 is then 

repeated for a 

different set of 3 

connections. 
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L
IN
–
K

E
R

N
IG

H
A

N
 H

E
U

R
IS

T
IC

 

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. 
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META-HEURISTICS 

 (1) 模擬退火法  

 (2) 塔布搜尋法  

 (3) 可變性鄰近搜尋法 

 

 (1) 螞蟻理論  

 (2) 進化演算法  

 (3) 粒子群最佳化法 

 

軌跡搜尋法  族群式搜尋法  
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模
擬
退
火
法
（

S
IM

U
L

A
T

E
D

 A
N

N
E

A
L

IN
G

 ）
  

模擬物質經加熱後，
逐漸冷卻所產生的結
晶現象，亦稱為「退
火（Annealing）」。
模擬退火的原理也和
金屬退火的原理近似：
我們將熱力學的理論
套用到統計學上，將
搜尋空間內每一點想
像成空氣內的分子；
分子的能量，就是它
本身的動能；而搜尋
空間內的每一點，也
像空氣分子一樣帶有
「能量」，以表示該
點對命題的合適程度。
演算法先以搜尋空間
內一個任意點作起始：
每一步先選擇一個
「鄰居」，然後再計
算從現有位置到達
「鄰居」的機率。 

 

http://toddwschneid
er.com/posts/travel
ing-salesman-with-
simulated-
annealing-r-and-
shiny/ 
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S
A
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Applied onto the 

TSP 
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Acceptance probabilities 



塔
布
搜
尋
法
（

T
A

B
U

 S
E

A
R

C
H

 ）
  

對局部領域搜索的
一種擴展，是一種
全局逐步尋優演算
法，是對人類智力
過程的一種模擬。
TS演算法通過引入
一個靈活的存儲結
構和相應的禁忌準
則來避免迂迴搜索，
並通過藐視準則來
赦免一些被禁忌的
優良狀態，進而保
證多樣化的有效探
索以最終實現全局
優化。 
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T
S

 E
X

A
M

P
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*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 



可
變
性
鄰
近
搜
尋
法

(V
A

R
IA

B
L

E
 N

E
IG

H
B

O
R

H
O

O
D

 S
E

A
R

C
H

) 

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 is 

applied repeatedly 

to get from 

solutions in the 

neighborhood to 

local optima. 
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粒
子
群
最
佳
化
法

(P
A

R
T

IC
L

E
 S

W
A

R
M

 O
P

T
IM

IZ
A

T
IO

N
) 

粒子群最佳化法
(Particle Swarm 

Optimization)中的
每個體稱稱為「粒
子」(particle)，是
代表解空間
(solution space)中
的一個可能的解。
每個粒子的移動除
了出自本身的慣性
(inertia)外，還參考
個體本身最佳經驗
移而產生認知學習
(cognitive learning)

的遷移，也參考群
體整體最佳經驗做
社會學習(social 

learning)，迭代演
化前進，最後收斂
而得到最佳解。 
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P
S

O
 E

X
A

M
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L
E
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蟻
群
演
算
法
（

A
N

T
 C

O
L

O
N

Y
 O

P
T

IM
IZ

A
T

IO
N

, A
C

O
）

 

一種用來在圖中尋
找優化路徑的機率
型演算法，其靈感
來源於螞蟻在尋找
食物過程中發現路
徑的行為。蟻群演
算法是一種模擬進
化演算法，初步的
研究表明該演算法
具有許多優良的性
質.針對PID控制器
參數優化設計問題，
將蟻群演算法設計
的結果與遺傳演算
法設計的結果進行
了比較，數值模擬
結果表明，蟻群演
算法具有一種新的
模擬�i化優化方法
的有效性和應用價
值。 
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A
C

O
 E

X
A

M
P

L
E

 

2
0

2
5

/9
/2

9
 

57 



A
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基
因
演
算
法

(G
A

) 

遺傳算法是模仿自然
界生物進化機制發展
起來的隨機全局搜索
和優化方法，它借鑑
了達爾文的進化論和
孟德爾的遺傳學說。
其本質是一種高效、
並行、全局搜索的方
法，它能在搜索過程
中自動獲取和積累有
關搜索空間的知識，
並自適應的控制搜索
過程以求得最優解。
遺傳算法操作使用適
者�穻s的原則，在潛
在的解決方案種群中
逐次產生一個近似最
優解的方案，在遺傳
算法的每一代中，根
據個體在問題域中的
適應度值和從自然遺
傳學中借鑑來的再造
方法進行個體選擇，
產生一個新的近似解。
這個過程導致種群中
個體的進化，得到的
新個體比原來個體更
能適應環境，就像自
然界中的改造一樣。 
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Parents 

Offspring 



H
A

R
M

O
N

Y
 S

E
A

R
C

H
 

In the HS 

algorithm, each 

musician (= 

decision variable) 

plays (= generates) 

a note (= a value) 

for finding a best 

harmony (= global 

optimum) all 

together. 
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H
A
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M
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初始族群 第一代族群 第二代族群 第三代族群 第四代族群 



APPLICATIONS 
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A model for solving the 

dynamic vehicle dispatching 

problem with customer 

uncertainty and time 

dependent link travel time 
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A MODIFIED ANT COLONY 

OPTIMIZATION ALGORITHM FOR 

MULTI-ITEM 

INVENTORY ROUTING PROBLEMS 

WITH DEMAND UNCERTAINTY 
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2 11

( )
x C

c

c i
i V cx

SOC S P x dx


 

  
1

, 0 ,

;
1

2
k

c

i i m

i V
i

d 





2

, 0 ,
1 1 1 11

( ) (2 ) ( )
M M k C

m c c

i i m c i
m m i i V cx

z D T d T S P x dx


    

         

Z = planned travel cost + recourse cost + stockout cost 

 
  

stockout cost recourse 
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TRUCK WITH TRAILER 
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TRUCK WITH TRAILER 
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FLEET SIZE DETERMINATION FOR 

A TRUCKLOAD DISTRIBUTION 

CENTER 
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MULTI-TREATMENT 

CAPACITATED ARC ROUTING 

OF CONSTRUCTION 

MACHINERY IN TAIWAN'S 

SMOOTH ROAD PROJECT 
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USING ANT COLONY 

OPTIMIZATION TO SOLVE 

PERIODIC ARC 

ROUTING PROBLEM WITH REFILL 

POINTS 
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VEHICLE ROUTING-

SCHEDULING FOR MUNICIPAL 

WASTE COLLECTION SYSTEM 

UNDER THE “KEEP TRASH 

OFF THE GROUND” POLICY 
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SOLVING THE BRIDGE INSPECTION ROUTING 

PROBLEM BY ANT COLONY OPTIMIZATION 
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TSP-BASED 
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VRP-BASED 
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ANT COLONY OPTIMIZATION FOR 

RAILWAY DRIVER CREW 

SCHEDULING: FROM MODELING 

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

 



VRP應用 

 駕駛(司機員)指派 
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Station 
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MULTI-DEPOT BUS SCHEDULING PROBLEM 
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depot 

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 

depot 

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 

Station 1 

Station 2 

Station 3 

Time 

depot 

Space 

trip Departure station Destination station Virtual node Depot 



OPEN VEHICLE ROUTING PROBLEM 
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VRP WITH BACKHAUL 
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Dominguez et al. (2016) 



PICKUP AND DELIVERY VRP 
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• 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) 



BALANCED VRP 
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Possible objectives:  

Put it to the constraints 

as threshold 



DRONE DISTRIBUTION 
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PROJECT SCHEDULING 
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FEEDER VEHICLE ROUTING PROBLEM 

 Smaller capacity vehicles to cooperate with a 

truck. 
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VEHICLE ROUTING PROBLEM FOR 

HAZARDOUS MATERIALS TRANSPORTATION 
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EMERGENCY VEHICLE ROUTING PROBLEM 
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ALLEVIATE CARBON DIOXIDE EMISSIONS IN 

VEHICLE ROUTING PROBLEM 

 Alleviate carbon 

dioxide emissions in 

Vehicle Routing 

Problem is actually 

the side effect of the 

objective in which the 

travel length is 

minimized.  
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Electric vehicle 



FACILITY LOCATION PROBLEM 
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FACILITY LOCATION PROBLEM 
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 P-median problem 

(min-sum) 

 In the p-median problem p 

facilities have to be 

located on a graph such 

that the sum of distances 

between the nodes of the 

graph and the facility 

located nearest is 

minimized. 



 P-center problem 

(min-max) 
 p-center problem the aim of 

which is to locate p facilities 

such that the maximum 

distance is minimized. 
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 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 is 
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. 

 

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
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 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 it is known as the 
largest empty sphere 
problem. The planar case 
(smallest enclosing circle 
problem) may be solved in 
optimal time  

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 is not 

determined) to minimize 

the sum of distances. 

 Nondeterministic p-

center problem 

 

 

 Nondeterministic 

demand p-median 

problem 

 Nondeterministic 

demand p-center 

problem 
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LOCATION ROUTING PROBLEM 
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LOCATION ROUTING PROBLEM 

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:  

 (i) customer demands are satisfied without exceeding 

vehicle or facility capacities; 

 (ii) the number of vehicles, route lengths, and route 

durations do not exceed the specified limits; and  

 (iii) each route begins and ends at the same facility. 
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EXAMPLE 1 CAPACITATED FACILITY 

LOCATION PROBLEM  
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Materials Manufacturers Distribution center  

(warehouse) 

customers 

Generally for this part 

i 

m 



A NESTED GENETIC OPTIMIZATION ALGORITHM 

FOR THE CAPACITATED FACILITY LOCATION 

PROBLEM 2
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0 1 0 1 1 0 1. 0 1. 0 

Chromosome of GA-I 
1 1 2 2 3 3 .. b 

Facility number 

0 1 2 3 4 5 .. |I|-1 

Customer 
number 

chromosome of GA-II 

Chromosome of GA-III 



EXAMPLE 2 STOCHASTIC CAPACITATED 

FACILITY LOCATION PROBLEM 
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 
i
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m

mk

m i
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mimi

m

mmm pKOxcHyC  ||2)(min

Facility cost + transportation cost + vehicle cost + penalty. 



EXAMPLE 3 CAPACITATED LOCATION 

ROUTING PROBLEM 
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Materials Manufacturers Distribution center (warehouse) customers 

Generally for this part 

i 

m 
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EXAMPLE 4 STOCHASTIC CAPACITATED 

LOCATION ROUTING PROBLEM 
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(facility opening cost+ route cost + traveling cost + penalty  cost) 

PCTCRCFCz min
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m

mm yFFC

 
m n
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nk ynORC )(
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m i j k
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USING GENETIC ALGORITHM TO SOLVE THE 

CAPACITATED FACILITY LOCATION ROUTING 

PROBLEM WITH STOCHASTIC DEMAND 
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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 
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m1 
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assignment-undetermined customers 

assignment-determined customers 

1 2 7 4 5 6 

1 2 3 5 6 7 8 

1 7 3 4 5 6 2 8 

1 5 3 4 2 6 

1 2 7 4 5 6 3 

1 3 4 5 6 

m1 m2 m3 

pickup 

delivery 

Route 1 Route 2 Route 3 Route 4 Route 5 Route 6 

Route 4 Route 1 Route 2 Route 3 Route 5 

3 

4 2 



SOLVING THE MULTI-COMPARTMENT 

CAPACITATED LOCATION ROUTING 

PROBLEM WITH PICKUP-DELIVERY 

ROUTES AND STOCHASTIC DEMANDS 
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OPEN LOCATION ROUTING PROBLEM 
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Questions or Comments? 

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


 https://www.youtube.com/watch?v=mjbCUr2uFM

c 

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

 https://www.youtube.com/watch?v=cwbHVhZYu2

k 

 https://www.youtube.com/results?search_query=

%E7%8D%A8%E7%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/watch?v=mjbCUr2uFMc
https://www.youtube.com/watch?v=mjbCUr2uFMc
https://www.youtube.com/watch?v=Rm_V75Jzapg
https://www.youtube.com/watch?v=cwbHVhZYu2k
https://www.youtube.com/watch?v=cwbHVhZYu2k
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

