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Overview 

• Why learn from nature? 
• Nature inspired / learned algorithms 
    - Differential Evolution algorithm  
    - Other optimization 
    -Bi-directional studies 
• Applications  

 

概览

• 为什么要向自然学习？

• 自然启发算法 / 从自然习得的算法

- 差分进化算法

- 其他优化方法

- 双向研究

• 应用



Learning from nature 

• Nature evolved efficient methods to address 
information processing problems  

• Processes imitating such natural processes are 
often denoted as ‘nature inspired’ 

• Engineering example: Aircraft wing design  
 

向自然学习

• 自然界演化出了处理信息处理问题的高效方法

• 模仿这类自然过程的过程通常被称为“自然启发”

• 工程实例：飞机机翼设计



(Another) engineering example: Bullet 
train 

Train's nose is designed after the beak of a kingfisher, 
which dives smoothly into water. (Source: Popular 
Mechanics) 

（另一个）工程实例：子弹
列车

列车车头仿照翠鸟的喙设计，翠鸟能平滑地俯冲入水。
（来源：《大众机械》）



Optimization 
– An act, process, or methodology of making 

something as fully perfect, functional, or effective 
as possible. (webster dictionary)  

• Birds: Minimize drag.  
• Consider an optimization problem of the form: 
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优化

– 使某事物尽可能完善、实用或高效的行为、过程或
方法论。（韦氏词典）

• 鸟类：最小化阻力。
• 考虑如下形式的优化问题：



Optimization problem: Example 

Fastest / cheapest way of visiting all 50 state capitals 

优化问题：示例

访问全部 50 个州首府的最快 / 最省路线



Characteristics of common 
optimization problems 

 
• Objective and constraint functions can be non-

differentiable.  
• Constraints nonlinear.  
• Discrete/Discontinuous search space.  
• Mixed variables (Integer, Real, Boolean etc.)  
• Large number of constraints and variables.  
• Objective functions can be multimodal with more than 

one optima 
• Computationally expensive to compute in closed form 

 

常见优化问题的特征

• 目标函数与约束函数可能不可微。

• 约束是非线性的。
• 搜索空间离散 / 不连续。
• 混合变量（整数、实数、布尔等）。
• 约束与变量数量庞大。

• 目标函数可能是多峰的，存在多个最优解。

• 难以用闭式求解，计算代价高。



Iteratively solving optimization 
problems 

迭代求解优化问题



Solving optimization problems 

 
• Different methods for different types of problems.  
• Often get stuck in local optima (lack global perspective).  
• Some (for example regression based on gradient descent)  

need knowledge of first/second order derivatives of objective 
functions and constraints.  

 

求解优化问题

• 不同类型的问题需要不同的方法。
• 常常陷入局部最优（缺乏全局视角）。

• 某些方法（例如基于梯度下降的回归）需要知道目标函数
与约束的一阶/二阶导数。



Evolution 进化



Evolutionary algorithms 
• Offsprings created by 

reproduction, mutation, etc.  
• Natural selection - A guided search 

procedure  
• Individuals suited to the 

environment survive, reproduce 
and pass their genetic traits to 
offspring  

• Populations adapt to their 
environment. Variations 
accumulate over time to generate 
new species 

进化算法

• 后代通过繁殖、变异等方式产生。

• 自然选择——一种有导向的搜索过程

• 适应环境的个体得以存活、繁殖，
并把遗传性状传给后代

• 种群适应环境；变异随时间累积，
产生新物种



Evolutionary algortithms 

Terminology 
1.Individual - carries the genetic information 

(chromosome). It is characterized by its state in the 
search space and its fitness (objective function value).  

2.Population - pool of individuals which allows the 
application of genetic operators.  

3.Fitness function - The term “fitness function” is often 
used as a synonym for objective function.  

4.Generation - (natural) time unit of the EA, an iteration 
step of an evolutionary algorithm.  
 

进化算法

术语

1. 个体——携带遗传信息（染色体），由其在搜索空间
中的状态与适应度（目标函数值）刻画。

2. 种群——个体的集合，遗传算子作用于其上。

3. 适应度函数——“适应度函数”常作为目标函数的同义
词使用。

4. 代——进化算法的（自然）时间单位，即一次迭代步。





Overall idea 
 
 

• Selection - Roulette wheel, Tournement, steady state, etc.  
• Motivation is to preserve the best (make multiple copies) and 

eliminate the worst  
• Crossover – simulated binary crossover, Linear crossover, blend 

crossover, etc.  
• Create new solutions by considering more than one individual  
           -  Global search for new and hopefully better solutions  
• Mutation – Polynomial mutation, random mutation, etc.  
• Keep diversity in the population  
            – 010110 →010100 (bit wise mutation)  

 

总体思路

• 选择——轮盘赌、锦标赛、稳态选择等

• 其动机是保留最优个体（复制多份）并淘汰最差个体

• 交叉——模拟二进制交叉、线性交叉、混合交叉等

• 通过同时考虑多个个体生成新解——在全局范围内搜索新的、
有望更优的解

• 变异——多项式变异、随机变异等
• 保持种群多样性——010110 → 010100（

按位变异）



Evolutionary vs. gradient descent 
based methods 

进化方法 vs. 基于梯度下降的方法



Limitations 

• No guarantee of finding an optimal solution in finite time  
• Relatively little in terms of convergence guarantees  
• Could ne computationally expensive   

 

局限性

• 无法保证在有限时间内找到最优解
• 关于收敛性的保证相对较少
• 计算开销可能很大



Bi-directional studies 

Navlakha and Bar-Joseph Nature MSB 2011 

双向研究



Algorithms in nature: Shared principles 
between CS and Biology 

自然中的算法：计算机科学与生物学的共通原理



Algorithms in Nature 

Optimization 

自然中的算法

优化
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What Is Optimization? 

• Selecting an element from a defined set to 
maximize (or minimize) a given criteria 

Input set is usually 
well defined 

A formula to evaluate 
potential solution is 
often easy to employ 

In  many cases 
optimization involves 
a search over a set of 

potential solutions 

什么是优化？

• 从已定义集合中选取一个元素，
使给定准则最大化（或最小化）

待求值的公式
输入集合通常是 潜在解通常

良定义的 易于使用

在许多情况下
优化涉及

在一组潜在解上搜索



Formal definiton 
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• A mathematical formulation 
– Given: a function f : AR from some set A to 

the real numbers 
– Sought: an element x0 in A such that f(x0) ≤ f(x) 

for all x in A ("minimization") or such that f(x0) 
≥ f(x) for all x in A ("maximization"). 

形式化定义

• 一种数学表述
– 给定：一个从某个集合 A 映射到实数的

函数 f : A → R

– 求解：寻找 A 中的元素 x0，使得对 A 中所有的 x 都有
f(x0) ≤ f(x)（“极小化”）；

或使得对 A 中所有的 x 都有 f(x0) ≥ f(x)（“极大化”）。
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Challenges 

• Problem / solution can be: 
    - High dimensional 
    - With lots of local optimum 
    - Residing in a huge search space 

 

挑战

• 问题 / 解可能是：

- 高维的

- 存在大量局部最优

- 位于巨大的搜索空间中



Examples 
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• Minimize the costs of shipping from production facilities 
to warehouses 

• Traveling salesman 
• Place sensors in manner to maximize useful information 
• Determine the times to administer a sequence of drugs 

for maximum therapeutic effect 
• Find the best red-yellow-green signal timings in an urban 

traffic network 
• Etc … 

示例

• 最小化从生产工厂到仓库的运输成本

• 旅行商问题
• 布置传感器以使有效信息最大化

• 确定一系列药物的给药时机以获得最大疗效

• 为城市交通网络寻找最优的红—黄—绿信号配时

• 等等……



Minimum-seeking algorithms 
1. Exhaustive Search = Brute Force 

 
 
 

2. Analytical Optimization 
 
 
 

3. Nelder-Mead downhill Simplex Method 
 
 
 

4. Optimization based on search methods (the 
coordinate search method, the steepest 
descent algorithm, Newton’s method, etc …) 

2
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极小值搜索算法

1. 穷举搜索 = 暴力搜索

2. 解析优化

3. Nelder-Mead 下山单纯形法

4. 基于搜索方法的优化（坐标搜索法、最速下降算
法、牛顿法等……）



Major directions 
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• Linear Programming, a type of convex 
programming, studies the case in which the 
objective function f is linear and the set of 
constraints is specified using only linear 
equalities and inequalities. 

• Nonlinear Programming studies the general 
case in which the objective function or the 
constraints or both contain nonlinear parts.  

主要方向

• 线性规划是一类凸规划，研究目标函数 f 为
线性、

且约束集合仅用线性等式与不等式来刻画的情
况。

• 非线性规划研究一般情形：目标函数或约束（或两
者）

含有非线性部分。



Major directions 
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• Integer Programming studies linear programs in 
which some or all variables are constrained to 
take on integer values. This is not convex, and in 
general much more difficult than regular linear 
programming. 

 

主要方向

• 整数规划研究部分或全部变量被限制取整数值的线
性

规划。它不是凸问题，通常比常规线性规划困难得
多。



Major directions 
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• Heuristics and Meta-heuristics make few or no 
assumptions about the problem being optimized. 
Usually, heuristics do not guarantee that any 
optimal solution need be found. On the other 
hand, heuristics are used to find approximate 
solutions for many complicated optimization 
problems. 
 

主要方向

• 启发式与元启发式对被优化问题几乎不做假设。
通常

启发式并不保证一定能找到最优解；但另一方面，
启发

式被用于为许多复杂的优化问题寻找近似解。



Heuristics 
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• Heuristic Algorithms 
– Heuristic algorithms are not guaranteed to 

find the optimal solution. 
– Heuristic algorithms do not even necessarily 

have a bound on how bad they will perform. 
– However, in practice, heuristic algorithms 

(heuristics for short) are often successful. 

启发式方法

• 启发式算法

– 启发式算法不保证能找到最优解。

– 启发式算法甚至未必存在“最坏表现”的界。

– 然而在实践中，启发式算法（简称启发式）往往
很成功。
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Why Not use Exact Methods? 
• Run time 

– Depending on the problem, run time of exact 
methods can be expontnetial 

• The link between the real-world problem and 
the formal problem may be weak 
– Sometimes you cannot properly formulate a 

mathematical problem that captures all aspects of 
the real-world problem. If the problem you solve is 
not the right problem, it might be just as useful to 
have one (or more) heuristic solutions, rather than 
the optimal solution for the formal problem. 

为什么不使用精确方法？
• 运行时间

– 依问题而定，精确方法的运行时间可能是指数级的

• 真实世界问题与形式化问题之间的联系可能很弱

– 有时你无法恰当地建立一个涵盖真实问题所有方面的
数学问题。如果所求的并不是那个真正的问题，那么得
到一个（或多个）启发式解，可能比得到形式化问题的
最优解更有用。



Classes of Search Techniques 

Finonacci Newton

Direct methods Indirect methods

Calculus-based techniques

Evolutionary strategies

Centralized Distributed

Parallel

Steady-state Generational

Sequential

Genetic algorithms

Evolutionary algorithms Simulated annealing

Guided random search techniques

Dynamic programming

Enumerative techniques

Search techniques

搜索技术的分类



Biologically motivated 
optimization algorithms 
Several local searches can converge to 
a local minimum! 

Natural optimization methods 
Not the panacea, but … 

Genetic algorithms 
(Holland, 1975) 

Simulated annealing 
(Kirkpatrick et al., 1983) 

Particle swarm optimization 
(Parsopoulos and Vrahatis, 2002) 

Evolutionary algorithms 
(Schwefel, 1995) 

No derivatives, large search spaces, “nature-based” 

受生物学启发的
优化算法
多次局部搜索可能收敛到
同一个局部极小值！

自然优化方法
并非万能，但……

模拟退火 粒子群优化
(Kirkpatrick 等人, 1983) (Parsopoulos 与 Vrahatis, 2002)

遗传算法 进化算法
(Holland, 1975) (Schwefel, 1995)

无需导数、搜索空间大、“基于自然”



Algorithms in Nature

Genetic algorithms

自然中的算法

遗传算法



History历史



History of GAs

• As early as 1962, John Holland's work on 

adaptive systems laid the foundation for later 

developments.

• By the 1975, the publication of the book 

Adaptation in Natural and Artificial Systems, 

by Holland and his students and colleagues.

遗传算法的历史

• 早在 1962 年，John Holland 关于自适应系统
的研究

为后来的发展奠定了基础。

• 到 1975 年，Holland 与他的学生和同事们出
版了

《自然与人工系统中的适应性》一书。



History of GAs

• early to mid-1980s, genetic algorithms were 

being applied to a broad range of subjects.

• In 1992 John Koza has used genetic algorithm 

to evolve programs to perform certain tasks. 

He called his method "genetic programming" 

(GP). 

遗传算法的历史

• 20 世纪 80 年代前期到中期，遗传算法被应用到
广泛的学科领域。

• 1992 年，John Koza 用遗传算法来演化出能够
完成

特定任务的程序。他把这种方法称为“遗传编程”
（GP）。



What is GA

• A genetic algorithm (or GA) is a search technique 

used in computing to find true or approximate 

solutions to optimization and search problems. 

• (GA)s are categorized as global search heuristics. 

• (GA)s are a particular class of evolutionary 

algorithms that use techniques inspired by 

evolutionary biology such as inheritance, 

mutation, selection, and crossover (also called 

recombination).

什么是遗传算法

• 遗传算法（GA）是计算中使用的一种搜索技术，用于
寻找优化问题与搜索问题的真实解或近似解。

• 遗传算法被归类为全局搜索启发式。

• 遗传算法是进化算法中的一个特定类别，它使
用受进化

生物学启发的技术，如遗传、变异、选择和交叉
（也称重组）。



What is GA

• The evolution usually starts from a population 
of randomly generated individuals and 
happens in generations. 

• In each generation, the fitness of every 
individual in the population is evaluated, 
multiple individuals are selected from the 
current population (based on their fitness), and 
modified to form a new population.

什么是遗传算法

• 进化通常从随机生成的个体种群开始，并
逐代进行。

• 在每一代中，都要评估种群中每个个体的适应度，
并根据适应度从当前种群中选出若干个体，加以修

改
以形成新的种群。



What is GA

• The new population is used in the next iteration 
of the algorithm. 

• The algorithm terminates when either a 
maximum number of generations has been 
produced, or a satisfactory fitness level has 
been reached for the population. 

No convergence rule 

or guarantee!

什么是遗传算法

• 新种群用于算法的下一次迭代。

• 当已经产生最大代数，或种群达到了令
人满意的

适应度水平时，算法终止。

没有收敛准则，
也没有保证！



Vocabulary

• Individual - Any possible solution 

• Population - Group of all individuals

• Fitness – Target function that we are optimizing (each 
individual has a fitness) 

• Trait - Possible aspect (features) of an individual

• Genome - Collection of all chromosomes (traits) for an 

individual.

术语表

• 个体——任意可能的解
• 种群——所有个体的集合
• 适应度——我们正在优化的目标函数（每个个体

都有一个适应度）
• 性状——个体可能具有的方面（特征）
• 基因组——一个个体的全部染色体（性状）的集合。



Basic Genetic Algorithm

• Start with a large “population” of randomly generated

“attempted solutions” to a problem

• Repeatedly do the following:

– Evaluate each of the attempted solutions

– (probabilistically) keep a subset of the best 

solutions 

– Use these solutions to generate a new population

• Quit when you have a satisfactory solution (or you 

run out of time)

基本遗传算法
• 从一个大的“种群”开始，它由随机生成的

问题的“尝试解”构成

• 反复执行以下操作：
– 评估每一个尝试解

–（按概率）保留最优解的一个子集

– 用这些解生成新的种群

• 当得到令人满意的解时（或时间耗尽时）退出
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Example:
the MAXONE problem

Suppose we want to maximize the number of 

ones in a string of l binary digits

Is it a trivial problem?

It may seem so because we know the answer in 

advance

However, we can think of it as maximizing the 

number of correct answers, each encoded by 1, 

to l yes/no difficult questions`

示例：
MAXONE 问题

假设我们要最大化
一个 l 位二进制串中 1 的个数

这是一个平凡的问题吗？

看起来也许是，因为我们可以提前
知道答案

不过，我们也可以把它理解为最大化
正确答案的个数，每个正确答案
编码为 1，对应 l 道困难的 yes/no 问题
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Example (cont)

• An individual is encoded (naturally) as a string of l
binary digits

• The fitness f of a candidate solution to the MAXONE 
problem is the number of ones in its genetic code

• We start with a population of n random strings. 
Suppose that l = 10 and n = 6

示例（续）
• 个体（自然地）被编码为一个 l 位的

二进制串
• 对 MAXONE 问题，候选解的适应度 f 就是

其遗传编码中 1 的个数
• 我们从 n 个随机串组成的种群开始。

假设 l = 10，n = 6
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Example (initialization)

We toss a fair coin 60 times and get the 

following initial population:

s1 = 1111010101 f (s1) = 7

s2 = 0111000101 f (s2) = 5

s3 = 1110110101 f (s3) = 7

s4 = 0100010011 f (s4) = 4

s5 = 1110111101 f (s5) = 8

s6 = 0100110000 f (s6) = 3

示例（初始化）

我们抛一枚均匀硬币 60 次，得到
如下初始种群：
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Step 1: Selection

We randomly (using a biased coin) select a subset of 

the individuals based on their fitness:

21

n

3

Area is 

Proportional 

to fitness 

value

Individual i will have a 

probability to be chosen 
i

if

if

)(

)(

4

第 1 步：选择

我们（用一枚有偏硬币）随机地选出
一部分个体，依据是它们的适应度：

个体 i 被选中的

概率

面积为
成正比
与适应度
值
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Selected set

Suppose that, after performing selection, we get 

the following population:

s1` = 1111010101 (s1)

s2` = 1110110101 (s3)

s3` = 1110111101 (s5)

s4` = 0111000101 (s2)

s5` = 0100010011 (s4)

s6` = 1110111101 (s5)

被选出的集合

假设在执行选择之后，我们得到
如下种群：
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Step 2: crossover

• Next we mate strings for crossover. For each 

couple we first decide (using some pre-defined 

probability, for instance 0.6) whether to actually 

perform the crossover or not

• If we decide to actually perform crossover, we 

randomly extract the crossover points, for 

instance 2 and 5

第 2 步：交叉

• 接下来我们让字符串配对以进行交叉。对每一
对配偶，我们首先（按某个预先给定的
概率，例如 0.6）决定是否真的
执行交叉

• 如果我们决定真的执行交叉，就
随机选取交叉点，例如
2 和 5
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Crossover result 

s1` = 1111010101 s2` = 1110110101 

Before crossover:

After crossover:
s1`` = 1110110101 s2`` = 1111010101

交叉结果

交叉前：

交叉后：
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Step 3: mutations
The final step is to apply random mutations: for each bit that we are to copy to 

the new population we allow a small probability of error (for instance 0.1)

Initial strings

s1`` = 1110110101

s2`` = 1111010101

s3`` = 1110111101

s4`` = 0111000101

s5`` = 0100011101

s6`` = 1110110011

After mutating

s1``` = 1110100101

s2``` = 1111110100

s3``` = 1110101111

s4``` = 0111000101

s5``` = 0100011101

s6``` = 1110110001

第 3 步：变异
最后一步是施加随机变异：对于我们复制到新种群的每一位，
都允许一个很小的出错概率（例如 0.1）。

初始字符串 变异后
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And now, iterate …

In one generation, the total population fitness 

changed from 34 to 37, thus improved by ~9%

At this point, we go through the same process 

all over again, until a stopping criterion is met

然后，开始迭代……

在一代之内，种群的总适应度
从 34 变为 37，提高了约 9%

此时，我们从头重复同样的过程，
直到满足某个停止准则



Biological motivation生物学动机



Biological Background 

“The cell”
• Every animal cell is a complex of many small 

“factories” working together.

• The nucleus in the center of the cell.

• The nucleus contains the genetic information

生物学背景
“细胞”

• 每个动物细胞都是由许多小型“工厂”
共同组成的复合体。

• 细胞核位于细胞的中心。

• 细胞核中含有遗传信息



• Genetic information is stored in the chromosomes

• Each chromosome is built of DNA

• Genes are encoded in the chromosomes

• Genes code for proteins

• Every gene has a unique

position on the chromosome

Biological Background 

“Chromosomes”

生物学背景
“染色体”

• 遗传信息存储在染色体中

• 每条染色体由 DNA 构成

• 基因编码在染色体上

• 基因编码蛋白质

• 每个基因在染色体上都有

唯一的位置



• The entire combination of genes is called genotype

• A genotype leads to a phenotype (eye color, height, 

disease predisposition)

• The phenotype is affected by changes to the 

underlying genetic code

Biological Background: Genotype and phenotype生物学背景：基因型与表现型

• 基因的全部组合称为基因型

• 基因型决定表现型（眼睛颜色、身高、
疾病易感性）

• 表现型会受到底层遗传编码变化的影响



• Reproduction of genetical information
• Mitosis

• Meiosis

• Mitosis is copying the same 

genetic information to new 

offspring: there is no 

exchange of information

• Mitosis is the normal way of 

growing of multicell structures,

like organs.

Biological Background 

“Reproduction ”

生物学背景
“繁殖”

• 遗传信息的复制
• 有丝分裂
• 减数分裂

• 有丝分裂是把相同的遗传信息

复制给新的后代：不发生

信息的交换

• 有丝分裂是多细胞结构

（如器官）生长的

正常方式。



• Meiosis is the basis of sexual 

reproduction

• After meiotic division 2 gametes 

appear

• In reproduction two gametes 

conjugate to a zygote which 

will become the new individual

• Crossovers leads to new genotype 

Biological Background 

Reproduction 

生物学背景
繁殖

• 减数分裂是有性繁殖的基础

• 减数分裂之后产生 2 个

配子

• 繁殖时两个配子结合成合子，

它将

发育成新的个体

• 交叉产生新的基因型



Mutations

• In any copying process errors can occur, so single 

(point) mutations ate pretty common.

• Other types of errors, including affecting longer 

regoins (either deletion, inversions, substitutions etc.) 

can also occur

变异

• 任何复制过程都可能出错，因此
单点变异相当常见。

• 其他类型的错误也可能发生，
包括影响较长区段的错误，例如缺失、倒位、替换
等也可能会发生。



“Natural selection”

• The origin of species: “Preservation of favourable 

variations and rejection of unfavourable variations.”

• There are more individuals born than can survive, 

so there is a continuous struggle for life.

• Individuals with an advantage have a greater 

chance for survive: so survival of the fittest.

“自然选择”

• 物种起源：“有利变异的保存
与不利变异的摒弃。”

• 出生的个体多于能够存活的个体，因此
存在着持续的生存竞争。

• 具有优势的个体拥有更大的
存活机会：即适者生存。



• Methods of representation

• Methods of selection

• Methods of Reproduction

GA Operators遗传算法算子

• 表示方法

• 选择方法

• 繁殖方法



Common representation methods

• Binary strings.

• Arrays of integers (usually bound)

• Arrays of letters

• ….

常用表示方法

• 二进制串。
• 整数数组（通常有界）
• 字母数组
• ……



There are many different strategies to select the 

individuals to be copied over into the next 

generation

Methods of Selection选择方法

有许多不同的策略可以用来选择被复制到
下一代的个体



Methods of Selection

• Roulette-wheel selection.

• Elitist selection.

• Fitness-proportionate selection.

• Scaling selection.

• Rank selection.

• …

选择方法

• 轮盘赌选择。

• 精英选择。

• 适应度比例选择。

• 尺度变换选择。

• 排序选择。

• ……



• Conceptually, this can be represented as a 

game of roulette - each individual gets a slice 

of the wheel, but more fit ones get larger slices 

than less fit ones.

Roulette wheel selection轮盘赌选择

• 从概念上说，这可以表示为一个轮盘游戏——
每个个体分得轮盘上的一个扇区，适应度更高的
个体分得的扇区更大。



Roulette wheel selection

No. String Fitness % Of Total

1 01101 169 14.4

2 11000     576 49.2

3 01000 64 5.5

4 10011 361 30.9

Total 1170 100.0

轮盘赌选择

编号 字符串 适应度 百分比

总计 1170 100.0



• Elitist selection: 

Chose only the most fit members of each 

generation.

• Cutoff selection:

Select only those that are above a certain 

cutoff for the target function.

Other selection methods其他选择方法

• 精英选择：

每一代只选择适应度
最高的成员。

• 截断选择：

只选择目标函数值高于某个
阈值的个体。



• There are primary methods:

–Crossover

–Mutation

Methods of Reproduction繁殖方法

• 主要有两种方法：

– 交叉

– 变异



– Two parents produce two offspring

– Two options:

1.  The chromosomes of the two parents are copied 

to the next generation

2. The two parents are randomly recombined 

(crossed-over) to form new offsprings

Methods of Reproduction: 

Crossover

繁殖方法：
交叉

– 两个父代产生两个子代
– 两种做法：

1. 把两个父代的染色体复制到
下一代
2. 把两个父代随机重组
（交叉）以形成新的子代



Several possible crossover 

strategies
• Randomly select a single point for a crossover

• Multi point crossover

• Uniform crossover

几种可能的交叉
策略

• 随机选择一个点进行交叉
• 多点交叉
• 均匀交叉



Parents:                 1010001110 0011010010

Offspring:               0101010010 0011001110

Two-point crossover

• Avoids cases where genes at the beginning 
and end of a chromosome are always split

两点交叉

• 避免出现染色体首尾两端的基因
总是被拆开的情况

父代： 1010001110 0011010010

子代： 0101010010 0011001110



Crossover

• Single point crossover





• Two point crossover (Multi point crossover)

Cross point

交叉
• 单点交叉

交叉点

• 两点交叉（多点交叉）



Uniform crossover
• A random subset is chosen

• The subset is taken from parent 1 and the other bits from parent 2. 

Subset:    BAABBAABBB     (Randomly generated)

Parents:      1010001110 0011010010

Offspring:   0011001010 1010010110

均匀交叉
• 随机选择一个子集
• 该子集取自父代 1，其余各位取自父代 2。

子集：BAABBAABBB （随机生成）

父代： 1010001110 0011010010

子代：0011001010 1010010110



Methods of Reproduction: 

Mutations

– Generating new offspring from single parent



繁殖方法：
变异

– 由单个父代产生新的子代



A (slightly more involved)  

example

The Traveling Salesman Problem:

Find a tour of a given set of cities so that 

– each city is visited only once

– the total distance traveled is minimized

一个（稍复杂些的）
例子

旅行商问题：

为给定的城市集合寻找一条回路，使得
– 每个城市只被访问一次
– 旅行的总距离最小



Representation

Representation is an ordered list of city

numbers known as an order-based GA.

1) London     3) Dunedin        5) Beijing     7) Tokyo

2) Venice      4) Singapore     6) Phoenix   8) Victoria

CityList1 (3   5   7   2   1   6   4   8)

CityList2 (2   5   7   6   8   1   3   4)

表示

表示是一个有序的城市编号列表，

称为基于顺序的遗传算法。

1) 伦敦 3) 达尼丁 5) 北京 7) 东京

2) 威尼斯 4) 新加坡 6) 凤凰城 8) 维多利亚

城市列表 1

城市列表 2



Crossover combines inversion and recombination:

*             *

Parent1 (3   5   7   2   1   6   4   8)

Parent2 (2   5   7   6   8   1   3   4)

Child (5   8   7   2   1   6   3   4)

This operator is called the Order1 crossover.

Crossover交叉

交叉结合了倒位与重组：

父代 1

父代 2

子代

该算子称为 Order1 交叉。



Mutation involves reordering of the list:

* *

Before:            (5   8   7   2   1   6   3   4)

After:               (5   8   6   2   1   7   3   4)

Mutation变异

变异就是对列表重新排序：

变异前： (5 8 7 2 1 6 3 4)

变异后： (5 8 6 2 1 7 3 4)



TSP Example: 30 Cities
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Solution i (Distance = 941)
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Solution j(Distance = 800)
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Solution k(Distance = 652)
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Best Solution (Distance = 420)
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Domain Application Type

Control Gas pipeline, missile evasion

Design Aircraft design, keyboard configuration,  communication networks

Game playing Poker, checkers

Security Encryption and Decryption

Robotics Trajectory planning

GA Applications遗传算法的应用

领域 应用类型

控制 天然气管道、导弹规避

设计 飞行器设计、键盘布局、通信网络

博弈 扑克、跳棋

安全 加密与解密

机器人 轨迹规划



Benefits of Genetic Algorithms

• Concept is easy to understand

• Modular, separate from application

• Supports multi-objective optimization

• Always an answer; answer gets better with time.

• Easy to exploit previous or alternate solutions

• Flexible building blocks for hybrid applications.

遗传算法的优点

• 概念易于理解
• 模块化，与应用分离
• 支持多目标优化
• 总是有解；且解会随时间变好。
• 易于利用先前的或备选的解
• 是构建混合应用的灵活积木。



Automatic design and manufacture 

of robotic lifeforms 

Biological life is in control of its own means of reproduction... 

But this autonomy of design and manufacture has not yet 

been realized artificially… Here we report the results of a 

combined computational and experimental approach in which 

simple electromechanical systems are evolved through 

simulations from basic building blocks (bars, actuators and 

artificial neurons); the 'fittest' machines are then fabricated 

robotically... We thus achieve autonomy of design and 

construction using evolution in a 'limited universe' physical 

simulation coupled to automatic fabrication.

Nature 2000

机器人生命体的
自动化设计与制造

生物生命掌控着自身的繁殖方式……
但这种设计与制造的自主性尚未在人工系统中
实现……本文报告了一种计算与实验相结合的
方法的结果：简单的机电系统通过
仿真，由基本的构造块（杆件、
作动器与人工神经元）演化而来；
随后用机器人技术把“最适应”的机器
制造出来……我们由此实现了设计
与建造的自主：在“有限宇宙”的
物理仿真中演化，并与自动制造相结合。

《自然》2000 年
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