
Market Basket Analysis
购物篮分析

1



Have you heard about the story of
“diaper and beer”?

 
你听说过‘尿布和啤酒’的故事吗？
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This question is also relevant for financial practitioners. For
instance, there are about 2,500 stocks traded in the Hong
Kong Stock Exchange, and an investor typically holds
multiple stocks. By using similar analysis, we can see which
stocks investors tend to hold together, and you can make
recommendations to your clients accordingly.

5



这个问题对⾦融从业者也很重要。例如，在⾹港证券交易所
有⼤约2,500只股票在交易，投资者通常持有多只股票。通过
类似的分析，我们可以看到投资者倾向于同时持有哪些股
票，然后您可以相应地向您的客户提供建议。
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We examine a strategy to extract insight from transactions
and cooccurrence data: association rule mining. Association
rule analysis attempts to find sets of informative patterns
from large, sparse data sets.
 

Which products do consumers purchase together?
Which stocks do investors invest together?

Which services do clients use together?
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我们研究⼀种从交易和共现数据中提取见解的策略：关联规
则挖掘。关联规则分析试图从⼤型稀疏数据集中找到⼀组信
息丰富的模式。
 

消费者⼀起购买哪些产品？
投资者⼀起投资哪些股票？
客户⼀起使⽤哪些服务？
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The Basic Idea

 
Suppose that 2% of your shoppers buy diapers and 5% of them
buy beer in your supermarket.

 
Now, let us focus on those who buy diapers. Among these
shoppers, if 5% of them also buy beer, you can claim that diaper-
buyers do not like beer more or less than others do, and there is no
specific relationship between diaper and beer. However, if 25% of
them also buy beer, it is quite different than the base rate and is
evidence of an association.
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基本理念
 

假设你的顾客中有2%购买尿布，5%购买啤酒。
 
现在，让我们关注那些购买尿布的顾客。在这些购买尿布的
顾客中，如果有5%的⼈也购买啤酒，你可以断定购买尿布的
⼈对啤酒的需求不会更多或更少，尿布和啤酒之间没有特定
的关系。然⽽，如果有25%的⼈也购买啤酒，那就与基础率
相去甚远，这是关联的证据。
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Background

An association is the co-occurrence of two or more things.
Beers may be associated with diaper, potato chips, or nuts.
A transaction, or a market basket, is the set of things that
are purchases at one occasion. For each, {beer, diaper,
chocolate} is a transaction of a consumer.
A rule expresses the incidence across transactions of one set
of items as a condition of another set of items. It can be
something like {diaper}->{beer}, but can also be like {potato,
chocolate}->{beer, soda, water}.
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背景

关联是两个或更多事物的共同出现。啤酒可能与尿布、薯⽚
或坚果相关联。
 
交易或购物篮是⼀次购买的物品集合。例如，{啤酒，尿布，
巧克⼒} 是⼀个消费者的交易。
 
规则表达了⼀组物品在交易中的发⽣与另⼀组物品的条件。
它可以是像{尿布}->{啤酒}这样的规则，也可以是像{⼟⾖，巧
克⼒}->{啤酒，苏打⽔，⽔}这样的规则。
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Metrics

The support for a set of items is the proportion of all
transactions that contain the set. For example, if {pizza,
soda} appears in 10 out of 200 transactions, then
 

support(pizza, soda) = =
200
10

0.05.
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度量指标

⼀组物品的 support 是包含该组物品的所有交易的⽐例。例
如，如果{⽐萨，苏打⽔}在200次交易中出现了10次，则
 

support(pizza, soda) = =
200
10

0.05.
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Metrics

Confidence is the support for the cooccurrence of all items
in a rule, conditional on the support for the left hand set
alone.

 
Equivalently,  measures how likely a
consumer purchases Y given that the consumer already
purchases X.

confidence(X → Y ) = .
support X

support(Xand Y )

confidence(X → Y )
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度量指标

Confidence 被定义为当左边产品被购买的情况下，右边产品
被购买的概率.

 
换句话说,  表⽰消费者已经买了 X 的情况
下会同时购买 Y 的概率。

confidence(X → Y ) = .
support X

support(Xand Y )

confidence(X → Y )

16



Metrics

Note that  is not always equal to 
, for instance:

 
: If a person has an MBA

degree, he/she must also have a bachelor degree.
 

: If a person has a
bachelor degree, with probability 5% he or she also has an
MBA degree.

confidence(X → Y )
confidence(Y → X)

confidence(MBA → Bachelor) = 1

confidence(Bachelor → MBA) = 0.05
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度量指标

需要注意的是，  并不总是等同于 
, 举例来说：

 
: 如果⼀个⼈具有MBA学

位，那么这个⼈⼀定具有本科学位
 

: 如果⼀个⼈具有本科
学位，那么这个⼈有 5% 的⼏率具有 MBA 学位。

confidence(X → Y )
confidence(Y → X)

confidence(MBA → Bachelor) = 1

confidence(Bachelor → MBA) = 0.05
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Metrics

A more important measure, lift, is the support of a set
conditional on the joint support of each element:
 

 
When lift is greater than 1, it means the two items are likely
to occur together. The larger lift is, the stronger the
connection between the items.

lift(X → Y ) = .
support(X) × support(Y )

support(Xand Y )
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度量指标

⼀个更重要的指标, lift, 表⽰两组产品同时购买和分别购买之
间的关系:
 

 
当 lift ⼤于 1 时，表⽰这两组产品更可能被同时购买。⽽这
个概率越⼤，则表⽰这两组产品越有机会被同时购买。

lift(X → Y ) = .
support(X) × support(Y )

support(Xand Y )
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library(arules)
library(arulesViz)
mydata = readLines("https://ximarketing.github.io/data/basket.txt")
head(mydata)

1
2
3
4

First, we load data of consumer purchase information.

The second consumer has bought products number
30, 31, and 32 during at one occasion. 
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library(arules)
library(arulesViz)
mydata = readLines("https://ximarketing.github.io/data/basket.txt")
head(mydata)

1
2
3
4

我们⾸先载⼊数据

第⼆个消费者⼀次同时购买了编号为 30, 31, 和 32 的产品
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mydata = strsplit(mydata, " ")
transactions <- as(mydata, "transactions")
summary(transactions)

1
2
3

Next, we create transaction records from the data,
which can be used for further analysis.

These are the most popular items in the transaction
records.
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mydata = strsplit(mydata, " ")
transactions <- as(mydata, "transactions")
summary(transactions)

1
2
3

接下来，我们从数据中创建交易记录，这可以⽤
于进⼀步分析。

这些是交易记录中最受欢迎的物品。
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rules <- apriori(transactions, 
                 parameter= list(supp=0.001, conf=0.4))
inspect(sort(rules, by="lift"))  

1
2
3

This line allows us to create the association rules 
, with two restrictions: (1) The support

should be at least 0.001, and the confidence should be
at least 0.4. We then sort the rules by their lift and
show the results.

{A} → {B}

25



rules <- apriori(transactions, 
                 parameter= list(supp=0.001, conf=0.4))
inspect(sort(rules, by="lift"))  

1
2
3

这⼀⾏允许我们创建关联规则 ，并
有两个限制条件：(1) support ⾄少为0.001，
confidence ⾄少为0.4。然后，我们根据 lift 对规
则进⾏排序，并展⽰结果。

{A} → {B}
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These are the top 10 rules that we detected, and you can use
the result to make recommendations to your consumers. For
example, if one consumer buys item 696, you can ask the
consumer "do you want to buy item 699 with it?"
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这些是我们检测到的前10条规则，您可以利⽤这些结果向您
的消费者提供建议。例如，如果⼀个消费者购买了商品696，
您可以询问消费者：“您是否想⼀起购买商品699呢？”
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plot(rules , method="graph", control= list(type="items"))1

We can further
visualize the rules we
have detected. You will
get something like this
(it varies with different
for the system):
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plot(rules , method="graph", control= list(type="items"))1

我们可以进⼀步将我们
检测到的规则进⾏可视
化展⽰。您将会看到类
似以下内容的展⽰（实
际展⽰会因系统不同⽽
有所变化）：
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1 2

In the above visualization, each circle represents
a rule. The inbound arrow captures the items on
the left-hand side of the rule, and the outbound
arrow captures the items on the right-hand side
of the rule. Here, we have a rule {1}->{2}.
The size (area) of the circle represents the rule’s
support, and shade represents lift (darker
indicates higher lift).
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1 2

在上述可视化中，每个圆代表⼀条规则。指向圆
的箭头代表了规则左侧的项⽬，指出圆的箭头代
表了规则右侧的项⽬。这⾥我们有⼀条规则{1}->
{2}。
圆的⼤⼩（⾯积）代表规则的 support，颜⾊深
浅代表 lift（颜⾊越深表⽰ lift 越⾼）。
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The complete code is here:

library(arules)
library(arulesViz)
mydata = readLines("https://ximarketing.github.io/data/basket.txt")
mydata = strsplit(mydata, " ")
transactions <- as(mydata, "transactions")
rules <- apriori(transactions, 
 parameter= list(supp=0.001, conf=0.4))
inspect(sort(rules, by="lift"))
plot(rules , method="graph", control= list(type="items"))

1
2
3
4
5
6
7
8
9
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Guess the Price
猜⼀猜价格
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电动冲浪板 (electric surfboards)
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⽊制⼿表 (Wooden Watch)
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特朗普签名 (Donald Trump Autograph)

39



Price Sensitivity Analysis
价格敏感性分析
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Question 问题
 

Suppose that you are developing a completely new-to-the-
world product that no consumers are familiar with. How
would you determine the price for the product?
 
假设你正在开发⼀款全新的世界⾸创产品，没有消费者熟悉
它。你会如何确定该产品的价格？
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Can we conduct a survey?
 
One simple approach is to just ask consumers for prices.
However, this would result in many unrealistic prices. For
instance, in the past, a firm asked consumers about the
prices for a shampoo, and many consumers stated prices $0
and $75, which are totally unreasonable. 
 
For a new product, consumers do not have an anchor and
need some guide in determining the price.
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我们能进⾏⼀项调查吗？
 
⼀个简单的⽅法就是询问消费者价格。然⽽，这样会导致很
多不现实的价格。例如，过去有家公司向消费者询问洗发⽔
的价格，许多消费者给出了0美元和75美元的价格，这是完全
不合理的。
 
对于新产品，消费者没有参照点，需要⼀些指导来确定价
格。
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van Westerndorp method
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Instead of deciding on the optimal price point, the method looks for the
optimal price range.
 
First, provide a list of feasible prices, e.g., from $50 to $500 with $50
increments. Then, ask respondents to select one of the price for the
following four questions:

1. At what price the product is too expensive you would not buy it?
2. At what price is the product becoming expensive so you would have

to think about buying it?
3. At what price is the product a bargain, great value for the money?
4. At what price is the product so inexpensive you would feel the

quality is questionable?
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与决定最佳价格点相反，这种⽅法寻找最佳价格范围。
 
⾸先，提供⼀个可⾏价格列表，例如，从 50 元到 500 元，每 50 元递增。
然后，要求受访者为以下四个问题选择⼀个价格。
 

1. 产品定价多少时，你会觉得太贵，不会购买？
2. 产品定价多少时，你会觉得有点贵，需要考虑是否购买？
3. 产品定价多少时，你会觉得是物超所值，性价⽐很⾼？
4. 产品定价多少时，你会觉得太便宜，对产品质量产⽣质疑？   
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We can then draw four lines. For instance, the expensive
line illustrates "how many people view this price (or a lower
price) as expensive"?
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然后我们可以画四条线。例如，昂贵线 (expensive) 表⽰“多
少⼈认为这个价格（或更低的价格）太贵”？
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There are two key prices points:

 

1. Optimal Price Point (OPP): The price at which the number of
consumers who rated "too expensive" equals consumers rating
it "cheap", i.e., Too Expensive = Cheap.                              

2. Indifference Price Point (IDP): The price at which the number
of consumers who rated "expensive" equals consumers rating
it "bargain" i.e., Expensive = Bargain.

 
The optimal price range lies between the above two prices.
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这⾥有两个关键价格点：
 

1. Optimal Price Point (OPP) 最佳价格点: 认为“太贵”与认
为“便宜”的消费者数量相等，即，Too Expensive =
Cheap                   

2. Indifference Price Point (IDP) 中⽴价格点: 认为“昂贵”与认
为“便宜”的消费者数量相等, 即 Expensive = Bargain.

 
最佳价格范围位于上述两个价格之间。
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As before, we load data from the web:

library(pricesensitivitymeter)
library(ggplot2)
mydata <- read.csv("https://ximarketing.github.io/data/VanWestendorp.csv")
head(mydata)

1
2
3
4

Respondent 1 believes $75 is too cheap, $150 is a bargain, $275 is
somewhat expensive whereas $325 is way too expensive.
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与之前⼀样，我们从⽹络加载数据：

library(pricesensitivitymeter)
library(ggplot2)
mydata <- read.csv("https://ximarketing.github.io/data/VanWestendorp.csv")
head(mydata)

1
2
3
4

受访者1认为75元太便宜，150元是个便宜货，275元有点贵，
⽽325元太贵了。
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We can visualize the distribution of consumer price perception. We
take "too expensive" as an example.

plot(ecdf(mydata$tooexpensive))1

Around 20% believe $325 is too
expensive, and around 80% believe
$475 is too expensive...
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我们可以可视化消费者价格感知的分布。我们以“太贵”为
例。

plot(ecdf(mydata$tooexpensive))1

⼤约20%的⼈认为325元太贵，⼤
约80%的⼈认为475元太贵...
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with(mydata, which(cheap <= toocheap | expensive <= cheap | 
                     tooexpensive <= expensive))
mydata <- mydata[-51, ]

1
2
3

A reasonable answer should satisfy that too expensive > expensive
> cheap > too cheap. Otherwise it does not make sense.

 
Here, we check which answer(s) does not satisfy the condition and
remove it from our dataset.
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with(mydata, which(cheap <= toocheap | expensive <= cheap | 
                     tooexpensive <= expensive))
mydata <- mydata[-51, ]

1
2
3

⼀个合理的答案应该满⾜太贵 > 贵 > 便宜 > 太便宜。否则就
没有意义。 在这⾥，我们检查哪个答案不满⾜这个条件，并
从数据集中删除它。
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psm <- psm_analysis(toocheap     = mydata$toocheap,
                    cheap        = mydata$cheap,
                    expensive    = mydata$expensive,
                    tooexpensive = mydata$tooexpensive,
                    validate = FALSE, interpolate = TRUE, 
                    intersection_method = "median")

1
2
3
4
5
6

Next, we fit the data into our model. Here, PSM
stands for "price sensitivity model."

 
接下来，我们将数据拟合到我们的模型中。在这
⾥，PSM代表“价格敏感性模型”。
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scalebin <- 25
scalemax <- 500
psm_plot(psm) + 
  scale_x_continuous(breaks=0:(scalemax/scalebin)*scalebin) +
  coord_cartesian(xlim=c(0, scalemax)) +
  theme_minimal() +
  ylab("ECDF") + 
  xlab("Price ($)") +
  ggtitle("Van Westendorp Pricing Model")

1
2
3
4
5
6
7
8
9

Next, we specify the parameters for visualization, and plot the
result using the tool provided by the package.

接下来，我们指定可视化参数，并使⽤该包提供的⼯具绘制
结果。
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Price range should be 246.43 to 253.13.

价格范围应该是246.43到253.13
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The complete code is here:

library(pricesensitivitymeter)
library(ggplot2)
mydata <- read.csv("https://ximarketing.github.io/data/VanWestendorp.csv")
psm <- psm_analysis(toocheap     = mydata$toocheap,
                    cheap        = mydata$cheap,
                    expensive    = mydata$expensive,
                    tooexpensive = mydata$tooexpensive,
                    validate = FALSE, interpolate = TRUE, 
                    intersection_method = "median")
scalebin <- 25
scalemax <- 500
psm_plot(psm) + 
  scale_x_continuous(breaks=0:(scalemax/scalebin)*scalebin) +
  coord_cartesian(xlim=c(0, scalemax)) +
  theme_minimal() +
  ylab("ECDF") + 
  xlab("Price ($)") +
  ggtitle("Van Westendorp Pricing Model")

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
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Conjoint Analysis
联合分析
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Conjoint Analysis

Conjoint analysis is another useful tool for setting your
prices, especially for existing products that consumers are
familiar with. Let us image that you are determining the
best interest to offer to clients, where each plan has a few
attributes: interest rate, down payment, rebate, and review
time.
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联合分析

联合分析是设置价格的另⼀个有⽤⼯具，尤其适⽤于消费者
熟悉的现有产品。让我们设想你正在确定向客户提供的最佳
利率，其中每个计划都有⼏个属性：利率、⾸付款、现⾦回
赠和审核时间。
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Conjoint Analysis

You then create different combinations and let consumers
choose from the alternatives like this: 

 
 
 
 
 

 
And for different clients, you make different choice sets and
let them make the choice.

Interest Rate Down
Payment

Rebate Review Time

3.75% 40% 0.15% 0.5
4.00% 25% 0.15% 1.0
3.75% 25% 0% 1.0

66



联合分析

然后，您创建不同的组合，让消费者从类似以下的备选⽅案中进⾏选择：
 
 
 
 
 

 
对于不同的消费者，您制定不同的选择集，并让他们进⾏选择。

贷款利率 ⾸付 现⾦回赠 审批时间

3.75% 40% 0.15% 0.5
4.00% 25% 0.15% 1.0
3.75% 25% 0% 1.0
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Conjoint Analysis

For example, you survey 6,000 consumers, and each
consumer chooses among 3 alternatives. Then you plug the
data into your conditional logistic model, and get results
like this:
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联合分析

例如，您对6,000名消费者进⾏调查，每名消费者在3个备选
⽅案中进⾏选择。然后，您将数据输⼊到 Conditional
Logistic 模型中，并获得以下结果：
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Conjoint Analysis

Then, you can answer questions like this:
Given the offers of my competitors, if my interest rate
decreases by 1%, how would my market share change?
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联合分析

然后，您可以回答以下类似的问题：
如果我的利率降低1%，鉴于我的竞争对⼿的按揭计划，我的
市场份额会如何变化？
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library(survival)
library(stargazer)
mydata = read.csv("https://ximarketing.github.io/data/conjoint.csv")
head(mydata)
result<-clogit(choice ~ interest + downpayment + rebate 
               + speed + strata(id), data=mydata)
coef_interest <- coef(result)["interest"]
coef_downpayment <- coef(result)["downpayment"]
coef_rebate <- coef(result)["rebate"]
coef_speed <- coef(result)["speed"]
 
interest1 <- 3.85; downpayment1 <- 30; rebate1 <- 0.1; speed1 <- 1
interest2 <- 4.25; downpayment2 <- 25; rebate2 <- 0.25; speed2 <- 0.5
 
d1 <- exp(interest1 * coef_interest + downpayment1 * coef_downpayment + 
            rebate1 * coef_rebate + speed1 * coef_speed)
d2 <- exp(interest2 * coef_interest + downpayment2 * coef_downpayment + 
            rebate2 * coef_rebate + speed2 * coef_speed)
 
s1 <- d1/(d1+d2)
s2 <- d2/(d1+d2)
print(c(s1, s2))

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
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Suppose that you are designing the first plan.
 
If you keep interest rate to 3.85%, your market share is 53.1%.

If you raise interest rate to 4.85%, your market share drops to 25.7%.
If you raise interest rate to 5.85%, your market share drops to 9.5%.

If you cut interest rate to 2.85%, your market share increases to 78.7%.
 
You can choose the interest that balances your margin and market share!
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假设你正在设计第⼀个按揭计划。
 
如果将利率保持在3.85%，你的市场份额为53.1%
如果将利率提⾼到4.85%，你的市场份额下降到25.7%
如果将利率提⾼到5.85%，你的市场份额下降到9.5%
如果将利率降低到2.85%，你的市场份额增加到78.7%
 
你可以选择⼀个平衡利润和市场份额的利率！
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Selection Bias
选择偏差

75



In WWII, some planes never come back, and some come back with
bullet holes. Here is the distribution of bullet holes. How would you
reinforce the plane to increase the survival rate?
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在第⼆次世界⼤战中，⼀些飞机坠毁了，⽽⼀些则带着弹孔返回。以下是
弹孔的分布。你会如何加强飞机以提⾼⽣存率？
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运动能⼒与学术能⼒是否存在负相关关系？
店铺位置是否与管理技能负相关（你关闭经营不善的店铺）？
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