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Abstract

The aim of this research is to study the relationship of pet food products using the transaction
data of a case study per food manufacturing firm from July 2020 to June 2021. The data consists of
1,462 business customers and 70 pet food products. The association rule techniques is performed
separately on 10 customers groups obtained by RFM analysis (Chiraphon et al. 2021). By setting the
minimum support and confidence of 1% and 20%, respectively, the total rules are 164,434 rules. The
main focus of this research is to analyze two interesting types of rules: the rule where the customers
purchased the same product with different flavors {Formula 17 = Formula 30} and the rule that
the customers purchased supplementary product along with core products {Hippo Formula 19-Dry
= Snow Formula 26-Snack, 42.65%}. By analyzing different behaviors and characteristics of the
groups of customers who already bought and have not bought products from the rules, the firm may
use the results as a guideline for plannig a new business strategy to boost their sales amount

regrading the rules. This may lead to an opportunity to extend their pet food business sector.

Keywords: Association Rule, Purchasing Behavior, Pet Food Products
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No. Segments Customers Transections Association Rules
1 Senior Champions 115 1,353 72,303
2 Junior Champions 11 105 1,238
3 Highly Loyal Customers 186 2,132 23,733
4 Loyal Customers 287 2,738 2,874
5 Regular Customers 227 1,240 1,148
6 New Customers 57 90 10,722
7 About to Lose 8 72 23,679
(Serious Attention Needed)
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8 About to Lose 82 710 4,011

9 Hibernating 255 1,166 746

10 Lost (Worth Pulling Back) 10 62 23,930
3 1,238 9,668 164,384
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nnn lihiles
Segment Association Rule Support | Confidence | Lift
(%) (%) (%)
LHS RHS
Senior { Formula 17 } { Formula 30 } 0.5632 0.8383 1.1098
Champions
{ Formula 30 } { Formula 17 } 0.5632 0.7456 1.1098
{ Formula 22 } { Formula 30 } 0.5322 0.8551 1.1321
Junior { Formula 17 } { Formula 30 } 0.3333 0.8333 1.4113
Champions
{ Formula 30 } { Formula 17 } 0.3333 0.5645 1.4113
{ Formula 22 } { Formula 30 } 0.2762 0.8788 1.4883
{ Formula 17 } { Formula 30 } 0.2838 0.6844 1.5506
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Highly Loyal { Formula 30 } {Formula 17 } 0.2838 0.6429 1.5506
Customers |« g ula 4} { Formula 32 } 0.2730 0.6031 | 1.7353
Loyal { Formula 30 } { Formula 17 } 0.1585 0.5494 1.6844
Customers
{ Tofu Formula 22 } | { Tofu Formula 1 } 0.1530 0.6254 1.6215
{ Formula 22 } { Formula 17 } 0.1395 0.5284 1.6200
About to Lose | { Formula 17 } { Formula 30 } 0.5139 0.8409 1.2356
(Serious
{ Formula 30 } {Formula 17 } 0.5139 0.7551 1.2356
Attention
Needed) { Formula 22 } { Formula 30 } 0.4861 0.8750 1.2857
About to Lose | { Formula 17 } { Formula 30 } 0.2183 0.6540 1.5478
{ Formula 30 } { Formula 17 } 0.2183 0.5167 1.5478
{ Formula 22 } { Formula 30 } 0.1817 0.6548 1.5497
Hibernating { Formula 17 } { Formula 30 } 0.1630 0.5191 1.6861
{ Formula 30 } { Formula 17 } 0.1630 0.5292 1.6861
{Formula 22 } { Formula 17 } 0.1518 0.5566 1.7732
Lost (Worth { Formula 17 } { Formula 30 } 0.4194 0.6341 1.1564
Pulling Back)
{ Formula 30 } { Formula 17 } 0.4194 0.7647 1.1564
{Formula 22 } { Formula 30 } 0.3710 0.8214 1.4979
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Lﬂumumﬂlmﬂmﬂqu Senior Champions

Customer Shop Code \ Product Formula 17 (ﬂ% Q/?J) Formula 30 (ﬂ% Q/“TJ)
1675 22 -
1724 44 -
2050 3 46
2123 22 46
2270 - 23
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MNTIMIMTIFONINUANUNTGNANFO Formula 17 590 Formula 30 51191 533
= F) d'dy o = F) ti'dy 1 lzg
318 1gnAA%e Formula 17 $1491 722 570 1aglignAide Formula 17 46 1% Formula 30
v v Y
$109U 157 510 H51902100a09015197 4.4 519021B0ATIUIUGNANFE Formula 17 1Az Formula

30 YoIUAATNYY

Y o Y A { ! '
ﬂﬁN‘ﬁ 4.4 ﬁﬂﬁgl?]ﬂﬂiﬂu’(]u@,ﬂﬂTﬁé]ﬁfﬂ Formula 17 tie¢ Formula 30 LA IANGEN

No. Segment Buy Buy Formula 17 | Ratio of buy Formula 17 but
Formula but not Formula not buy Formula 30 / buy
17 30 Formula 17
1 Senior Champions 103 9 8.74%
2 Junior Champions 9 0 0.00%
3 Highly Loyal 125 14 11.20%
Customers
4 Loyal Customers 181 43 23.76%
5 | Regular Customers 105 40 38.10%
6 New Customers 12 5 41.67%
7 About to Lose 7 1 14.29%
(Serious Attention
Needed)
8 About to Lose 53 8 15.09%
9 Hibernating 117 36 30.77%
10 | Lost (Worth pulling 10 1 10.00%
back)
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1NA1519% 4.4 WUIINGUYNAINT Formula 17 148 1140 Formula 30 $142% 157 510
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Shop Size Buy Buy Formula 17 Ratio of buy Formula 17 but

Formula 17 | but not buy Formula 30 | not buy Formula 30 / buy Formula 17

Small 380 104 27.37%
Medium 214 38 17.76%
Large 122 15 12.30%
Null 6 0 0.00%
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v Y
M5197 4.6 10821889 UINGNANF Formula 17 1182 Formula 30 veauaazilszimndium

Shop Type Buy Buy Formula 17 but Ratio of buy Formula 17 but
Formula 17 | not buy Formula 30 | not buy Formula 30 / buy Formula 17
Specialty 557 108 19.39%
Consignment 45 17 37.78%
ChainStore 6 2 33.33%
Other 114 30 26.32%

210015199 4.6 WU uUoIETIUIUgD

9y

1

v Y Y
N%® Formula 17 1161 1%® Formula 30 A1)
Y

o v AKX ! 9 Yy 9 o o .
mu’mgﬂﬂm%’ﬁ] Formula 17 Glmmazﬂizmmjmimm i'luﬂ'lﬂiglﬂﬂﬁ'gllﬂu%'leﬂ Vet Clinic

(Consignment) Hoas1dmungana 37.78%
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F) d‘dy 1 ldy
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Formula 30 1ARAIAIAITNA 4.7 51902188A31UIUQNANFO Formula 17 11a2 Formula 30 Y91
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v v 9
M3197 4.7 5190210893 1UIUGNANFO Formula 17 118z Formula 30 ¥eau@az)iinin

Region Buy Buy Formula 17 but Ratio of buy Formula 17 but
Formula 17 | not buy Formula 30 not buy Formula 30 / buy Formula 17
Central 261 28 10.73%
Northeastern 174 88 50.57%
Eastern 85 14 16.47%
Southern 99 11 11.11%
Nothern 65 11 16.92%
Western 45 6 13.33%
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1e 1340 Formula 30

Segment Shop Type Region Number of customer
Senior Champion Specialty Northeastern 3
Loyal Customers Specialty Northeastern 2
Regular Customers Specialty Northeastern 2
About to Lose Specialty Central 1
About to Lose Consignment Northeastern 1
Hibernating Specialty Southern 1
Highly Loyal Customers ChainStore Central 1
Loyal Customers Specialty Central 1
Loyal Customers Specialty Eastern 1
Loyal Customers Consignment Northeastern 1
New Customers Specialty Northeastern 1
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No. LHS RHS Support | Confidence Lift Count

1 | {Hippo Formula 19- | {Snow Formula 26-S} | 0.0549 0.4265 3.9977 560

D}

2 | {Matcha Formula {Snow Formula 26-S} | 0.0155 0.2101 1.9694 158

43-D}

3 | {Nato Formula 2-D} | {Teddy Formula 2-S} 0.0012 1.0000 11.8032 12
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No. Segment Buy Buy Hippo Formula | Ratio of buy Hippo Formula

Hippo 19 but not buy Snow | 19 but not buy Snow Formula

Formula 19 Formula 26 26 / buy Hippo Formula 19
1 Senior 88 5 5.68%
Champions
2 Junior 5 2 40.00%

Champions




27

3 Highly Loyal 130 12 9.23%
Customers
4 Loyal 139 31 22.30%
Customers
5 Regular 62 20 32.26%
Customers
6 | New Customers 6 2 33.33%
7 About to Lose 5 1 20.00%
(Serious
Attention
Needed)
8 About to Lose 38 7 18.42%
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Medium 148 22 14.86%
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Null 5 1 20.00%
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Hippo Formula but not buy but not buy Snow Formula 26
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Specialty 434 78 17.97%
Consignment 18 6 33.33%
Other 72 15 20.83%
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# Input data

Data <- read.csv(file = "D:/Betagro/Association.csv")

head(Data)

library(arules)

library(stringr)

Senior Champions <- Data[Data$Segment=="Senior Champions",4:73]

dim(Senior Champions)

Senior_Champions.asso = Senior Champions > 0

Senior_Champions.rules = apriori(Senior Champions.asso, parameter =
list(minlen=2,maxlen=5,support = 0.05, confidence = 0.5))

ascus = inspect(head(sort(Senior Champions.rules, by = "support",decreasing = TRUE),20))

Junior Champions <- Data[Data$Segment=="Junior Champions",4:73]

dim(Junior Champions)

Junior_Champions.asso = Junior Champions > 0

Junior Champions.rules = apriori(Junior Champions.asso, parameter =
list(minlen=2,maxlen=5,support = 0.05, confidence = 0.5))

ascus = inspect(head(sort(Junior Champions.rules, by = "support",decreasing = TRUE),20))

Highly Loyal <- Data[Data$Segment=="Highly Loyal Customers",4:73]

dim(Highly Loyal)

Highly Loyal.asso = Highly Loyal >0

Highly Loyal.rules = apriori(Highly Loyal.asso, parameter = list(minlen=2,maxlen=5,support =
0.05, confidence = 0.5))

ascus = inspect(head(sort(Highly Loyal.rules, by = "support",decreasing = TRUE),20))

Loyal Customers <- Data[Data$Segment=="Loyal Customers",4:73]

dim(Loyal Customers)

Loyal Customers.asso = Loyal Customers > 0

Loyal Customers.rules = apriori(Loyal Customers.asso, parameter =
list(minlen=2,maxlen=>5,support = 0.05, confidence = 0.5))

ascus = inspect(head(sort(Loyal Customers.rules, by = "support",decreasing = TRUE),20))
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Regular_Customers <- Data[Data$Segment=="Regular Customers",4:73]

dim(Regular_Customers)

Regular Customers.asso = Regular Customers > 0

Regular_Customers.rules = apriori(Regular Customers.asso, parameter =
list(minlen=2,maxlen=5,support = 0.05, confidence = 0.5))

ascus = inspect(head(sort(Regular Customers.rules, by = "support",decreasing = TRUE),20))

New_Customers <- Data[Data$Segment=="New Customers",4:73]

dim(New_Customers)

New_Customers.asso = New_Customers > 0

New_Customers.rules = apriori(New_Customers.asso, parameter = list(minlen=2,maxlen=5,support
=0.05, confidence = 0.5))

ascus = inspect(head(sort(New_Customers.rules, by = "support",decreasing = TRUE),20))

Hibernating <- Data[Data$Segment=="Hibernating",4:73]

dim(Hibernating)

Hibernating.asso = Hibernating > 0

Hibernating.rules = apriori(Hibernating.asso, parameter = list(minlen=2,maxlen=5,support = 0.05,
confidence = 0.5))

ascus = inspect(head(sort(Hibernating.rules, by = "support",decreasing = TRUE),20))

AbouttoLose SAN <- Data[Data$Segment=="About to Lose (Serious attention needed)",4:73]

dim(AbouttoLose SAN)

AbouttoLose SAN.asso = AbouttoLose SAN > 0

AbouttoLose SAN.rules = apriori(AbouttoLose SAN.asso, parameter =
list(minlen=2,maxlen=5,support = 0.05, confidence = 0.5))

ascus = inspect(head(sort(AbouttoLose SAN.rules, by = "support",decreasing = TRUE),20))

AbouttoLose <- Data[Data$Segment=="About to Lose",4:73]

dim(AbouttoLose)

AbouttoLose.asso = AbouttoLose > 0

AbouttoLose.rules = apriori(AbouttoLose.asso, parameter = list(minlen=2,maxlen=5,support = 0.05,
confidence = 0.5))

ascus = inspect(head(sort(AbouttoLose.rules, by = "support",decreasing = TRUE),20))
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Lost <- Data[Data$Segment=="Lost (Worth pulling back)",4:73]

dim(Lost)

Lost.asso = Lost >0

Lost.rules = apriori(Lost.asso, parameter = list(minlen=2,maxlen=5,support = 0.05, confidence = 0.5))

ascus = inspect(head(sort(Lost.rules, by = "support",decreasing = TRUE),20))

# Snack #

library(arules)

ProductName = read.transactions("D:/Betagro/Association_ProductName.csv",sep=",")

dim(ProductName)

#B1 : Formula 9-S

rules = apriori(ProductName, parameter = list(minlen=2,maxlen=2,support = 0.001, confidence = 0.5))
1 = length(rules) ; 1

Bl1=1:1

B1 = Bl[rules@rhs@itemInfo$labels[rules@rhs@data@i+1] =="Formula 9-S"]

BBI1 = inspect(head(sort(rules[B1], by = "support",decreasing = TRUE),50))

#B2 : Formula 25-S

rules = apriori(ProductName, parameter = list(minlen=2,maxlen=2,support = 0.001, confidence = 0.5))
1 = length(rules) ; 1

B2=1:1

B2 = B2[rules@rhs@jitemInfo$labels[rules@rhs@data@i+1] ==" Formula 25-S"]

BB2 = inspect(head(sort(rules[B2], by = "support",decreasing = TRUE),50))

#B4 : Formula 38-S

rules = apriori(ProductName, parameter = list(minlen=2,maxlen=2,support = 0.001, confidence = 0.5))
1 = length(rules) ; 1

B4=1:1

B4 = B4[rules@rhs@jitemInfo$labels[rules@rhs@data@i+1] ==" Formula 38-S"]

BB4 = inspect(head(sort(rules[B4], by = "support",decreasing = TRUE),50))



#B3 : Formula 26-S
rules = apriori(ProductName, parameter = list(minlen=2,maxlen=2,support = 0.001, confidence = 0.2))

1 = length(rules) ; 1

B3 = B3[rules@rhs@itemInfo$labels[rules@rhs@data@i+1] ==" Formula 26-S"]

BB3 = inspect(head(sort(rules[B3], by = "support",decreasing = TRUE),50))

#C1 : Formula 18-S

rules = apriori(ProductName, parameter = list(minlen=2,maxlen=2,support = 0.001, confidence = 0.5))
1 = length(rules) ; 1

Cl=11

C1 = Cl[rules@rhs@jitemInfo$labels[rules@rhs@data@i+1] ==" Formula 18-S"]

CC1 = inspect(head(sort(rules[C1], by = "support",decreasing = TRUE),50))

#C2 : Formula 33-S
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rules = apriori(ProductName, parameter = list(minlen=2,maxlen=2,support = 0.001, confidence = 0.5))

1 = length(rules) ; 1
Cc2=1:1
C2 = C2[rules@rhs@jitemInfo$labels[rules@rhs@data@i+1] ==" Formula 33-S"]

CC2 = inspect(head(sort(rules[C2], by = "support",decreasing = TRUE),50))

#C3 : Formula 39-S

rules = apriori(ProductName, parameter = list(minlen=2,maxlen=2,support = 0.001, confidence = 0.5))

1 = length(rules) ; 1

C3 = C3[rules@rhs@itemInfo$labels[rules@rhs@data@i+1] ==" Formula 39-S"]

CC3 = inspect(head(sort(rules[C3], by = "support",decreasing = TRUE),50))

#D1 : Formula 2-S

rules = apriori(ProductName, parameter = list(minlen=2,maxlen=2,support = 0.001, confidence = 0.5))

1 = length(rules) ; 1
Dl =1:1
D1 = Dl1[rules@rhs@itemInfo$labels[rules@rhs@data@i+1] ==" Formula 2-S"]

DD1 = inspect(head(sort(rules[D1], by = "support”,decreasing = TRUE),50))



41

#D2 : Formula 9-S

rules = apriori(ProductName, parameter = list(minlen=2,maxlen=2,support = 0.001, confidence = 0.5))
1 = length(rules) ; 1

D2=1:1

D2 = D2[rules@rhs@itemInfo$labels[rules@rhs@data@i+1] ==" Formula 9-S"]

DD2 = inspect(head(sort(rules[D2], by = "support",decreasing = TRUE),50))

#D3 : Formula 5-S

rules = apriori(ProductName, parameter = list(minlen=2,maxlen=2,support = 0.001, confidence = 0.5))
1 = length(rules) ; 1

D3=1:1

D3 = D3[rules@rhs@jitemInfo$labels[rules@rhs@data@i+1] ==" Formula 5-S"]

DD3 = inspect(head(sort(rules[D3], by = "support",decreasing = TRUE),50))

#D4 : Formula 16-S

rules = apriori(ProductName, parameter = list(minlen=2,maxlen=2,support = 0.001, confidence = 0.5))
1 = length(rules) ; 1

D4=1:1

D4 = D4[rules@rhs@itemInfo$labels[rules@rhs@data@i+1] =" Formula 19-S"]

DD4 = inspect(head(sort(rules[D4], by = "support",decreasing = TRUE),50))

#D5 : Teddy Formula 25-S

rules = apriori(ProductName, parameter = list(minlen=2,maxlen=2,support = 0.001, confidence = 0.5))
1 = length(rules) ; 1

D5=1:1

D5 = D5[rules@rhs@itemInfo$labels[rules@rhs@data@i+1] =="Teddy Formula 25-S"]

DD5 = inspect(head(sort(rules[D5], by = "support",decreasing = TRUE),50))

#D6 : Teddy Formula 32-S

rules = apriori(ProductName, parameter = list(minlen=2,maxlen=2,support = 0.001, confidence = 0.5))
1 = length(rules) ; 1

D6 =1:1

D6 = D6[rules@rhs@itemInfoS$labels[rules@rhs@data@i+1] =="Teddy Formula 32-S"]

DD6 = inspect(head(sort(rules[D6], by = "support”,decreasing = TRUE),50))
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