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Purchase Transaction Similarity Measure Considering
Product Taxonomy

Yu-Jeong Yang' - Ki Yong Lee™

ABSTRACT

A sequence refers to data in which the order exists on the two items, and purchase transaction data in which the products purchased
by one customer are listed is one of the representative sequence data. In general, all goods have a product taxonomy, such as category/
sub-category/ sub-sub category, and if they are similar to each other, they are classified into the same category according to their
characteristics. Therefore, in this paper, we not only consider the purchase order of products to compare two purchase transaction
sequences, but also calculate their similarity by giving a higher score if they are in the same category in spite of their difference.
Especially, in order to choose the best similarity measure that directly affects the calculation performance of the purchase transaction
sequences, we have compared the performance of three representative similarity measures, the Levenshtein distance, dynamic time warping
distance, and the Needleman-Wunsch similarity. We have extended the existing methods to take into account the product taxonomy. For
conventional similarity measures, the comparison of goods in two sequences is calculated by simply assigning a value of 0 or 1 according
to whether or not the product is matched. However, the proposed method is subdivided to have a value between O and 1 using the
product taxonomy tree to give a different degree of relevance between the two products, even if they are different products. Through
experiments, we have confirmed that the proposed method was measured the similarity more accurately than the previous method.
Furthermore, we have confirmed that dynamic time warping distance was the most suitable measure because it considered the degree of
association of the product in the sequence and showed good performance for two sequences with different lengths.

Keywords : Sequence Similarity Measure, Transaction Data Analysis, Product Taxonomy, Levenshtein Distance, Dynamic
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< Jeans Sneakers >

Example of Transaction Sequences

S1 = < Coke Sneakers >
S, = < Sprite Sneakers >

S3

Fig. 1.
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S; : A Transaction Sequence

S, = < Sprite Candy Jeans >
S, = < Coke Chocolate Skirt >

4

S, = < Beverage Snack Clothes >
S, = < Beverage Snack Clothes >

Fig. 4. Example of Similar Sequences
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function computelevenshteinDistance(sl, s2)
int M[|sl|+1][|s2|+1] = 0
for i in (|sl|+1l) do

M[i][0] = 1
for j in (|s2]+1) do
M[0][3] =3

for i in (|sl|] + 1) do
for j in (|s2]| + 1) do
cost =|computeltemRelevanceCost (i-1, j-1)]
M[i][] = min(M[i][3-1] + 1,  //Insert
M[i-1][3] + 1, //Delete
M[i-1][j-1]+cost))//Substitute

endFor
endFor
return M[|sl|+1][|s2]|+1]
endFunction

Fig. 5. Pseudo-code of Levenshtein Distance Algorithm
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function computeltemRelevanceCost(i, J)

if (s1[i] != s2[j])

longestPath = searchLongestPath()

itemPath = searchPath(s1[i], s2[]])

cost = itemPath/longestPath /A (1) */
else

cost = 0

return cost
endFunction

Fig. 6. Pseudo-code of the Proposed Method
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function computeDTWdistance(sl, s2)

int M[|sl|]1[|s2]|] = infinity
M[0][0] = [computeltemRelevanceCost (0, 0)
for i in (1 to |31]) do

M[1][0] =[computeltemRelevanceCost (i, 0)
for j in (1 to |s2]) do

M[0][j] =[computeItemRelevanceCost (0, j)
for i in (|sl|) do

for j in (|s2]) do

cost = |[computeltemRelevanceCost (i, 3j)

M[i][j] = cost + min(M[i-11[j],  //Insert
M[i][j-1], //Delete
M[i-1][j-1]1) //Match
endFor
endFor
return M[[sl|][|s2]]
endFunction

Fig. 7. Pseudo-code of DTW Algorithm

2ol Wel} e, B mRol N 4E BF E2E 249
I 0 1Al g AR A e,

v}%ﬂ 28 A% Usv-8U4 $AHE NW Sim(s,, §,)%=

) UET-EYH (NW: Needleman-Wunsch) A=
Flg 8L Aok WIS AL YUsu-BUS4 Ly
gk i} ZEolm YR 7he AE BF B Yol F A
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Feolth, wd g FEol v staz e 7 gk
(S i—1], S,li—1De 4A F5Fo wehr] A 2 d(match
award) 2 22 #9 E] (mismatch penalty)”7} H-of € b

function computeNWsimilarity(sl, s2)
int gap penalty = -1
int match award = 1
int mismatch penalty = 0
int M[Is1[+1][Is2[+1] =0
for i in (Isl|+1) do
M[i][0] = gap penalty * i
for j in ([s2]+1) do
M[0][j] = gap_penalty * j
for 1 in (Isl| + 1) do
for j in (Is2| + 1) do
insert = M[i] [j-1] + gap penalty
delete = M[1-1][j] + gap_penalty
match = M[i-1][j-1] +
‘l - computeltemRelevanceCost(i-1, j-1)

M[1][]j] = max(insert, delete, match)
endFor
endFor
return M[|sl|+1]1[|s2]+1]
endFunction

Fig. 8. Pseudo-code of Needleman-Wunsch Algorithm
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