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Currently, data mining is gaining popularity in the retail sector and is
an effective analytical method for detecting useful and unknown
information in retail data. The organization of goods and related
business activities towards enhancing the customer satisfaction is one
of the very important jobs. This study will focus on analyzing, mining
and finding association rules based on past data, thereby proposing
some recommendations to support the business operation of the
supermarket to be more optimized. For example, if a supermarket wants
to arrange its stores in the most reasonable way, they can look at the
purchase history and arrange the sets of products that are often bought
together into one store. Or a news website that wants to introduce users
to the most related articles, the same rule can be applied. In this paper,
we calculate and analyze the relationship between products to help a
supermarket arrange reasonable items for customers to buy goods by
using association rule mining algorithm Aprori.
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Hoat déng ban hang

Hién nay, khai pha dit liéu tré nén phé bién trong linh vuc ban lé va
la phuong phap phan tich hiéu qua cho phéat hién théng tin hitu ich va
chua biét trong dit liéu ban I¢. Viéc sip xép t6 chirc hang hoa va céac
hoat dong kinh doanh cé lién quan nhim nang cao su hai long cua
khach hang 12 mét trong nhitng cong viéc rat quan trong. Nghién ctu
nay s& tap trung phan tich, khai phé va tim ra luat két hop dua trén dix
liéu cua qua khu, tir d6 dé xuat mot sé kién nghi dé hd tro cho hoat
dong kinh doanh cua siéu thi dugc t6i wu hon. Vi du mat siéu thi
mubn sip xép cac gian hang mét cach hop Ii nhét, ho c6 thé nhin vao
lich sir mua hang va sip sép cac tap san pham thudng dugc mua clng
nhau vao mét gian hang. Hozc mét trang web tin tic mudn gidi thiéu
cho nguoi dung céc bai viét lién quan dén nhau nhét, ciing c6 thé ap
dung quy luat twong tw. Trong bai bao nay, ching t6i tinh toan phan
tich tim méi lién hé gitra cac san pham gilp mat siéu thi co thé Sap
xép mit hang hop 1y @& khach hang thuan tién khi mua hang bing
phwong phap khai pha luat két hop cua thuat toan Apriori.
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1. Giai thiéu chung

Khai pha dir liéu 12 mét trong nhimg linh vuc nghién ciru quan trong va ngay cang phat trién
véi muc dich trich xudt théng tin tir s6 lwong 16n céc tap dir lidu tich ldy.

Sy phét trién cua cong nghé théng tin nhu hién nay dang dan thé hién rd hon vai trd dinh
huéng cho nganh bén l¢, kinh doanh sin pham cua cac doanh nghigp. Xu thé thi truong canh
tranh ngay cang gay gat doi hoi cac doanh nghié¢p can phai ¢ nhitng chién lugc, gidi phap cua
riéng minh dé dap ung tot hon mong muén cua khach hang. Cac doanh nghiép can tim hiéu thng
tin ¢6 gia tri va chi tiét cac hang hoa dé béan t6t hon va nang cao hiéu qua cua hoat dong thi
truong. Hién nay, doanh nghiép ban Ié cé thé thu thap cac quy trinh thdng qua phén tich mau la
tim kiém dix lidu véi cac lién két nham cung cap dich vu tét nhat cho ngudi tiéu dung. Dit lidu 16n
dugc mo hinh héa, chon loc va khai pha dé thu thap thong tin c6 thé hiéu Ia hitu ich cho con
ngudi. Khai pha dit liéu 1a mot trién vong va 1a linh vuc cap nhat mot phan caa khoa hoc méy
tinh. Su ton tai cua dit liéu 16n rat quan trong dé str dung dung cach trong viéc trich xuat kién
thirc an trong kho dir liéu data mart, hodc kho luu trit. Thuat toan Apriori 13 mot trong nhiing
thuat todn hoc may khong giam sat d6i voi cac quy tic tim ra luat két hop. Thuat toan apriori c6
thé dugc &p dung cho tap hop cac giao dich cua cac nhém khach hang tim méi lién hé giita cac
san pham.

Trong nhitng nam gan day, ky thuat khai pha dit liéu va phan I¢p da duoc &p dung thanh cong
trong viéc dé xuat mo hinh hd tro khac nhau dé nang cao chat luong dich vu ban 1é [1]-[7].

Téc gia Eni Heni Hermaliani [1] da sir dung thuat toan Apriori dé hd tro tim ra quy luat mua bén
san pham tréi cay. Tac gia J.Silva [2] bang cach sir dung thuat toan Arpriori dé khai phé quy tic lién
két dé phan khic khéch hang trong khu virc doanh nghiép vira va nho. Nhém tac gia M. Kavitha va
Subbaiah [3] d4 sir dung thuit toan Aprori dé trich xuat san phim trong cira hang tap héa.

Muc dich nghién cttu nhdm xéac dinh mtrc d6 ma thuat toan Apriori c6 thé gidp su phat trién
chién luoc tiép thi, c6 dwoc md hinh lién két va xac dinh cac san phdm ban chay nhét.

Do vai tro rat quan trong trong viéc phat trién chién luoc tiép thi, chu dé nghién cau dé tim
hiéu sau rong vé cac mo hinh dé xac dinh quy luat, xac dinh dwoc san phiam bén chay... di ting
nhanh trong nhitng ndm qua. Géan day, c6 mét vai mé hinh phan 16p dwoc nghién ctu, dé xuat dé hd
trg cac nha nghién cau trong viéc xay dung mo hinh xac dinh quy luat, san pham ban chay [1]-[15].
Tuy nhién, ¢ thoi diém hién tai, van con thiéu cac md hinh tinh toan phu hop va cong cu du doan
véi do chinh xé&c cao c6 thé hd tro hiéu qua cho viéc tim kiém luat chinh xac. Bén canh d¢, do su
tién bo caa khoa hoc ky thuat va anh huong caa cach mang cong nghi¢p 4.0, dix liéu khach hang da
kiém chuang thuc nghiém dang ngay cang duoc b6 sung nhiéu hon. Chinh vi vay, viéc thiéu hut mo
hinh du doan 1a mot vain dé cap thiét can dwoc quan tam giai quyét.

Tlep tuc phét trién cac y tuong nghién ciru trude day, trong bai viét nay nhom tac gia tap trung
vao van dé phan tich tim quy luat lién két gitta cAc mat hang trong siéu thi dya trén dir liéu qua
khir mua hang cua khach bang thuat toan Apriori, st dung bo cong cu Weka [16].

2. Xay dwng, huan luyén mo hinh
2.1. Thu thdp, tién xa ly di ligu

Bai bao st dung bd dir liéu Kaggle [17] danh gia hi¢u qua cac ky thuat hoc may. Kaggle co
nhiéu bo dit liéu khac nhau cho cac linh vuc nham hd tro cho nghién ciu vé& hoc may va khoa hoc
dir lidu. Kaggle da dugc cac nha nghién ciu trén thé gisi st dung rong rai. Bo dir liéu nay sau
budc tién xu ly, dir liéu bao gdm 4627 thdng tin vé giao dich mua hang véi 108 thudc tinh 1a céc
mat hang va tong gia tri giao dich.

2.2. Xay dung va hudn luyén mé hinh

M6 hinh tong thé cia nghién ciru nay duoc thé hién chi tiét & Hinh 1 bén dudi.

Trong nghién ciru nay, dé tim ra cac luat két hop hd tro hiéu qua cho hoat dong kinh doanh tai
siéu thi, diéu kién trudc tién dé 1a thoa man 2 gié tri cho trudc 1a d hd trg cuc tiéu (minimum
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support) va do tin cay cyc tiéu (minimum confidence) tir mot co s dit lidu c6 sin, cong viéc thuc
hién dugc chia lam hai buéc:

Thu thip dirlidu | =
b Loy vl CSDL siéu thi il N =

D e (supermarket Database)

——

Tép_ dir ligu Tép dix liéu
Huén luyén kiém thir

Dir li¢u da xur Iy
(Pinh dang ARFF)

WEKA
| MO HINH
KHAI PHA LUAT KET HQP

- i

Hinh 1. M6 hinh téng thé ciia hé thong

(1) Tim tit ca cac tap chi muc phd bién: mot tap chi muc 1a phé bién duoc xac dinh qua viéc
tinh d6 hd trg va thoa man do hd tro cuc tiéu.

(2) Sinh ra cac luat két hop manh tir cac tap chi muc phd bién: Cac luat phai thoa mén d6 hd
tro cuc tiéu va do tin cay cuc tiéu.

Gia str ¢6 tap chi muc phd bién 1a Ly, Lk = {l4, Iz, I3, ..., L}, cac luat két hop cua tap chi muc
nay duogc sinh nhu sau: khoi tao luat dau tién {1y, {1, I2, s, ..., L1}, — {L}, sau do tién hanh
kiém tra do tin ciy (confidence) dé xac dinh luét trén cd thoa man hay khong.

Thuc hién cét bo phan tir cudi cling cua vé trai, chuyén sang vé phai dé tao thanh luat méi, roi
lai kiém tra do tin cay. Quié trinh trén dugc thyc hién cho tsi khi vé tréi tro thanh tap rong. Do budc
thtr 2 kha don gian nén hau hét cac nghién ctiu vé khai phé luat két hop déu tap trung vao budc mot.

Déi véi budce thir nhat trong khai phé luat két hop, ta lai cd thé chia ra 1am 2 buéc con: sinh tap
chi muc &ng vién (candidate frequent itemsets) va sinh tap chi muc phé bién (frequent itemsets).

Trong da sb trudng hop, s lwong tap chi muc phd bién sinh ra 1a rit 16n, kéo theo sb lugng
luat két hop tao ra thuong la hang nghin, tham chi hang triéu luat. Nguoi ding cudi gan nhu
khong thé hiéu hoic danh gia hét dwoc mot lugng Ién luat phic tap nhur trén, do d6 han ché phan
nao gia tri cua két qua thu duoc. Hién nay da c6 rat nhiéu thudt toan hi¢u qua dugc dua ra dé giai
quyét van dé ndy, bang cach chi sinh luat pht hop véi nhu cau ciia nguoi dung (interest rules),
sinh luat “khong du thira” (“non-redundant” rules), hoc chi sinh luat théa man mat tiéu chuan cu
thé nao d6 nhu coverage, leverage, lift hoac strength.

Cho tap hop | = {ly, I, I, ..., In} gdm n phan tir khac nhau, 1 dwoc goi 1a tap chi muc
(itemset), T 12 mot giao tac (transaction) chira mot tap cac phan tir thudc | (T € 1), D 1a mot co so
dix liéu chira m giao tac T khac nhau.

Mot luat két hop 13 mot phat biéu c6 dang X—Y, trong d6 X S I, Y € I va XNY=@. V& phai
X duoc goi la tién @&, con vé trai Y goi 1a két luan cuaa luat. C6 hai do do co ban cho luat két hop,
d6 1a do ho trg (support) va do tin cay (confidence).

Do hd tro mot tap chi muc X trong D, ki kiéu supp(X), dugc tinh bang phan trim sb giao tac T
trong D ¢6 chtra X (hay con goi 1a hd tro X).

Gia sir @6 hd trg cuia mot phan tir 12 0,1%, diéu d6 c6 nghia 1a chi c6 0,1% sb giao tac co chira
phan tir do.

Do hd tro caa mot luat két hop r = X—Y, ki hiéu supp(r), biéu thi tan sb luat c6 trong cac giao
tac. Do hd tro thé hién trong bao nhiéu phan tram dir liéu thi nhimg diéu ¢ vé trai va vé phai ciing
xay ra. Nhu vay, d6 hd trg chinh 12 x4c suat P(XUY):
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Do tin cdy caa mot luat két hop r = X—Y, ki hiéu conf(r), 1a sé phan trim cac giao tac trong
D chira ca X va Y trén s giao tac trong D chira X. P tin cdy chinh & xac suit co diéu kién
P(Y]X), n6 thé hién néu vé tréi xay ra thi ¢6 bao nhiéu kha ning vé phai ciing xay ra:

Do tin cay biéu thi d6 manh cia mot luat két hop, gia sir do tin cay cua luat r bang 90%, cd
nghia 12 90% sd giao tac ¢ chua X thi ciing chua Y.

Do co s¢ dir liu c6 kich thudc [6n va ngudi dung thuong chi quan tam toéi mot tap cac phan
tr nhét dinh, do vy nguoi ta dua ra cac ngudng gia tri cho do hd tro va dé tin cay nham loai bo
cac luat khong phu hop véi yéu cau cua ngudi dung hodc cac luat vo dung. Hai ngudng nay duoc
goi 12 dd hd tro cuc tiéu (minimum support) va do tin cay cuc tiéu (minimum confidence).

Tap chi muc X ¢ supp(X) > minsupp, v6i minsupp 1a d6 hd tro cuc tiéu, dugc goi la tap chi
muc phd bién (frequent itemset hay large itemset). Mét s tinh chét dién hinh cua tap muc phé bién:

Néu ACSB véi A, B la cac tap chi muc thi supp(A) > supp(B).

MGt tap chira mot tap khong phd bién thi ciing la tap khong phd bién.

C4c tap con cua tap phd bién ciing 1a tap phé bién.

Cac luat két hop thoa man ca hai ngudng do hd tro cuc tiéu (minsupp) va do tin cay cuc tiéu
(minconf) duoc goi la luat két hop manh (strong), tac 1a supp(X—Y) > minsupp va conf(XUY) >
minconf. Ngudi ta thuong viét gia tri cac do hd tro va do tin cay nay gitra 0% va 100% thay cho
0toil

Néu d6 hd tro cuc tiéu minsupp c6 gia tri cao thi ta s& thu duoc it tap chi muc phé bién, do
vay s& c6 it luat hop 1 phd bién xuét hién; nguoc lai néu dat minsupp thap thi s& xuat hién nhiéu
luat hop 18 hiém.

Con dbi véi do tin cay cuc tiéu minconf, néu gia tri minconf cao thi thu duoc it luat, nhung tat
ca cac luat nay "gan nhu dung". Con néu minconf cé gié tri thp thi ta thu duoc rat nhiéu luat
nhung phan Ion "rat khong chac chan”.

Trong thuc té, ngudi ta thuong dit gid tri minsupp trong khoang 2 - 10% va minconf trong
khoang 70 - 90%.

Hién nay, Apriori [4] 1a thuat toan khai pha luat két hop ndi tiéng, st dung chién lugc tim
kiém theo chiéu rong (Breath-first search) dé tinh do hd trg cua cac tap chi muc va tan dung bd
dé downward closure [4] dé tim ra c4c tap tng vién. Apriori rat hiéu qua trong qua trinh sinh tap
g vién do &p dung str dung ki thuat cit tia dé tranh phai danh gia mot s6 tap chi muc nhat dinh
ma van bao dam tinh toan ven.

Apriori 1a mot thuat toan do Rakesh Agrawal, Tomasz Imielinski, Arun Swami dé xuat lan
dau vao nam 1994. Thuat toan Apriori ding cach tiép can lap, véi cac tap muc k_itemsets duoc
dung dé tham do cac tap (k+1) itemsets. Dau tién, cac tap muc pho bién 1 _itemsets duoc tim
thiy bang cach quét co s dir lieu (CSDL) dé dém sb luong ting item va thu thap nhiing item
thoa man do hd trg cuc tiéu, tap két qua dat 1a Ly. Tiép theo, Ly duoc dung dé tim L, la céc tap
muc pho bién 2-itemsets, n6 lai dugc ding tim Ls, va ¢t tiép tuc cho téi khi tap muc phd bién k-
itemsets khong thé tim thay. Viéc tim kiém cho mdi Lkdoi hoi mét 1an quét toan bo co sé dit liéu.

Dau vao: CSDL, d6 hd tro cuc tiéu minsup.

Dau ra: Tap cac muc pho bién.

Thuat toan Apriori c6 d6 phic tap vé thoi gian 1a O(k*(k?+t*n)) véi k 1a kich thuéc tap muc
pho bién, t 1a kich thudc co sé dir liéu va n 1a s6 tap muc cua t. B phuc tap vé thoi gian cua thuat
toan Apriori l1a O(k3+k*t*n).

3. Két qua va mét sb thao luan

Nhu di trinh bay trude do, trong nghién ciru ndy, ching t6i tién hanh sir dung thuat toan tim
ra luat két hop Apriori. Két qua thuat toan duoc trinh bay & Bang 1.

Véi tat ca cac quy tic ma thuat toan tim ra thi quy tac néu khach mua biscuits va frozen thi ti
16 mua Bread and cake Ia chiém ti hon 91% va tong sé tién giao dich déu 1a cao. Do d6, nén dit
cac mat hang biscuits, frozen, bread va cake canh nhau trong ctra hang.
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Bang 1. Két qua thugt toan Apriori

Antecedents Consequents Support  Confidence lift
788 Fruit, frozen food, biscuits, total = hight Bread and cake 0,03 0,92 1,27
760  Fruit, baking needs, biscuits, total = hight Bread and cake 0,03 0,92 1,27
705  Fruit, baking needs, frozen foods, total = hight Bread and cake 0,03 0,92 1,27
746  Fruit, vegestables, biscuits, total = hight Bread and cake 0,03 0,92 1,27
779 Party snack foods, total = hight Bread and cake 0,04 0,91 1,27
725 Vegetables, frozen foods, biscuits, total = hight ~ Bread and cake 0,03 0,91 1,26
701 Vegetables, baking needs, biscuits, total = hight ~ Bread and cake 0,03 0,91 1,26
866  Fruit, biscuits, total = hight Bread and cake 0,04 0,91 1,26
757  Fruit vegetables, frozen foods, total = hight Bread and cake 0,03 0,91 1,26
877 Fruit, frozen foods, total = hight Bread and cake 0,04 0,91 1,26

4. Két luan

Qua két qua trén ta thay, thuat todn Apriori hd tro rat tét trong viéc tim ra cac quy luat lién két
giita cac san pham trong mét cira hang.

Theo két qua phan tich cho thay, néu khach mua biscuits va frozen thi ti 1& khach quyét dinh
mua bread va cake trén 91%. Do dé, cira hang nén dit cac mat hang nay canh nhau dé khach
hang thuan lgi trong viéc mua hang.
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