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:_l Birliktelik Kural Olusturulmasi
= Bazi uygulamalarda frequent itemset’leri kullanarak tiim

birliktelik kurallarinin olusturulmasi gereklidir.

Bir f frequent itemset icin kural olustururken f kiimesinin tiim
altkiimeleri kullanilir.

Confidence degerine bagli olarak bir frequent itemset igin kural
asagidaki gibi elde edilebilir:
(f—a)—> a if

f.count

confidence = > minconf ,

(f —a).count

Burada f.count ile (f-@).count tiim transaction kiimesi T 'deki
sayilarini gosterir.

f frequent item icin support degeriise f.count/n ile gosterilir.

:_l Birliktelik Kurah Olusturulmasi

Eger f frequent itemset ise, Apriori algoritmasi bos kiime harig
tiim altkiimelerinin de frequent itemset olmasini gerektirir.

Eger (f-@) > a kurali gegerliyse, (f-a,,,) > o, kurallarida
gegerlidir.

Eger {A, B, C, D} itemseticin (A, B— C, D) kurali varsa,
(A,B,C— D)ve (A, B,D— C)kurallari da kesinlikle gegerlidir.
{A, B, C}.count < {A, B}.count, {A, B, D}.count <{A, B}.count
(A, B,C— D).conf> (A, B— C, D).conf

Eger {A, B, C, D} itemseticin (A, B, C— D) kurali varsa,
(A,B— C,D)ve (A, C— B, D) kurallari gecerli olmayabilir.
{A, B}.count > {A, B, C}.count, {A, C}.count >{A, B, C}.count
(A, B,C— D).conf< (A, B— C, D).conf
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ib\lgoritma

= Oncelikle 1 elemana sahip ardil kissmlardan olusan kurallar elde
edilir. [Fy:_{{Chicken, Clothes, Milk}:3}/

Algorithm genRules(F) HM)F all frequent itemsets
1 for cach frequent k-itemset f in F, k> 2 do
2 output every l-item consequent rule of f; with ‘conﬁdence > minconﬂand

ya

[ S S

Son elemanlardan \ 1 elemanl ardil
kisimlara sahip

olugsan kiime

H,= {{Chicken}, {Milk}} kurallar
olusturulur.

Rule 1:  Chicken, Clothes — Milk [sup = 3/7, conf = 3/3]
--Rule 2:---Chicken;-Milkk-—- Clothes -- [sup = 3/7;-conf =-3/4}- ‘ minsup = %30 ve minconf = %80
Rule 3: Clothes, Milk — Chicken [sup = 3/7, conf = 3/3].




i‘\lgoritma __5|F5:_{{Chicken, Clothes, Milk}:3}]
H,= {{Chicken}, {Milk}}|

Procedurc ap=genRules(f;, H,,) /I H,, is the set of m-item consequents

1 if (k=m+1)AND (H,, # D) then

2 H,,,, « candidate-gen(H,,); ——{H, = {{Chicken, Milk}]

3 for each h,,+ iIn H,,4; do

4 conf <« fi.count ! (fi — hy1).count, R

5 if (conf’> minconf) then ‘ {Chicken, Clothes, MiIT(}.count/CIothes.count ‘

6 output the rule (i — Ap+1) = Ay with confidence = conf and
support = fr.count / n; // Wumber of transactions in T

7 else

] delete fy, ., from Hy sy | Clothes — Milk, Chicken

9 endfor

10 ap-genRules(fi, Hyya1);

I endif Fy._{{Chicken, Clothes, Milk}:3}

I, = {{Chicken, Milk}}]

ib\lgoritma

Ornek

» Asagidaki T kiimesi igin minsup = %30 (3/7) ve minconf = %80 (4/5)
olsun.

t;:  Beef, Chicken, Milk

t;:  Beef, Cheese

t3:  Cheese, Boots

t4: Beef, Chicken, Cheese

ts:  Beef, Chicken, Clothes, Cheese, Milk
ts:  Chicken, Clothes, Milk

tzz Chicken, Milk, Clothes

m Asagidaki frequent itemset’ler elde edilir.

Fi:  {{Beef}4, {Cheese}:4, {Chicken}:5, {Clothes}:3, {Milk}:4}

F,:  {{Beef, Cheese}.3, {Beef, Chicken}:3, {Chicken, Clothes}:3,
{Chicken, Milk}:4, {Clothes, Milk}:3}

F5: {{Chicken, Clothes, Milk}:3}.




:_l Algoritma

Ornek — devam

= F5icin kurallar agagidaki gibi elde edilebilir.

Rule 1: Chicken, Clothes — Milk [sup = 3/7, conf = 3/3]
Rule 2: Chicken, Milk — Clothes [sup = 3/7, conf = 3/4]
Rule 3: Clothes, Milk — Chicken [sup = 3/7, conf = 3/3].

= minconf = %80 gerektiginden dolayl genRules() algoritmasinin
2.satirinda 1. ve 3. frequent itemset’ler alinir.

= Boylelikle H; = {{Chicken}, {Milk}} olarak elde edilir.

= 5 ve H; igin ap-GenRules() algoritmasi ¢agrilir. Bu algoritmanin
2.satirindaki candidate-gen() fonksiyonuyla H, = {{Chicken, Milk}}
elde edilir.

:_l Algoritma

Ornek — devam

= ap-GenRules() algoritmasinin 2.satirinda H, = {{Chicken, Milk}} elde
edildikten sonra asagidaki 4.kural olusturulur:

Rule 4: Clothes — Milk, Chicken [sup = 3/7, conf = 3/3].

» F; = {Chicken, Clothes, Milk} frequent itemset’i kullanilarak asagidaki
4 kural elde edilmis olur.

Rule 1: Chicken, Clothes — Milk [sup = 3/7, conf = 3/3]
~Rule 2:--Chicken;-Milk — Clothes - [sup = 3/7, conf =-3/4]-

Rule 3: Clothes, Milk —» Chicken [sup = 3/7, conf = 3/3].

Rule 4: Clothes — Milk, Chicken [sup = 3/7, conf = 3/3].

= Bunlardan bir tanesi minconf degerini saglamadigindan silinir.
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:_| Birliktelik Kural Madenciligi icin Veri Formatlari

= Birliktelik kural madenciligi iliskisel veritabanlarinda da uygulanabilir.

= VTYS icerisindeki tablonun bir transaction veri kiimesine
donustiralmesi gereklidir. Bunun icin 6zellik-deger (attribute-value)
ikilisinin elde edilmesi yeterlidir.

m Asagidaki tablodan transaction kiimesi elde edilmistir.

Attribute1 Attribute2 Atribute3
a a X
b n y

(A) Table data

t:  (Attribute1, a), (Attribute2, a), (Attribute3, x)
t;:  (Attribute1, b), (Attribute2, n), (Attribute3, vy)

(B) Transaction data




:_l Birliktelik Kural Madenciligi icin Veri Formatlari

m Eger VTYS icerisindeki tablo kategorik veri yerine sayisal veri
iceriyorsa deger araligi belirli parcaya bollinerek dontistirme islemi
yapilabilir.

= Ornegin 1-100 arasindaki sayisal degerlere sahip bir alan icin 1-20,
21-40, 41-60, 61-80, 81-100 araliklari alinarak kategorik deger
atamasi yapilabilir.

a=1-20
b=21-40
c=41-60
d=61-80
e=81-100
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#oklu Minimum Destek

m Birliktelik kural madenciliginde tek minsup degeri kullaniimasi bazi
uygulamalarda uygun olmayabilir.

= Tam veriler ayni 6neme, sikliga veya yapiya sahip olmayabilir.

= Bazi veriler sik olmasa da daha biiyiik 6neme sahip olabilir.

= Bu durumda bazi sorunlar ortaya cgikar:

= minsup degeri yiiksek olursa bazi dnemli kurallar sik olmadigi icin elde
edilemez.

= minsup degeri diisiik olursa ¢ok sayida kural elde edilir ve birliktelik
kural madenciligi oldukca zorlasir.

m E-ticaret sitelerinde bazi liriinler pahalidir ve az siklhikta satilir.
Ancak bu uriinlere yonelik kurallarda 6nemlidir.

#oklu Minimum Destek
Orne

m Bir sipermarkette az sayida satilan FoodProcessor ve CookingPan
artnleriicin kural bulmak istiyoruz.

m Az sikhkta oldugundan minsup degerinin ¢ok kiigiik olmasi gerekiyor.
= minsup = %0,006 icin asagidaki gibi bir frequent itemset bulunabilir:

{FoodProcessor, CookingPan} [sup = 0.006%].

= Distk minsup degerinden dolayi asagidaki anlamsiz frequent
itemset’lerde elde edilebilir:

fi: {Bread, Cheese, Egg, Bagel, Milk, Sugar, Butter} [sup = 0.007%],
f»: {Bread, Egg, Milk, CookingPan} [sup = 0.006%].

= Her iki frequent itemset gereksizdir. Clinkii hemen hemen her
alisveriste bu item’lar yer alirlar.




#oklu Minimum Destek

= Bu sorun veriyi bloklar halinde pargalayarak her parga icin ayri ayri
madencilik yapilarak ¢ozulebilir. Ancak, ayri bloklardaki ayni itemler
icin kurallar elde edilemez.

m Bu sorun igin en iyi ¢6zim her item icin farkli minimum support
degeri (minimum item support (MIS)) belirlenmesidir.

m Bu sayede farkli siklikta ve farkli Gheme sahip item’lar igin ayri
support degerleri kullanilarak anlaml kurallar elde edilebilir.

= MIS (i), i.item icin minimum support degeri olsun. Bir R kurali igin
minimum support degeri asagidaki ifade edilir:

R=iy, b, o By —> Bpsgs oons By,

min(MIS(i)), MIS(#), ..., MIS(7,)).

ioklu Minimum Destek

Ornek

= Bir itemset {Bread, Shoes, Clothes} icin kullanici tanimli MIS degerleri
asagidaki gibi olsun:
MIS(Bread) = 2% MIS(Clothes) = 0.2% MIS(Shoes) = 0.1%.

= Asagidaki kural minimum support degerini karsilamaz. Clinkd,

min(MIS(Bread), MIS(Clothes)) = %0,2’dir (Support degerinin 0,2’den
biiyiik olmasi gerekir.).

Clothes — Bread [sup = 0.15%, conf = 70%)].

= Asagidaki kural minimum support degerini karsilar. Clnkd,
min(MIS(Shoes), MIS(Clothes)) = %0,1’dir.

Clothes — Shoes [sup = 0.15%, conf = 70%].




#oklu Minimum Destek

Ornek
m {1, 2, 3, 4} itemset icin MIS degerleri asagidaki olsun:
MIS(1) = 10% MIS(2) = 20% MIS(3)= 5% MIS(4) = 6%.
m Eger 2.seviyede {1, 2} itemset icin support %9 bulunursa, MIS(1) ve

MIS(2) degerlerini saglamaz. Bu durumda, Apriori algoritmasi {1, 2}
itemset’i atar.

= Boylelikle, {1, 2, 3} ve {1, 2, 4} itemset’leri de list seviyede
olusturulamaz. Bu itemset’ler MIS(3) = %5 ve MIS(4) = %6
degerlerini saglamaktadir.

= Ancak, {1, 2} itemset’i silinmezse downward closure ozelligi
kaybolur.

ﬁoklu Minimum Destek

= Bir itemset icerisinde ¢ok sik ve ¢ok az sayida item’larin yer almasini
onlemek igin farkli yontemler kullanilmaktadir.

= Ornegin, maksimum ve minimum support degerlerinin uzakhgini
(farkini) belirlemek icin sabit fark kisiti konulabilir.

= Asagidaki ifadede sup(i), i.item igin support degerini gostermektedir.
max;. 4 sup(i)} — min{sup(i)} < @,

= Bu kisit ile birlikte ¢ok sayida frequent itemset olusturulmasi da
engellenmis olur.
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:_l Sinif Birliktelik Kural Madenciligi

m Bazi uygulamalarda kurallar igin kullanici hedef deger belirleyebilir.

= Ornegin bir grup dokiiman i¢in hangi konuya yénelik oldugunu
iceren bilgiye ulasilmak istenebilir.

= T kiimesi n tane transaction’dan olusursa, her transaction bir y sinifi
ile eslestirilebilir.

m | tim item’lar kimesi ve Y ise tim siniflar kimesiise | Y = J dir.

= Bir sinif birliktelik kurali (class association rule - CAR) asagidaki gibi
tanimlanir:

X—>Y, buradaXcl, ve y € Y dir.

= Support ve confidence degerleri normal birliktelik kurallarindaki gibi
hesaplanir.
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:_l Sinif Birliktelik Kural Madenciligi

= CAR’larda hedef eleman bir tanedir ve bir sinifi gosterir.

= Normal birliktelik kurallarinda hedef bir item kiimesidir ve birden
fazla eleman olabilmektedir.

= CAR madenciligindeki amag, kullanici tanimli minsup ve minconf
degerlerine sahip tiim kurallarin bulunmasidir.

:_| Sinif Birliktelik Kural Madenciligi
Orne

= Asagida 8 dokiman ile 2 sinif arasindaki eglestirme gérulmektedir.

1 = {Student, Teach, School, City, Game, Baseball, Basketball, Team,
Coach, Player, Spectator}
Y = {Education, Sport}.

Transactions Class
doc 1: Student, Teach, School : Education
doc 2: Student, School : Education
doc 3: Teach, School, City, Game : Education
doc 4: Baseball, Basketball : Sport
doc 5: Basketball, Player, Spectator : Sport
doc 6: Baseball, Coach, Game, Team : Sport
doc 7: Basketball, Team, City, Game : Sport

= minsup = %20 ve minconf = %60 igin iki kural asagidaki yazilabilir.

Student, School — Education [sup= 2/7, conf = 2/2]
Game — Sport [sup= 2/7, conf = 2/3].
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:_l Algoritma

= CAR dogrudan tek adimla elde edilebilmektedir. Temel islem minsup
degerini saglayan ruleitem’larini bulmaktadir.

= Bir ruleitem
(condset, y)
seklinde tanimlanir. Burada condsetc I, vey € Y dir.

= condset i¢in support degeri (condsupCount), T icerisinde condset’i
bulunduran transaction sayisidir.

= ruleitem igin support degeri (rulesupCount), T icerisinde condset’i
ve y sinifini birlikte bulunduran transaction sayisidir.

= Her ruleitem asagidaki gibi bir kurali gosterir:

condset -y

13



:_l Algoritma

= condset —» y seklindeki bir kural igin support ve confidence degeri
(condset — y).support = (rulesupCount / n)
(condset — y).confidence = (rulesupCount / condsupCount)

seklinde ifade edilir.

= minsup degerini saglayan ruleitem’lar frequent ruleitem’dir.

:_l Algoritma

= ({Student, School}, Education) ruleitem igin:

doc 1:
doc 2:
doc 3:
doc 4:
doc 5:
doc 6:
doc 7:

Transactions

Student, Teach, School
Student, School

Teach, School, City, Game
Baseball, Basketball
Basketball, Player, Spectator
Baseball, Coach, Game, Team
Basketball, Team, City, Game

condsupCount ({Student, School}) = 2

rulesupCount ({Student, School}, Education) = 2
({Student, School}, Education).support = 2/7 (%28,6)
({Student, School}, Education).confidence = 2/2 (%100)

Class

: Education
: Education
: Education
: Sport
: Sport
: Sport
: Sport
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iAlgoritma
Ci=1{(lil.y)|ieLandy e Y}
Algorithm CAR-Apriori(
C < init-pass(7);

// the first pass over T

Fy« {f|fe C.f rulesupCount | n = minsup }; Aday frequent 1-ruleitem ‘
CAR, « {f| f € Fi, frulesupCount | f.condsupCount = minconf};
for (k=2; Fi # &; k++) do

1

2

3

4 - -
5 C, « CARcandidate-gen(F_,): |condSet| = 1 olan CAR kiimesi ‘
6

7

8

9

for each transaction f € T do \ Yeni aday kiime C, olusturuldu.
for each candidate ¢ € C; do Ayni sinifa ait olan condset’ler kullanilir.

if ¢.condset is contained in ¢ then // ¢ is a subset of ¢
c.condsupCouni++;

condSet sayildi
10 if t.class = c.class then

11 c.rulesupCount++

12 endfor ruleitem sayild
13 end-for

14 Fi« {c e C | corulesupCount | n = minsup}; 4% Frequent item yapildi. ‘
15 CARy, « {f | f € Fy, frulesupCount | f.condsupCount = minconfy;

16 endfor
17 return CAR « |, CAR,; \ CAR, kiimesine eklendi. |

Tiim CAR kiimesi elde edildi. \

|

i

ﬁlgoritma

Ornek
» Asagidaki veri igin minsup = %15 (>=2/7) ve minconf = %70 aliniyor.
Transactions Class
doc 1: Student, Teach, School : Education
doc 2: Student, School : Education
doc 3: Teach, School, City, Game : Education
doc 4: Baseball, Basketball : Sport
doc 5: Basketball, Player, Spectator : Sport
doc 6: Baseball, Coach, Game, Team : Sport
doc 7: Basketball, Team, City, Game : Sport

= ilk say1 condSupCount ikinci sayi ruleSupCount degerini gosterir.

Fi: {{{School}, Education):(3, 3), ({Student}, Education):(2, 2),
({Teach}, Education):(2, 2), ({Baseball}, Sport):(2, 2),
({Basketball}, Sport):(3, 3), ({Game}, Sport):(3, 2),

({Team}, Sport):(2, 2)}
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Transactions Class

Algorltma doc 1: Student, Teach, School : Education

doc 2: Student, School : Education

1] doc 3: Teach, School, City, Game : Education
Ornek - devam doc 4: Baseball, Basketball : Sport
doc 5: Basketball, Player, Spectator : Sport
doc 6: Baseball, Coach, Game, Team : Sport
doc 7: Basketball, Team, City, Game : Sport

= ilk say1 condSupCount ikinci sayi ruleSupCount degerini gdsterir.

Fi: {({{School}, Education):(3, 3), ({Student}, Education):(2, 2),
({Teach}, Education):(2, 2), ({Baseball}, Sport):(2, 2),
({Basketball}, Sport):(3, 3), ({Game}, Sport):(3, 2),
({Team}, Sport):(2, 2)}

CAR,: School — Education [sup = 3/7, conf = 3/3]
Student — Education [sup = 2/7, conf = 2/2]
Teach — Education [sup = 2/7, conf = 2/2]
Baseball — Sport [sup = 2/7, conf = 2/2]
Basketball — Sport [sup = 3/7, conf = 3/3]

--Game-—Sport--------------- {sup = 2fF,conf-=2/3} --
Team — Sport [sup = 2/7, conf = 2/2]

Algoritma
Transactions Class

~ doc 1: Student, Teach, School : Education
ornek - devam doc 2: Student, School : Education
doc 3: Teach, School, City, Game : Education
doc 4: Baseball, Basketball : Sport
doc 5: Basketball, Player, Spectator : Sport
doc 6: Baseball, Coach, Game, Team : Sport
doc 7: Basketball, Team, City, Game : Sport

= ilk say1 condSupCount ikinci sayi ruleSupCount degerini gosterir.

Cy: {({School, Student}, Education), ({School, Teach}, Education),
({Student, Teach}, Education), ({Baseball, Basketball}, Sport),
({Baseball, Game}, Sport), ({Baseball, Team}, Spart),
({Basketball, Game}, Sport), ({Basketball, Team}, Sport),
({Game, Team}, Sport)}

Fy: {({School, Student}, Education):(2, 2),
({Schoal, Teach}, Education):(2, 2), ({Game, Team}, Sport):(2, 2)}

CAR,.  School, Student — Education [sup= 2/7, conf= 2/2]
School, Teach — Education [sup = 2/7, conf = 2/2]
Game, Team — Sport [sup = 2/7, conf = 2/2]

16



i@dev

= Birliktelik kurallarinin kullanim alanlari hakkinda detayl bir
arastirma odevi hazirlayiniz.
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