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The Apriori algorithm Key Concepts :

1. Frequent Itemsets: The sets of item which has
minimum support (denoted by Li for ith-
ltemset).

2. Apriori Property: Any subset of frequent itemset
must be frequent.

3. Join Operation: To find Lk , a set of candidate k-
Itemsets Is generated by joining Lk-1 with itself.
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i Definition (contd.)

= Apriori uses a "bottom up" approach, where frequent
subsets are extended one item at a time (a step
known as candidate generation, and groups of
candidates are tested against the data.

= The algorithm terminates when no further successful
extensions are found.
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ISteps to Perform Apriori Algorithm

Stepl

Scan the transaction database to
get the support S of each 1-1temnset
compare 5 with nom sup, and

get a set of frequent 1-1temsets, T

Apriori Algorithm

Step2

UselL ,,jonlL  , to generate a set
of candidate k-1temsets. And use
Apmnon property to prune the
unfrequented k-mtemsets from thas
sef

Step3
Scan the transachion database to get

o the support 5 of each candidate

k-itemset in the final zet, compare 5
with nnn sup, and get a set of

frequent k-itemesets T

Step b
For every nonempty subset s of L

the rale " 5 == (1-5)" if confidencd®
C of the rule " s == (1-8)" (=support 5 of]

Vsupport 5 of 5) * non_conf

Step3
For each frequent itemzet 1, generate
al' rvmempty subsets of 1




The Apriori Algorithm: Example

TID List of Items
T100 I1,12, 15
T200 12, 14

T300 12, 13

T400 11,12, 14
T500 I1, 13

T600 12,13

T700 I1, 13

T800 I1, 12 13,15
T900 I1, 12,13

Consider a database, D , consisting
of 9 transactions.

Suppose min.support count
required is 2 (i.e. min_sup =2/9 =
22 % )

Let minimum confidence required
is 70%.

We have to first find out the
frequent itemset using Apriori
algorithm.

Then, Association rules will be
generated using min. support &
min. confidence.
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Step 1: Generating 1-itemset Frequent Pattern

Itemset | Sup.Count Compare candidate Itemset | Sup.Count
Scan D for support count with
count of each 1} 6 minimum support L
candidate {12} 7 count 2y |7
— —

{13) 6 {I3} |6

{14) 2 {144 |2

{15) 2 {I5} |2

C; L,

* In the first iteration of the algorithm, each item is a member of the set of
candidate.

® The set of frequent 1-itemsets, L, , consists of the candidate 1-itemsets
satisfying minimum support.
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Step 2: Generating 2-itemset Frequent Pattern

Itemset

Generate
G,

11, 12}

candidates

11, 13}

from L,

{11, 14)

ﬁ

{11, 15}

12, 13)

12, 14)

2, 15)

(13, 14)

(13, 15)

{14, 15}

G,

Scan D for
count of
each
candidate

ﬁ

Itemset | Sup.
Count
{11, 12} 4
{11, 13} 4
{11, 14} 1
{11, 15} 2
{12, 13} 4
{12, 14} 2
{12, 15} 2
{13, 14} 0
{13, 15} 1
{14, 15} 0
C2
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Compare
candidate
support count
with
minimum
support count

ﬁ

Itemset | Sup
Count
{11, 12} 4
{11, 13} 4
{11, 15} 2
{12, 13} 4
{12, 14} 2
{12, 15} 2
L2




Step 2: Generating 2-itemset Frequent Pattern [Cont.]

® To discover the set of frequent 2-itemsets, L, , the
algorithm uses L, Join L, to generate a candidate set of 2-
itemsets, C,.

® Next, the transactions in D are scanned and the support
count for each candidate itemset in C, is accumulated (as
shown in the middle table).

® The set of frequent 2-itemsets, L, , is then determined,
consisting of those candidate 2-itemsets in C, having
minimum support.

® Note: We haven’t used Apriori Property yet.

Department of CS ---- DM ---- UHD 9



Step 3: Generating 3-itemset Frequent Pattern

Compare
Generate Scan D for | Itemset Sup. | candidate [temset | Sup
C Itemset count of support count
3 Count ith mi Count
candidates 11, 12, 13) each. with min
from L, P candidate {11, 12, I3} 2 support count | {I1, 12, I3} 2
i1, 12, 15} I {11, 12, 15} 2 l {I1, 12, 15} 2

C; C, L;
* The generation of the set of candidate 3-itemsets, C, , involves use of
the Apriori Property.
* In order to find C;, we compute L, Join L,.
* C;=12 Join L2 = {{I1, 12, I3}, {11, 12, I5}, {11, I3, 15}, {12, 13, 14}, {12, 13, 15},
{12, 14, 15}}.

* Now, Join step is complete and Prune step will be used to reduce the

size of C;. Prune step helps to avoid heavy computation due to large C,.
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Step 3: Generating 3-itemset Frequent Pattern [Cont.]

® Based on the Apriori property that all subsets of a frequent itemset
must also be frequent, we can determine that four candidates cannot
possibly be frequent. How ?

® For example, lets take {I1, 12, I3}. The 2-item subsets of it are {I1, 12},
{11, I3} & {12, I3}. Since all 2-item subsets of {I1, 12, 13} are members of
L,, We will keep {11, 12, I3} in C,.

® [ets take another example of {I2, I3, I5} which shows how the
pruning is performed. The 2-item subsets are {12, 13}, {12, I5} & {I3,15}.

® BUT, {I3, I5} is not a member of L, and hence it is not frequent
violating Apriori Property. Thus We will have to remove {12, I3, I5}
from C;.

® Therefore, C, = {{I1, 12, I3}, {I1, 12, I5}} after checking for all members
of result of Join operation for Pruning.

® Now, the transactions in D are scanned in order to determine L,,
consisting of those candidates 3-itemsets in C; having minimum
SU_ppOI't. Department of CS ---- DM ---- UHD



Step 4: Generating 4-itemset Frequent Pattern

® The algorithm uses L, Join L, to generate a candidate set
of 4-itemsets, C,. Although the join results in {{I1, 12, I3,
[5}}, this itemset is pruned since its subset {{I2, I3, Ib}} is
not frequent.

® Thus, C, = (p , and algorithm terminates, having found
all of the frequent items. This completes our Apriori
Algorithm.

® What's Next ?

These frequent itemsets will be used to generate strong
association rules ( where strong association rules satisfy
both minimum support & minimum confidence).
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The Apriori Algorithm — Example

Min support = 2

p

Database D itemset|sup.| , fitemset/sup.
TID |ltems C,| {1} 2 1 1} >
100|134 {2} S || {2} 3
200235 |3CaND| (3 | 3 3 | 3
3001235 {4 | 1 (51 3
400|2 5 {53 | 3
Cslitemset| sup C, (temsetl
[, |itemset| sup a2y | 1| ScanD 112}
{13 | 2 13| 21+ {13}
23 |2 |—| @5 |1 g gi
551 | 3 {23} | 2
§3 5% 5 {25} | 3 {2 5}
{35}y | 2 {3 5}
C,litemset] gcanD  Lslitemset|sup| Note: {1,23}{1,2,5)
{2 3 5} DUPartmen{é_lg 'S}DM ¥l and {1,3,5} notin C,
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Example of Apriori Run

Database TDB
Tid Items C,
10 A CD 1% span
20 B, C, E
30 | ABCE
40 B, E
C,

L2

{A, C} 2

{B, C} 2 | —

{B, E} 3

IC, EX 2

S

Cs 3rd scan
{B; € E}

{E}

{A} 2
{B} 3
{C} 3

3

2"d scan

{A, C} 2
e
{B, C} 2
{B, E} 3
1C, E} 2

L,

_

{A} 2
(B} 3
{C} 3
{E} 3

{A B}

<
<

{A C}
{A E}
{B, C}
{B, E}
1C, E}

e
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Apriori algorithm example

Data base D 1-candidates  Freq 1-itemsets  2-candidates
TID | Items Itemset | Sup Itemset | Sup Itemset
10 |acd a 2 a 2 ab
7 ScanD
20 |bce 3 b 3 > b 3 > ac
i |abce c 3 C 3 ae
: 3 b
Min_sup=2 : i
. . . CE
3-candidates Freq 2-itemsets Counting
Itemset Itemset | Sup Itemset | Sup
- 3 . ) ScanD
Scanp Freq 3. N N A
Freq 3-itemsets
ce 2 be 2
Itemset | Sup
bee 2 be 3
ce 2
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