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Database D c, [temsetsup.  fitemset[sup.
TID [ltems A I ) O "1y 2
100(134 |ScanD| {2} 3 {2 3
200(235 {3} 3 3y 3
3001235 {4}y | 1 {5} 3
400|2 5 {5y | 3 s
C:litemset| sup C, |Hemset =
L, |itemset|sup {12} [ 1| ScanD | {12
{13} | 2 {13} | 2 {1 3}
(23| 2 |— | (18} | 1 E; gi
{23} | 2
Eg gi g {25} | 3 {2 5}
{35} | 2 {3 5}
C;litemsetl qecanD L3 |itemset|sup Assume:
{2 3 5) g {2 3 5} 2 min_sup_count = 2




Apriort Algorithm (Flow Chart)

1 C. set of candidate k-
L,= set of frequent 1-itemset (scan DB) itemsets
k=1 L, : set of frequent k-
i itemsets
,_;-1.% No
L @?
Yes
Compute candidate set C,,,: QOutput Ly, ..., Ly
* Guy=join Ly with L,
* prune G,y Output L, ..., L, |

Important steps:

! » Counting supports of candidates by
scanning DB




Apriort UML Diagram

MemorylLogger

- instance : MemoryLogger
- maxMemory : double

+ getinstance() : Memonryogger
+ getMaxMem ory() : double

+reset() : void
+ checkMem ory() : void

temset
Apriori +itemset:int] I
+ support: int

- database : List<in{]}>
# patterns : temsets > _ i
- minsupRelative : int | + gfetAbsgluteSuppoﬂ() rint
- databaseSize :int I +size() :int _
- itemsetCount * int | + setAbsolute Support(integer): void
# totalCandidateCount : int | +toString() : String

| #Kkint N———
# startTimestamp : long
#endTimestamp :long

.‘{ _____

1 i

+ runAlgorithm(double, String, String) :
ltemsets
- generateCandidate2(List<ltem set>)

List<ltem set>

- generateCandidate SizeK(List<Item set>) : ltemsets

List<ltem set> i
# allSubs etOfSizeK_1AreFrequent(int]], - levels : List<List<ltemset>>
List<ltem set>) : boolean - itemsetsCount:int

# saweltemset(ltemset) : void 1 - name : String

# saveltem setToFile(IntegerInteger) : void
+ sameAs (int]], int]], int) : int
+ printStats () : void

+ printltemsets() : void
+ addltem set(ltemset, int) : void
+ getLewvels(): List<List<ltem set>>




Synchronization 1s Essential

Errors occurred from most to least probable:

. 1. javalang.IndexOutOfBoundsException
2. List of frequent itemset 1s incorrect

3. Support counts are incorrect




Parallel Apriori Algorithm 1:
Count Distribution

Two different implementations:

1. Multiple threads run on a single Apriori instance/object
2. Each thread runs on a new Apriori instance (one-to-one mapping)




Parallel Apriori Algorithm 1:
Count Distribution

(Implementation 1)

Important points:

* Itemset list preserves it lexicographical ordering (e.g. {(1,5), (1,7), (2,3), (3,7,9)} )
* Transactions in the database are split evenly among the threads

* Only the first thread updates the frequent itemset list (1.e. Itemsets object).

* The single Apriori object holds a list of all the threads that are running on it.

* Synchronization method : Cyclic Barrier




Parallel Apriori Algorithm 1:

Count Distribution
(Implementation 1 UML Diagram)

Thread

T

AprioriThread

-id :int

- localDatabase : ArrayList<int[]>

- CandidateMap : Map<Integer, Integer>

- CandidateltemsetsK : ArrayList<ltemset>

Apriori

Setand Get methods of the attributes

# patterns : ltemsets
- minsupRelative : Atomiclnteger
-minsup : double
- databaseSize :int
- itemsetCount : int
# totalCandidateCount : int
- barrier : CyclicBarrier
-aprioriThreads : ArrayList<AprioriThread>

+ runAlgorithm() : ltemsets
+ setThreadListandCyclicBarrier(ArrayList<AprioriThread>) : void




Parallel Apriori Algorithm 1:
Count Distribution

(Implementation 2)

Important points:

* Itemset list preserves it lexicographical ordering (e.g. {(1,5), (1,7), (2,3), (3,7,9)} )

* Transactions in the database are split evenly among the threads

* Apriori class extends Thread class

* Every Apriori object holds a list of all the threads.

* Synchronization method : Cyclic Barrier (shared object amongst every Apriori object)




Parallel Apriori Algorithm 1:

Count Distribution
(Implementation 2 UML Diagram)

Thread

T

Apriori

# patterns : ltemsets
- barrier : CyclicBarrier
- aprioriThreads : ArrayList<AprioriThread>
- localCandidateSetFirstPass : Map<Integer,Integer>
- localCandidateSetKthPass : List<ltemset>

+ runAlgorithm() : ltemsets
+ setThreadList(ArrayList<AprioriThread>) : void




Count Distribution
(Implementation 2 Example)

Step 1: Split database evenly among threads

Transactional Database

TID Transaction

100 12505 5

200 2,5,6

300 1,2,5

400 3,4,6

500 3,8

600 1,3,6

700 2540

Minimum Support
Count = 2




Count Distribution

Note: Apriori class extends Thread class

(Implementation 2 Example)

Step 1: Split database evenly among threads

Transactional Database

TID Transaction

100 j ES HoRe

200 2516

300 B0,

400 3,4,6

500 3,8

600 1,3,6

700 2NE,

-

Apriort 1

Apriori 2

= hTlot g

localDatabase:
TID Transaction
100 1585
200 2,56
TID Transaction
300 {25
400 3,4,6
TID Transaction
500 3,8
600 1,3,6
700 2,5,60




Pass k=1 Count Distribution Minimum Support Count = 2
(Implementation 2 Example) Apriori
Step 2: Get local C; (candidate 1-itemsets) and get local support count. D P
Apriori 1 Apriori 2 500 38
TID Transaction TID Transaction 600 1,3,6
100 (S5 300 25 700 2,5,6
200 2,5,6 400 3,4,6 Itemset Support
. Itemset Support Itemset Support ; 1
1 1 1 1
C1: 2 1 2 1 : .
(Local) z ; i 1 Z ;
6 1 S 1 3 1
% 1 6 1




Pass k=1

Count Distribution
(Implementation 2 Example)

Step 3: Get global C, (candidate 1-itemsets) and get global support count.

Minimum Support Count = 2

C;

(Global)

Apriori 3
Itemset Support
1 %)
2 3
3 4
4 1
5 4
¢ 4
7 1
3 1

Apriori 1 Apriori 2
Itemset Support Itemset Support
1 3 1 3
2 3 2 3
5 4 3 4
4 1 4 1
5 4 5 4
0 4 6 4
gt 1 % 1
8 1 8 1




Pass k=1

Count Distribution

(Implementation 2 Example)

Step 4: - Get global F, (frequent 1-itemsets) and get global support count.

o Aprtioti 2
Apriort 1
Itemset Support Itemset Support
1 3 1 3
2 3 2 3
3 4 3 4
4 1 4 1
F it 5 4 5 4
(Global) 6 4 6 4
g 1 % 1
8 1 8 1
patterns = {(1),(2),(3),(5),(0)} patterns = {(1),(2),(3),(5),(0)}

Minimum Support Count = 2

Apriori 3
Itemset Support
1 %)
2 3
3 4
4 1
5 4
¢ 4
7 1
8 1

patterns = {(1),(2),(3),5),(0)}




Pass k = 2 Count Distribution Miniiii Sunbott Cotnri 2
(Implementation 2 Example)
Step 1: Generate C, (frequent 2-itemsets), join & prune, and get local Apriori 3 |
support count (via Sciizp?jfolr(i)clal database). Store C, locally. . e o
Itemset Support Itemset Support Q) .
(1,2) 0 1, 2) 1 (1,3) 1
(1, 3) 1 1, 3) 0 (1,5) 0
(1,5) 1 1, 5) 1 (1, 6) 1
. (1,0) 0 1, 6) 0 (2, 3) 0
2, 3) 0 @, 3) 0 (2, 5) 1
¢ 2, 5) 1 2, 5) 1 2, 6) 1
2° 2, 6) 1 2, 6) 0 (3, 5) 0
(Locay 3, 5) 1 (3, 5) 0 (3, 6) 1
(3, 6) 0 (3, 6) 1 5, 6) 1
SN 1 (5, 6) 0




C,:

(Global)

Pass k=2

Apriort 1

Itemset Support

(1,2)

(1, 3)

(1,5

(1, 6)

(2,3)

(2,5)

(2, 0)

(3, 5)

(3, 0)

(5, 6)

[NOT I \O T I B NS R GV Bl B ST I \ SR

Count Distribution

(Implementation 2 Example)
Step 2: Get C, (candidate 2-itemsets) and get global support count (via scan

of local candidate set C, of cach thread).

Apriort 2

Minimum Support Count = 2

Itemset Support

(1,2)

(1,3)

(1,3

(1, 0)

(2,3)

(2,9)

(2, 0)

(3,9)

(3, 0)

(NS I \O T I I NS R B G R B el B B ST I NS e

(5, 0)

Apriori 3
Itemset Support
(1, 2) 1
1, 3) 2
1, 5) 2
(1, 6) 1
2, 3) 0
2, 5) 3
2, 6) 2
(3, 5) 1
(3, 6) 2
5, 6) 2




Minimum Support Count = 2

Apriori 3
Itemset Support
) 1
1, 3) 2
1, 5) 2
(1, 6) 1
2, 3) 0
2, 5) 3
2, 6) 2
(3, 5) 1
(3, 6) 2
(5, 6) 2

patterns = {(1),(2),(3),(5),(0),

Pass k= 2 Count Di.stribution
(Implementation 2 Example)
Step 3: Get F, (frequent 2-itemsets) and get global support count.
Save F,.
Apriort 1 Apriort 2
Itemset Support Itemset Support
1, 2) 1 1, 2) 1
(1, 3) 2 a, 3) 2
1, 5) 9 (1, 5) 2
. 1, 6) 1 (1, 6) 1
2, 3) 0 2, 3) 0
E - 2, 5) 3 2, 5) 3
22 2, 6) 2 2, 6) 2
(Global) 3.5) ) 3.5) )
(3, 6) 2 (3, 6) 2
(5, 6) 2 5, 6) 2
patterns = {(1),(2),(3),(5),(6), patterns = {(1),(2),(3),(5),(6),
(1,3),(1,5),(2,5),(2,0), (3,0), (5,0} (1,3),(1,5),(2,9),(2,6), (3,0), (5,0)}

———ry —

(1,3),(1,5),(2,5),(2,6), (3,0), (5.0)




Pass k = 3 Count Distribution Minimum Support Count = 2
(Implementation 2 Example)
Step 1: Generate C; (frequent 3-itemsets), join & prune, and get local Apriori 3 |
support count (via scan of local database). Store C; locally. Py e l
Aptiori 1 Aptiori 2 PP |
Ttemset Support Itemset Support G . |
C 3: 2,5,6) 1 2,5, 6) 0 |
(Local)




Pass o= 3 Count Distribution Minimum Support Count = 2
(Implementation 2 Example)
Step 2: Get C; (candidate 3-itemsets) and get global support count (via scan Apriori 3 |
of local candidate set C; of each thread). |
Aptioi 1 Aptioti 2 pSHCR | uppoy |
Itemset Support Itemset Support &0 S |
& 3: 2,5, 6) 2 2, 5, 6) ) |
(Global)




Pass k=3

Step 3: Get F; (frequent 3-itemset) and get global support count.

F,:

(Global)

Count Distribution
(Implementation 2 Example)

Minimum Support Count = 2

Save F;.
Apriort 1 Apriori 2
[temset Support [temset Support
2,5, 6) 2 2,5, 6) 2

patterns = {(1),(2),(3),(5),(0),
(1,3),(1,5),(2,5),(2,0), (3,0), (5,0),

2, 5, 6)
h

Apriori 3

Itemset

Support

)

2

patterns = {(1),(2),(3),(5),(0),
(1,3),(1,5),(2,5),(2,6), (3,0), (5,0),
(2355 6)

;

patterns = {(1),(2),(3),(5),(0),
(1,3),(1,5),(2,5),(2,0), (3,0), (5,0),
(2535::6)

;




Parallel Apriori Algorithm 2:

Data Distribution
UML Diagram

Thread

T

Apriori

# patterns : ltemsets
- barrier : CyclicBarrier
- aprioriThreads : ArrayList<AprioriThread>
- localCandidateSetFirstPass : Map<Integer,Integer>
- localCandidateSetKthPass : List<ltemset>

+ runAlgorithm() : ltemsets
+ setThreadList(ArrayList<AprioriThread>) : void




Data Distribution

Example Minimum Support

Step 1: Split database evenly among threads Count = 2

Transactional Database

TID Transaction

100 125,57
. 200 2,5,6

300 SRS

400 3,4,6

500 3,8

600 1,3,6

700 2,5,6




Data Distribution
Example

Step 1: Split database evenly among threads

Transactional Database

TID Transaction

100 j ES HoRe

200 2516

300 B0,

400 3,4,6

500 3,8

600 1,3,6

700 2NE,

-

Note: Apriori class extends Thread class

Apriort 1

Apriori 2

= hTlot g

localDatabase:
TID Transaction
100 1585
200 2,56
TID Transaction
300 {25
400 3,4,6
TID Transaction
500 3,8
600 1,3,6
700 2,5,60




Pass k=1 Data Distribution Minimum Support Count = 2
amnple Apriort 3 |
Step 2: Get local C, (candidate 1-itemset) and get local support count. TID AN .
Apriori 1 Apriori 2 500 38 '
TID Transaction TID Transaction 600 1,3,6
100 BN 300 5 700 2,5,6
200 2)5)6 400 39436 Itemset Support
1 1
. Itemset Support Itemset Support
1 1 1 1 ¢ §
C1: 2 1 2 1 3 2
5 1
(Local) : : 2 -
) 2 4 1 6 2
6 1 5 1 3 1
7 1 6 1




C;

(Global)

Pass k=1

Apriori 1
Itemset Support
1 3
2 3
5 4
4 1
5 4
0 4
gt 1
8 1

Data Distribution

Step 3: Get global C, (candidate 1-itemset) and get global support count.

Minimum Support Count = 2

Apriori 3
Itemset Support
1 %)
2 3
3 4
4 1
5 4
¢ 4
7 1
3 1

Example
Apriori 2
Itemset Support
1 3
2 3
3 4
4 1
5 4
6 4
% 1
8 1




Step 4:

E.:

(Global)

Pass k=1

Data Distribution

- Get global F, (frequent 1-itemset) and get global support count.

- Save F,.
Apriori 1
Itemset Support
1 3
2 3
3 4
4 f
5 4
6 4
g 1
38 1

patterns = {(1),(2),(3),(5),(0)

Example
Apriori 2
Itemset Support
1 3
2 3
3 4
4 1
5 4
6 4
% 1
8 1

patterns = {(1),(2),(3),5),(0)}

Minimum Support Count = 2

Apriori 3
Itemset Support
1 %)
2 3
3 4
4 1
5 4
¢ 4
7 1
8 1

patterns = {(1),(2),(3),5),(0)}




Pass k=2 Data Distribution

Example
Step 1: Generate C, (frequent 2-itemsets), join & prune, and divide them

up in a round-robin fashion among the threads.

C,= 11,2, (1,3), (1,5), (1,0), (2,3), (2,5), (2,0), (3,5), (3,0), (5,0) }

Minimum Support Count = 2

Apriori 1 Apriori 2 Apriori 3
Ttemset Itemset Itemset
1,2 (1, 3) 1,5
1, 6) (2, 3) 2, 5)
2, 6) (359) (3, 6)
(5, 6)




Pass k=2 Data Distribution
Example

Step 2: Each thread scans the local database of every other thread to get

Minimum Support Count = 2

support counts for its C, partition.

TID T ; TID Transaction TID RSt
ransaction
200 2’5’6’ 400 3,4,6 600 1,3,6
= 700 2.5,6
. Apriori 1 N
Apriori 2 Apriori 3
Itemset | Support
(1, 2) 1 Itemset | Support [temset Support
C &)
partitzionS° (14,6 1 Gl 2 (1, 5) 2
2, 6) 2 2, 3) 0 (2, 5) 3
(5, 6) 2 3,5) 1 (3, 6) 2




. FZ

Pass k=2

Step 3: Retain only F, from each C, partition.

Save F, partition locally.

Data Distribution

Example

Apriori 2

Minimum Support Count = 2

partitions:

TID

Transaction

300

12,5

400

3.4.6

Apriort 1

TID Transaction
100 138, 55¢
200 296

Itemset | Support

&2 |2

a6 |t

2, 6) 2

(5, 6) 2

patterns = {(1),(2),(3),(5),(6)

(2,6), (5,6);

Itemset

Support

(1,3)

2

3

0

B:5)

1

(1,3)}

patterns = {(1),(2),(3),(5),(6)

Apriori 3
TID Transaction
500 3.8
600 1856
700 2556
Itemset | Support
1, 5) 2
2, 5) 3
3, 6) 2

patterns = {(1),(2),(3),(5),(6)
(2,5), (3,0)}

T




Passk =3 Data Distribution Minimum Support Count = 2
Step 4: Exchange the disjoint F, partition Example
amongst each thread (we sort at this point). Apriori 2 Aptiori 3
Apriort 1
Itemset | Support Itemset | Support Itemset | Support
(1, 3) 2 1, 3) 2 1, 3) 2
£ (1,5) 2 1, 5) 2 (1,5) 2

2y s e @, 5) 3
(2,0) 2 2, 6) 2 2, 6) 2 .
(3,6) 2 (3, 6) 2 (3, 6) 2
(5, 6) 2 (5, 6) 2 (5, 6) 2




Pass k = 3 Data Distribution
Example

Minimum Support Count = 2

Step 1: Generate C; (frequent 3-itemsets), join & prune, and divide them
up in a round-robin fashion among the threads.

CZ= { (2>5>6>}

Apriort 1 Apriort 2 Apriort 3
< Itemset | Support Itemset | Support [temset Support
partitioned: (2,5.6) 5




Data Distribution

Example
Step 2: Each thread scans the local database of every other thread to get

Minimum Support Count = 2

Pass k=3

|
|
; TID Transaction TID Transaction !
TID Transaction |
300 1525 500 3,8 |
100 1,3,5,7
400 3,4,6 600 18556
200 20
700 2,5,6
. Apriori 1 -
Apriori 2 Apriori 3
C Itemset | Support
partitzionS' (205,60 2 Itemset | Support Itemset | Support

support counts for its C, partition.




Pass k = 3 Data Distribution Minimum Support Count = 2
Step 3: Retain only F, from each C, partition. Seatnple
Save F, partition locally. Aptiori 2 Aptiori 3 |
Apriori 1
; TID Transaction TID Transaction |
TID Transaction |
300 2.5 500 3,8
100 NI
400 3,4,6 600 TRERE
200 290
700 256
. Itemset | Support Itemset | Support e -
F, 5 GRANNID
partitions:
No change No change
patterns = {(1),(2),(3),(5).(6) patterns = {(1),(2),3),(5),(©) patterns = {(1),(2),(3),(5),(6)
(2,6), (5,0), (2,5,6)} e 2,5), (3,6)}

T



Parallel Apriori Algorithm 3:
Candidate Distribution

(Implementation in Progress)

* Pass k < m: Use either Count or Data distribution algorithm
* Pass k=m:
1. Partition I,_; among the N threads such that I, ; sets are “well balanced”.
2. Database is repattitioned among threads.
* Passk>m:
1. Threads proceed independently without synchronizing at the end of every pass.
2. Only dependence among threads is for pruning the local candidate set.

3. Threads don’t wait for the complete pruning information, but opportunistically starts counting the
candidates.




Testing

1. Test Sequential Apriori Implementation extensively

. 7. Use result obtained from the sequential Implementation to determine

accuracy of the Parallel implementations using the same data set for both




Sequential Tests

1. Vary the data set, number of transactions from the data set, average transaction length

2. Use random minimum support values
Use a combination from 1) and 2) to obtain a result A.

1. Scan the database-> 2. get all 1-itemsets, say n #’s -> 3. generate all combinations of n to
obtain all possible k-itemsets, 2<=k<=n -> 4. Scan database and retain only the frequent

itemsets, call this list B. ->5. Assert A==B (this checks:

* S Rhe stz ot NS

* All itemsets in A are contained in B and all itemsets in B are contained in A

* The support count of the same itemset contained in A and in B is the same.




Concurrent Tests

6
4.

Vary the data set, number of transactions from the data set, average transaction

length
Use random minimum support values

Number of threads

The partition proportion of the data set among the threads:

Use the result obtained from a combination on the 1,2,3,4 on a concurrent
implementation with the result obtained from the combination of 1 and 2 on the
sequential implementation




