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CC-PAID: A Cache-conscious
Parallel Sequential Pattern Mining Algorithm

YUKI MATSUBARA, ! JUN Mr1vazaki, !
MAKOTO Fusisawa,? TosHIYUkl AMANOT3
and HIRoKAZU KATO!

In this paper, we propose a technique to reduce the memory access latency
caused by cache misses in PAID algorithm. Since sequential pattern mining
algorithms generally require long time depending on the database size and the
minimum support value, many methods have been proposed such as new effi-
cient algorithms and their parallelization. The sequential pattern mining tends
to repeat database scans, which frequently cause cache misses. The frequent

cache misses cannot be ignored, when, in particular, a low minimum support
value is set. In PAID algorithm, cache misses happen in some data structures
which are accessed repeatedly. Therefore, we propose a method to improve the
data structures and their access patterns so that temporal locality of reference
increases, which leads to more cache hits. In addition, we also parallelize our
method to reduce further execution time. We evaluate the efficiency of our
method through some experiments.
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TID sequence data
SID 1 2 3 4 5 6 .

T A c 2 c A > length | Sequential pattern : Support
P A D B A c 1 A:5, B:5, C:5, D:4

3 B A A D C 2 A->A:5, A->B:4, A->Ci4,

2 c c D A B B>A:5, CHA4

5 C A c A B A 3 A->B->A:4

01 000ooooooo
Fig.1 Sequence database.

02 0000000004 00000000000
Fig.2 Sequential patterns where minimum
support is 4.
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PAID Algorithm
Input : A sequence database, minimum support
Output : All sequential patterns

Main
1. POS-DB, ILP-DB, FL_s, sup_list < Scan_SDB()
2. For each item fi in FL_s

2.1 Call Gen_(k+1)-patterns(fi, 0, sup_list)

Function Gen_(k+1)-patterns (k—sp, (k-1)-pbp_set, (k-1)-sup_list)
3. For each sequence sd
3.1 k—pbp < find_k_pbp((k—1)-pbp)
3.2 S < find_S_pos((k—1)-pbp)
3.3 E < find_E_pos((k)-pbp)
3.4 while(S! = Null && S < E)
3.4.1 k—sup_list[S.ItemID]—; //k-sup_list is a copy of (k-1)-sup_list.
3.4.2 S++;
4. Fls < get_freq_item(k—sup_list)
5. For each item fi in FLs
5.1 (k+1)-sp < extend_k-sp(f1, k-sp)
5.2 Call Gen_(k+1)-patterns((k+1)-sp, k—pbp_set, k=sup_list)

03 PAIDODOOODOOOOODODO
Fig.3 PAID algorithm pseudo code.
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SID Item Last Position List

SID |ltem ID| Transaction ID (Transaction ID, Item ID)
1 A 1,5 1 (3,B), ,(4,C), (5A), (6D)

: r 4
p 2 (2,0), (3,B), (4A), (50
3 (1,B), (4,D), (5C), (6A)
2 , 4
4 (2,¢), (3,D), (58B) (6A)
5 (3,6, (58), (6A)

05 OD0000O000O000O0O00ODO00ODO
Fig.5 Item last position table.

w
()}

A
ltemID |A|B|C|D
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ltemID |[A[B|C|D
Support (40| 2|1

06 OD0O0OODODOOAOA-BOOO ILPDBOOO
ooooooo
Fig.6 Sequential pattern A and A - B’s projected
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Fig.4 Position list of DB. ILP-DB, and their item’s support values.

O00A-BOOOOODOO CPUOOOOOOOOOOOOOOOOOOOOOOOOO
0000000000000 0o0o00 A-AQ0O0D0OOODO CPUDOOOOOO SID 40
50 ILP-list 00 0000000000000 000000O0 A-BOOOOOOO SID
102030000000000000000000ODC0O0O0O000OO0 10000000000
0000000000oo0oo SIbooo0oO0ooooooooooooosSIbOoO00n
goboooobooboooobooooooooboOoooooooooooooooOoooo

000000000 000000 Vol.4 No.2 88100 (July 2011)

\ /
// B1— A
A BT—A
el \ \
2 \C c B ¢
c B = \
— v C
v A
c D\
A
D
07 PAIDOOOODOOOC 0 10 CC-PAID 000000000

Fig.7 Access pattern of PAID. Fig. 10 Access pattern of CC-PAID.
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Fig.9 Cache utilization of ILP-list.

08 ILP-list000000DO0O
Fig.8 Cache miss of ILP-list.
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CC-PAID Algorithm
Input : A sequence database, minimum support
Output : All sequential patterns

Main
do parallel {
1. POS-DB, ILP-DB, Fl_s, sup_list <= Scan_SDB()

2. Call Gen_(k+1)-patterns(Fl_s, 0, sup_list)

Function Gen_multi—(k+1)-patterns (multi-k-sp, (k—1)-pbp_set, (k—=1)-sup_list)
3. For each sequence sd do parallel{
3.1 For each k—sp in multi-k—sp
3.1.1 multi~k-pbp — find_multi-k—pbp((k—1)-pbp)
3.2 S « find_S_pos((k-1)-pbp)
3.3 For each k—pbp in multi-k—pbp
3.3.1 E < find_E_pos((k)-pbp)
3.3.2 while(S! = Null & S < E)
3.3.2.1 (k—sp)’'s k—sup_list[S.ItemID]——; //(k-sp)'s k—sup_list is a copy of (k—1)-sup_list.
3.3.2.2 S++;
}
4. For each k—sp in multi—-k—-sp
4.1 FlLs < get freq_item((k—sp)’'s k—sup_list)
4.2 multi-(k+1)-sp < extend_k—sp(Fl_s, k-sp)
4.3 k—pbp_set < get_k—pbp_set(multi-k—pbp_set)
4.4 Call Gen_(k+1)-patterns(multi—(k+1)-sp, k—pbp_set, (k-sp)’'s k-sup_list)

011 CC-PAIDO0O0OOO0ODOOOOOOO
Fig.11 CC-PAID algorithm pseudo code.
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0 12 Common-Prefix-At-A-Time 000 ILP-list 000
Fig. 12 Processing of ILP-list that applies Common-Prefix-At-A-Time.
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4.2 CC-PAIDOOCOO
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01 0000 02 000000 Dy,000O000
Table 1 Experimental enviroment. Table 2 Parameters of data set Dy.
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