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A Study on Fast Sequential Pattern
Mining Algorithms*

Yuki Matsubara

Abstract

In this dissertation, we focused mainly on improving the CPU cache utiliza-
tion of an existing sequential pattern mining algorithm, called PAID. We have
proposed two new algorithms: CC-PAID, which improves the temporal local-
ity of PAID, and CCDR-PAID, which is designed as a data access optimization
method to reduce CPU cache misses and the number of executed instructions of
CC-PAID.

In CC-PAID, a common-prefix-at-a-time method is introduced to be applied
to PAID, so as to process the data of multiple sequential patterns fetched in the
CPU cache at once. On the other hand, CCDR-PAID reconstructs a particular
data structure and uses it to reduce the CPU cache misses and the number of
instructions executed, by avoiding nonessential data accesses.

We measured not only the processing time of PAID, CC-PAID and CCDR-
PAID to validate our proposed algorithms, but also the effects when they are
executed in parallel. As a result, the processing time of CC-PAID was reduced
up to 55% to PAID, and CCDR-PAID was shortened up to 22% to CC-PAID.
Furthermore, when the number of threads was changed from one to six, PAID,
CC-PAID and CCDR-PAID could run more than four times faster.

*Doctoral Dissertation, Department of Information Processing, Graduate School of Infor-
mation Science, Nara Institute of Science and Technology, NAIST-IS-DD0961021, February 2,
2012.
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list-DBO O 2600 270000

godooooooooouoooo 250000

O00kpbp0 0000000000 OOOOOOOOKOOOOOOODOOO
000 position list DO OOOOk—1-pbp0 0000 TIDODOODOOO kK —1-
phpO0 000 AODODOOOOODOODOOOOOODO K—-1000000000
O00000000oooooo (TIb)oooom

0o0oooono kEphpld000000O0OOOOOODODODODOOOILP-list OO
O0000k—1-pbp0 k-pbpO0 0000 TIDOOOOOODOODOOOOOOOO
OO0DILP-list0000000000000O00 Sg_q-position] E-positiond 0 00O
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Item Last Position List
(Transaction ID, Item ID)

(3,B), (4,C), (5A), (6,D)

(2,D), (3,B), (4,A), (50

(1,B), (4,D), (5¢C), (6,A)

(2,C), (3,D), (5B), (6,A)

(3,C), (5,B), (6,A)

SID jitem ID | Transaction ID
1 A 1,5

B 3

C 2,4

P |° SID
2 A 1, 4

B 3

C 5 1

D 2

2

3 A 2,36

B 1 3

C 5

D 4 4
4 A 4, 6

B 5 5

C 1, 2

D 3
5 A 2,4, 6

B 5

C 1,3 u

D

0 2.6 position list 00 0O0OOO

0 2.7 item last position list 0 0O O O O

00000 Sk -position 00 Eg-position 0D OO0O0O0O00O00OO0OOODOOO
OooboooboooooooobbooboboooooboobooooDOog k-1
Ooboooobooboobooooboobooobooobog kbOOobboobDobO
OoOooboooobooboobbooboobbooulIlp-istbonoogon
010000000000000000000D0 00 Sk_1-positiond Fi-position [

gbbbooodgbobboooobbodan

000000000000000 k00000000000 ILP-DB (k-projILPDB)
OO00000D000000000 ksuplistDOO0D0O00OD0OOOOE-suplist 00O
OO0 k+1000000000000000 k-1-suplist00O00O0ooonon
OoobooboobboobooobobooobobooobobooobobnoO kO
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BRI/ N2—2 XY

I Item last position list I

4 4

\ I ]
Ser- Ei- |
position position k-1-projILP-list
BRI/ F—2 X>Y->2

I Item last position list I

4

| J
Ses Y
position  k-1-projILP-list

0 2.8 Si_1-position 0 Ej-position

0000000000 ILP-DB (k-projILPDB) 00 0000000000000
E-sup list 00D 0000000 DO0ODOOO0ODO0OOOODO RODODOODOODOO
0000000 k+10000000000000D0dEk-projILPDB O OILP-DB
0000 Eg-position000000000k-suplist00000000O000O0OO
O000O00OoOoOgoiLP-list 0000 Eg-position 000000 k-projILP-list

gooo

O0OUOILP-list 0000 TIDODOODODOODODODODOODOOOO0OODO Eg-position
O00000k+1000000000000000 Sg_q-positiond 00O OO
O000000000 Eg-positiond k£ —1-projILP-list DO OOOOODOOO
O0000bD0ob00oboooonoon k—-1-projlLP-list D00 OO0OOOODOOOO
oooob2800000000 X—=YUUOUOOOoooo X—=-=Y—=-z000O
O000O0 ILP-list 0000 Si_1-positiond Ej-position [0 k& — 1-projILP-list O

god

3.3 PAIDOOOODOOO

PAIDOODOODODOOOOODOODODODOOOODOO
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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. Fl.s < get_freq_item(k—sup_list)
5. For each item fi in Fl_s
5.1 (k+1)-sp < extend_k—sp(fi, k—sp)
5.2 Call Gen_(k+1)—patterns((k+1)—sp, k—pbp_set, k—sup_list)

029 PAIDODOOOOOODOOOODO

goooo
PAIDOOOOOOOOOOOO (02900000 [W8OOODOOOOOOO
obgz290000000000000000DO0O00DOO

e Step 1
00000000000000000 position list-DB (POS-DB)OILP-DBO
OO00000000oooooog (Fls)oIlb-DBOOOOOODOOOO
(suplist) 00000000000

e Step 200 2.1
0000000000000 00000 k00000000 0k-pbpO SID
000000000 (k-pbpset)Osuplist 000000000 k+1000
gobgooouooooood

e Step 3
00000000 Step 3.103.4.20000

e Step 3.1
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00 k00000000 (ksp) 0000000000 position list 000 0
O000k—1-pbp00000 TIDOO OO k-pbp0 00O

Step 3.20 3.3
TLP-list 0 0 k—1-pbpOk-pbp 000000000000 00 OS,_4-position
(S)0 Ey-position (E)0O0 0O

Step 3.400 3.4.2
Sy_1-position (S) 0 0 Ej-position (E)0000000000000000
000 k-suplist OO0 O0OOO

Step 4
ksuplist 0000000000000 O00O0O0O0O0O0O0O

Step 5
O0000000D0D00000D0 Step 5.105.20000

Step 5.1
00000000000 00000 kO000000000000000 k+1
gooooooooood

Step 5.2
O000 k+100000000000000DO00O0

00000000 PAIDODOODODOODOODOOOODOODOOODODO
0000000 (180 PAIDODOOCOOOOOOOODOODODO kpbpOODOO
0000000000000 00D0 290 Step 3000 POS-DBOOODOODO
kE-pbpset 000000000 OOOOOO k-pbpsetd0 k-pbpO0 00000
OD0O00000000oOooDOOo PAIDODOODODOODODOODODOODOO 29
O00000000000 kpbp000000O0O0ODOOODOO

O00Ok—1-pbp0 NULLODOODODODOODOODOODO k—10000000O
00000000 00DbO00O0000bO0bO00obOoDOoOobOoDOobObOOoDD
OD0000000D000D0 Step 3.103420000000000000000ODO
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position list

s YKE .
BER A/ 2—> TID lct'_' SID JltemID | Transaction ID
TIDZERT

A>B—

T~

k-1-pbp={(1,1)} k-pbp={(1,3)} —

A

-

1 5
\93:{ !
L—1 ¢ 4

D

“)

o|n

O 210 PAIDOODOOCOODOOO kpbpO OO

gododgouoobbobobbodooouoobobbbboooooooobooobn
goo

3.4 PAIDOUOUOOOOOODOOO

021000000000000000000CO (0DDO)D400000DD0O 2
00000000 A-BOOOD 300000000000 0DODOODOOOODODO

0000 2.60 position list-DB 0O SID 10 ItemID B 0O position list 0 O O O
00000 AO prefix border position ((k— 1)-pbp) 00000000 ODOO
A — BO pbp (kpbp) 000DDDD0OD0O0O0ODOD ADA — BO php
O k- 1-pbp = {(1,1)}0k-pbp = {(1,3)} 000 (0210000000000
pbpO SIDO TIDOOOOOO

000 (k—1)-pbp = {(1,1)}0kpbp = {(1,3)} 000000 2.70 ILP-DB
OSID 10 ILP-list 00000 TIDOOOOOOOOOO Sk_i-positiond Ey-
position0 00000 (0 211)00000 2110 SIDOC00O0O0OOOOOO0O(O
01000000000000000 (TID), Item ID) 00000000000
O0000SID10ILP-List000000000 A—-BOOOOOOOOOO
000 (00000000)0BO0OOD0O0D0O0 (O 2.11)0 A-sup_list (00
00000 AOsuplist) 000000 A — Bsuplist (0000000 A —
BOsuplist) 000000 0O0O0OO BOOOODODODODODODODOODOOOOOODOO
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ILP-list
SID Item Last Position (TID, Item ID)

1 ﬂ .(iﬁ).l *(41(:)' (5,A), (6,D)

Sk1- / Ex-

position position
k-1-pbp={(1,1)} k-pbp={(1,3)}

FHBLET AT LB

0211 PAIDOOODODOOOOILP-listDO0000000O0DODOOOO0O0O0

SIDOOO0O0OD0O0O0O0O0O0O0O0A - BsuplistOOO0O0OOOOO (O 2.12)0

o0o00ob0ob400000000D00DO0ADODODOODODOOODOD
000 A—-BOOOOOOOOO30000000D0 A—-B—-AOD0OOO
gooo
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A-sup_list I

Item ID A

Supportvalue 5 4

R EBE 4L S WIG Copy

Item ID A C

Supportvalue 5 4

sID1 & TRs [Aorsuist]

EEEEREEN

ltem ID C

D

Supportvalue

SID5 ¥R T HF [ A>B-sup_list I

ltem ID

B
4
¥
B
3 4
v
B C
0 2

€> «~|v|>

Supportvalue

3

\
D
1

B/INXBFEEZELITTATLA

0 212 DO0O00dOooOoOodo
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30 oo

0000000000000 00DO000Db00DbO0OD Apriori00D0O0ODO0O
000000000000 AprioriAllD SPADED Prefixspan FSPMO LAPIN O
OO0000oooooobooouoooooobobo cepiogobooooooon
0000000000 00Ooo0

Apriori0 00000000000 ODOODOODOOODOODOODOOODOODOO
OD000000Apriori000000O0DOO0OO0OODOODODOOOOODOOOO
AprioriAllD 0000000 0OSPADECOOODDOOOOOI/O0DO0O0O0DOOOO
OO000000bO0O0O000O00bOo0oO0obO0ooo0oboOoDOobbOOoDOoDO
O00000000000000000000D00A0O Prefixspan 0 O AprioriAll O
000000000000 0000000000O00D00DO000O0DO0o00OO
000000000000 0000000000O000O0bOoO0oD0oooOoon
O0D000D000FSPMOOODOODOOO0OOOOOODOOOOPrefixspanO 00O
OO00O00b0o00O0b0o0obO0oboo0ooO0boo0booOOooD0obODbDOoDOoDO
000000000000 000DO0000DO00O00DO000bODbOOoDOoOO
CCDR-PAIDOOO00ODOOOOOOLAPINDOOOODO CPUODOOOOOOO
OO000D000D0000000000 PAIDODDODODOO item-last-position list
0000000000000 000000O0O00bO0bOOo cpuOOOOOOO
0000000000000 0DO0O00O0DO0obOO00ooD0oobDOobDOobOooDO
O00000 CC-PAIDODODOODODOODOO
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1. Apriori

Agrawal 00000000000 X=YOOOOOOOODODOOODOOOO
000 Apriori0 000000000000 2|0AprioriD0000O0OOOOO
000000000000 DO0DOO00bO0bOO0ODOO00bOO0ODOO0o0DbOoDOo0oOn
OO0O0000000b00b0o0oboobOonDn largeitemset OO0 OOOO0O

000000000 k—-100000000000D00O00DO0A0 large itemset
000000000000 (ein)DODOODOOD0OKODOOOOOODOODO
O0D0O00D00000D0O0 large itemset 000 000D OOO0OOODOOO
candidate itemset U O 0 0O 0O OO OO candidate itemset D O OO0 O0O0OO0OOO
0000000000000 0O0DO00000Db0ODbO0ODO0aO large itemset O
0000000000 candidate itemset O large itemset 0 000 0000000
0000000 candidate itemset U D 0D 0000000 0OOOOOOOOOO
OO0O000D0000 large itemset 000000

000X =YOOOUOOOOOOOOOOOO (confidence) 0000000 X
0000000000 X=YOUOOOooouooo pooooooooooo
oodobooooboboboobooooboboooboobOobDUoobobnoo
Oo0ogd

0000000000 (00)020000310000000000000
O000000000000000000000000000O00bOODOd large
itemset LIDOOOLIOODODOOODOODOODO O candidate itemset C20 0 0O
Oo00Cc200000000000DO0DODOODO0OODOODODODODOD
O0000000D00D00 largeitemset L20000000000O00O0OL2000
00000000000 0oooooo{1,2310{1,34}0{234} 000000
00{1,23}000000 {1,2}0{1,34}000000 {1,4}0{1,23; 00000
0{24}0 1200000000000 candidate itemset 0 D 000000
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FT—AR—Z 11

TID Iltems Itemset Support value
1 11,23 {1} 2
2 1,3,4,5 2 2
1~ {3} 3

3 2,3,4 {4} 2

Cc2 t:z
Itemset Support value L2

(1,2} 1 Itemset | Support value
{1,3} 2 {1,3} 2
{1,4} 1 {2,3} 2
{2,3} 2 {3,4} 2
{2,4} 1
{3,4} 2

0 3.1 Apriori0 0000

large 1 sequence candidate sequence

Large Itemset | Mapped Candidate sequence
{1} 1 <1,2>
{2} 2 E> <1,3>
{1, 2} 3 <2,1>
<2,3>
<3,1>
<3,2>

0 3.2 AprioriAll0 00 00 OO large sequence 0 candidate sequence O [
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2. AprioriAll

Agrawal 00000000 DOO0OO0OO0OODOOOOO0O AprioriAllO OO0
000 B00000000000000000000 Apriori0000O0O0O0O
dodoooooooodoooooooooboodooooooooooon
00000 large itemset(0 O 10 large sequence) 0000000000000
0000000000000 000D0000000000 DO large sequence O O
0 00 000 candidate sequence (large sequence 000 )0 000000000
O00000000000000D000D0O0 large sequenceDO0OO0OOOO

goooooooooooooooooouooooooooooogo
large sequence [J candidate sequence 1 0 3.20 00000 10 large sequence [J
large itemset {1}, {2}, {1,2) 000000000000 1,2, 30000000
000000000000 00000000 candidate sequence 0 0O OO00O0O0
Jooooooooooooooooooooooooooooooooon
(1,2),(2,1) 0000000 0OAprioriAll0 0000 00O large sequence 0000 O
dobooooooooooboooouoooooooboooon

O00AprioriAll0 00000000 OOOOODOOODOOODOOODOODOO
00000000000 GSPOOOOODO (15| 00000Srikant 000000
ooog

3. Cache-conscious frequent pattern mining on a

modern processor

gogbbboogobboooobbuoooobobuoobooobobobuooon
O000000D0O0000D0GhetingOODOOODOODOOODOODOODODOO
FP-growth 100 0000000000 FP-treeJOODOOODOOOODOODOO
gbobodgbbuooobboobbuooboobboobbuoooboboon
godboboboboogbobobobuoooobouboobobobobn
[0 Cache-conscious prefix-tree 0 0 0 0 O [8]0 O O O Cache-conscious prefix-tree
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O 3.3 Cache-conscious prefix-tree 0 Tile O O

O0CPUODODODODODOOOODOODOOOO (Tile)DOODODOODOOODOODOOO
0000000 cCpUDOOODODOOOOO0OO0OO0OOOOOOOOOOOOOOOO
Joooooooooooooogoooboogoooooooooooon
dooooooo480dooooonooooooon

0 3.3 0 Cache-conscious prefix-tree 0 Tile OO O O0O000O0O0O0OO0DOO0O
goboooouoooooobooouooouoog

O00FP-growthOOFP-tree0 0000000 0OOODOODOOOOOOOO
000000 0000doobooooddddd HanOOOOOoooooooag
000 [10]0FP-tree0 00 0000000000000 OOOOOOO0O0O0O
0000000000000 000O0O000DDO000oDoDoO0ooooDoDODOd
gobooouooooobooooooooboooooooooon
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A->B->A

T T

A->A A->B A->C C-A B2>A

O 3.4 SPADEOOODODOO lattice O O

4. SPADE

ZakiODOOUOOOoOOoOooOOooooooooooooobooooooooooDo
OSIDOOOTIDOODODO d-listDDO00O00o00ooooonbooooon
O0000000000ooooooooooooooI/ooooooooog
00000000000000000000000000OO0000 SPADE [21]
OO0O000000d-list0 00O SIb00boo0oooooooooooooo
OTIDOODODOOOO0OO00O00O000Wd-listb00ooooooboooog

0000000000000 0000000 (lattice)D0000O00OOO0O
gboobogbbooobbobboobbooobboobbuoooboboon
gbobogbobogdbbuogoboogbbooboobbuooobooon
goobboooobobboooobboboooobobod

2020000000000 lattiee0ODOOOO0ODOO A-B—-ADOOOODO
ODO0O00000000 A—-A0A—-BOOOOOOOD 3400350000

5. Prefixspan

Pei OO0 AprioriAll0 GSPODOOOUOOOOOOODOOODOOOOOODO
gbobogbbooodgbooobooobbuobobooobbuooboboogon
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join

< >
A A> AB> A—B—A

ID EID
SID | TID SID | EID E> S

1
2
4
5

(o2 e >IN I N @) |

albhIN]-=
a|jlo|w]|w

ajla|lbh|j]w]|lW|N]|=-
DO WA ]|O

0 35 SPADE0DODOOOOD d-list0D0O00O0

OO0 r000000000D00OD0 k+1000000DO0ODOODDOODOO
gboodbbuooobboobboodbbuooboboobbuoobbooob
000000 Prefixspan [12]0000000000000O0O0O0OOOOOOO
OO0 c000000O00D0O0OO0ODO0ODOODOOODOOOODOODODO
gbooobbuogobooobbooobbuabobooobbuooboboogn
O(0000000D000000O0DOO0O0OD0O0E+100D00D0O0O0O0OO
gboobdobgoboboboboboobooboboobobboobuobon
gbboodgbbuooobboobbuooobooobbobbuooobooab
gbobogbboodbbobbobobboobbooobbuoobbooon
gbooboooobboboooobon

oob0O020 2000000000000 00DO0 A—-BODOOODOOD
oobogbg3eboon v "obuobuoboboboboboboboboob
gbbbooodgbobboooobbobodao

6. FSPM

Wang 000D UOO0O0O0O0OO0O0ODOOOOO0DOOOO0OO0ODOO0OO0ODO0
000000 FSPMOOOOOO (160000000000
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TID sequence data

3 4

O

[N
|-

I
(@]

@ |lwm|lolo]l>]wv

€
>|>|»

C
A
D
A
A

w
w

>0l |lO|lO]N
>

036 DODO0O0O0O0 A—-BOOOODODOOODODODOO

TID sequence data

SID 1 2 3 4

1 D A C B

2 C B D A

3 B A C

O 37 FSPMOOOOODOOOODOOOOOOO

PrefixSpan OO0 OO0 000000 ODOOODOOOO0OOOOOOODOOODO
gbobodgbbogobbooboobbooobboobbuooobboon
OoooooO0ooboobooboboboooobobooboooobooooboo0nD k+1
gbbogboboodbbuooobobuooobbuooboboboobbooob
gbobodgbbuooobbooboobbuooobboobbuoooboboon
gbobogbbogodgbbooobbooobbooobooobbooon
gbogobobobobbobooboobuogbuooboobogbouooboon
gbooboooboodbbuoooooobooobooobbuooboboboon
gbbogbbooobbuoobbbol1gbboodobboodobbooob
gbobobuoooobboooobbboooob

00000 (00)0 20000 370000000000D0OOO00OOOOO
OO00D000D0 AODOO0ODOUOoOoObO0obDooboobooo3gbooDOon
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Level 1 ° o
Level 2 e °

0 3.8 FSPMOODOOOOODOOD AODODODOODODODOO

0000000000000 00000000 ADDDOOOOoOooDooOo (SID1
<DA>, SID 2 <CBDA>, SID 3 <BA>) 00000000000 O00O0O0O00O
OO00000bOoO00b0bO00 A,DO00DODOODOO00ODOO10DODO0O0ODOO
O (Level ) 000 00000O00ODO AUDODDOODOOOOOOOOOD AODOO
0000000000000 00O0O0O000DooOoD00 AoOoooo (SID1
<CB>,SID3<C>0000000000000ODOOOOOO0OOODOO A
—COO0O00O00O0O0DOO0bOO0OD boobooooooOobDOobbD ADO
O00000000000DOOOD AOOOOO (SID 1 <DA>, SID 2 <DA>)
ODooooooooooooooooobbooboobobooobD b—=-AQ0O0O0OO0DOO
gbboolgbbuoggbbooobbooobbodobboooobbooon
ODOO000 AOODOOOO

7. LAPIN

Yang 00000 E+1000000000 k+1000000000O000O00O0
gbobodboobbugobboobbuooobboobbuoooboboon
000000000000 LAPIN (1900000000

LAPINOODOO (000000 DOODODODOODOOODODODObOOO
oooodoboboo0ol1goobobooobobooobboobobboo TIDbOO
bit vector 0 0 0 0O ITEM.IS EXIST TABLEO OO UOOOO (00000000
OTIDODOODOO bitvecter 1000 LAPINLCIODOO 1000000000
OO0D0O0000D0 item-last-position list D OO OO0 AO0DO0OOOCODOODOO
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0000000000000 D0O LAPINSuffixODOO0DOO0OO0OO0O0O0OO0O0OO000OO
goo

item-last-position list 0 0 0 0 O 0 LAPIN Suffix0 PAIDODOOOOOODODO
OOOO0OO0OOOLAPINOD PAIDODOOOODOOOO KOODODODOOOO
gboboodbbogbobooobooobboobbooobooobboan
gbooboooooo
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40 Ooo0odbobobotbdud
Jooood CC-PAID

1. OO

O00O0PAIDOOOOOOOCPUDOOOOONONOOOOOOOOOOOO
00000000 CC-PAIDOOOOOOONONOOOOD [27]0
00000000000000000000000000000000000
000000000000000000000000000000000000
000000000 R0000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
Doooooo
00000000000000000000000000000000000
000000000000000000000000000000000000
0000000000000000000000CPUOOOOOOONOOOOO
000000000000000000000000000000000000
000000000000000000000000000000000000
00000000 LRU (Least Recently Used) [7]0 0000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000
0410000000000000000000000000000000
000000000000000000000000000000000000
0000000000000SID1000000000CPUOOOOOOOOO
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RS/ F—> KR T—HR—X

CPU cache SDEI
-E,,—v SID 1000 <:| SID1 .
="“cache miss - .

| SID 2,3,...,1000 | .

‘
’

’
4

//" cache miss v SID 1000
’ access

041 O0OO00OOO0obOOo0obOOoobooboboobooon

OOobooboooooooobooboooboooogoo sIbobooooooon
OoSIbl1goobooooobooobooboooboobooooboooooDo
OoSIbi0ooboO0bOOoo0ooooobooboobOoboooooobOoboobn
OO000DOO0bOOoPAIDODODOODOODOODOKOODOODODODODOOO
Oobobobobobek—-10000000000000O00OO00ODODOOO
00000000000000000000000000O00 (20330)000
gboobuoooobbobuoooobbobuoooobo
OooOoPAIDOOOODOOOCPUDOOODODOOODOODOODOOOOD
OoOoooooocpUODOO0O0OOODODOOOODbDDOOOOnO Common-Prefix-
At-A-Time00000000DO00ODOODOOODOODOODODODO

2. PAIDO0O0O0OOOOOOODOODOOOO

OO0O0OoPAIDODODOODODOOOODOODOODOO ILP-listD CPUODO
gboboboooobbboooboobobbuooobboboooobbbooon
Dboobooboobod

[LP-list D00 0000000000000 0000000oooooonDg
OO000000O00DOO00DO0O0ODOOPAIDOOOOD kK+100000DDOO
oodbobooobobooobooobuoboobobuoo kboobOobLOon

32



ASADMIBIR T BFDIKRE

CPU Cache
SID:4 ILP-list
SID:5 ILP-list

Fetch ﬁ

SID:2 ILP-list
SID:3 ILP-list

<TINN>

042 PAIDODOOD ILP-listOO0D0O0OOCOODO

00000000000000 10000 0000000000000 (20
3.10)000000000000000000000ILP-list000000000
gbobooboooobobooogoboon

PAIDOOUOODOOODOOODOILP-listODO0O0O0O0O00ODODO0O0ODOOODO
gooboooon.

ILP-list D0 O0oogdn
[LP-list 0 0000000000000 0000000O0O (04200420002
ODO0000D00O0 A—-AQJ0D0OOOO0CpPUOOODODOOOODOOOOOO
OOo00O0o0bOOoO0OOo00oO0o0oDOoo0oDoUoDoOoDoUODD A=A
OO00oOobDOobDcpUuOOOOoOoOSID4050 ILP-listD00D00ODOODOO0OO
OO00O00ooooboonD A—-BOOOOOOOSID 1020300000000
gooobooboboodooooooboboooobbog
goboobooooobooobooboooo sIbooboooooooobogn
OOobooooooogooSIbboobooobogoboooceubooooooonDoO
gbobogbobooobuoooboobbooobbuoooboobbooon
OO0o0O0ooooooooboboo SIbObobooooOoILP-list00oonn
gbobbooobbboooobobuoooobooobboooobbbooon
gooo
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ILP-list 00 0O 00O
0430000 ILP-list0 00000000000 0O0O0O0 4300020 340
00000000 300000000 A—-B—-AD0DOOOODOZ200000
000 A-CO0OD0O0O0DOOO0DOOO0DOOO0DOOO0ODO A—-BODODOODOOO
2.6 0 position list 00000000 SID30k—1-pbp(0000OCCOO A —
BOTID)OOODOOOOOOOOOUODODODODODODODODODOOOOOSID 30
ILP-list 000 0000000000000 0O00O0DOO0O0 A—-BOODODO
O00SID 30 ILP-list0 CPUDOODOODODODOODODOOOODOOODOO A
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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_multi—(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 8& 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++;
1
4. For each k—sp in multi—k—sp
4.1 Fls < 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_multi—(k+1)-patterns(multi—(k+1)-sp, k—pbp_set, (k—=sp)’'s k=sup_list)

047 CC-PAIDODOOOOOOODOOOO

000000000000 00DO 4800 4900 2.60 SID 10 position list O
0 270 SID 10 ILP-list O common prefix ADDODODODOODOODOOO

1. (0D 47) Stepl. DODODOODO PAIDOODOOODOOOOO

2. (0 4.7) Step 2. 000 Gen-multi-(k+1)-patterns 0 0 O O O O CC-PAID
O00000000000000o0oooooooooDooO (oo 1ooooo
Oo00)0ooo

3. (0 4.7)Step 3. 00D ODOOOOOODO Step 3322000000000
0od

4. (0 4.7) Step 3.10 3.1.1 multi-k-sp 000000 AODO0ODOOOOODOOOO
00000 xkO000000O0O0O0DO0O kOO0O0O0ODODODODO kOOO0O0O
000000 kpbpOO0O (ItemID, TID) O O 0O O multi-k-pbp 00 0 0 O
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ILP-list
SID | Item Last Position (TID, Item ID)

-1 :
K-1pbp:3 X <3,8>, 1<4,C>, <5A>, <6,0>
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B |3

Multi-k-pbp = {(A,NULL), (B,NULL), (D, NULL} N ¢ [2, 4
> b s

Multi-k-pbp = {(A, 5), (B,NULL), (D, 6)}
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CCDR-PAID Algorithm
Input : A sequence database, minimum support
Output : All sequential patterns

Main

do parallel {

1. POS-DB, ILP-DB, FLs, sup_list < Scan_SDB()

2. Call Gen_multi—(k+1)-patterns(FLs, 0, sup_list, ILP-DB)
}

Function Gen_multi—(k+1)-patterns (multi—k—sp, (k—1)-pbp_set, (k—1)-sup_list, ILP-DB)
3. For each sequence sd do parallel {
3.1. reconstructed_ILP-list < reconstruct_ILPlist(multi-k—sp, ILP-list)
3.2. For each item in reconstructed_ILP-list
3.2.1. multi—k—pbp <« find_multi-k—pbp(k—1-pbp)
3.3. For each k—pbp in multi-k—pbp
3.3.1. S=0
3.3.2. E < find_E_pos((k)—pbp, reconstructed_ILP-list)
3.3.3. while(S<E)
3.3.3.1. (k—sp)'s k—sup_list[S.ItemID]-—; //(k—sp)’s k—sup_list is a copy of (k—1)-sup_list.
3.3.3.2. S++;
}
4. For each k—sp in multi—k—sp
4.1 FLs < 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_multi—(k+1)—-patterns(multi—(k+1)-sp, k—pbp_set, (k-sp)’s k—sup_list, reconstructed ILP-DB)

O 5.10 CCDR-PAIDODOOOODO
6. Step 3.3. OO0 k-pbp0 D0 3.3.103.332000000000

7. Step 3.3.1 Sp_1-position 0 0 OO OO0 ILP-list D0 O0OOO0O
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OO0oO0oooooon

8. 33203332 000000 ILP-listD0000O0OOOODODODODOOOOO
9. 4.043. CC-PAIDODOOODODOO

10. 44 000 Genmulti-(k + 1)-patterns 000000000000 ILP-list
gbobooodgbbbooaoobo
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