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O ABSTRACT 0O

The frequent pattern mining methods play very important role to generate association rules
from massive data stream such as include customer click streams, network monitoring
data, etc. The continuous, unbounded and high-speed characteristics of massive data
stream are a huge challenge for the current frequent pattern mining approach. The
complexities related to finding frequent itemset for mining association rules from a
massive data stream in this work can be minimized by using modified FP-growth
algorithm and parallelizing the mining task with MapReduce technique in Hadoop
framework, improves performance by using balanced load technique, which exploits
correlations among transactions. In this paper, we introduce (Balanced Parallel Graph
Frequent Pattern BPGFP-growth), a modified FP-growth with one-pass scan based on
directed graph, Hadoop framework, partitioning and balancing load strategy in order to
reduce the execution time for the massive dynamic database and the volume of data
exchanged between computational nodes (computers). The algorithm was tested, our
experimental results demonstrated that the proposed algorithm could scale well and
efficiently process large dynamic datasets. In addition, it achieves improvement in memory
consumption to store frequent patterns and time complexity.
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Graph, Massive Data Stream, MapReduce, Hadoop, Partitioning data.
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Algorithm1: Procedure of Construct FP-Graph.
Input: Stream dataset SD and initial frequent item header table H-table.
Output: FP-Graph, sorted H-table .
1. Transld = 0.// Initialize a Transld.
2. For each transaction T € SD do.
2.1 ParentNodePointer = null. // Initialize a Pointer.
2.2 transld++.
2.3 Sort transactions according to a predefined order.
2.4 For each item i € T do.
2.4.1 Update H-Table.// increase the item's support count by one.
2.4.2 ltemRetrievalPointer = scan H-Table and get the graph pointer.
2.4.3 If ItemRetrievalPointer '= null then //Get the graph pointer from
scanning H-Table.
2.4.4 return ItemRetrievalPointer.
Else
2.4.5 Construct new FP-Graph node.
2.4.6 Insert the ItemRetrievalPointer address into H-Table.
/lIf the ItemRetrievalPointer != null, the next step is modifying
ParentNodePointer and Transld for tagging pattern path with Transld.
2.5 If Parent-list '= null then // Item node has parent.
2.5.1 ParentNodePointer=Add Prefix Item Parent Node.
Else
2.5.2 Construct new Parent-list and then Add Prefix Item Parent Node in it.
2.6 Add this Transld to Transld-list.
3. Sort H-Table in frequency-descending order.
4. Return FP-Graph, sorted H-Table.
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Algorithm2: Procedure of Restructuring FP-Graph.
Input: FP-Graph and sorted header table H-table.
Output: Restructured FP-Graph.

1. For each path P; in FP-Graph do

1.1 If P; is not sorted then

1.2 Extract and sort P; according to sorted H-table.
1.3 Reinsert P; into FP-Graph.

2. return Restructured FP-Graph.
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Al ey (AUl A8 38l e 1.3.1 Sa 1.1 (e clghadll)dih 3l # 3Ll ad il ParentNodePointer
min— Lall acall dge 3y Ally CP Caday ALl dal e L acall dad Glua 2y CP Ayl 73l
bl 5) Kl paliall Gilegene e Bl o g8t Al 3) Siall & 3ladll Cile gana alag) ooy Sl .SUP

.Min-sup=3 o Ll aa o(2-b) A 8 miasall il 2l

Algorithm3: Procedure of Frequent itemset mining.
Input: Restructured FP-Graph, min-sup and H-table.
Output: Frequent patterns FP.
1. For each item from bottom H-table which have support greater
than min-sup.
1.1  Access the FP-Graph node of that Item-id.
1.2 FP = {@}. // Initialize a FP set.
1.3 For each ParentNodePointer do
1.3.1 Skip and get next ParentNodePointer, If Transld-list is empty.
1.3.2 For each Transld in Transld-list do
1.3.3 Find conditional patterns CP.
1.3.4 Delete CP based on min-sup.
1.35FP=CP UFP.
1.3.6 Find all combinations of FP.
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. Frequent pattern 5, <ial) 7 3ail) :(1) Jgaad)

Conditional patterns
Conditional patterns based on min-sup Frequent pattern
A:{D}|{B, D}| A:{D} {A}. {A, D}
{C,B,D}
C: {D} KB, C: {B} {C} {C, B}
D}{B}{B}
B: {DY{D}{D} B:{D} {B}. {B, D}
D:{} D:{} {D}

b e B Sy cMin-sup=3 Gisy il H-table Jeal) Jid ssasall jeaial) (e caiall ddee fag
D sasll ) i ParentNodePointer <ol yise ¢ A 3asal) ellici .FP-Graph iyl 1 A aiall
D osaiall ) A skl e JEY) L Ty Alglad) Jal e caiil) e [Tyl o[To] o[Ty] 4ils 4a; C B
saiall ) A saiall (e JEY) 2 Ty Aglaadl Wl Lad D 5 B saiall ) A saiall (e JESY) 2 Ty dglaalls
it Ly d3phll g {C,B,D}{B, D}{D} :A ssiall daldll dhyill Filall My .D B & C
sy Siall oAbyl Folal) cads Jal e Liall aeall dgie Gaki iy @lld aay o jealiall 8L Ak yil) o 3lall
(w Frequent pattern ageall) Sl 5 3) Kaall &3kl g ey &l ¢(1)dsaadl e SGI 25aall)
(585l Ayl el (o AiSaall e sanall S sl DA cho (1) 5250

:Parallelized improved algorithm is il diuaall i) lsal-5

ansall Gl e 3adina 4555 fumsdi Gai s by (BPGFP-growth il =158l cond) lin b Lk
Jads cpelie (S5 Sl dallad MapReduce dgdly cpls ) e aldieYU Lo dpusa 4y b
il Aiplal) Jiaaty Ll bl sl o zally J330 cililee Janay Joalsill &S ndits Jal (as g0
Craan Lganaad] Agliiall c¥glaall (a Jadd il alagy duaiil il 158l cslaall aneasl MapReduce 2l 8
& e oy g Ally LSH 3 MinHash y Jaccard similarity 4t asleadl Je alaieWh aaly aasd
Al ) jaal)

Ll 40 olay) e slaie WU a5 da i) dae))eal) (4 aseaill dlee :Jaccard similarity (ulda 1-5
Jaccard similarity (ulde aodiey il ddee i cing Y5l o (Correlation Degree)
Oobiie b 25175 . llll (50 By A e sane 0 SDGAYy Gl sae sla) ol (e (1) A8DMal) b ensal
Lliball e @l Moy 1 ) Al Q) xag o1 5 0 4wl o0 Jaccard

JS(A,B)= % )

[18Jiedn bl sl (5% Lovie T Ly T il Ao ol e 3paed

Oe Ofiediia (pfie gene (LN laie Gilia Jal (e dagye 433yl MinHash a3, :MinHash 43k 2-5
e yrual Glegens ) lelisaty dadiall bl ile e dlagl (sl MinHash 4ay)k aasis bl
(Characteristic  (ailadll ddshias o dshiac Wlg A e balay) s o(Signatures) il
bas Oy G o (N) QUL sael juabic Jid bkl LW (M) @bl sael csae Jia Wisee] matrix)
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o aeVls 0 Aadll adsall Jasa i Wy Alglaal (I jeaiall elal Jla (& 1 il (n,M) adsal)
Oe a6 e Ble s N(X) Gl 2l o) L alsill Adshias adg Sy Gilgdl alsis pailiadl) 4dsiias
Ol A (Al sl (g5l Baals Aasaia Aal PR e T={X), Xo,0 X} pualiall (10 Ao sana s Jal
N= a0 e dagma daely clVgladl jualic Jlaiul & Cua (2) Aled) mang WS T degenall jualial
clsl) A ghias ggint L adlsil A8 ghias oLl h(X)= (x+1) mod N-1 J<all sl o) (aled) s kel 1
L) e sana dlad sl dlldg B 058 s sae Wl pailadll a8 32eeY) 20 il e
hmin (T) = x, Where h(x) = MinZ, (h(x)) (2)
18] oxilslan (sl o Tl Aaya alay) o il Adghan o slaieYl
e Jal g LSH ik aadns :Locality-Sensitive Hashing LSH (34 e clibud) aseas 3-5
Mlgie JS gni b aia dae L adlsill ddghine ani &b Cus o(bANAS) aia aa gl aaent Aolee
(MinHash dlaye 3 2l alsill (i aladin) (Saall (o) Gme Gila ool U Aaia S a5a8 Cam ¢l
dadipall Cglad) 2155l gsins (Buckets) 3alia 5f cileant ) c¥glaall o liad o e iled) alsh Jas
18] [17]4gline N5l oy5<s Y(Candidate pairs)
Aalgf dallas dlajay Boled Jabye EO6 (e agial) daa sl il sLeis Aajiall Luaj el Galai 4-5
(3)da g LS

1. Preprocessing 2.Constructing FP-Graph 3Reconstructing FP-Graph 4. Frequent itemset mining

Geaerate

Grouping
Haable [*

DIGEI-L] [E20) pajaoy

| pesmaynpuanbaay uaory |

LoSqQuEL ] gelE pajaey

BPGFP-growth 4a siiall 4 il L3a) 50 alal) Jabial) :(3) Jea)

VIl leand 3She syl o Jard) 3aals dplua saie DA ey & ad) A0 Al L1
O Aegene QUL s Gun L ([19]padl)) (Hsdal) LY dipl PlA e Gl s G Al
el By Ao gena IS Jal (e giilglae JS o clilaall KU g ganal) slagl o o ey elibill s gl
dcsanall & Aglae IS pumg iy s ULl apdil SHS 8V I el b e ganall Ll 2y
Jual) ais glaa dal ey (Gridpald Cipee PIA e Wiaad &y GiList & ans 4l o 33
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o (Repil)adtl) Aayall . (1-5 sidl) Jaccard e danly Leia IS Q) S alagly @yl
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(6 sin3clshal)ail) dsjal o Aailil) Claeadl) JShe Gy dedliiall c¥laal) Cilaasd alay (&
agiall manill dua) sl 280 5085 .LSH s MinHash aseie e slaeYl;

Algorithm: Procedure of LSH-partitioning.
Input: Stream Data SD; and item groups G;-L.ist.
Output: transactions corresponding to each Gid.
1. Function Map(key offset, value SD;)
2. Load G;-List and applying MinHash on it.
3. For each transaction T in SD; do
3.1 Applying the MinHash function on T.
4. Generating Signature Matrix M(Ixn).
5. For each columns c; in sigMatrix do
5.1 divide ci into b bands with r rows;
5.2 Hashbucket = HashMap(each band of ci());
6. IF at least one band of ci and Gj-List is hashed into the same
bucket then ci and G;-List are considered similar.
6.10utput(key Giq, value SDi(Gig)); //SDi(Gig): transactions
corresponding to each Gid.

Slajie Jis (Map Ll Gyl g desenadl i ) agas ) CNlaal)l S paend ey riAl sy 2
R) Reduce dudl ) lias (Ao ganall pd)) 7 Uidall crun Lgusifis a58 ) Shuffle dayall ) Map 2l
Jsn slady o(1-4) 5 3 mumpe o LS Aesane IS Galall Gilall sl e daad Jally ((3)S o
OSadl (g5 .(Master) 48l saiall L)) allsy) 2 ey Liad cgladl dlliy (mlall Sorted local H-table
e Iy oSall Sy Cum AV aals et e JSL Galal) Calall sl o of saalgll dpluall saGall
Agluall dad) Jleal o 4jlsal) Gaiad Jal (e geat U clslaall sae s

dall (e 32)l5ll Sorted local H-table Jghaall JS aead oy s3ale JS galdd) Gilad) ol 3ale) .3
el sale) Jal (e diad) ) byl &y & s Sorted global H-table aw ale aals Jsaa 3 Ayl
A A il Asjally (alall Map il Gyl e Gl Caball slagy sdie JSy Galall Gl

Usjally palall reduce il o8 :GFP—growth duajlsd aladiuly 3y Siall jualiall oo udidll .4
Local st illy claall @by alall Tl aelg slay Jal e Giball (e agnily 460 4 il
all JS i paead o Jant 5,81 Loyl Alaally L (2-4) 38l & mage o WS (frequent itemset
.Global frequent itemset aileill 3 Sall jualiall Cile gana alagy (Agludl A jall 3 A3l Apluall
Java J 4zl 4s il BPGFP-growth i) )i ¢l &5 :Experimental results 4.l gliit-6
Doed G OsSe sle dskie DA (e Aaadll @ e Jsaanlly s lsall o3 (ki 5 (Hadoop iy,
Jeeiall alai Apalally dmayd) dad) it Gllici 2l JS . (Slaves) el sie o)y (Master) o sdie caic
«Hadoop-2.8.0 _laal; .RAM 4GB 3135 Core i3 2.30GHz #llass (Ubuntu 16.4 LTS-64Bit
[16] BPFP—growth 5 [10]FP-growth . lsa ae dediall dae)lsall 45l 2 .JDK1.8.0_181
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