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Motive

> Update
> Fundamental activity of data management

> Transaction removal
> Most common update [

> Previous work
> Mainly focus on incremental updates

> Few on transaction removal updates
» E.g. FUP2, Border, ZIGZAG

e Nanyang

Technological University

[1] S. Zhang, et al. A decremental algorithm for maintaining frequent itemsets in dynamic databases. In DaWak, 2005.
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Terminology

» Dataset, transaction & item
> Pattern (itemset) & support

Sample Dataset

b, ¢ d >
: d ’ > Fregquent pattern & Frequent
a,c,d pattern Space
E’ © > Support threshold

> Absolute: sup(P) >=ms
> Percentage: sup(P)/|D| >= ms,,
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Closed Pattern
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A Set of Key Patterns

Equivalence Class

Frequent Pattern Space
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Evolution of Pattern Space

Original Dataset (ms =2)

Updated Dataset (ms =2)

abcd Bambie a b, cd
b, d transaction {a,c,d} b, d

a, c,d [ d> a,C

a,c b

b

Frequent equivalence classes:

{{a}. {c}.{a.c}}:3
{{b,d}}:2
{{d}}:3
{{b}}:3

{{a.d} {c.d}, {a,c.d}}:2

> Merging Criteria: given two equivalence classes P & Q, P,

Frequent equivalence classes:

—»={{a}, {c}, {a.c}}: 2

Decreased in

support
— Merged —»{{d} {b.d}}:2
Unchanged —p= {{b}}:3
— DEEL?;?? JES infrequent

= Qg = P UQ iff

SUp(P,,q) = sup(Q,,q) and P.closed o Q.closed or P.closed < Q.closed.
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| Proposed Algorithm: TRUM

Represent frequent pattern space
with equivalence classes

Frequent Pattern Space
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Proposed Algorithm: TRUM

Update support of
equivalence classes

sup ] el
sup ] i)
pfl | sl
supl sup ]
sup ]
sup |

Frequent Pattern Space
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“ Proposed Algorithm: TRUM

Merge equivalence classes

Merged

Frequent Pattern Space
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Implementation: Hash

Hash Table
-
Crriginal Dataset Frequent ECs:
(ms =2)
Tid Transactions EC_1: {{a}.{c}.{a.c}}:3 ;’ 3
Tid-list <1,3,4> i }/ -
1 a, b cd &“?1“1 :
2 b d EC 21 {{b,d}}:2 P
5 a.¢d Tid-list <1,2> / _
4 a, c I,e"r .
5 b EC_3: {{d}}:3 / .
Tid-list <1,2,3> ~_ /
.
i A
EC 4: {{b}}:3 f,f N 4 .
Tid-list =1,2,5> “}&H .
P Tl
EC 5 {{a.d}h{c.d} {a.c.d}}:2
Tid-list <1,3> .
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Implementation: Tid-Tree

Reamave

Frequent ECs {ms =2). h Tig transaction 3 Tid
SA0er header
table :D b
EC_1: (). o) {2 o} )13 T —
Tid-list <1,3,4> 1 fssesn
2 ..... 2._I
EC 2 {{b.d}}:2
Tid-list <1,2> ... TI
5-.

EC 3  ({d}}:3 &
Tid-list =1.2 3>

EC 4 {{b}}:3
Tid-list <1,2,5>

EC 5. {{a,d}, {c,d} {a ,c,d}}:2
Tid-list <=1 ,3=>
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Algorithm Output
FpClose Closed patterns
ZIGZAG Max patterns
Gigtaos -~ | b Sl
TR b U e
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Performance

T10I4D100K, ms = 100

10° ¢
10" i s = s :::l
- )
g S )

time (sec.)
=

10 3 —+—TRUM
i —&—7IGIAG
i —io—FpClose
S| —HB—GC-growth |
-'][:I 1 1 1 1 1
5 10 15 20 25 30

size of removed transactions (in percentage)
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Performance
Teompare/ Ttrum | T10D4D100K |  Mushroom Gazelle
ZIGZAG 83 94 400
FpClose 35 153 5
GC-growth 08 29 12
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Conclusion

Contribution
* Analyze the evolution of frequent pattern space
s Maintain pattern space in a divide-n-conquer manner
¢ Maintain also key patterns

Future work
s Different types of data updates
» Different pattern space
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