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Abstract Data cube and frequent itemset mining are essential technologies in the field of data
warehouse and data mining respectively. A lot of relevant research work has been conducted, and
impressive progress has been achieved. Data cube and frequent itemset mining construct similar
algebraic lattice structures according to their data cell and itemset. Simultaneously, the upper bounds
of the equivalent class of the data cube correspond to the closed itemset of frequent itemset
mining. If the unity of the two lattice structures can be argued, they can provide broader research
ideas for each other and facilitate the mutual promotion of the two techniques. For example, we
can use iceberg cube computing to implement {requent itemset mining to avoid data migration in

databases, and use frequent itemset mining algorithms to optimize data cube computing. Previous
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studies have not studied the two concepts with systematic combination, nor have they established
a complete connection between them. After intensely studying the computation of data cube and
the process of frequent itemset mining, this paper combines data cube and frequent itemset mining
effectively. The paper proposes a unified computation framework, and gives the mapping
relationship between multitudes of computational properties and methods of two lattice structure.
Therefore, the high—performance lattice structure computation methods and application algorithms
in the two fields can be integrated, thus improving the performance of lattice structure usage and
enhancing the efficiency and accuracy of data analysis. On the basis of these results, related concept
generalization was performed. Specifically, the corresponding relationship between the computation
method of classic data cubee such as the iceberg cube, the condensed cube, and the quotient cube
and the corresponding frequent itemset mining method is established. The effectiveness of the
unified computation framework is further demonstrated by algorithms and experiments. First, the
transaction datasets of frequent itemset mining are imported into the relational database, and the

frequent itemset mining is performed with the iceberg cube computation method, so that frequent

itemset mining of relational tables can be implemented in the database with standard SQL-92 or
extended SQL. Secondly, the unification of the condensed cube and the frequent itemset mining is

verified by experiments and the computation efficiency is compared. Finally, the base table is

converted into a transaction dataset of frequent itemset mining, and LCM, an effective algorithm

large datasets.

for frequent itemset mining, is introduced to implement the quotient cube computation to improve
verified by the experiments both on the publicly available real datasets and the synthetic datasets.

the computation efficiency of the data cube. At the meanwhile, we give an example to illustrate
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and explain the unified algorithm. The correctness of the combination and unified framework is
Besides, the effectiveness is compared and verified by changing the number of tuples,

computation efficiency
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dimensions, and skewness. It is found that the time efficiency can be improved by up to 92% on
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(R & — 2 AR A5l o R A ) 956 & — 1IN T,
(SR ke — 1 TR AR UE AN 23 28 iR &2 A i 1ot . B4k
I SQL AR BTz -

SELECT ¢,.item sty itemy -+t item, 1,

1,. item,

INTO C,

FROM L, 1 tis Ly—1 1,

WHERE ¢,.item, = t,.item;, AND -« AND

L. item,_.=t,.item, » AND ¢,.item; < t1,.item; 13

(2) FE AT RIGAE X BEA SR kUK A 4
I B E 2515 B A AR R B AAAE Tk 4R
CoByIc 5% I BZAC SR 1 SCRRJE A7 it 1 A2 S
FREBE ISR Z L. SQL AT s

SELECT ¢,.itemid, ++-, t,.itemid, COUNT (*)

INTO L,

FROM ¢,,R t,5+**. R 1,

WHERE ¢,.tid = t,.tid AND --- AND

Ly .tid = t,.tid

AND EXISTS (SELECT 1 FROM C,

WHERE C,.item,=t,.itemid AND -.- AND

C,.item,= t,.itemid)

GROUP BY ¢,.itemid, -+

HAVING COUNT(*) >= min_sup;

H A FIRD IR AR kAR Sy S I kL D
A B R /N SRR (R BT A A L
TR AP BR (DB A U B R A A I 3R C,
A& 0] SQL Heff A TR W kAT A %4
DA T2t Jl R o 19 i 5 )
5.2 BuA@GUHESHADEEZRENRE

R BRI Sy R A B A E R g
TR S BB Ui B A R S s g ARk Cln g T
BT TR BT RRCR) L 5 A IR 12 0 i 48 L5
VELCM P ORSEEL R ST M H . A HGR VKl Sz 7
A T S RO TG ST 5 A R A R TR B R Y
B W AR ORAFTE T SE 7 R (759 s T U@ 2 f 57
TR LR 5 B RAs 3 . (H A KL
A o e 5 A o )T A D 5 A T I A o
A — s WS TT A . RIS B 7 7 R e 4 38 LR
[ A i O B U SC R v 4 ~r D7 AR & 329 T —
R PRHG R N7 7 PR AT DA Ay 2 S LA ik 4 R s
() 4 YA 1) AR O R B S R i e AR
TERISE TR BT SRCR A A R0EE OLAPRCE .

1% G B B S 7 VRS A BR0k R IR B AL e IR
R DES)UNGE 1F 7R 5800 ] UK HEA ety i
RS D7 A R SR ISR R TR gt
SEM R RN S T RS A A R Y R
PEEEES RGN ALL (AR RE & PR T ) B
JERTTIR G Dl DFS s8GH3 H S BiEoiE 5ot
JI B S 2 b 0 B A AR SR A S A T2
BRI YRR AR, TR A —ZEEE T — DS 2R
A HBITA RIS T R G 4~19). filin
FEXSR 1, B N ALL FRITHY S — A4 TT IR 70 il

s Li.dtemid



792 it

'

¥R 20234

H(S1, *, *),(S2, *, =) PG TT, T4 AL
fEepotiy R (SL, %, T1),(S2, P1, T2), f§iZ4L
P IC E R — DN ERE AT 0 MR IGS AR H
Z Y HTE ST BT A RS R e
BiEL BRI DES™
BN BEA SR BaseTable
LIRS RVAVIE LN
1. DFSC(cell, partition, k, parentCell)
[ cell s X5 T B 43 ik (KU BT 5 partition : B
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respectively. Therefore, it is possible to combine the two and
study them according to the properties of algebraic lattices.
Most related work only considers data cubes as a tool to
assist association mining algorithms or introduce association
mining to discover the association relationship of the
dimensional data of data cubes. There is no analysis of the
intrinsic relationship between the two and no comprehensive
mapping of the two to achieve a unified study. By further
studying the association mining process and the data cube
computing methods, this paper focuses on the inherent
connection of the data from two perspectives and establishes a

unified calculation for the many computation properties and
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methods of data cube computing and association minings which cubes such as Iceberg Cube. Condensed Cube, and Quotient
can further clarify the data characteristics and improve the Cube, and the association mining methods is established and
efficiency of the data cube aggregation operation and the effectiveness of unified computing is further proved by a
association mining. On the basis of these results, this paper series of comprehensive experiments.

further generalizes the relevant concepts. Specifically, the This work is supported by the National Natural Science

correlation between the classic computation methods of the data Foundation of China (No. 62062046 and No. 61462050).
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