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Abstract In decision support system, knowledge workers require aggregation operations of the large data and
are more interested in the trend analysis rather than in the punctual analysis. Therefore, it is necessary to
provide fast approximate answers rather than exact answers, and to research approximate query answering
techniques. In this paper, we propose a new approximation query answering method which is based on Fuzzy
C-means clustering (FCM) method and Adaptive Neuro-Fuzzy Inference System (ANFIS). The proposed method
using FCM-ANFIS can compute aggregate queries without accessing massive multidimensional data cube by
producing the KR model of multidimensional data cube. In our experiments, we show that our method using the
KR model outperforms the NMF method.
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[Fig. 11 ANFIS architecture
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[Fig. 2] A three-tiered knowledge representation
architecture of approximate query answering
system
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[Fig. 3] Generation process of the KR model using
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Procedure 1 buildKR(C, k)

Input The data cube C; the number of clusters k;
Output The knowledge representation of C, KR,

1: Begin

2 Normalize an input data cube C';

3¢ [centers, U] = FCM(k, O);  // Clustering
4:  f = FIS(centers, U); // Generate a fuzzy
5

inference system
. KR = ANFIS(f, O); // Build the KR model
6: End;

[12! 4] The buildKR procedure
[Fig. 4] The buildKR procedure
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Algorithm 1 AQA algorithm

Input query RA4; _
Output Approximate query answer A,

1: Begin

2¢ for each range RA,

3 Find the corresponding values for every
cell on KR model.

4:  end for _

5 Compute the aggregation 4;

6: End;

[32! 5] KR s 0|83t AQA duEE
[Fig. 5] AQA algorithm using KR model
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A WA Governance[14,15] d|o[g| Hlo]E2 F2]A]
Aol A 214709) At} F|AL AEO] 4xplo] FH
2 USSX, Duality, Size, QI2] X} 7IA|H AAZE=
A e Seolth. B 1 4xi9le] whE Fxlo) 45
A E3le= fact HolEo|c}

[ 1] Governance H|o|E] FE
[Table 1] Data cube for the Governance example

DUALITY : No Yes
USSX | SIZE | QI:Low | Med | High | Low | Med | High
1 0 7 0 4 3 0
2 7 21 12 6 12 4
NO 3 11 13 11 4 4 2
4 0 3 1 0 2 0
1 0 2 0 0 0
Yes 2 4 12 0 7 10 1
3 4 14 5 8 2
4 0 3 7 0 2 1

T WA glo]g 3E-S Microsoft SQL serverof| A A

331= FoodMart®] CUSTOMER[15] H|o]Eo|t}. o] H]
ol&2 102817]¢] HHEE 7= 529 HlolE FH

£ YAt} glo|E9] 7+ 2}Y-S STATUS(marital_status,
2), CHILD(total children, 6), INCOME(yearly income,
8), EDUCATION( education, 5), OCCUPATION(occupation,
ez FgdEol ek FZLEY o]F2 A HolE9
olFelH, Az Z AU HAFe] 5 UEhdth &
2% Aol ARgE F Il tlolE o] E4E Kok Ao
o Z} HolH o X 5, Do} Jo] opd Ao 5
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[E 2] dloje] FEES] &4
[Table 2] Data cubes characteristics

 6(c)= 47 KR 2EY} NMFof| tjgt Ao Ayg 2
oJETh. NMFE] At oAb 1.6250]X]9k, KR 2|
Ajg ez 03750t

Data Cub Di 3 Si Non zero Sparsi[y (Data) USSX (KR) USSX (NMF) USSX
ata Lube | DImension |- s1ze cells [%] SIZE | No | Yes | |SIZE| No | Yes | | SIZE | No | Yes
Governance 4 48 35 72.91 1 0 0 1 1 0 1 2 0
2 |71 4 2 4 2 |15
Customer 5 2400 877 36.54 3 1 4 3 1 4 3 3
4 101 0 4 2 |10 4 110
4.2 ZAF 2|8 Zot A (a) (®) ()
21 WA 28-S Governance G0 E][14,15]2 0|83} [O3 6] A9 ZOSIZEXUSSX for QI=Low and
_ = A7l o] .
NMF[14, 15|27} vlmatgiet. dlofe] . At DUALITY N0y 8 (@ 1 HIoTs: () KR

gk KR 2Eo] A HojFr] 9j3f thaat 22 A9
£ ARgSHRTh A WA A= KR HET NMFE o]&
st 9 glolHE F4ske AlolaLl, ymA = Ao At
H e} roll-up A4S HoAETH14].

1. Substitution: Counts of firms according to SIZE,
USSX, QI and DUALITY(the original cube).

2. Selection: Counts according to SIZE and USSX, for
firms with low governance quality(QI=Low), where
the CEO is not also
board(DUALITY = No).

3. Aggregation: Counts of firms according to SIZE and

chairman of the

USSX, aggregated over all other variables.

KR 59E o] g3 3 WA Aojo] Aul= E 30| e}
oleh. 4 dlole] E 13} KR melo] ofs) 4 gt A}
ol AdjHE oA 0.350]ck.

[® 3] Governance Hlo]E]9] =443}
[Table 3] Estimated data cube for the Governance

DUALITY : No Yes
USSX | SIZE | QI:Low | Med | High | Low | Med | High
1 1 7 0 2 3 0
2 7 21 12 6 12 4
NO
3 11 13 11 4 4 2
4 2 2 2 0 1 0
1 0 1 1 0 1 1
2 4 12 0 6 11 2
Yes
3 4 4 14 5 8 2
4 0 2 6 0 3 1

= WA ol W xglo] B4 g5 Y Ag
Holz 19 60] AnkE trERfolch. 19 6y 9 Hlo]
gof tigt = wia) He] ATE Mol 18 6(b)2} 1

wel A7k (o) NMF 27
[Fig. 6] Results from the selection query SIZEXUSSX for
QI=Low and DUALITY=No: (a) Results on
original data; (b) Results on the KR model; (c)
Results on NMF.

Umm qu xuyq]xlgo]u}, KR B R HE A b
Aggich. 29 7]

A3 Uehisich 5 wHe] 0xk 067501ck of ol

55 ol AgeA %3194 Alokel 71 NMFS} ]
ot o e AuE gc
(Data)] USSX (KR)| USSX (NMF)| USSX
SIZE | No | Yes SIZE | No | Yes SIZE | No | Yes
1 14| 3 1 13| 4 1 13| 2
2 62 | 34 2 62 | 35 2 64 | 34
3 45 | 37 3 45 | 37 3 44 | 37
4 6 | 13 4 7| 12 4 6 | 13
(@) () ©

[ 7] SIZE®} USSXo] w2 HAH Y] A (2) € dlo]
H A3 (KR 29 AT (c)NMF At

[Fig. 71 Results from the distribution aggregation query of
firms according to SIZE and USSX: (a) Results
on the original data cube; (b) Results on the KR
model; and (c) Results on NMF.

= R A [15]014 g Ao o] 7S & =
oA %= Customer o] 5ol #-g5to] Akt 7182 &
e Eolg] HSkth Aol: OLAPS & Akl
slice, dice, Roll-up 2. & t}2-1} -t}

1. Slice : Number of customers according to STATUS,
INCOME, CHILD, and OCCUPATION for
customers with EDUCATION=4.

2. Dice : Number of customers according to STATUS,
INCOME and OCCUPATION for customers with
EDUCATION=4.
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3. Roll-Upl : Number of customers according to
INCOME, OCCUPATION and EDUCATION.
4. Roll-Up2 :

five dimensions

Number of customers according to the
(STATUS, INCOME, CHILD,
OCCUPATION and EDUCATION).

FCM-ANFIS&
3} 7 ooty

olg3) AT A5Y RAKRE
e Yole FHF Fo Welgge
A A 0AE olgstel Axth T a7 8 7
Aol thal AIHE 714 KR =Elsh NMF[14,15]7] o]
wins 9215 HojZe. We] 44 Roll-up2 o] 2}
£ ASlg hoix) Azl e Aok 7]wel o AL o
= 7= AL o 2= 9tk webA FCM-ANFISL: o]
§ T4 A3 7o) NMF 7ol ul3) He o3
2 JhAm, o Yok A SHS AT A2 o 4
9let.

N fo o

A4

0.5

Slice Dice Roll-Up1 Roll-Up2

[33 8] KRZt NMFS] Heojef digh @t
[Fig. 8] Error for query on KR and NMF

3 4 7} dlolefo] digt KR RHT NMFO| Q58S
WojZr} KRS NMF Hr} 2L} vlsgt sjetuel2 7}
AAREE $19] iS04 HolF= A o] o &2
HopAg Zhec,

[E 4] KR 2¥1} NMF9] =8

[Table 4] The compression rate of the KR model and

NMF
Data Cube Model | Rules Parameters( f) CRY[%]
Governance KR 4 20 583
NP=438 NMF . 2 50.0
Customer KR 18 108 95.5
N= 2400 NMF . 110 95.4

a) compression rate = 1— f , b) total number of cell
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