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Learning Pair-wise Relationship Models for Ranking Why-not Problem Explanations
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Abstract: Database users often fails to obtain the expected answer in the query results, since databases are often incomplete with
missing data. It is known as the Why-not problem, that is, "why the expected tuples do not appear in the results". Existing methods present
the explanations of the Why-not problem by enumerating possible values. The number of explanations presented by enumeration is often
too large to explore by users. Integrity constraints, such as function dependencies, are employed to rule out irrational explanations.
Unfortunately, many attributes are simply represented as variables in the reduced explanations, which the users may still not understand.
There are also many unreasonable explanations, owing to data sparsity. This work proposes to study the pair-wise relationships of tuples
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as the features for ranking Why-not explanations. First, the format of Why-not problem explanations is re-defined, without variables, for
easy understanding by users. Secondly, the equality/inequality relationships in tuple pairs are represented. Instead of learning over the
original data with sparsity issue, to learn statistical models over the {0,1} representation of tuple pairs is proposed. A number of models
are employed to infer the probability, including statistical distribution, classification, and regression. Finally, the explanations are
evaluated and ranked according to the inferred probability. Experiments shows that high-quality explanations for Why-not question can be
returned using pair-wise method.

Key words: data quality; data cleaning; conditional functional dependency; missing answer explanation; sorting explanation
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Table 1 Challenger USA space shuttle O-ring dataset
F 1 PoikE TRENR L O M Rl Hdk

No.O-rings No.ETD Temp Pressure Order
6 0 66 50 1
6 1 70 50 2
6 0 69 50 3
6 0 68 50 4
6 0 67 50 b
6 0 72 50 6
6 0 73 100 7
6 0 70 100 8
6 1 57 200 9
6 1 63 200 10
6 1 70 200 1
6 0 67 200 13
6 2 53 200 14
6 0 67 200 15
6 0 75 200 16
6 0 70 200 17
6 0 81 200 18
6 0 76 200 19
6 0 79 200 20
6 0 75 200 21
6 0 76 200 22
6 1 58 200 23

Table 2 Query results

Fz2 HMER
No.O-rings  No.ETD Temp Pressure  Order
6 0 72 50 6
6 0 73 100 7
6 0 75 200 16
6 0 81 200 18
6 0 76 200 19
6 0 79 200 20
6 0 75 200 21
6 0 76 200 22
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STFPA BN IEESE 1 PR T ER AR G, B EEmEENEN A, =
PIA L A, = PIA T E:XT T2 R T IR o4l &, W B0 TAE R S aUB Y AL t[AJ=pIA, 4 LA
NUMown F0E EANB MG ST p b B &R PR 1 04 AN 5, D) B0 mT LU 1 00T A M5 -

P(As = PLA ... A, = PIA,) = e

o B3 TIRIGLILE

DR 2, BRAALE T AT A AT TG AL (A 0 AR PG T R 1, 0 A1
R P 115 TR RERTIEA746 2, BRI T 035 1 7

o U AU IR BRI P 1T 0%

WU 2 S ) LN P MY 5 0 TE AL 2o T LA R 0 B S A A U1 720
BT AR L A BT A T L0 A1 5 P AL 5 (A 0L 41 1R 6 10
a,..,a, , A,

P(A =8 A =8A ;= PIA ] %=M%D:;?iﬁdﬁiﬁ$=mﬁm.

o OPBR 5P MR A9 B B RE
T AT AN [ (R i B AR 22l L 16 0 B8R T T DA 38041 0 A 45 1F T 1 4 A A 0 15 31 1 X 28 4%
PR AR EAT HE T I 2R ()5 S5 ff R B A 5 s 1) 45 L.
AT UL B RE a h EE A R
BiE 1 R IR R AT A A 4 1.
N R IR B E T SR T, &) Q8 K& R q
Tl AT R Lan.
: num=0
NUMgnown=0
Candidates={}
knownGroup={}
La={}
for each tuple teT do
it (t[A.1=P[A. ], tIA, 1= P[A,]) then
NUMynown=NUMgnownt1
end if
add value of {A,...A} into Candidates
add t into knownGroup

© 0 N gaR N R

[ S T
N PO

:end for
. for ceCandidates do
num=0

e
g A w

for each tuple teknownGroup do
it ([A]=c[AlL..t[A]=c[A]) then
num=num+1
end if
end for
add (t, num j into Ly

n umknc)wrl

[ e e T =

N
e
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21: end for

22: Rank Ly

23: Return Ly
4.13  BSL A

i 1 v B Why-not ) & Hf 2K %11 PE 4 No.ETD 1 Pressure, #7572 M Y5 55 b 547 8 2 4k 1, o7 20 15 31 2 s v
FRIAEL 3 501 Ky

No.O-rings=6,Temp=78,0rder=12.

HAEAR 1 PIHRETHES 3 MMM E AR JTH. 5 RI BT 3, 0 R EH AT W e 4 2
7R IEANRE 2t — > B ARSI, SR B ) PR IO MERR 224 0.

A ICAL R T 3 A JE MAE 58 A AH S I JT A, ) 4k 2R 7R X L T AH v X T AN\ ) No.ETD Al Pressure [/ 4H &
HEAT o0 41, v SR A A R 2R k5, B AT LAAS 31 de 2 R HE I ) 110 FA R
4.1.4 BN b

b IR S R DR I TR A T 40 2R 0 A2 R b 2 A B (M s AR R ECE T B b AT AN I Sk R
IS, 43 AL PR B0 P Rl AR5 22 b b i Ok P 7 0 A ) R0 S 500k PR PR A 5 2D, sl i 22 P R P R 23 2 4 6 /)
HZE AN, ToE AT A 300 4k e LR [l 73 SR 81 3R
42 IRIEFA LR REITH X
421 HkME

A M P R S B A ) B A gt TR S0 AT MR SR 4 B S U B P AT R A I G A A AT T SR —
o BEAT 0T L PR AR A5, TR O 1 TR A O K45 B 1R 45 S ZH e TRBT IR T 9 LA & R 3R R FH L A AN 58 4.1
R Iy, T USE AR T P L 4l A P AR 1) BE AR 23 A1 2 B CFD (1) 32 355 S8 AN 5 FE 1V e 3, e AR R 132
FREEAVE A5 B, I FLE I X SRR 0 000, 27 ST HE R — ] BRIk AR /N (R AR, R 1T o S R Rk B R o 1) R
) - R BT AT O bR UE IR IE 17 19 B B & 4 2R
4.2.2 RSP LB A R BEAT R A A B SR

SRR AR R SR SR 00 176, FH A D 0 0 e _E AT I A U R B Ok 5 2 AR B2 N I B T AT A
TR

o DR IFEMM LIRS KK

BRI T O R T(A... An)THEE T H pari-wise LW F, W4 S(By,...,.Bm) X T T HKE
BEWAS G 4R G250 TP A B ACE GIAJ=GIAL B4 S HEITCAL G[Bl=1(FER T b 441 4 LLAR); 75

Wty [B=0.4645 T sh et b 8 20D At s

o R 2MRIEH LIRS R LG AR

CETS W LU 25 R S 5 F SR 4.1 3 R Gt i @ Mk e MER 1 5 ¥, T AT G v i A s e e &
MR AL P 9 LI 4 SRR W i T 2 AN, R — AN Y () T AT B PR AR byby,... b & I CZA S num,,
Iy
num,

P(B,=b,....B,=b,) = N
TP P L 45 SR 3 S TR AR O/ {1, T LR Why-not 1] 8 p o 28 0 1 A1 5 5 B0 2 AT o0 Bl 79 3
— KB 0/1 £ Q(B,,yv-- By) S HITCA ay,..., G S KF Why-not [1] 58 p 1 S0 B PERIME S t,...t, TR S50 )E
P AT LR S5 13 B 45 21
P VPP AE R S P DR MR IS R B Q B PRI B A MR, HARD BRR LT 4.1
WA Q B MM A LR P(B,.,,.., B,) a6 TAER M LA 6,4
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_ P(B,....B,,B,; =GI[B,,].....B, =q[B,])
P(B- BB =G [Bi] - By = GIB,) = P(BM GIB, 1By —G[B,])
o IR 3 REAMRRE S R EAS
R T 1) S I N B s AE 0 R HE Y I 75 R (1 B VRN SR AR B G, U RS 1 bR RO, s X
SRR P10 S 5 B N A T
ST MR e, I SRR e Ul
support(e) = P(A < e[A],.... A, <e[A]).
BEAE M E N
fid =
confidence(e) = = }|IZA:E (f.la).

o, X]‘F)Tﬁj Lol e s e A 5 = I o [Bi]=0, FL A I UL 1 fe[Bj]=1.

PR 4 TR ARIL MR

l)\i@i‘% 3 P B T AT MR I SRR RE LA AR AR 5 AR S 4 PSR B A 3 A1 07 0 Mk A Aol e A 3 4Rk
IS FATTSCVE I S BIEL 7, 24 R 1) SRR PR T i, S P T 0 D4 — A L A

EMRE

X P A 0% 3 PR R i J L A AR AT B RT 5 2R

?,’#

AT LB IR, gy S 0 O ACRS LA 2.

Bk 2. MR PP LA Al R AT A B
i N ER AL S R AR S, Why-not 1] il LL 3R Q, Bk R 5 q, BU{H 77;

i

@ e N g ko DNR

e~ o
a M w MR o

=
34

17:
18:
19:
20:
21:
22:

AR R Lo,
len1=Q.length
len2=S.length
knownAttrTupleSet={}
unknownAttrTupleSet={}
probs={}
for i=1—lenl do

[P Ry B 1A B 22

add different known attribute 0/1 value and their corresponding tuples into knownAttrTupleSet

end for
for i=1—len2 do

:end for

: for ieknownAttrTupleSet do

for jeunknownAttrTupleSet do
totalNum=i.length
condNum=(iAj).length
PG li) = condNum

totalNum

insert P(j|i) to probs

end for
end for
Lai=getSupportAndConfidence(probs,allCandidates,Q, 77)
Rank Ly
Return Ly

add different unknown attribute 0/1 value and their corresponding tuples into unknownAttrTupleSet
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4.2.3  HESEE A

Wil L B TR, 15T, T T P R B LR g SRR, — KRR 1 oA 9 R AT P N LA 45 SRR S,
— ik JE Why-not [a @l CLAIE SR 1 p g so 4l 2508 T LR 0 45 3 Q.

58, BT T S.LAR 1R EE 1L AN ST AU 2 AN a4l 4, b AT No.O-rings 11 Pressure P AN & 4 4E

F 1P I 1A TCH RIS 3 AN JCHL A1 AB AT No.O-rings,No.ETD F1 Pressure 3X 3 4> & P i A%, W) S v 3L af
DA — 4 7041(1,1,0,1,0). A e v 5500 A5 2 S HERR S, FET Ja 1 P 1 e 47 3 e, o AR e Jeg P J3CHE T, 2 0 e 1
ARG R RT 43 B s 24 (R PR LR &5 36 S, 1 B BRI PR LA &5 Sk L3k 3.
Table 3 Pair-wise table of Challenger USA space shuttle O-ring dataset
R 3 PME T EERIR KHL O B BB AR P B A R R

No.O-rings No.ETD Temp Pressure Order
0 1 1 0 0
1 1 1 0 0
1 b 1 0 0
1 1 1 0 0
1 L 1 0 0

RE, IRV Q.LAR 1L ISR 1 Aol A ,5 Why-not 1] # H (1] No.O-rings, Temp,Order iX 3 4™&
PEEBEAT X EEABATTH) No.O-rings Ja& P B AH A%, 1My HA ) J& VEAE AR A, I AE Q rpBIVAT L A —457041(1,0,0), 73
AIF Y. No.O-rings, Temp,Order X 3 NMEME ARG LR 1 5 2 ATl hH1,5 Why-not 3] @ H ) No.O-
rings, Temp,Order iX 3 A& PEA 347 %F Lk, No.O-rings J& P (8 A1 45, 11 F Atk () J P AS A 45, IAE Q vh Sn] LIFE A
— 25 JG4H(1,0,0). At T 85 AR B R Q.4 1 5 Why-not [l BUEAT P PR LA (3R LK 4.

Table 4 Why-not pair-wise table of Challenger USA space shuttle O-ring dataset
x4 Pl T L EHIEHL O LR K A L Why-not i) 8 F 1 1 LL A 45 SR 3%

No.O-rings Temp Order
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0

MF 4 ] DL )
P(No.0O-rings=1,Temp=0,0rder=0)=1.
I 3 tha] LA 3
P(No.ETD =0, Pressure =1| No.O-rings =1, Temp = 0,0rder =0) =0.11,
P(No.ETD =1, Pressure =1| No.O-rings =1, Temp = 0,0rder =0) = 0.17,
P(No.ETD =0, Pressure = 0| No.O-rings =1, Temp = 0,0rder = 0) = 0.22,
P(No.ETD =1, Pressure =1| No.O-rings =1, Temp = 0,0rder =0) =0.5.

AR R Ao 228 A R, v S A ATT 0 SR FE AN LA B2 AR 1 v fis B % R (6,0,78,50,12),(6,1,78,50,12),(6,0,
78,100,12),(6,1,78,200,12),(6,2,78,200,12),(6,0,78,200,12), 5 &4 & 4 F 0,1 {H I 7T GE 4L, i %) F(6,0,78,50,12), AT
fiT4: 111(6,-0,78,50,12),(6,0,78,-50,12),(6,-0,78,-50,12) 53 #h 3 Foft i L fife ¢ , g 2% W LAAS 21 BT A7 ok 2 g e AR 9 =2
R EFIEAR 2 (08 ST A3 B3R 5 BT s (BT 0 S AN AR 1) SCH JBE RN B A AR, Tk iS5 AN T4 1 1 O
B o 0BT B AT HE T B 7T 15 BAR R R AR B R
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Table 5 Support and confidence
Rx5 SCFFEMELEE
No.ETD  Pressure No.O-rings Temp Order Sy Hi5E

0 100 6 78 12 2 0.17
-0 100 6 78 12 2 0.11
0 —100 6 78 12 2 0.5
-0 -100 6 78 12 2 0.22
6 8

0 200 78 12 0.21

4.2.4 BB b

A R 1 B K ) A T B AR AR DK I A R 1) e B e A9 B M 4R P(B,,..., B,|B, .., B,) I TTHR
SEANF AR B,y By A —AN B PR AEH B B0 w0 T A S 2, 55 b — 8 Pk At 8 kB4R X
FIXA @ P 5 B A4 SRR R M T I A ) B FE 1 3 A ER R e R

5 HIRREEY

AN R R GE v A K B AR LS o7 2 (0 5 T 5 SRR 1 e B AT B T RS AR,
o A1 REPGE ARG G SR RN 2 o) REDBORTINE & %
o 2 REVAZ L RIS G ISR AR R SEE R B T AN O AR A BB BATTHR T 3 AR
B30 5 Ll i TT B b A L R0 P15 AR R0 AR T b AT M B 55 2 P e i — A R A
PE R A A S0 PR AR Ay [ R 3 AT 3 5 e 'k (R R HE B 5 3 Pk s B VA AR A
LSR8 Y P A R0 s 1 B 0 0 e AP A Ay B 220 SR A £ AR R0 s P L ) T 92 2% F
X P RS T SO e SR B AR AT A, 7 VR A0 AR SR R e AR AR R R, LR B A
BT 5 4 VR AP PT ELRLEE R S,
51 #%
511 Uik
X P LB AR TT LUKE A PEEL AR D0 AR K R R s PR AN R K /0 A6 B AN [R] 18 23 98 A TR
R IR 2 73 FTTE, L SVM, 22 20 A 56T A0 R ELAN AR 00 s P AEL AR 3 B2 2 T ok T3 A 2 20 1 )
T B 5 5 4 PP E K Why-not fial BT B A 24T 0T LR B B Q HHITEAL gy, G — AU R
RS v A5 BUANTR] G (K0 AN [ 23 S 00 R S e A1 AL A Mg 3 L A Oy A L 5k 3.
Bk 3 HaXTnkaif.
BN P LR 45 28 S, Why-not 1) U6t EE 2% Q,Why-not 1] i q;
RN 46 2F R %3 P(B,,.. B,[B,.,, 0 By)
. feature=all values of B,,,,....B, €S
classes = all possible value of B,,...,B,

train model of feature and classes using SVM (or other classifier)

P(B,....B,/B,.; = q[B,..]..... B, = q[B,]) = bring,q[B, ,],...q[B,] into previous model
end for
5.1.2 STikscflithig
BT 5 73 2R 45 G 1) T R0 5 0] 3 45 & 1) D7 VETE SR SR FE AR AN BAE FEAE I D7 A5 4 A [A], B BLIX 267
V255 T T P U 3 40 3 5 v A IR 1 3y 7 T G i SRERORME 236 114 2 B8, sz 4] v R 5 380 s UMM 4 &5 (1 25 B8 R 4
BB RS 4.2.3 WP AR )
EAAFIE 3L 4 2 )5, 5 T2 3,7 LUK 2 %18 P No.O-rings, Temp FiI Order #£ 2% 3 " A 1/0 i 15 45 1 A2,

1
2
3
4: for each tuple q;eQ do
5
6
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¥ K S @ £ No.ETD,Pressure [¥] 1/0 £0 4 {8, ! 01,00,10,11 1E Ny 4 B2 5 3E4T % 43 Fe8 45
L2 HAAE 2 G T2 4 R 04GRl e AU (3 4 v B LRl e 4L, B LA N 22 40 2648 SR iy R 50 1 ]
(GESRIMNE] RS
P(No.ETD =0, Pressure =1 No.O-rings =1,Temp = 0,0rder = 0) = 0.21,
P(No.ETD =1, Pressure =1 No.O-rings =1,Temp = 0,0rder =0) = 0.2,
P(No.ETD =0, Pressure = 0| No.O-rings =1, Temp = 0,0rder = 0) = 0.23,
P(No.ETD =1, Pressure = 0| No.O-rings =1,Temp = 0,Order = 0) = 0.36.

52 B&ME)A

EFTA BRA RNA 7 v R R 22 on g PR R0 8 53R 8 R 2 8] 1R 96 3R, 58 i o0 2SIV T, D01 P 32 268 [l ) e 45
AN 5 I Ak
521 [A[HJ5 R A

L P[] VA 1 e ] BN R PO — ANl B IR TR AR e x N — AN Gl (0 5 SR AR Ry, A 4 1 [ A A R S
LR PER] A4 ) R (] U 28 2 e o R P T AR B (i S X), BRIV AT AR 22 o0 (R 1 UE1  BR SE HR  L T BT AT
FH BN e [R5 1) 37 55, 0 0 22 T0 B M e VH B A e T I A 8 22 TR B Pk [m] VA vy AT 8t e AL AT 2 74 o 2 1 [
Ly AT RLE— AN
5.2.2 Z@EAfH A

FEGE T2 v 28 ] e — A DRI AR S A7 2030 1 [l AR Y, HL DS AR kg — o R AR o B L REER O sl 1 1.
T IGRRR VAR TR T B ] OR AR R E AN B AR R ) A R, s AR R TR R I
5] =1+ T FH 280 £ 32 2 bR A

O(x) =

—x "

l+e

5.2.3 fij B a5 5 ¥k

] 5P [ U 777 925 R JASUR - L2 R A P 1) 20 2 A L 00 R 2 A R R A8, AN 25 RS R S D P Tl 5%
FR BV AR AR i R R a0 R P S T A A A DR O 2R AL A 6 B 1 2 ) 4B w3 i AT SR 0l R D7 VR 4y S R
B

o PR LW LLER A A S HEAT [E] .

BATCEN AR B ETE I LR & R T H By, B, R, DB PEAE P LA 4 IR P H By, B, K.
XF TR AN AR AT LA 2 e R Ik MU R B IE S O R M RO Ze v Sk & B0 TR AN =1, 0 3

Bj=aj,+ > a;B,.

k=/+1
o BB 2AOA Q KA EALEL, B BRI (R A T4 KM
A B S0 TR PRI 2 KR 0 Q 2R (R84 (LTRSS R Rl #8045
A oL E TR AF R AL B35 By BRI AJZ 4 i 5, 74 P(B, =11 BLY +1] = B, ,]... B[] = (B, ).
TSI P(B, ... B, B,,y,... B,) S 1T T A4 AT AT PR F 05— ik

HARFTI 0 Dy AR I AE 4,

Bk 4 Ik,

NPT LB A SR S, Why-not 1] Bt L % Q,Why-not 1] 8 g;
it AN A NI P(B,,...,B,IB 0 By)

1: fori=1-ldo

2 run regression, get B, =a +a; B, +..+a; B,
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3: end for

4: fori=1-ndo

5: if the same value of q; is calculated then

6: continue

7 end if

8: for j=1—Il do

9: x=0[B,,.],....q,[B,] into expression of B;

10: P8, ~1[B/ +1] =G [B,.].. Bl = [B,D -

11: end for

12: for all possible value of B;,...,B, do

13: prob=1

14: for j=1—l do

15: if Bj=1 then

16: prob = probx P(B; =1| B[/ +1] = ¢[B, ,]..... B[m]=q,[B,])
17: else

18: prob = prob x P(B; = 0| B[¢ +1] = ¢[B, ,]..... B[m] = ¢,[B,,])
19: end if

20: end for

21: end for

22: end for

o HURSLOIE
X 1 sl AR RIR 3 5, T CAIE A No.O-rings, Temp I Order, K %1J& 14 No.ETD #I
Pressure, JUXT T2 3 1K) 454 K No. ETD JIE-— 21 i) Ectts 0 7 2 0 P 50 11 25030 4 1Bl U1 % 2K %0 J 2 Pressure
WPAT [FAE A B, W] LLAS 3
No.ETD=0.60+0.03Temp,Pressure=0.45-0.09Temp.
YT A4 P M ICHAE (R 1 Moo AE), K AN EE SR AL, W] BL4S 3] No.ETD=0.60,
Pressure=0.45 5 P Bl i i A 32 B [0] ) 1) 28 Hp B g SRk 45
P(No.ETD =1| No.O-rings =1,Temp = 0,0rder = 0) = 0.64,
P(Pressure =1| No.O-rings =1, Temp = 0,0Order = 0) = 0.61,
S
P(No.ETD =1, Pressure =1| No.O-rings =1, Temp = 0,0rder =0) =
P(No.ETD =1| No.O-rings =1,Temp = 0,0rder = 0) x P(Pressure =1| No.O —rings =1, Temp = 0,Order = 0) = 0.39.
[F] 34, AT DA 5
P(No.ETD =0, Pressure =1| No.O-rings =1, Temp = 0,0Order = 0) = 0.22,
P(No.ETD =1, Pressure =1| No.O-rings =1,Temp = 0,Order = 0) = 0.39,
P(No.ETD =0, Pressure = 0| No.O-rings =1, Temp = 0,0Order = 0) =0.14,
P(No.ETD =1, Pressure = 0| No.O-rings =1, Temp = 0,0rder = 0) = 0.25.
5.2.4 MR IRIHIE
AT R A AR BGr [B] U 5 3% B0 TR YA 5 vk 1) JEVRR R £ 2 I A IR R i 7 A P A 2 R R i 1
ZAF R FOREZR A T VAT R TR S0 Pk 2 ) RS 23 9% 2R BRI AR A R R M RN AE A SR R &R HL
IR S0 PR R A R R e TRt A7 R A 505G R T B BB Rl VR 7R 40 i 1 8 98
o PIR LIRI—/NARENE M TP LR g SRR S b AT R,
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AT, AR J AR P Le AL a5 R By, B, Ko, SRS VEAE I ELR & R E T B,y By R,
XA AN AR KR P By, AT LU 22 Tu 2k M [R] $  H-By E0 JE E ek ok R B

m

Bj=aj+ z ayB,.

k=1k#j
o B 2N Q KD ICHE, B R B HEFEA [ 4 AR 48 IR AH.
FEAFBVRE 5 A S0 P By AHAD B 2 MG R 5 K Q R el qi(l<isn)RA &K R AP 537
O IUE 45 A P AR I By 4 By HUME AR NGB 48 iR £, v] 15
P(Bj :1|Bl ----- Bj—l’Bj+1 ----- Bf:Bw*l]:qi[Bf:ﬂ] ----- B[m]:qi[Bm])'
A M EEAF R P(B,,..., B,[Byyy,.., By) & A T T RE X ERIAT e OB MR N & — ik =X
P(B]_ ----- BV' Bk+1 ----- Bm):ﬁP(Bi‘Bl""'Bi—l'Bi+1""’B("Bf:+1""vBm)'
i=1
BARSVE Oy AR L% 5.
Bi% 5. WG RIAINE.

BN B E AR 45 SR 2 S, Why-not i) XS EL3E Q,Why-not [1] i g;
AR 4 AF T ISR P(B,,..., BB,y By) -

1: fori=1-ldo
2 run regression, get B, =a;,+a;B +..+a; B +a; B, +..+a; B +a; B, +..+a; B,
3 for h=1—n do
4: if the same value of q;, is calculated then
5: continue
6 end if
7 bring q,[B,,].--..0,[B,,] into expression of B;
8 solve equations from regression, get the value of B™,...,B/
o P(B =1/B,..B%,BY,,...B B/ +1]=q,[B,,]..., B[m]=qh[Bm])=I—:T
LeB
10: P(B, =0|BM",.. B",B",...B" B[/ +1]=q,[B,,,],...,B[m] = q,[B,])
=1-P(B, =1|B",...B™",B[{ +1] = ,[B,.,].... BIm] = ¢, [B,])
11:  end for
12: end for
13: for all possible value of B,,...,B, do
14:  prob=1
15:  for j=1-ldo
16: if Bj=1 then
17: prob = probx P(B; =1|B",...,B";,BM,,...,B* B[/ +1] = ¢[B, ,],...,B[m] = ¢;[B,,])
18: else
19: prob = probx P(B; = 0| B/",...,B{",B",,..., B/, B[/ +1] = q[B,,,]..... BIm] = q[B,,])
20: end if
21:  endfor
22: end for

o SLIRIIBIRE
WA [0 T i g T SR [l 5 S AE TR 8 3R AN R T 1 B AR BN 3 B T RE
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No.O-rings, Temp F1 Order, & &1 )& 1 & No.ETD 1 Pressure, I %} T3¢ 3 1 54l %+ No.ETD JB— %1 iy Hcths o H:
fib A TR A A7) (B P A R0 e P AR AR R s P ) PR s A ] U168 R S Jes P Pressure B $UAT [R]A FA # 41, 1T 45
No.ETD=0.65-0.123Pressure+0.03Temp,Pressure=0.53-0.126No.ETD+0.09Temp.
X TR 4 R M OTAE (K 4 T A 1 FOCALE), K AR RN 25 ALY R LA R
No.ETD=0.65-0.123Pressure,Pressure=0.53-0.126No.ETD.
it 7 T2 J5 753 No.ETD=0.60,Pressure=0.45. % 5 Rl {8 5 A2 55 ] U9 (1) 27 i, B AT sk 45
P(No.ETD =1| No.O-rings =1,Temp = 0,Order = 0) = 0.64,
P(Pressure =1| No.O-rings =1, Temp = 0,0rder =0) = 0.61,
Ty
P(No.ETD =1,Pressure =1| No.O-rings =1, Temp = 0,0rder = 0) =
P(No.ETD =1| No.O-rings =1,Temp = 0,0rder = 0) x P(Pressure =1| No.O-rings =1, Temp = 0,0rder = 0) = 0.39.
[F) 34, AT LA 2
P(No.ETD =0, Pressure =1| No.O-rings =1, Temp = 0,0rder = 0) = 0.22,
P(No.ETD =1, Pressure =1| No.O-rings =1, Temp = 0,Order = 0) = 0.39,
P(No.ETD =0, Pressure = 0| No.O-rings =1, Temp = 0,0Order =0) = 0.14,
P(No.ETD =1, Pressure = 0| No.O-rings =1, Temp = 0,Order = 0) = 0.25.
5.2.5 A [mIHT7E
E 0] 5 7 1) AR 42 W 2% R R 00 Jee P 114 20 RAE R0 s M 4 P (R 2 5 H 2 SR 3 1 R Jan Jes k1
(9 4 F T B ZR AR b 7 V025 T A JA e Mk 22 I ) % R BT A R oA Jhn e vk RN 0 i P 2 I AE AR DR DR &R HLR A
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O U 5 A FAHRLIY By, 44 By HUE AR N 2 58 s 4, 7T 45 P(B, =1]| B[£ +1] = q;[B,.4],.... BIm] = ¢;[B,,.]) .

o DR 3 AL SR IR A 0 R i A A SRR 0 R R A A R

TEAFRVRFE R FNETE By MBI X R )G BB T PR EK S —Rre KRB B, 70 B,
HAERAT R 1,433

B, :a10+ahBl+k_Zj;1aJkBk'

WRJG,TEE D 2 v LIS 3 P(B, =1|B,,B[¢+1] =q[B,,,],...,B[m] = q;[B,]).
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2 run regression, get B, =a;,+a;B +..+a; B +a; B, +..+a; B,
3: for h=1—n do
4: if the same value of q, is calculated then
5: continue
6: end if
7 bring B™,...,B™,q,[B,.,].-..q,[B,] into expression of B;
8: P(B =1|B",...BY, B[/ +1]=[B,,,].....B[M] = 0,[B,]) = ——
l+e
9: P(B; =0|B",.... B, B[£+1]=q,[B,.,].....B[m] = q,[B,])
=1-P(B; =1| B ,...,BY, B[/ +1] = 0, [B, ].....B[M] = 0, [B,])
10: end for
11: end for
12: for all possible value of B,,...,B, do
13: prob=1
14: for j=1—l do
15: if Bj=1 then
16: prob = probx P(B; =1|B,...,Bf",, B[/ +1] = q,[B,,,]....,B[m] = q[B,])
17: else
18: prob = probx P(B; =0|B/",...,B{",,B[/ +1] = q[B, ,],...,B[m] = ¢,[B,])
19: end if
20: end for
21: end for

o BLIRSLUIHA
2R v FAR A vE AR 7R LA P IR EARELX T4 1 th el 7 531K 3 5, BT CaErk
A4 No.O-rings,Temp 1 Order, A %1J&: >4 No.ETD F1 Pressure, Xt +3& 3 1 1% HE ¥ No.ETD A il i,
Sexs T C R YA B B A A, ey LA F):
No.ETD=0.60+0.03Temp.
YT A4 pgAE RO (R 4 TP RAT 1 FhOTALE), R AR RN 2 IR AR, AT LLAG 2] No.ETD=0.60.
kLKt Pressure J& X5 (045 No.ETD AT O 40 )m HEFREAT 9] U3, T A4S 21
Pressure=0.53—-0.126No.ETD+0.09Temp.
YT 4R AE—FOCHE (R 4 TP AT 1R T AAE), 455 No.ETD=0.60 # HACA A 45 SR 8, oy LTS
#l| Pressure=0.45,:
P(No.ETD =1, Pressure =1| No.O-rings =1, Temp = 0,0rder =0) =
P(No.ETD =1| No.O-rings =1,Temp = 0,0rder = 0) x P(Pressure = 1| No.O-rings =1, Temp = 0,0Order = 0) = 0.39.
[F] 34, AT L4559
P(No.ETD =0, Pressure =1| No.O-rings =1, Temp = 0,0Order = 0) = 0.22,
P(No.ETD =1, Pressure =1| No.O-rings =1,Temp = 0,Order = 0) = 0.39,
P(No.ETD =0, Pressure = 0| No.O-rings =1, Temp = 0,0Order = 0) =0.14,
P(No.ETD =1, Pressure = 0| No.O-rings =1, Temp = 0,0rder = 0) = 0.25.
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6 KWLREN

6.1 KWIRE

6.1.1 o H &gk
AT R M B T UCH Machine Learning Repository H11%) Airfoil Self-Noise,SkillCraftl F1 WineQuality
X3 AR RGBS Wk 6.

Table 6 Used datasets

F 6 AHEIRE
KA S odls BERA
Airfoil Self-Noise 6 1503  FEHCRSEHL
SkillCraftl 20 3395  MEAURISLEL
WineQuality 12 4897  FEHCRISL AL

RV B R AEA S S B R T30 R 3 50K 0 o S A4 AR, BT LSz 56 P ) v SR AS [ SR 44 R 0
SRR I 4 S HAR SRR A B LK 7.
Table 7 Algorithm names
FTOHIEX N AR

ik s 51 44
DG B AT R e 41 PIOD
04 9 1 L B A & SR AT A SR PIC
Loy RE G WITE cc
(OEACTE PR3 SR
B A 7 7% ColleboR
5% 5 By ChainR

6.1.2 SIS

ARSI FE LU BB th gk 4T AL # 8%:2.5GHz Intel Core i7; N 4£:16GB 1600MHz DDR3;#:1E % 4::MacOS
10.11.6; ¥4k 2 &R 48:MySQL.
6.2 HEFRER bt
6.2.1 LR E

AT HEF PR LU SEBG I, 1 2648 3 AN EHR 45 R AT 7 AR SCHr 32 3 1 R AR 7] (9 B9 i 5
PESIS T BANTE 3 PN (R HHE £ HP 10 oA S0 ORI L B 2 AR A A R A A S 0 M B AR T LR (S B
% 8.

Table 8 Dataset setting of experiment of ranking quality
%8 fHFmERREIRERE

KUK Ik ndls REIBVERC RZ0EMERERE A
Airfoil Self-Noise 6 1503 2 S
SkillCraftl 20 3395 3 B
WineQuality 12 4897 2 SEE

6.2.2 Rk

ARSI v g e SRR (R BOH SRR A AE N IE A 1 2 25 (8L R Ok — Mo 5 SEBR 7R — AN B 4 i) A g st
AT 100 ¥ S5, B AR A — IR S8 v B L B 546 A i 45 S b I Jo 4141 2 Why-not 1] 25, I 78 Y Zcai e v i)
B AT I TG 2H AR S R P M) 3 3R A S G 4 1 5508 JE 6 Wihy-not i) F3UHE AT 8%, 25 1) PR 45 SR 10 1E 51 38 06T
A — A BT B I AR 25 SR 00 1 2% i g A ok s ) 5 800 A TR (K To 4 R B A B AR FE 100 ISR ),
T top-1~top-100 (1437 B 441 6 {57 B A H 319 164 70 20 B S AR 6 T 100 I SE 56 B, B el 73 31 6 AN /) 45
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EIEA R RN E.
6.2.3 SLIn4iiR

HFAE 3 P ERAE b5 2 0 (SVYM) 5 45 (1 7 VRIS AT I )k AN R A3 1 mT i 45 3L i 3 R 45 i
Jh 2 B b R R T 5 20 F5(SYM)SE S T VR 2 AN B Rlog ik
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Airfoil Self-Noise £ 4 1) 6 AN & 1, JUAT P A& 1 Sy 3 40, I A 359 oA S 0. 51 560 368 JICFFD AR 260 J8 12k A oA s 4
JEME B 1(a) AT DA 2 BB M JRSA SO BT MR HEEE A U948 1 500 A& s B b e B T
He P 5k K N 5 0B i 1 (4 4 2, B top-100 HY iy A ARRE B0 E0k OAE 2 AT b DR B sk B g a0 5o
P LU 28 s 446 21140, 13 5 P 33047 17 B0 (0 AR 20 94 1 95 81 11 45 SRl 4 Lb B A SR B9 AT A S 4 B IR 2. 9 5 1)
RIS S R G R BR T 52 02K 58 G NSRBI 8, S nE S5 A 1 3 By #0246 F s 95 Lk
SR 3 A 2 AN 2 IR IR ) P A T SR R4 B T AR R I ME R R B T L IS A VAR S R AR
T LR VR R SR A T 2R B e B S PR T VAAE top-10 (R HE R T R R I R W A R A R UR 4
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Fig.1 Top-100 ranking quality of all algorithms on three datasets
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T 520Kk g A EREAT I, 5 REH A1 3 F T EERS 2] T AN LR A R R 22 . BRI
(3 HE )3 i 53 i T S0 i e AT (0 S 5 (T DAL 5 45 1 3 ol Ve LT T 1 B i) 1y, 95 380 1 B 9 AN 4 b
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Fig.2 Runtime of all methods on three datasets
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Table 9 Row scalability dataset setting
RO ATY RN B BE

EE M ool REBMESC RuE sk
WineQuality-1500 12 1500 2 Sk
WineQuality-2000 12 2000 2 S
WineQuality-2500 12 2500 2 S
WineQuality-3000 12 3000 2 S
WineQuality-3500 12 3500 2 S
WineQuality-4000 12 4000 2 S
WineQuality-4500 12 4500 2 S H

Table 10 Column scalability dataset setting
F 10 S AL B AR

KL id oodls RMBYEEC RnJE MR A
WineQuality-2 12 4897 2 S

WineQuality-3 12 4897 3 AL
WineQuality-4 12 4897 4 S
WineQuality-5 12 4897 5 S
WineQuality-6 12 4897 6 pg

6.42 AT¥ ek
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Fig.3 Top-1, Top-10, Top-50, Top-100, Top-300 quality under different number of tuples
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Fig.4 Runtime and memory of all methods

B4 PraJiEEAFE T A BA AT N IS AT I 8R4 AR

6.43 HIP etk

o HEFE

N T ek AR AR A T 558 45 A SVl U e B A A 0 A 1 AR A, 7 e SE G v 3 3 T A AN ]
JCHEAAT R I top-1 HEF & . top-10 HE/F i E . top-50 Hi/7 FiE . top-100 Fi/7* 5 & Al top-300 ¥ i &,
B R 5 pioR

M5 H AT LA H, A G Hdie 30 47 A S B (10 7 vk — A W S R T B 1 P L s SR A T R A
R 5 1 B A A S 5 1, I 58 £ A 5 2 G A A N OB I 4 2 S MK T Y AE top-300 [T R AR
HOT.

%t 3 Bl 5 [l VA 45 4 IR 3 4 31 D7 vk, 1 S vT LA 310 B 5 A S0 sk (1 I 4 o i S T B A 0 2 i
T i 2 A 0 e P 5 A 8 o, 5 [ 0 8 A O MR R A D R T DL ) B A R AR D Gl (RS i T RS K R R
PEZ ) (5% &, T AITLE top-1,top-10,top-50,top-100,top-300 [KIHEIE Bt L #RAL T 5 Pl 2 4k By v



642 Journal of Software #k#+34#& \Vol.30, No.3, March 2019

—-—PIOD —e—PIOD
—&—PIC —=—PIC
2 —-SR 2 —-SR
g 0.5 ColleboR go0s ColleboR
o —— ChainR o —— ChainR
— 1 I e
1 2 3 4 5 6 1 2 3 4 5 6
#unknown attribute #unknown attribute
() AN A i g M 25 4% AF R ) Top-1 )5 (b) ANIR) A % Jag 14 & 4% 11 1) Top-10 Jit &
1 1
b ——-PIOD ——-PIOD
—=—PIC —&—PIC
=) ~-SR =) ~6-SR
g 057 ColleboR g 05 ColleboR
o —— ChainR o —— ChainR
0¢ ol
1 2 3 4 5 6 1 2 3 4 5 6
#unknown attribute #unknown attribute
() ANTRIA S PE A 4% 44 T 1) Top-50 Jii it (d) AT A %0 v £ S 4R T ¥ Top-100 Joi
1 - . .
——-PIOD
—=—PIC
2 —-SR
go5 ColleboR
o —*—ChainR
oc
1 2 3 4 5 6

#unknown attribute

(&) TR A g 4k £ 4% A F (¥ Top-300 Ji

Fig.5 Top-1, Top-10, Top-50, Top-100, Top-300 quality under different number of unknown attributes

5 ANIFAR SN & AT R ) Top-1,Top-10,Top-50,Top-100,Top-300 Jit &

o IZfTINIH]

BT AT T3 EEAEAN R JC LB AT T IS AT I R0 P 6 B, vl LA 48 75 81, AN s 463 2030 200 47 MR o4 4 B4 100 77 7%
V58 L B R T, BT DA D i 3 5040 30 A AR 23 4 TP 75 30 A U SIS AN AT W O LR 55— R A 0 R E U 2 2K
R ZEMR.TM0 3 P55 [AUREE 75 (075 R K R AR W,3 i i Bt A UK A £ v A i e P 4 0 16 S e PR K
(17 A5 1 A L A 5 SR AT MR 3 HE BRI D5 325 A6 R S PN W In 1) 2 R B AT I T AR BSUE L AN R

R0 Je P PR S DR Ay A 7 A LA I A R e P K ) B AR AT T 0 4L R I AT I T £ 5

100 I\ | —©=—PIOD

80
ColleboR

=3 ChainR

D
o

N
o

Runtime (s)

N
o

S © S S
1 2 3 4 5

#unknown attribute

Fig.6 Runtime of all methods under different number of unknown attributes

K6 T A J7IEAEAN R &0 & PR T Kas 4T I )



ARFEEL 5P A LU EEER 69 Why-not B R AR AR A HEA 643

6.4.4 FIY (T 5N REE TR

h T WS A A 1 5 R A 7 VR AR AN IR R S8 PR RA TR IR, 3R A WineQuality 2 4 1
TH R4 WineQuality-300 Sk Xt 6 Fh 5 AN [7] (¥ % L S 46 WineQuality-300 #7300 4% %idis, A i itk /b & 4
5 110 Js BT 2 DR A 22 43 208 15 9 M0 o T 28 3 5 1, AR 1 800 B I v2 7 v WL I 1) P 45 31 45 8

FEC AN Y R PRS2 50 o AP SR HE 7 00 B R AT B R0 g W AN B2 HR AR 0 T SE T A M A B AN VA A
top-50 2 FI A1 top-100 2 Fif (75 fh R A, s 56 wpods i T A8 AN ) A i vk £ 4k 44 top-50 AT AT top-100 R (1)
.

o HiFFE

AT 7 VEAE AN IR R 401 J@ 1k B 4 A1 R Top-1, Top-10, Top-50, Top-100, Top-300 (HEF MR E W E 7 hir(s 5
Gr RS I TR A B hoaT U 4 B B E Top-1, K A AN, 1 IsE, B 7() BT, 55 0y e &5 A 11 0 1k e 3L
A (8 7 VEAS B IR 45 B BT — 2B LE AR S B0 R 0 8] 7(b)~ &l 7(e) T 7, 55 4 25 45 2 (R 7 145 B I HE iR 0%
A AR FA 1) 7 VR 3 R TS B T AE RSB AN EOh 1, o3 S e A 2 A K AN O
2 I, 43 288 o AR Sy O 4328, A SIS B LA 22 o i R PR AN B0 22 i, e TR AN B R AR BN K S e R S T
R IR A T A AT S T

1 1
—e—PIOD —6—PIOD
—=—PIC —&-PIC
2 —6—SR 2 —6—SR
c_:s 0.5 ColleboR r_:u 0.5 ColleboR
o —*—ChainR o —*—ChainR
—+— Classification —— Classification

0E& 0
1 2 3 4 5 6 1 2 3 4 5 6
#unknown attribute #unknown attribute
(a) ANTRA 0 Jeg PE B 2% 11 T 1) Top-1 Jii o (b) AR 0 M 5% AR T ¥ Top-10 i i
14 T T T T 14 T T T T
—o—PIOD —6—PIOD
—=—PIC —=—PIC
2 ——SR 2 ——SR
®@O5F ColleboR T 05 ColleboR
8; —*— ChainR 8, —*— ChainR
—+— Classification —+— Classification
0 & =3 < =3 3 00 =3 =3 < =3 3
1 2 3 4 5 6 1 2 3 4 5 6
#unknown attribute #unknown attribute
() ANIRIA R £ S5 A1 T i Top-50 Jid: (d) AN IR A & e 1 2 4% A1 F 1) Top-100 J57
4
—e—PIOD
—&—PIC
2 —6—SR
B05f ColleboR
8, —*—ChainR
—— Classification
0 N 5 e

1 2 3 4 5 6
#unknown attribute

(e) TR A i 4 i 4 1 F (¥ Top-300 Ji 3t

Fig.7 Top-1, Top-10, Top-50, Top-100, Top-300 quality under different number of unknown attributes
Kl 7 AS[FEIA S0 @ 44 1 R 1% Top-1,Top-10, Top-50, Top-100, Top-300 Jiit

H T BN T 5 5 4 S8 5 A 10 5 VE R A ST R RUR X b 7R R e 4 RN SEVETE top-50 2 R AT
top-100 2 R A2 4kt 4]



644 Journal of Software #kf+%3R Vol.30, No.3, March 2019

e Top-50 kit 3

T AT top-50 Z W EAS ) J& MU A AF R I AR A A A 1] 8 s (B 5 40 R EE B 10 Tk B 8(a)~ ]
8(F) 7 AR T RABMEE N 1~6 I, %A S5 top-50 HE > 5 Rk 35 M o m] LA HY, T2 MU B B AT R
0 7 VAT SR e 222 D T AR 7 7 L ¢ L 8 4 R AT R S B 1) 7 A BT A B M U A N 2 T S b
SN EEA TR RS A T IR AR T top-10 (R BN E 55 (RIS 45 A 10 7 VAU T 4E top-10 2 )5 #8 2 T~ sk kE 1
5 1ml&545 10 5 i

L 1
Pa = PIOD
0.8 0.8 pic
SR
ColleboR
0.6 / 0.6 |=reeeeee ChainR E
% / %\ =—==—-= Classification [P VL
S PIOD g e -
Co4t ——FPIC E Qo4 ~ Pl
SR __'/.-K----f """
ColleboR Dt
o2f /| ChainR E 02F
= === Classification
0 0
10 20 30 40 50 10 20 30 40 50
Top-K Top-K
(@) RAEEHCH 1 WY Top-50 i & 3 (b) AHETEECH 2 I Top-50 Jit i
1 T T T 1 T T T
= PIOD PIOD
L - PIC J L = PIC
0.8 R 0.8 — R
ColleboR ColleboR
2061 ChainR R >06F e ChainR
T = === Classification T = === Classification
3 p=}
Co0.4 ©o04
0.2 r/_,_, 0.2
0 0 -
10 20 30 40 50 10 20 30 40 50
Top-K Top-K
(c) RAJBHHCY 3 B 1K Top-50 S5 H %5 (d) AREETEEC ) 4 W H) Top-50 Jii i 4
1L T T T 1L T
- PIOD - PIOD
0.8 PIC 4 0.8Ff PIC
——= SR ——= SR
ColleboR ColleboR
2061 e ChainR 2061 e ChainR
T —==—-= Classification T —==—-= Classification
=1 =1
Q04 Co4
0.2 0.2
0 =4 0
10 20 30 40 50 10 20 30 40 50
Top-K Top-K
(e) AK&nJBPEHCH 5 W (¥ Top-50 Jii a3 () R4nJEMEHCA 6 I 1 Top-50 Jit it a4

Fig.8 Top-50 quality ranking trend under different number of unknown attributes
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