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Violations Detection of Multiple Functional Dependencies in Distributed Big Data
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Abstract  One major problem of data quality in relational database is data inconsistency. To find
out the inconsistent data in the relational database, we need to detect the functional dependency
violations. It is easy to detect dependency violations in centralized databases via SQIL-based
techniques. However, it is far more challenging to check dependency violations in distributed
databases, especially with big data. It is usually necessary to ship data from one site to another
when detecting functional dependency violations from distributed data. Moreover, different data
migration methods may have different impact on the detection efficiency. This paper proposes a
novel equivalence class based multiple functional dependency violations detection approach in
distributed big data, and provides a cost model of violations detection. Considering that the
inconsistency detection problem is NP-hard, it is impossible to find an optimal solution in polynomial
time, so we transform the problem of minimizing response time of inconsistency detection into an
integer programming problem and provide an optimal solution for the allocation of detecting
tasks. Against difference of cluster size and the number of functional dependencies, we propose
different tasks allocation strategies, and achieve dynamic load balancing in the detection process,

which can improve the detection efficiency and load balancing degree effectively. Experiments on
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real-world and generated datasets demonstrate that compared with previous detection methods

and naive method based on Hadoop platform, our approach is more effective in efficiency and with

good scalability on the number of nodes, on the size of datasets and on the number of functional

dependencies.
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%%’bw N 25417 58 s merge (EC;) 25745 1 Ja B 45
1'9'\ 15 31 4 Jey G A 25 B RE BT check (D)) Ry 45745

éﬁ@?ﬁ@fc’l"\{mﬁﬂf

WA 22 R BSCHCRSE 5 A I i 7 P ) A A A5 8
7715 MultiFDsDet s 16 I 22 A~ o B 81 1 28 19 15 7
PR ] PR T DU P8 23« 4% 1 e K0 AR FHRE I B A i
FI S0 KR max PreDeal (D, BOHE S

Y ADL RIS 0 B 4
ie[1,n]

SR FER max merge(EC.), A1 AT R K
?ﬁﬁlﬂﬂeh{wﬂ’]ﬁﬁf max check (D). R I8 0 43 455 3X

ﬂiﬁguéﬁlﬁ?%@ﬁ#ﬂﬂmﬁﬂﬁ B[] A 5 BEAE LA
L%/\ME&%FXTﬁHW“Hflﬁﬂﬁﬁﬁcﬂs
55125 R WAL B AE A 5?‘55&%%#
W26, Mo Rkl ek BUR ISR 5 3,0 3 A
B o€ [1on], 23k T8 14 & LHS 7|<ﬂ
(LHS+RHS) 7E % 4> 19 s B8 b I 47 3153 )5 &8
FEM L s ALt Jnsurns » 19 BB U0 (Ckey , value) B9
AN o key RouATE BIEE S LAY )E P H A
G s value A F MR & HEAE A G 1Y R B8 EE A 26
7. g1 H EMP B — 505 Dy i,
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X RER A @5 : TITLE—>SAL, LHS #4 hy J& 4 4 10, IF lmyyg.containsKey(1(X;))
{TITLE},(LHS+RHS) B4 @ %4 M {TITLE, 1. oyg.add@(ID));
SAL}. FERCHE WAL BB B 7E 5 5 S, 3 TR % 12 g prut (XD v yp) s

13.  ELSE IF lm g.get(t(X;)).containsKey(t(ID))
14. myyg.get(t(X;)).add(t(ID)) ;
15.  END FOR;
16. IF M, .containsKey(m, .getKey())
/)R ERBEAE X 5 I
17.  M;.get(m; .getKey()).add(m, .getValue()) ;

HL£E5{TITLE )} 15 % 8 {5 X} (“Syst. Anal.”, {1}),
(“Mech. Eng.”,{5,8}),(*Analyst”,{9}), 3 TJ&E
PG { TITLE, SAL} 15 2 ## (B Xf (“Syst. Anal. _
35007, {1}),<(*“Mech. Eng. _2700”,{5}),{“Mech.
Eng. _2500”,{8}), (*Analyst_3300",{9}). [/ ¥,

FE SR S, ] Sy L HEATRC0E 1 Tk 7. 18. ELSE M, .put(m, .getKey() sm, .getValueO) ;

TE 571 IR AT TAL FRAS 31 45 4 bR B 1 SRy 3 19.  IF M, g.containsKeyGny p.getKeyO)
MM RGBT R X R B AR R AT R T 20, Miyr.getGmy g.getKeyO).add(m,p.getValueO) ;
A 7] R SR A %) T A Jm T S AN B R AR A B ] — 1y 21. ELSE Myyg. put(myg.getKeyO smyyg.getValueO)) ;
FLINE 1 R, 22. [ty Jins<My s

23. [Zx;uv, Jinsurns < Miyr s

T — [ 7 24. END FOR;
X1

[ o 25. RETURN [ 5, Juns» [fx10s Jussureis -+ [ £ Jusis
D, T [t Uy JLstsURHS -
., Frk 1A BRI 4 A B (D, e
Mo D) B BREIR IS & S th o 45 A o Mk
%F LHS #f(LHS+ RHS) 4 5 5 4 25, B i
SO X BN I0 pR MK ) LHS F1(LHS+RHS)
152 W TE 4 4 9 A TR R 1 X 4R I X 75 4 IR
H” p ey {FLA 53 H0 68 0 X0 SHE AT 5 9F  J5 s 72 045 4 ) i
B Py Koy LHS #1(LHS+HRHS) 5 764 4 2.
Dl S B8, % 15 EMP g9 Do¥ Y15 N Dun -
- / Dypy + Dy« ¥ B SUK i @ : TITLE—>SAL, 1 7
L, F 5 R 45 2K L AR T 1 g 3 B T L £ )
B 1 Dy, D, R 5 KA I s 5 TR EE G (TITLE} B9 X 43 Drme = ({1},
{2},13,6,10},{4,7,9}, (5.8} ARETFTREHEES
SR 1 0 B U ST Ik (TITLE,SAL) {504 Moo = (11402}, (3}
ik 1. PreDeal. {6,10%,44, 9},{7},{5},(8}}.
A RBRBRE 2= (1o n) D= Dy, D) % A I B B R R B A
Bt Do Juns s Coxauwt Junsurnas s+ Dexa Juns s BN n A = 1.2, o RGN = 1.2, un,
e sy S5 0 A R HAE S A 2 R BRI S £, 56

1. Map(k, v, ) M, <null, Map(k, g »v,yr) Miyr<

i A BRBURASAE S T R b R BB AR S a5 O
PrBE T costrr (3D 5 B RE P8 /D S5 A Wi O I 8] 5 1V 24 i

null;
2. FOR EACH ¢, € X DO

3. Map (ks v, )m; <null, Map (kg v yr) myr <

nuly MEBIRER BN 3 AD. a8
4. FOR EACH € D; DO/ /£ i Jsh 5 B4 % B max merge CEC,) . 86 50 H 1 o ¢ K I 46 B
5. 1IF lmy .containsKey(¢(X,)) i€ 1]
6. o .add(1(ID))s l_rerl[zllf]check(Df») o I 2 6 15 A 0 R AR A A AT
7. o put((X) v 55O LI B AE 1T R AR I | R B A AN 28 G IR AR I DL
8. ELSEIF Im,.get(t(X,)).containsKey(+(ID)) TSR MG B 2 /N, 3% B X o N AT s
9. my.get(t(X;)).add(t(ID)) ; FANEREE SRR B, ) 2S5 S R B O 40 TR
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WG AT 2, =1, B W &, =0. % 8] 8] DLFE
62 T Y R BB K i) A

H A5 pR %K : min zf,,Hrzf,(,JrL > AD.,
bwie[l.n]
R

Viell.n], t<221ij Leij o f,1,221;jf7115j ;
i=1 i=1

m

Vje[l,n], AD]' in:Zf,j[HHXi | - ‘Hin ‘ )+

i=1

(‘sz_yz | — |H1Xi_Yr D] 21}_, =1, 1=<i<lm;
ji=1

x; €{0,1), 1<i<<m, 1<j<n.

R EFORR L, A R R ER M RS
FEREINS o o S T A9 B BN b S A I FE I o2, K
550 D REHOBIAESS ) D R BRI RS TR
F oz, NS 4 A BRBUHIAE 2R 5 A7 5 b i S A
FEIS S [ I | A58 @ A BR B LHS #8730 16 4 J5 %X
W LRIy [ Dy | RES @ A RBUKHE LHSURHS
FR e A R B B ROy o I | D3R @ A ek B
LHS 374 § A1 R BdE BRI [y v |
K i A RBUK T LHSURHS 38437645 5 A5 45
Bl b Rkl o

AR BRI AT 55 43 T[] 18R 22 Ak BBLAT: 5543
e 1] A1, 32 [ oy NP -5 4 ] R e A 7 22 330 3 o
(] PR 5 3] ) 00 P A i » A SC 2t — Tl 22 o B5CHORE e
GERI AT 55 43 BC 0 3 AU R AR 53 125 L ANk 2 .

&% 2. LoadAllocateByFD.

AW ESE M={M},ice[l,n]. % %G L=

{Lise L} B L=y, My v, } j€ [1,m]

B L1 L(2) - L)

FOR EACH i€ [1,n] DO

Li<{};

END FOR;

Desc(|Hx; 1) // W% L 4EM B LA Tx 1K
/7% LA A 55 B 7 HE )

5. B [T | =My, | ==k, | 5

6. FOR EACH j€[1,m] DO

7. IF 73 FL 25 L ds M9 A 554 3 55 i 28 A Bum >

8

9

~ W DN

LD <LG) U{lly My v, } 5
END IF;

10. END FOR.

Tk 2 A A BRBLEE 5 MDA KT oy BE AT
A LS O AR 55 o RO A R Bk e R AR 55
A PR 2 I H B RN X L AL 55 W 7 HE S L
13 2R 7 HESN S5 2R 5 P A6 #EAT 4T 55 70 IS AT 55 73 e

TR R0 24 A IC RO AE 55 L AR H R Bl T R AT
50 S R B D I BIL R K T AT 55 A B
LA BB A AT 55 #B o e 5E A

S — A A o RO T LHS 193 7
Iy, % 3:F LHSURHS 89X 43 Oy v, VB — AR
AL 55 AT 20 BE . AR 55 SRR 45 I R 35 (R A 26
Hh I P& ITR RO RN Z AR 85
AT HES SR 5 MHE P J B AL 55 6 45 AR OB
1R 55 55 HEAT 20 C - B o0 TC I 328 % 249 i 4T 55 1 3
ANEYS RHEAT 73 BE » A R RCHOR S B m I
Bon 0RO 0 900 R FEATAE 55 0 TR A I Ak
8 AR AE AT 2 e A A% - 10583k Load AllocateByFD
AT LA 2 3 A e 110 fie

5133, HERRR.o: XY HRAR LW
PRBCHORE L I R FE R PR SR A X B R R 2 s ey S 7
YA XUY Bl WA [Ty | << | xy |.

EA. BUE [ O | > [y |0 — Ay €
M, W2 3L )y € Iy A LoD = e dy, WA E SC 2,
Ailedx=ely =edxy s HE S 4H O =y s N I
x| = [y | S5BEETE. &0 35—y €
I AR AL )y € Oy AR L = Lely R E X 2,
ALt ALt Dy RIFE L 4, 0688 ey, [ty €My »
ALy =Ledy ULeDy. M AAE Ay, (1) €
Iy o5 Loy = Loy U Leliy. O 4 51 8 1,
Sl =210ty [ = IR BT RL I 25 24 B
T Oy A A H0 B [ 1Ty | <<| Iy | 5RBEF
JE. &5 b AR RO [y | < [ Iy | RSE. HEEE.

1GR3 060 T 155 A6 I bR B - X— Y, il 2
|| <<|Ixy|,BN3ET LHS BHES R TS
1 %5t A BN A 3 LHSURHS J8 dE4E 4 1
73 BT A0 1 SR 2R AR TR B E XS @ BEAT vh AR
IR BT LA I | AR S0 26 K 7 [ Iy | R 5 A
IDAISRUIEE e

HE TS5 U S 1 o RIS b S AG: TN [ AT AR Sy
Z ORI % 22 UL 3 R L5 0 IR N
FRATCH R L5 1 2 & AT LHS &
PEAE G BN SR ) AL 50 2 JR OB P AT
T LHSURHS J& P4 & By S5 o R A 15 5. 1 2
A R ERCRCORST S5 A7 2 A U Y — 75 101

Hp 3 mle N KRR R TR BAR M ¢ X—>Y
7 3 BV Je 1 A 5 (X0 BB — AN S A 2R T A A 26
Loy s Lo dxv oo s Lo Sy AT R Lo I g 5735
S R Rt 2 S A1 2 A U B I A R SR A
M & HE SR A B T B
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t Level K43 AE A R BIAK AL o 1 Bp 28 B, 1 56 K BR Ik
ro0 0

o)y [olxy [odxy (oo xy [ama)xy [o-dxy [ dxy [6madxy [Emu)xy 2
B2 BRSSO 7 ]

PEBT L. e pR RO S5 A 28 A R A AT —
()45 BT A0 55 JU 2 AE e B LHS L s (e S
JIv A 7 R SR BORT LHS E A JE P AR ]

PEBT 2. e R OO S5 A S8 A R o o 6]
IR ORIV IDE S B O SR R SV RNVt S
IR

PEBT 3. i R RO S5 A 28 A R P BT A

[ ST & e I E S TR R R P T A T dl
£45.

PERT 4. 7E eRBUI 55 M 288 AR B XA —
] R A SR TR T SN 1L
HA )Y 5 A e g e AL HLOR [6) 74 5 P B L
SO Ived RIS RU L vl

R T 43 A R LA M i T AR 25 eR A
MRAF P 2RI AR 0 e A A5 3 45 f 2 AR AR i
WAL T o S 28 A UM oh S5 40 & R AEAE o 28 11 h
V)5 A5 R I 4 A5 A7 0 B 3 S 4 5 R A7 B A L 5
b B FASAEAE W2 11 v (B YT A A DT 2
o T R

BERR R, @: X—>Y KRR YR EKH
Lol WEJEEE S X BN, [y WTEE M
F£45XUY MM AR 2 L=ty W
Cedx 8 [t Jxuy WM JC 4L 56 T 0B BUIK B @ A A7 1E
PR XY € Lol st A Le ]y = LeJxuy AT H0
tist; € [t xyy. WPGE L 2.8 1,06, € [t ]xuy AT A
t,[XY]=0,[ XY, Het..t, € Ledxml F e, [ X]=¢,[ X
B (XY= [XYJR [ X]=1 [ X1 85K
LUXY =1, [ XY 2245 W5 Sty 25 45 48 [A) 356 43 ¢ [ XA
GEXTT USR] 6 LY 1= ¢ LY T AR 4 ok B A b 58 1Y
FE ST ICH bt KT RBUR I o NAEFEIPZR.

AL G S oA RS A5 2 A R v )
AL A AR W ) SR 1 A A
e R4 B e gt 4l.

BROREE 1 AERR R.o: X>Y JLER |
R I KR R RS X Fi—4

B E A TCR MM 2815 5 T 0938 R4 T, 8%
J& 258K My BT A 3 10 ) BE 7 I A ey HRON B4
LR M EM S AF 8] Ty = Oy \ (I \ITx) - 3 F1Ix
HITYy BEAT Wl S 4G

BYREHEWS 2. X BT RS A5 B A T A Ty » 5B
PR A IR M2 8 8 I% =T\ (T N YY)
MYy =\ UL N %y ) s 3 T I5 Y #E 47 b
5 2 fa .

Zeid B KA 1R 2 BT AL S, BT AT B A A
R TC AL A S 2 B T3 55 A 2 AT 8RB B o
SRR AT LA R0 i 5 A DN g b XS 235 [ 2 R
A2

9. LI 1 EMP f—A5240 D, K4, %t
BB 4K #i @1: ENO —~ ENAME, D, 76 J& ¥ % &
{ENO} E%153 R Hevo ={{1,2},{3,4,5},{6.7},
{8),19,10}}, #£ {ENO, ENAME} I i %I 4% K
Mevopnave = ({1521 (3,4}, {5},{6,7},{8}:{9},
{10} ). &l 3 SN IS Meno A Mexo enave 25 B B A%
AR L B 1 WETAL 73 N Mexo M Mexo_exave
REY LT S A UL A 2K (8 S R 3
o] 1 45 A 26 A RO B 2 RIS B, 4 N Tieno I
Henoexave T BT 25 TR E A JCA M SFM A L,20F
(6,7} 432 aNE 3 NS A4 . NIE 3 A
MEF L 28 UK B R ) 15 B Y S A0 28 A R o —
PR ASL B b 58 TC AL 1) 55 2 A B o 3t a2 — R e
5 M A AR I

Level
root 0
{1,2} 3,4,5)  {6,7} {8} {9,10} 1
(1,2} 3,4} {5} {6,7p {8 {9} {10} 2
root 0
{1,2} {3,4,5}  {6,7} {9,10} 1
(1,2} (3,4} {5} (6,7} {9y {10} 2
root 0

L /\
{3,4,5} {9,10} 1
3,4} {5} {9} {10} 2

Pl 3 Dot R B A5 A 28 L2 IR BT B AR



1 4 2B TBEAE oA SR B 22 oR OO b 28 A6 D1 153

2o 3 bR By A SR M YA 15 B AL vh s on Al Y
SR NP E K 2 R 1 R R R AR
WA F AR Aot 2 A 32 i 58 55 2 26 LR L 5 2
HEIRJESE 12— R 5% 2 )2 ryr 1
FOEATUEAC, DL E & 75 A0 F K &R, naive [ UL AT
JrE X 1R AR — T s U 2 R R A R
VEPC b iy 5 gl AT DEC 3K A DT e 7 vk | T
555 2 )2 A R UCEC A5 S R AT IT R,
IR AN .

g $ VT TC AR B SR T O BT A S A5 B 5
12 MSEMAEA D=1\ I NIy o B A 5
M MR8 L0 /N N B R 34T HE P L 153 3] — A
TSN e 5 ARG WSS e de /N —
Ui 32 > 18 HUAFE M S HE AT VS IC L A6 VE FL B, 56 %) 1%y =
I\ (T NIy I SE A 28 0EA T BT L.

BWIERFR R.@: X—>Y HRFRR 1 eREK IS
Iy hfERHES X LR 5. Oo NEREES
XUY Emdlsr.Lelx e m s X ErsEmk,
USR]y P AFAE PR ZE T2 WIS VY L2 ]y € Iy » T 2R
CelxoyELe ) s BILe Iy HLe Ik B F A U [ L] [ >
Ledxuv | FEMBES OA I A FEMEK.HT
EAMBBNTHM A A B H FH I I =I5\
(T NIy o S 0 AT BT R, i Ve lx €
oA R Loy € % H I Ledxuy [ = Cedx | 0T
DL Lt oy NIy RS BR.

Bl 10, DI 3w 2 IR RS 15 B A SE 0 28
Bl o Mo = ({3,455}, (9,10} } s MEnoueave =
(3,4}, {51, (9}, {10} ). B JE % Mo Y25 4 26
R 4 /N B/ 2K HE R 15 B Hio A =
{{9.10}.{3,4,5) . SRIGEEL Meno A FIIEE 1 4%
MFE{9,10} s FE M oy mnane - HREEN 259,10} 19
TERAB AFTE MR EM A9, 10} 1 F R A 1 FHaab
SR/NT19, 100 A3 BIINT 2. BRI AT L T Enouenavie
R ERFEA/NT 2 19 5FA0 280X B B BR A 1F 1Y
MR 3,40 R IE AT LUK L AS B L 1 AN 5% i) DG e
M4E L. 26 5 XF o PR S HE P BT S SR A5 0 F
14 VT FiC S ) e IR B AT T LR

x5 SEMEHFNERFTERREH GRS

BRISERE

FME RIFICER K

BT R B "
{3,4,5} 4 3
ikl {9,10} 2 2 16
IR R {3,4,5} 2 3 12
TR 9.10) 3 2

M5 AT LLE W AR LR X I o 45
W R HEATHET 5 B DE R B 5 W AR ECh
12 W TRIASX Mo 3 W 23047 HE Y B #2647 DC I
FUH T, D)5 6 Y DR A 16 UK T, AR HL AT 5
X T o IR A5 A 28 ARG L 3 R/ BN B R HE TP
A LA B Sk i 2 DG TS ) BT 7 0, B i A T %

TE 22 A BR B AN — SSCPE A T i AR 15 A6
BRI BRI AN A oo 155 A T BECHIE 23 A TE 70 A9 AR
2R B A B R 1Y A B RN DA )R A
[Fi) 14 97 28 73 T 4 1

(1) m=n, B ek B RO T 55 T35 A48
DL BRI iz /0N B R AT R DA 55 /9 43 E . R LA
PRUE T A1 XA 03

(2) m<Zn» BV ek RO K/ T 719 1550 A
175 DUAS B8 B 11 i 58 S5 JAR 19 A B AT 4y
ALK A TR Y S5 A 28 23 2H 23 160 2 AS ) 19 719 s R AT Ak
B ORAE BT A Y R AR B0 2 T ELAE A5 ) A
L A RE 1Y 34 4

Xof T BR B A BOR T4 T R O S O
A DAR R 2 v g AT 55 03 T SR Mg 2R AT A 5500
TC o A A 0 AT 55 149 43 TC S 7T R 1 24 4. X T bR ERAK
A BN T R B 1 OO DA ek B D B A
AR5 B 0 BE 25 1 BA 281y i S 80 25 9 16 00, 4
A0 AN B AR S 2t — R OO B T R
ANEE BT 22 oR BRI v 5 A6 I 4T 55 43 T 19 30 A0 e
Pk BAR WA 3.

&% 3. LoadAllocateByEC.

A HLERES M={(M} i€ [1.n], BEKBISE G ==

(@1 s s m}

Wit FL(1).FL(2) .. FL(m)

1. FOR EACH ie[1,m] DO

2 FL(D)=<{};

3. END FOR;

4. FOR EACH i&[1,m] DO
5. FOR EACH j&[1,n] DO
6 IF |FL() | <|n/m] & & i<m
7 FL() < FL()HUM;;
8
9

M~ M\M,; ;
ELSE IF i==m //&J5 R4 W7 S5 Bl 45 B s
//—A~FD
10. FL ()<M;
11.  END FOR;
12.  END FOR.

B 3 WA AL BRALAE & ML £ 0 B bR
BARBE S S e O AT 55 0 BO 2 2R O (45 Ao A )
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Hl

2 e 2017 4

BRI U FIT 23 TE A AT 5 5 O T BE Y 24 A L X
A m— 1 SRR FD, 50325 0 S8 $AT 17 5 A B0
PRI FD ASEGHEAT 4 B AR Al FD 43 i
L JAS AT 19 50 e e Sy o A T o 5040 T
Bon R SUEEG BB ES m AT FD B
o3 BE B PRAT 1 A RO FT I o — 1 AR A FD g
(W R iD= s O Rl Sl 07 i S 7R
LoadAllocateByEC 7] L4533 L B {10 .

XoF A G DN 1 R SO A o AR HCAG: D AT 55 i
I3 BC B[ AT HEAT A — SR 7 A&
FRIFATH B R SN 26 e dins T L2 sy rns 7 BB 10
(key, value) f 8B X 5 o AR 5 ¢ LHS A X5 15 2] (19
SO FEAT 03 20 o 0 A T HE e BOHE AT A R
1 BRI G Dy [ LHS A . H09) ek £ i i el
B2 R B 9 95 A B . X T A& S B
Ak FRAS 3 14 B (0T o M AR BB R BOAE 19 23 A7 A D
VA 6 AR TR ARSI AE 1Y) SR (R X 8 38 () — AT 9
AN TR BRAT 5 5 b B B X A AN T I B X R
A LS AT A R [ HICS) A ) B 0 A8 ] — S AT 5
RO I SRR HO B s R A 4 F s

b @ IX < XD 0>
<@ XL, ] o
P,
< X[ I
D, <,[XT, 0]y >
< X080 >
P,
P SRTRM
b, GIXLI ] < IXL 0, )x 0
P,
B4 R B R S A 25 i L fED XS s B

B4 o[ X8 Do e g e X B/
JEMEAE L2 D Do e e S P . [ X B R
HRAEN I (X [, D) Dy PRI 4R &
AR e A bR KBS S AN D m — 1R (R X 4R
B B A g e — 1 B HE(E X Bl 20 TC 21 8080 2>
B P, b SRR SR AT A 3 AR R ¢ XD R
XFEEE E AR [ B P AT 1 L RE ST 2. A o[ X
AT B4 2 A 2 b T2 A n] REAF AR vh 5% L TN L &L 4 v
(19 Ja ¥ 45 A1 248 7 TN SR W5 4% I A7 77 A W A i R FR) T
213 T 2 AR [R] B9 35 5 PRAIE T b SR ) oA 1

T Hadoop V- & #E47 £ 4f 4b 20, By T 4548
()RR A5 B A3 A I DL AN [R) T BE 23 H 30 BRI 19 43 X R
B Partitioner O 15 3 (1) 804k 73 e KN 22 R BUR Y
0L X 2 S 3UE Reduce [ Bt 17 25 20 Bic 59 A 15 17
— 48 Reducer 95 g 1 22k A, GRS 0T T 46 I B
3 SR 7 R R KT R FE I B O A 3 OR O
. A SCEE XS Hadoop WA #EAT 18 ¥k 78 Map B B,
M partition B HCHRF i A5 I K4 &) 2> B £ T
reducer 3 1Y partition, 5% F gk B4 £ 28 29 #5700
FAEX 1 B partition #47 & I, & I 5 0 EHE
AP 5 AT Y s EE) Reducer AN Z0M [A] S K
EIF 5 W BUEE 43 B3 i 3 Reducer I, £ UE & A
Reducer 4b B — A5 I J5 19 B0 3 Pe ., BARSE 6 n

Bk 4 TR,
&% 4. PartitionAllocate.
A TEES M=(M}.ic[l,n]. BAEHIES P=
(P, ,P,}

Bt A, AQ) o Al)

1. FOR EACH i€[1,n] DO

2 A(D)<{};

3. END FOR;

4. DescC|P; )5/ /fA P A& 43 He il Ko xd s
/ /YR HES

5. BEIP =[P ==|P,;

6. FOR EACH j€[1,m] DO

7. IF M2k E E/ME min| A [ B9 S

8 AD<AGDUP];

9 END IF;

10. END FOR.

B 4 R AN S M ORI 3 e 1) K dls
rEREES P RO oy B oy BEAE R . A (D FR
SrPEEE R M RE o AR G AR R 20 BT 2
B o LR A v B B R /N B A RO o BRI O HE
B SR T RS HE Y i BRSO 2 B L 4R 2 o S B R
BB S /IS 99 s 25 TR S0 o 451 L L
) J A5 R s R 2 e €

fBUE X T B BRI o X— Y, PHAT T 53 B
R ARAEF 3 4 AT 55 20 IO SR B3 AT A ]
PAFFEIES 73 s oG PR A kA SRAT T RIS 2 /Y
KT o MEIT 0P RICH BRI N o 762 R %k b
g R ICH A A BRI 5 Fs.

AR B R B AORUAS: AT 55 70 T SR 05 00 2R o 4K
A T A B R g — A T A R KRR L A
A AR LHS Ja 4 F i) S (66 8 B8 20 AH 1] 9 a5
ARG 5| B 2, P A w8 9 T 21 L B LA ] AT 0k
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S; | <IXY [ y> > Viot(¢,S))
S| <pIXYDL gl > Viot(¢,S)) Viot(¢,D)
S| <GIXYL[g] > > Viot(9,S))

K5 A IAT I A2 nh R T A A B e e R e

PHAT a5 X HO 03249 0 BT A SR X S AR AR
A& LHS #8453 GX BLoh X0 J@ M (52 5 48 W] % BT
AR AT R 2 of A G AR TR LHS J& M6 Y 5
B R 43 3 7] — A 41, 459 29 LHS 3455 J& o (E 1)
ML ARG AR RHS 43 J& ok B2 5 A8 7] % A
A RHS &6 2 J& 24 8 i 8 8 % R 2 2 W — A~
A3 ¢ T RHS #4558 Ve 19 4 M 25, i 48 51
2,00 B — AT LHS #5408 P (8 A 4 2,
RHXS R LHSURHS JR PR E S 2B EOR T 1,
D58 B JEC %65 1 A ] LHS U RHS J& PE(E S M 28 2
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sistency detection. It is easy to detect dependency violations

in centralized databases. However, it is far more challenging
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to check dependency violations in distributed databases,
especially with big data.

Nowadays the study of detecting violations of integrity
constraints for the distributed environment is still relatively
small. W. Fan proposed several algorithms for detecting
violations of Conditional Functional Dependencies in Distributed
Data. These algorithms are based on pattern table and not fit
for Functional Dependencies and big data. This paper proposes
a novel equivalence class based multiple functional dependency
violations detection approach in distributed big data. The main
contributions of this article are as follows: (1) Proposing a
cost model of violations detection in distributed big data, and
propose the approximate optimal parallel detection algorithm.
(2) Introducing equivalence classes into the violations detection

of multiple Functional Dependencies and propose optimization

strategy based on equivalence classes. (3) Balancing load
dynamically in the detection process and classify the question
as quadratic programming problems, and obtain the optimal
solution by Lagrange Multiplier. (4) Experiments on real-
world and generated datasets demonstrate that our approach
is more effective in efficiency and with good scalability on the
number of nodes, on the size of datasets and on the number
of functional dependencies.
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