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Abstract Data consistency is a central issue of data quality management. With capability of expressing
data relationship abstractly and formally, constraints are a technique for data consistency
management. However, the diversity on heterogeneous schemas from multi-source brings great
challenges to data consistency management, especially for constraints fusion. Besides, for both data
from single-sources and multi-sources, they are related. These relationships can be used to strengthen
the expression of constraints for semantics, which helps to probe potential data error. In practice,
CINDs ( conditional inclusion dependencies) and CCFDs (content-related conditional functional
dependencies) are two effective techniques respectively for attributes match under heterogeneous
schemas and consistency maintenance on content-related data. Based on this, we study how to discover
consistency constraints for associated data on heterogeneous schemas. We firstly investigate the three
fundamental problems related to CCFDs discovery. And we also illustrate that the implication,
satisfiability and validation problems are NP-complete, coNP-complete, PTIME. Aiming at searching
for the CCFDs in the space entirely, we present 2-level lattice according to the division between the
conditional attribute set and the variable attribute set of CCFDs. After that an incremental method of
discovering the fusion constraints over CINDs and CCFDs is proposed, which combines CCFDs on
heterogeneous schemas via CINDs. Finally, our method is experimentally verified effectively and

scalablely by using two real-life data.

Key words heterogeneous schemas; associated data; CINDs (conditional inclusion dependencies) ;

CCFDs (content-related conditional functional dependencies) ; constraints discovery
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Fig. 1 Inconsistencies under heterogeneous schemas
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Table 1 Fusion Instance I, DrI, on Fusion Schema R, DR,
®1 BMAERR OR, BKXH 1,001,

R.®rR, tid Type@Catg Title® Name Pub@Pub Price®Price  Type
1.®DrI, 2 literature Different Seasons (Hope Spring Eternal) Shanghai Culture Publisher 0—50 crime
I.DrI, to film Shawshank Redemption Warner Bros. 0—100 crime
1.®Brl, s literature Shawshank Redemption People’s Publisher 50—100 *
1.®r1, 14 literature Shawshank Redemption Shanghai Culture Publisher 50—100 *
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®i% 1. CCFD &HA A JF )71k h-CCFD.

A HNEL ClY—~A EESIEES C.
SRR T,DrI,

Bt :CCFDg: (ClY—>A,Sc=USc,).

D Se=);

@ while C# do

@ Sc;=C.popO;

@ forc,€C do

® if inconflict (Sc; c:»1,@Dr1,) then
® Sc;=Sc;Uc;,C=C—c;3

@ end if

®  end for

@  Sc=Sc.add (Sc,);

@ end while

@ return ¢: (C|Y—>A,Sc=USc,).

Hp AT@O~@H TN &g S Sc, 17
B IS inconflict (Sci e, s I, @rl,) I E
P2 RIGUESE I, @I, I Se, M, 27w gE,
Sc, Me, A, WA Se, Mle, FATHIF W% 1
h-CCFD W35 28 Ol C[™).

4 ZWHH

X S R AR AR SCR B 9 CCFDs BLI % 21
[F) R0, A S ok 7E 2 2H E SR BEAT S8 96 ok 0 Tk Ty
125 AT R A v S
4.1 WIRE

W J5 T, A 528 i A Intel Core i5-7400
(3.00 GHz) CPU.##k 8 GB RAM T #LifE17 5L #L,
PRI Java 18 F AT B,

SEHG B B A SO NBA B8 T R SR
HEATRLG  IF0 H RlE 5 0 AT 0 K 2R
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2) E M (Douban) #4. 5k 5% Movie Fl &}
215 Book J2 M 57 ) 251 il BBOAS: ) i) 3 43 L 52

D https://www.rotowire.com/basketball/

@ https://www.douban.com/
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i &I o0 9332 5.8 3112 S LA,
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Fig. 4 Performance of rules discovery

P4 ALIN g BB A P R

e A5 ORN S 451 1) B Bst 8] Cfusion) 25¢ 8 - 43 1)
H2.6s A1 0.8 s, H 73 AN32 17 I [a] #8708 B 6. TR
FERSBLR 8 SCRik [ 15 ] i 0 0] & O 925 (F-NAD)



1946

HEIR S AR 2020, 57(9)
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TS B AT IR 4 AR S g — n R AT
ik,

CFDs fE2f CCFDs & Jf 9 46 35 B ). 78 34 17 f
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It 43 A ) 52 )
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PLA IF R 1 25 H000). 405 500 e B0 52 A 3 oh A R Y A
I B0 Hy B A 19 52 B 43 A5 17 B0 ok P g . OFD i ] [A]
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53 5I7E NBA Fil Douban [173%] 16132 4 Hl 2237 4%
R AH &5 IF R ROCR A i CCFD B 2.

T 28 TR S 6 aek R e S B S S R ) S 451
NBA %ff 46 v % B0 B0 52 451 73 531 9 CCED ¢, -
(player® player | team @ tname — dra fted P no ,
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SEA) 4 B A CCFD ¢, 2 (Title @ Name | Type @
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