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Abstract  The data provenance describes about how data is generated and evolves with time go-
ing on, which has many applications, including evaluation of data quality, audit trail, replication
recipes, data citation, etc. Generally, the data provenance could be recorded among multiple
sources, or just within a single data source. In other words, the derivation history of data could
take place either in schema level, or in instance level. This paper surveys the researches about
presentation and query of data provenance both in schema level and instance level. For the schema
level, the focus is on query rewriting and schema mappings, and for the instance level, the focus
includes relational data provenance, XML data provenance, streaming data provenance. Moreo-
ver, the research efforts of uncertain data provenance to track the derivation of data and uncer-
tainty are also summarized. Finally, this paper lists applications of the data provenance, discus-

ses the main challenges, and points out some research issues in future.
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87 XML 08t 2R 80 =X e 5 380 i, b AT 38 2
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R S, Orchestra 8 458 /R a5 2K 18] 55090 1 16
A ] — 452 =X PN 5 B8 1 VA o R 2R S A — R B —
i 3t 2R 3R R O i A G G B A B R
K2 S TH B A B R R B3CH R ) L 20 5L (L
VF 22580 2% i 20 P BB 5 i 2221 45 4 sl Al 45 4 T 2
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IR v 38 B B0 1) 7 A 0 A A R A LBk
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(R HH: 2R L A XA 1 thE R AN ) S0 20 1) 540
AT DL 2 3 3k R, 3 3 X Bl 0 A T b v A
AR B R R E T S0 A R Ak i R A
SEAE R — AR AT 0L T LAFRATT 43 0 DA R R
RUECHE XML B | i B30 19 S 401 1 2% 42 B 40 i
F 0 R R BB A g B A e P B 5%
B s LA B AN 2 P 0 Ak 2o 7R
4.1 XRBHEHH R

o Z TR R B — (0 T Yk AR A T
B X RIET P R ZE U A 27
AN UL B A B T S B Bz
el 45 0% R TR I tHE R 1 R Al SR AR 2] T
2SR,
4011 Bt R RR

H 5 4 2 B H A S X 28 O 5K P D B
it I 1t 2 A AT o 3R 58 R TR R R L B OoR
EA B TERRE LI I —A & Mok Fom 1
s FH T 0 RO T T BN AT A B 3 R
ST DU AR B AF B AR AR DY R
E M 38 TR TR R R LM & YR e dl sk
Ja V1 R A R SR R T it R e R 7
() H, RRZE R H il 8 YR i 1 oo 4 508 1 1)
&, Buneman # XML 804 45 s 19 R 70 A
why it R Fl where it R, 1M 78 3¢ R B4k e s 24
VAR B TR AR B A B R B AR V(S B FOR
TCH (z,y, D) @M 2 IR R E A where R
4 R E 09 T A 7 Ok AR TE T At R L AR TEAE B
TR T (2, y, D) W R F S FRX A it R B line-
age B, why &, /X R L R EHATEM

Q(R) =1IIzc ((UIag (R) <t e (R)) U

(ITac (R) <t e (R))) (2)

KFR RAER B IR T oC 4l 4 5 An 7 R A5 S AP
K7 Cad oG 4 g 5 E O I A, s oo Y HiE R
EPSON

EEE R ER A&
A BC | {Efitfs B AC | iEfiEE AC | EMER AC | HEffEE
Ty 2 b Tz {p} xz | {{p}} Tz | 2p?
Uy w r xr w {psr rw | {p.r}) xw | pr
vl w s u z {psr} wz | {{p.r}} uz | pr
U w {rys) ww | {{rf.r.sh) uw | 2r+rs
v w {rysh vw | {{s).{r.s)} vw | 252 +rs

(@) JCH G5 R i (b) lineage ¥Rk

(o) why t R R (d) how {tk BRARi:

7 bR RO A RO R A 5

PAT A ) (2) F lineage PRiE& H 45 R K 7
(WOFIREREERARTERSE R TH R,

XIETEEE 6 Cul 55 B R R R T
%EJ‘];[E] 7(b) EP% 2 %iﬂ%(lau')ﬂg$ﬂ—i&{§lé\%
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{por}  FRR TITHKR B 7 h Y ICH p 7.
X R R Rk ok AE B B 7o s p Ry
wfey A B 7(h) A 2 Gl sk (s w) s I HTGIE A
Wi &l 7 (b) T4 (s ) Tl oy wo) 3 AR 3 R A AT 4
NGB

AT A (2) A Buneman % JE 1) why i 5 F5
HEA SR AE 7o) frR. BARFE T o4 (u, w)
M Coyw) B 1R A i AS [6] {5 TG 2% 58 42 H1 T8 | 1A 7
(O H Y TCA » Al s Gnful A= B 7 (b) g 2 S5l 5k
(usw) P S e d] r A1 s 3 5 W 2 7 X3 4k 21 oo 4
(uyw). HIR lineage Fl why HH Z# 7] LLIE &5 3 £ 45
(2R 5. {H 2, lineage JG ¥ ) W £50 4 X 42 1) 3 1k ik
s why R WA 58 4 0990 3 50 0 3 A i
T B ATTERAS Rl 5 2 b 38 R 45 1 v fh i 7R

Green 5] A T {2 2P B2 L. R P 30 2
B A REUE X+ A s 5 — Aot 1 A—A4>
TG0 MR TG4 K(N. 4., 0. D Hih &
RGBT H 3R X B IR O+ R R
B ATRE 0 B 1. SQL A i 1Y 45 R n] LA Ry 7E i
FER E 2O, 20 REOPUE T B AR
TR Z2 0] DA T L B S A B s v b i AR

PAT AR (2) AT & 22 0 s T A i 25 R
K 7(dD iR, % RFOR B R T IOCA B why
AR HaR R W] 7w iy s H A R s 4
it Cusw) MEMAE B & 27 +rs R T
Cusw) A LY 3 B[R] 77 =045 2, il 18 7 Ca) oo
SO NGRS R I EE s A G ¥ IR AN Tn
Hr Fls EREBOLIE1 3] Green ¥ X i il R RN E
Fr R how tht 7. H1 how R AL AT LA 38 £ 4 5
A e Y 17T L AT LA SRS A b 4 Dy 50 A AL
. 5HE M RFIIRIEM L  how R FKiERE T H .

R R BRI A R 00 3 i 3R R A A I AE A
JE PN R B 14 v b 2 B Bose B X Fp R IR RN
SR

i K ABE RA.B) . S(B,0)

A1
SELECT R.A AS A,
PROPAGATE DEFAULT

A 2.
SELECT R.A AS A,
PROPAGATE s.B TO A;

A 3.
SELECT R.A AS A,
PROPAGATE DEFAULT-ALL

s R.B AS Az, S.C AS Az

R.B AS A;, S.C AS A;

R.B AS A;, S.C AS A;

41,2 dE R A i
IR ZR B P TP R TR R R A R YA A A 8 i
FRA WG 50 E Y SQL HA] 13 EANRES X
£ X0 B4 1 & B9 £ 3. 4 DBNotes 47 & SQL 4
pSQL. H: SELECT 75 i i 1) i b 1 1 12 HL ¥ A
SELECT DISTINCT  selectlist
FROM
WHERE wherelist
PROPAGATE DEFAULT |DEFAULT-ALL |
r1.A1 TO Bl,++,rm.Am TO Bm

Bk T He 5 SCBLER 7 SQL &I TN EESN . 78 pSQL H ik
AT PROPAGATE 4], H T 48 & f bt R (5
Byt

i

DB
—

T

DB
N~

B8 TNk

PROPAGATE F 4] v 7] % i DEFAULT,
DEFAULT-ALLA r1.A1 TO Bl,-,rm.Am TO
Bm 4552 T 80 i 2 5990 3¢ R W e A 20 0 %k g 3
FRGBNIC 3¢ 58 2 R PR 8 0 SR
X 3 A B dhs T AR 90 Sk K g T a] DL 2
P i 4 14 K dh >R 50R 38 16 T 5 BE A0 4 E R e
oK B RO o LB 1 B dd R s B AT A Y
RO IR A 1809 gyt 1 3 A2 43 5 X R 3 A [
F 10 SR SRS« A 1 O BRA I SR SR M . A i 45 2R
JEE BRI RE B XA R P B @M &2 N
R DR A SR PR MR B iR T
7] PROPAGATE s.B TO A, 8 &k H R R S H 1Y
JEYE B s & 3 D 58 i RS A AR PR B
AT R PSR H R R M1S 19 B g k.

R. A B S: B C
1 24 2¢ 3

fromlist

MR AF L

FROM R.S WHERE R.B=S.B
An.\': A1 Ag A;;
1 A3

FROM R.S WHERE R.B=S.B
Ans: A1 A Aj
1 2© 3

FROM R.,S WHERE R.B=S.B
Ans: A1 Ay Aj
1 289 3

9 PROPAGATE F /i FH % 4l
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g A, A, [ O 0ol A ]
RO T A&
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RR[LOTJ] o] A ] A A, A,
o A A A [00 oo [An |
RO T aal B ]

Bl Bz Bs
[ o & ]

A , A,
wm4 RO | o | & ]

10 xR A (Al FQBOGE 7 B ik 2% 7 8 5 et

AT EEL T where {5 0910 5% FAL 3 B . X
AR F  how HE R A1 why tH R (110 % FL i
W WEFN where fH 2 )15 TE 251
4.2 XML #iEMHZR

XML Hods & W AR T2 1928 450 A0 8080 -
T XML $cdE B 5 19 45 575 8 80 £t 3t 5 F gk
WAL F 2 T H, Buneman & ¢ 1 46 #F 3¢ XML
B th & 45
4.2.1 MRFRE

AL M, T LR IO 2 B T R R X
XML B 35 s AT AR R i ik XML £l iy ik &
Foster 4" i | it & AL &, & L T )F XML %

Source as K-UXML: R

A B CADB CADB C
| [ [
x Yy T u Yy wou ¢

Answer as K-UXML: Q

T 2
i £ Iz £ %5 q, :2P
VAN VAN N\ N\ q,=pr
A C A C A C A C A C a4=pr
o g=2rtn
T T w o o u W U W g =2y

W b A 2R e i R Y XML B0 Hh A A
HOXT I — D EM# k€ K T K(N.+. .0, DY
L — 2 B0 X B 28 5 T R 0 TC T XML B0 Rk
i K-UXML. H: A k1« k2 3278 B0 5 [R) B 75 22 36 )5
R F k2 IS SR 142 F£RIZH R T R T
B JTT k1 B k2 AT A5 P — A XA AT DL
A 3F 2 Fn XML Bl 1t &, lan i 11 dog
RIAECHE S X7 XML S #0826 F 75 s » 4
A XML B 5 80 B AR R R B A SR T
TR 5 B E £ E 77 XQuery #Fi) QCE 11 Hja])
S BORGR L JE AR S rh i JE s A A5 R K
WA B RARTER 11 AT 5. WS d 1R
H PR 43 2 B P DAAE VR B S v G 4% AR R
HKa/b/d Ma/c/d. FERMEERT WS d WIRER
E\ RN ST +zex ’%ﬂufﬁﬁfﬁﬂjlz%i'iXﬁ@/}E
KO o W A AR a/b/d R a/c/d. BT A F )
XML %4l . James Cheney 5| A T 5 B K ¥ 19 &
kFmA T XML 4 (1 why 25,

PP S EHIQ: element p { for $¢ in $S return
/Ui for $a in ($¢)/* return
b ($x)/%*)
A
adat e S L
XML ff A P
<a><b>d</> T
d:.-l_\'l ca2yr pealyl
<c>d e</></>

F11 XML SO 9 T 5 2 3R R

4.2.2 [ERAM

Foster A5 T XML %4 bt R A& - L 78
K-UXML %% 4 £ fifl b 42 i 7 K-UXQuery # i) if
& 5151 XQuery Mt , K-UXQuery A LA ]
ek XML 48 A fE B HEER R LT
XML 8 iyt R B DL 45 715 58 XQuery H1i
order by /#J.

K7 () AT RLRR A B 12 g K-UXML R
R, & ()] LI K-UXQuery IWE HKE 12 H 11y

K-UXQuery:
let $r :=$R/*,
$1 yi=for St in S return <i(8t/A, $t/B)< /-
$r e i=for $t in $r return <t>{$t/B, $t/C </
$r ,i=for $¢ in $r return <1>{$t/A, $¢/C }< />,
Sr_B:=for $x in $r,;, Sy in $r
where $2/B=8$y/B
return <t>{$x/A, $x/B, $y/C}</>,
$r_C:=for $xin $r 0, $yin $r
where $2/C =$y/C
return <1>{$x/A, $y/B, $3/C}< />
return <Q>{for $t in ($r_B, $r_C)
return <t>{$t/A, $t/C}</>}< />

=,
>,

K 12 FriETLHF XML fil K-UXQuery
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FOCR B2 R AUEE L, X BIRAT H A 2
K U8 A /R %5 18] B sk 425 6] POl o] DX
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M P TE XML %8 b5 52 % 2K A if, A7 56 XML
B dE 45251 & (where, why £ how 1 &) 19ic 5% 1
1% 366 TR WS S5 R OQ A iR 15 5 K.

4.3 RBEHHER

A R EE o 5 A BRI AR 2 H AT E PR s
PERFFE IR — A~ P4 . FE 1 25 30 AR, RAEf%
SRR R K S G HAR B T L H R
ANREAL BETE 1 G0 F AR A% SRR X 45 | 4 il I 45 g T
Hh i A a8 — T B R L RO IR RO . U R Y R A
S B RS 30 3, FLE B P RIS 2 Rk i AR
T B B9 MBS 25 58 I IF 9 i T T A 2.

4.3.1 HERER

MBI IR SERAT A SRR H
26+ T8 H R 3 3k R AR R 0 O B AT B T AR
FE43 25 3 G0 AT Ik S 3 R M) 5 HL K L 250 1 T R
A ALk A1 4 0CHR 5 3k A PR 1 R i AR 9 25
UK i B S s A T R A N A b AT TR B 1 AR
AR B 23 (6] A AT 55 5 F5- UK, I K0 a0 1 28 07 32 B 406w 17
J7 i 2 A v R0 BB AR s R S T AR R R 2 T
6] A o L Sl A R Bl s ) T E R R A —
SE 3 B s 23 Ml UL TR R B3 BT AT R
BNy BT AR A PR AR — AT 55

25 € T B R SRR B nT DU b T A S
191 e 2 7% Ui K a0 1 AR L bR AR R AT A YR KR
] DA 5 B0 30 1) — A BE . X8 /N IR ASE 1Y) 15T B
FH & 38 325 b T 5 RS 20T R BB 2 S 40 1Y T U R 1
FE (AT T B 15 B M ST T B0HE 2R BRI E s KD
1M T 5 5 7 U B 7 R .

TEfL B g% b i o, Park A1 Heidemann 2 H T
I B A 2 2 38 B e 4 % 1) 5l Ak R R R A
(A B A% 0 ol ST K A B HRE R IR R T ) i
Fe. vy TG IR I 46 7 A 1 S O I BN L R R

FI 3K 38 BRI ECHE A A T S B B 2 A 1% S L T
L A 0 SCA 1) R B () A K 15 5 40 1 A 2ok
R T3 B ER A 1 A o R i SR IR i AT
)R] AT B P L SO ] A B AR Y AR R AT SR
Reddy F1 Santanche S5 5 i i 5.3k B) H 22 4 J2% 4%
BOE R LA (1) B8R 2 WA £ SRR 28 1 I 2
(2) 3% Be R 45 J2 (8 A B AL JAY 7
4.3.2 HEREM

H A i O A R B T AR T AR B R R i Ak
i 0 R Al DU A B0 4 R 48 (Data Stream
Management System, DSMS) #2 f4£ i 422 O 3 47 75 £k
01 2R A 1)

TE 5 i AR AR T SR B L) B A B
I7 A% A 1 4% of L Blount 2% & 1 il B2 T A8 I &R B
JICFR) I B B R L $2 T TVC (Time-Val-
ue-Centric) 15 8 DL Ak B 7 1] 370 25040 11 1 28 A5 3007
B BAT S il R L 49 A U KA TVC J5 vk s T
IR K k%, Misra 2 H 7 CMIR (Composite Mod-
eling with Intermediate Replay) J5 % LI W XF X 4~k
s, Z TR E T TVC i) PE(Process Element) ,
B — > Mg PE, & L PE B AR OC & - AT
i) R AT 5
4.4 THEMBENHER

N VRO T Ok B 22 1 P b G
S AN I A AR A AN RO
A D TR AR 2% o A0 9 D i S0 AN T A R 3 R B Ak
SRR B B L B FA DR A L Bk 2 (R Ak B L R AR A
SEUOT TR B AN B AL R T 25 AT R DB AL 3
JICR AN 7 Pk TR RS2 e 1 A f) 45 2R 1 B . =
R T 22 A5 180 AT DR R TF M B0 5T o s AS 1 o
s i 2 0 5 BB 0% 4 A AN B E MR Y R R AN b

H B BT R A s s 1 2R A58 TAR IR LU A
PR, 32 2T A 2 B 3 R K2 1y Trio W0 H H I &K 1Y
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AR R A . LR i 24 41 ULDB.
4.4.1 ULDB F45 i

(D U-RRZB, WL GRR R, U-E &R
PP IR AN JT A R B A T AT I, A A AT 3 JE) A
HEFF o HLBEAS 7T 3 TR X B — > M4 3 R Y JT 4
PRA -0l s 18 U-56 & P A — 45 1R P TR i
AN AT I R AE A

(2) R S HAL 33 5w x-JudH HA A E v
Hitk 2t B A A2 P ULDB H it R R B2 FR 1%
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EELE 13 B E R T ULDB iy # i) i At
ULDB J] AJ R th S5 A0 ) AN fff o 1k iF A7 488, S AT
TriQL 25 i) A1 24 T 76 7T R 5 S48 L4047 SQL 2
L Z5A A AT RE HE A SE ] Y A i A B R 4 A5 0R
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A
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e | D Sq
At ey AL B o p Q)

K 13 ULDB I py TriQL #rifg-"

(D) RGN . R G T I U5 1 8008 i & 40
PostgreSQL Z I . 4> U- X REUELH LR FEMN
R A TriQL A2+ SQL A i, i/ A
it E 00 U-K RNRJE 2 W A7 AR om 19 |y Trio
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ULDB X 2-70 4 45 4> Al 36 300 (9 AS 6 2 1 A itk
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ULDB if $2 fit— 26 = B LR £k 25 ) 40 B 2o 7.
4 Trio 72 4 W b 5 1) ) 3 L Sarma™'* — J5 [if
F X ULDB o A8 X R AT R 5] DL KR EK S
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J7 B A7 . AR 2 — D A AR a7
5 T 1 32 JH AT RE 5 A TR ) A 1 A R AT
B £-P RN Sarma U BESE TR R AF BA
S BRI AN S P R YR TE R R T ER AT D
SO PR R R P 2o A 7 B A o A v e A
AN s 2 S AT TR A 22 42 1k L RO P O 1 [ BT SR
O T T AR AR AP W] LA B P s AT
IS 220 AT+ AT T6T A 48 > K00 FRE R B 2 7.
444 HEAERMERE

FRF GEERRFEHX R, £ UK R E,
Sarma™ W58 T3 A x-J0 41 I A BT 3630 M B AT
e BB A X 4 R R ORI Trio 248 E
4 S B 5 1T RE T 5 Bz TR At 1Y) 2R 4R A IRDRE
PEAR BRI A W2 R I, Murthy™ i U7 R4
JE R B RS B A B AR AR ]
PSS S, S0 % R AE ULDB |- i 309 28 3 450, 2
T B 3 S IR AR AR L A = R R A RE A AL
AT #E ULDB E, [ Bf 4 28 1 $hoAT R A A i /Y
TriQL 4] 5 Agrawal ™" 5 SCT T 8 {5 JE sl #E %
B {EL L top-K L e X 2 ) 45 5 4% MR 2R AT HE P 19 A
B 5 T 28 A 00 42 1 A 9 B Ok () i R ORI A
4.4.5 IR A

Bt 3 Bt SR AR 1 R T L BRSO A B B
PRI T R A5 B AT REIR BL IR 7 R B HOR L 7E
AT A AR A1 DL T R PO BA 2 3R S
i A T R Y A A OR TE S HE L ReP
SCT AN RE T A A PR ST 3 Bh A e 3l ) (g3 Y 5
3 AR 22 3 3 D) A5 1) SR 5 TEAR I8 1 X A Rl
AT ABA SRS 5 A ) R 22 L PRI A | B A A B A
AN RE TH AR BEAR IR

Iei) — A~ K 3l Y P9 T 0 1 A A AR L B RS SR R
TR XML Kb ML Bd - B 2 25 Rl RoAT A i
SE PRI E R T R 1Y B AR 2l e AR T
i TR T SR KA TR AR G R A T R RO 1k
SRR g B0 1 28 1 T A B i

5 HEtRINA

F 20 {28 90 4R AR LUK Bl i 2 ) F 58 I A
BFEMHERESTY IR T 248U L 7R
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x1 #ANHERFRIE

RS SU 0 4 7R B A S ik L
Orchestral?2/:7] P2P 53 B IE 2 5 BT % how [ R B A BRI
SPIDER[20-21] LGS 357 PR 4R IR A U = e A 19 R JIPLPNE 2 R A i
WHIPS! 6260 Bl 01 S O PR B IR B R4 I B
DBNotes*"’ ERBFE  C RO AR b R R IPEE S R T YN
Mondrian[+65) XFMURE 5 DBNotes M YE BT 7 5 BTRKY
Perm'™] KRB ST AE B IR LSRRI
Chimera(s7) SOA S RS BCHR 158 0 K 5058 0 5 7 5 [ T 5 ) 5 5 6
ESSW6t) LT WA BT SR A S ORI R TR R RS I K R B T B ke
Tiogal*! CRBAE AR AR R R 5 M K25 1 S 5 e
CMCs SOA DL IR A AR R S e i LRSS LA
MyGrid ) WEMS LT 2 0 B T B R AR K
PASOA ) WEMS TP R T BB A 2 6 o R U R P KK
Trio ™2 R B0 ECHR P R R R S 4 K
pa e enane SOA ST SOA MR 451 R 4 i A 5 1 7
Karmal7> SOA/WEMS  3EF SOA BF3E 9 T 3 F 5 #5105 5 TS PN
Vis TrailsL7"] WEMS B TAERA ML R IR G R R AT AL AR
Wings/Pegasus! 7778 WEMS SRS B AR 1 o3 A AR B ) R R T I K2

MR 1A LUE h TAEm i R WA 17z ot
FERE A A A S FE R TRt R S B R
b A S A B 3 A R A A X O R R
ARAFB] Tz 0 R TR A 28 T AR E
B T AR TR AR B S i 0 .
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Orchestra & —N7F P2P 38T 2 #5is AR
WS B AR AT R sS e Bl R AL =R 5L B T
TEREA™ W 2 th AN ] 5% 95 H A AS [6) (9 mT A5 B2 B DAAS
() 49 s 1] 250 4 A2 46 19 o R ool o A S i il SR
B A H A S ) i T AR R G IR B U BT R 0 R] A .
Orchestra RELY IR BALT 1Y T R 2 IHAE 4
Hoaz 13 S A6 BCH T 170 28 4 v i T 88 I S B il
R T B how T FR 2538 i HCHE A i 110 R TR
FEE Al 2 e
5.2 SPIDER™*"

SPIDER J&&— /> i il % =0 e 5 i T2, T 18
i A BORA ] 12 5 B8 B 455 2 H AR e A = Ja] 1 A
A Wesft. SPIDER (940 J2& i i 78 B 42 (route) #§
Bl T S 4 SBORN ) 1R i T — AR B A i i
TNUEEHE R B B s EiE s =] g e g o R
TCHE AT LA 2 M R AR X B H A S0k A5 =T 1
A A% LA R e Ta] 40 B b B) AR L 3 LA DK B
1% i M A S ) Bt &R . AT Orchestra # H L R
BERA DA B R E R HE ] LG#E

o VA 5 A X A s AT A5 e ) g 4 =K e S5
ARAGE A T R 1 A5 f).
5.3 WHIPS!' 264

WHIPS J5 5 2 45 fig 7 5088 € P PR 58 N S RE 5
B G=SEXNSICIRLE £ 5§ DRIN L 91i1NS A
F A 2l 3R n B L R R s
FA R 1) 75 =G A — 2R 90 v 1] ) 4l B A0 1] e 245 ]
B 3 A AEAS Y SO B A A B L R R
/N7 5 SPIDER 25400, ¥4 ] 41 4 B =X it R 3R 5k
J7 ARSI R A WL R 5’ 7(b) Hhr SRR 1)
3R (lineage) LA AH L.

5.4 DBNotes™’

DBNotes Jg&— ™7 fift 7 1 L 3 F ¢ 2 50808 5 1
HREHRG. AL R G B 0 S/ NRE B 2
JE& 9% () (where it Z). DBNotes §" & T SQL &
o T pSQL BT AR L E A F SQL
AR, IR BE T A WA AL E B AV P
it pSQL i A48 & where R &3 BN, 555, 1%
F YL SRR A R 1 T AR,

5.5 Mondrian %%

Mondrian J&—>J& T Hr 7 #Y O¢ R 155 RL 7 A &R
S T R AV € S i B k& 1 €1 R e R (DS NI
FHRIAT ). Bl M i ME S ke b R TR R (E AR A
AR B Sk ROoR AN AR IF A i
RBOERE ESIA T “Bia” #1155 . 5 DBNotes 4



3 M =

I

A B I R BEOR T SRk 385

I » Mondrian Bt 5 235 500 2 1% , BB % 3K #A>
J& PR where tiE R DL e 24> J@ PR 28 At
) why it 3.
5.6 Perm™’

Perm J& — /N 3EF I IR U 5 R 4 PostgreSQL
A R A R R R A R R T R R R A
Perm ffi 1A ) 8 5 MU S SQL #5 if) , 1fif H. X 8t
5 R B PR E TR O R AR AR SR Al B I e
A S AR AR gl W AR B4 ) T R R T A A
5.7 Trio ™™

Trio Wi H4JF % T ULDB R4 ¥ A E 1k 5
HREERASE K. ST ERRFEERAHE
PEFE PE A 2 M. Trio RGEWIF K T B 2 i
HE TriQL, AMUAE LI SQL W #843 DI fg 32 +F
AN 2 PR I 2R 2 0 L 9 4 SR A0 B R R o v A
FAE B WA AN T H e Rt R LK, Trio H
R HH: 2R 02 52 BR A% 3 119

6 BEXRXE

AR TR] 22 RUAR B T AR 09 AR WESE Ty 1)
6.1 HE|ZEPHEHZWEE

Bl 5 B D) R0 S0 Ak R 9 R R L B AE A B RN
AR IE & A 5 28 A0 I 22 B0 B I RRAIE . 1758, 5K
I T 11, O LB R AP 33 % T Rk A SR
FI A AR S T 1 P k. LS L S R 5 O i
i, AT RE AL XML, SCA B R 5 400 55 00 A0 45 22 Fif
TE 2. SR . F AR A% X1 2 e 5l A B R AR AR
T TURD B A& 2 B 3T I BRAR 47 L Jik AT %
BHE 0 HERL BR 5 R 1 A B A IR P R R
A AL 37 2 8T B A TR] R T RO Y
A 2K B 1 s A B 1 A A Aol s = K
P #0 AT DATICTE 040 25 1) vh . B8040 2 ) 55 it B2 iR 1k
B i 21 U 0 I B A B i L T AR
A A5 M 52 P O 1Y S A 5CHIE DRy T R

17 450408 25 1] A 50808 19 TC A 1k A — B0k AT g T
Sk P 38 R B 14 T Ak AT LA Ok 2 A A A Y
VEAN B A A DL R 5 55 BT I 2 — A48
1808 A SCH a3 BT RO S B R 7 A% 0 1 B0 i B
BN Bt RS BIR AR TAERF % &,
T A7 0 B 40 45 B AN 20 21 07 2078 25 285008 1 i T A
AL R — A B R AR A
6.2 FAHBEHENHERERE

AN E PR AE R E ST VAT YD L AR

5 VAL DA AUz W 9 LB 2R 2 HEm
FIE . B 1 3 Ak o AR ) B o A B B0 AS 1
SE TR BT AL S T LRI SO it R G R O AN B
P B A U5 R Ak 2k R A0 fur R BRHRE At R R B
(AN S 1 A T A o, AT TAE IS HL A PR &
BOHE R L TEAS B P B R R A e | A A
TEA 2 1) O Ak 55 5 T A R o 1 AR 2 58 A
6.3 THERETRMER

AR (Workflow) H AR % 3 T 1970 4E X v 1]
o B S S BF 5, 1990 4F 5, A C I BR 2
o R R B AR TAE R RE M IT &K SF 5 EA
T —ANHr . AR R A R R A R AR A
R IR 55 J 00 ¢ ek 5 AR FE R 3R L Tz W T
15 M TRE L Ll R S DA R s
MINA B B S5E S

M1 A LLE AR 2 T ARt R PR 40k
& ok (H X 88 2 45 (] T A% 3 2R A 26 m Fn A i)
H A R BTG — I AR I R 0 R R
A HE S AT DL & AN [ 2R G0 ) 500 i 2L =2 Fn 22 L
1 A5 AR i 8 RSCHE 22 S 300 0 R [l P
BE 5 3 B I I ) A
6.4 HEHERPEZEAMATRML

R Sy — Pl 750 ) B8 4 B T B BO0E 42 4 R
FEVE 2SR A 8] T 12 8L A BOE i R 12
P AR R A% B L7 2 3 B0 R L P A R A R 4
RVRBIETER K. Santos FH L E M T — W T
IEEN DS ST MO TERE M (SN R - E5 % O}
WS AR 38 114 R B AR R R = At R R AT 4 L DA
RN @ PN K= E o L N e 1
S S O SRR DR € IOk TR RN s N (2 S
ATy & — I TAE.

7 B &

AR B R B AL B 20 fiE4D 90 4F
RLIRAR 2 1 7873 19 5 1. AR SCH 75 48 B4 19 18
P e 7 i) DAASE X8 S5 1) 0% 2 40 3 1 o A 5 8
Y T AR 19 2/ R A 900 BRI T . A5 KB
1 A iR 1A [ B8 T 1) 5 4l ) 38 A i A L A
BLEE T T 50 AR BRI I AR S BRIz
TR AR TN 52 48 5 SR 4 A e I R 5 5
1 B R B T AR Al A T[] — Bl e ) — A S 5] A
TR AT A o B L EE A A T O AR R U L XML
BOHE U B T 2R B R A ) SRR 1 0 ST PR 5



386

it

Hl

E

£l 2010 4

B XA PR RS T 38 BRSO DA RS E
FR 77 A AR A 3 R Y T A 5 TR I 40 2 T a2
2 I PGB SR 0 AR B R AT el B T I R W ST Y
DR ) 2 BN 2R A SR R AR B i B L O
JEBL T A AR A PR R SR I W 5207 1)

(1]

(2]

[3]

(4]

(5]

(6]

[7]

[8]

(9]

[10]

[11]

s %

X Ef

Wang Y Richard, Madnick Stuart E. A polygen model for
heterogeneous database systems: The source tagging per-
spective//Proceedings of the 16th International Conference
on Very Large Data Bases. Brisbane, Queensland, Australia,
1990, 519-538

Lanter D P. Design of a lineage-based meta-data base for
GIS.
1991, 18: 255-261

Cartography and Geographic Information Systems,

Woodruff A, Stonebraker M. Supporting fine-grained data
lineage in a database visualization environment//Proceedings
of the 13rd IEEE International Conference on Data Engineer-
ing. Birmingham, England, 1997. 91-102

Cui Y, Widom J, Wiener J L. Tracing the lineage of view da-
ta in a warehousing environment. The ACM Transactions on
Database Systems, 2000, 25(2) . 179-227

Buneman P, Khanna S, Tan W C. Why and where: A char-
acterization of data provenance//Proceedings of the 17th In-
ternational Conference on Data Engineering. London, UK,
2001. 316-330

Simmhan Yogesh L, Plale Beth, Gannon Dennis. A survey
of data provenance techniques. Computer Science Depart-
ment: Indiana University, Bloomington IN:; Technical Re-
port ITUB-CS-TR618, 2001

Glavic Boris, Dittrich Klaus. Data provenance: A categoriza-
tion of existing approaches//Proceedings of the 6th MMC
Workshop of BTW 2007. Aachen, Germany, 2007 227-241
Glavic Boris, Alonso Gustavo. Perm: Processing provenance
and data on the same data model through query rewriting//
Proceedings of the 25th TEEE International Conference on
Data Engineering. Shanghai, China, 2009. 174-185

Kolaitis P G. Schema mappings, data exchange, and metada-
ta management//Proceedings of the 24th ACM SIGMOD-SI-
GACT-SIGART Symposium on Principles of Database Sys-
tems. Baltimore, Maryland, USA, 2005. 61-75

Glavic B, Alonso G. Provenance for nested subqueries//Pro-
ceedings of the 12nd International Conference on Extending
Database Technology. Saint-Petersburg, Russia, 2009: 982-
993

Altova MapForce 2009. MapForce Graphical Data Mapping,
Conversion &. Integration Tool. Retrieved May 8, 2009,
altova. com/documents/MapForce-

from  http://www.

datasheet. pdf

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

BizTalk 2009. Administration & Development Detailed Course
Contents. Retrieved April 12, 2009, from http://www. gen-
uine. be/T_pdf_docs/T_Biztalk_2009. pdf

XCALIA PRODUCT INFORMATION. Xcalia Studio. Re-
trieved April 17, 2009, from http://www. xcalia. com/prod-
ucts/datasheets/Xcalia_Studio_3pages. pdf

Miller Renee J, Hernandez Mauricio A, Haas Laura M et al.
The Clio project; Managing heterogeneity//Proceedings of
the 20th ACM SIGMOD International Conference on Man-
agement of Data. Santa Barbara, California, USA, 2001;
78-83

Nash Alan, Bernstein Phil, Melnik Sergey. Composition of
mappings given by embedded dependencies//Proceedings of
the 24th ACM SIGMOD-SIGACT-SIGART Symposium on
Principles of Database Systems. Baltimore, Maryland, USA,
2005 172-183

Madhavan J, Halevy Y. Composing mappings among data
sources//Proceedings of the 29th International Conference on
Very Large Data Bases. Berlin, Germany, 2003: 572-583
Fagin Ronald, Kolaitis Phokion G, Popa Lucian, Tan Wang
Chiew. Composing schema mappings: Second-order depend-
encies to the rescue//Proceedings of the 23rd ACM SIG-
MOD-SIGACT-SIGART Symposium on Principles of Data-
base Systems. Paris, France, 2004 83-94

Fagin Ronald, Kolaitis Phokion G, Popa Lucian, Tan Wang
Chiew. Composing schema mappings: Second-order depend-
encies to the rescue. ACM Transactions on Database Sys-
tem, 2005, 30(4). 994-1055

Nash Alan, Bernstein Philip A, Melnik Sergey. Composition
of mappings given by embedded dependencies. ACM Trans-
actions on Database Systems (TODS), 2007, 32(1); 4-16
Chiticariu L, Tan W C. Debugging schema mappings with
routes//Proceedings of the 32nd International Conference on
Very Large Data Bases. Seoul, Korea, 2006: 79-90

Alexe B, Chiticariu L, Tan W C. SPIDER: A schema map-
PIng DEbuggeR//Proceedings of the 32nd International Con-
Korea, 2006.

ference on Very Large Data Bases. Seoul,

1179-1182
Green T J, Karvounarakis G, Taylor N E, Biton O, Ives Z
G, Tannen V. Orchestra: Facilitating collaborative data sha-
ring//Proceedings of the 26th ACM SIGMOD-SIGACT-SI-
of Database

GART Symposium on Principles Systems.

Beijing, China, 2007 1131-1133

Ives Zachary G, Green Todd J, Karvounarakis Grigoris,
Taylor Nicholas E, Tannen Val. The ORCHESTRA collabo-
rative data sharing system//Proceedings of the 27th ACM
SIGMOD-SIGACT-SIGART Symposium on Principles of Da-
tabase Systems. Vancouver, BC, Canada, 2008: 26-32
Zimanyi E. Query evaluation in probabilistic relational data-
bases. Theoretical Computer Science, 1997, 2009, 171(1);
179-219



3 [

W% R T 2B B R B g 45 0k 387

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Fuhr N, Roolleke T. A probabilistic relational algebra for
the integration of information retrieval and database systems.
ACM Transactions on Information Systems (TOIS), 1997,
15(1): 32-66

Imielinski T, Lipski W. Incomplete information in relational
databases. Journal of the ACM, 1984, 31(4).761-791
Green T J, Karvounarakis G, Tannen V. Provenance semir-
ings//Proceedings of the 27th ACM SIGMOD International
Conference on Management of Data/Symposium on Principles
of Database Systems. Beijing, China, 2007 31-40

Bose Rajendra, Frew James. Lineage retrieval for scientific
data processing: A survey. ACM Computer Surveys, 2005,
37(1) . 1-28

Chiticariu Laura, Tan Wang-Chiew, Vijayvargiya Gaurav.
DBNotes: A post-it system for relational databases based on
provenance//Proceedings of the 24th ACM SIGMOD-SI-
GACT-SIGART Symposium on principles of database sys-
tems. Baltimore, Maryland, USA, 2005; 942-944

Tan W C. Containment of relational queries with annotation

propagation//Proceedings of the 9th International Workshop

Database Programming lLanguages. Potsdam, Germany,
2003: 37-53
Foster Nathan J, Green Todd J, Tannen Val. Annotated

XML: Queries and provenance//Proceedings of the 27th
ACM SIGMOD International Conference on Management of
Data/Symposium on Principles of Database Systems. Van-
couver, BC, Canada, 2008;: 271-280

James Cheney. Provenance, XML and the scientific Web//
Proceedings of the ACM SIGPLAN Workshop on Program-
ming Language Techniques for XML Co-Located with POPL
2009. Savannah, Georgia, USA, 2009

Jin Che-Qing, Qian Wei-Ning, Zhou Ao-Ying. Analysis and
management of streaming data: A survey. Journal of Soft-
ware, 2004, 15(8): 1172-1181(in Chinese)
(BWHOE, BRIT . M. w5 B R L.
4, 2004, 15(8): 1172-1181)

iR

Park Unkyu, Heidemann John. Provenance in sensornet re-
publishing//Proceedings of the 2nd International Provenance
and Annotation Workshop. Salt Lake City, UT, USA,
2008 280-292

Reddy Sasank, Chen Gong, Fulkerson Brian et al. Sensor-in-
ternet share and search-enabling collaboration of citizen scien-
tists//Proceedings of the ACM Workshop on Data Sharing
and Interoperability on the World-Wide Sensor Web. Cam-
bridge, USA, 2007 11-16
Santanche A, Nath S, Liu J, Priyantha B, Zhao F.
Senseweb: Browsing the Physical World in Real Time. Re-
trieved April 12, 2009, from http://research. microsoft.
com/nec/senseweb

Blount Marion, Davis John, Misra Archan, Sow Daby,
Wang Min. A time-and-value centric provenance model and

architecture for medical event streams//Proceedings of the

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

1st International Workshop on Systems and Networking Sup-
port for Healthcare and Assisted Living Environments. San
Juan, Puerto Rico, 2007: 95-100

Misra Archan, Blount Marion, Kementsietsidis Anastasios,
Sow Daby, Wang Min. Advances and challenges for scalable
provenance in stream processing system//Proceedings of the
2nd International Provenance and Annotation Workshop.
Salt Lake City, UT, USA, 2008; 253-265

Green Todd J, Tannen Val. Models for incomplete and prob-
abilistic information. IEEE Date Engineering Bulletin, 2006,
29(1): 17-24

Zhou Ao-Ying, Jin Che-Qing, Wang Guo-Ren, Li Jian-
Zhong. A survey on management of uncertain data. Chinese
Journal of Computers, 2009, 31(1); 1-16(in Chinese)
CRSE, W0, TR, g, A0 R & MR
Wroe k. LR, 2009, 31(1): 1-16)

Benjelloun O, Sarma A Das, Halevy A, Widom J. ULDBs:
Databases with uncertainty and lineage//Proceedings of the
32nd International Conference on Very Large Data Bases.
Seoul, Korea, 2006: 953-964

Mutsuzaki Michi, Theobald Martin, de Keijzer Ander et al.
TrioOne: Layering uncertainty and lineage on a conventional
DBMS/ /Proceedings of the 3rd Biennial Conference on Inno-
vative Data Systems Research. Asilomar, CA, USA, 2007:
269-274

Benjelloun O, Sarma A Das, Halevy A, Theobald M, Wi-
dom J. Databases with uncertainty and lineage. VLDB Jour-
nal, 2008, 17(2). 243-264

Sarma A Das, Ullman J D, Widom J. Schema design for un-
certain databases//Proceedings of the 3rd Alberto Mendelzon
International Workshop on Foundations of Data Manage-
ment. Arequipa, Peru, 2009. 223-247

Sarma A Das, Nabar S U, Widom J. Representing uncertain
data: Uniqueness, equivalence, minimization, and approxi-
mation. Stanford Infol.ab: Technical Report, 2005

Sarma A Das, Agrawal P, Nabar S, Widom J. Towards spe-
cial-purpose indexes and statistics for uncertain data//Pro-
ceedings of the Workshop on Management of Uncertain Data
2008. Auckland, New Zealand, 2008 57-72

Dalvi N N, Suciu D. Efficient query evaluation on probabilis-
tic databases//Proceedings of the 30th International Confer-
ence on Very Large Data Bases. Toronto., Ontario, Canada,
2004 . 864-875

Sarma A Das, Theobald M, Widom ]J. Exploiting lineage for
confidence computation in uncertain and probabilistic data-
bases//Proceedings of the 24th IEEE International Confer-
ence on Data Engineering. Cancun., Mexico, 2008 1023-
1032

Sarma A Das. Theobald M. Widom J. Data modifications
and versioning in Trio. University of Stanford, Stanford,

CA: Technical Report 849, 2008



388

it

£l 2010 4

[50]

[52]

[53]

[55]

[58]

[60]

[61]

[62]

[63]

[64]

Murthy R, Widom J. Making aggregation work in uncertain
and probabilistic databases//Proceedings of the Workshop on
Management of Uncertain Data 2007. Vienna, Austria,
2007 76-90

Agrawal P, Widom J. Confidence-aware join algorithms//
Proceedings of the 25th TEEE International Conference on
Data Engineering. Shanghai, China, 2009. 628-639

Re Christopher, Suciu Dan. Approximate lineage for proba-
bilistic databases//Proceedings of the VLDB Endowment
(PVLDB 2008). Auckland, New Zealand, 2008. 797-808
Halaschek-Wiener Christian, Golbeck Jennifer, Schain An-
drew, Parsia Bijan, Hendler Jim. Annotation and provenance
tracking in semantic web photo libraries//Proceedings of the
1st International Provenance and Annotation Workshop.
USA Chicago, Illinois, 2006 82-89

Buneman P, Khanna S, Tan W-C. On propagation of dele-
tions and annotations through views//Proceedings of the 21st
ACM SIGMOD International Conference on Management of
Data/Symposium on Principles of Database Systems. Madi-
son, Wisconsin, USA, 2002; 150-158

Cong G, Fan W, Geerts F. Annotation propagation for key
preserving views//Proceedings of the 14th ACM Internation-
al Conference on Information and Knowledge. Arlington,
Virginia, USA, 2006 632-641

Bhagwat D, Chiticariu L., Tan W C, Vijayvargiya G. An an-
notation management system for relational databases. Very
Large Data Bases (VLDB) Journal, 2005, 14(4) . 373-396
Buneman Peter, Khanna Sanjeev, Tan Wang-Chiew. Data
provenance: Some basic issues//Proceedings of the 20th
Foundations of Software Technology and Theoretical Sci-
ence. New Delhi, India, 2000: 87-93

Tan W C. Provenance in databases: Past, current, and fu-
ture. IEEE Data Engineering Bulletin, 2007, 30(4): 3-12
Provenance Challenge. The First Provenance Challenge. Re-
trieved April 18, 2009, from http://twiki. ipaw. info/bin/
view/Challenge/FirstProvenanceChallenge, June 2006
Provenance Challenge, The Second Provenance Challenge.
Retrieved April 18, 2009, from http://twiki. ipaw. info/bin/
view/Challenge/SecondProvenanceChallenge, June 2006
Moreau Luc, Ludédscher Bertram et al. The first provenance
challenge. Journal of Concurrency and Computation: Practice
and Experience, 2008, 20(5): 409-418

Cheney James, Chiticariu Laura, Tan Wang-Chiew. Prove-
nance in databases: Why, how, and where. Foundations and
Trends in Databases, 2007, 1(4). 379-474

Wiener J L, Gupta H, Labio W, Zhuge Y, Garcia-Molina.
The whips prototype for data warehouse creation and mainte-
nance//Proceedings of the 16th ACM SIGMOD International
Conference on Management of Data. Tucson, Arizona,
USA, 1997. 557-559

Cui Y, Widom J. Lineage tracing in a data warehousing sys-
tem//Proceedings of the 16th IEEE International Conference
on Data Engineering. San Diego, CA, USA, 2000 683-684

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

Geerts F, Kementsietsidis A, Milano D. Imondrian: A visu-
al tool to annotate and query scientific databases//Proceed-
ings of the 10th International Conference on Extending Data-
base Technology. Munich, Germany, 2006 1168-1171
Geerts F, Kementsietsidis A, Milano D. Mondrian: Annota-
ting and querying databases through colors and blocks//Pro-
ceedings of the 22nd IEEE International Conference on Data
Engineering. Atlanta, GA, USA, 2006. 82

Foster I T, Vockler J-S, Wilde M, Zhao Y. Chimera: A vir-
tual data system for representing, querying, and automating
data derivation//Proceedings of the 14th International Con-
ference on Scientific and Statistical Database Management.
Edinburgh, Scotland, UK, 2002; 37-46

Frew J, Bose R. Earth system science workbench: A data
management infrastructure for earth science products//Pro-
ceedings of the 13rd International Conference on Scientific
and Statistical Database. Fairfax, Virginia, USA, 2001.
180-189

Myers J D, Allison T C et al. A collaborative informatics in-

frastructure for multi-scale science. Cluster Computing,
2005, 8(4) . 243-253

Stevens R D, Robinson A J, Goble C A. myGrid: Person-
alised bioinformatics on the information grid. Bioinformatics,
2003, 19(1): 302-304

Groth P, Miles S, Moreau L.. A model of process documen-

tation to determine provenance in mash-ups. ACM Transac-

tions on Internet Technology, 2009, 9(1): 1-31

Widom Jennifer. Trio: A system for integrated management
of data, accuracy, and lineage//Proceedings of the 2nd Bien-
nial Conference on Innovative Data Systems Research. Asilo-
mar, CA, USA, 2005: 262-276

The EU Provenance Project. Applications of the EU Prove-
nance Project. Retrieved April 12, 2009, from http: //
www. gridprovenance. org/applications/

Miles Simon, Munroe Steve, Luck Michael, Luc Moreau.
Modelling the provenance of data in autonomous systems//
Proceedings of the International Conference on Autonomous
HI. USA.

Agents and Multiagent Systems. Honolulu,

2007 50
Simmhan Yogesh L, Plale Beth, Gannon Dennis. Karma2.
Provenance management for data driven workflows. Interna-
tional Journal of Web Services Research, 2008, 5(2).: 1-22
Callahan S P et al. VisTrails: Visualization meets data man-
agement//Proceedings of the 27th ACM SIGMOD Interna-
tional Conference on Management of Data / Symposium on
Principles of Database Systems. Chicago, Illinois, 2006
745-747
Kim Jihie, Gil Yolanda,

Deelman Ewa, Mehta Gaurang,

Ratnakar Varun. Provenance trails in the Wings/Pegasus
system. Journal of Concurrency and Computation: Practice

and Experience, 2008, 20(5): 587-597



3 [

W% R T 2B B R B g 45 0k 389

[78] Gil Yolanda, Ratnakar Varun, Deelman Ewa, Mehta Gau-
rang, Kim Jihie. Wings for pegasus: Creating large-scale sci-
entific applications using semantic representations of compu-
tational workflows//Proceedings of the 21st Innovative Ap-
plications of Artificial Intelligence. Vancouver, British Co-

lumbia, Canada, 2007 22-26

GAO Ming, born in 1980, Ph. D.
candidate. His research interests include
data stream management and mining,

uncertain data management.

JIN Che-Qing, born in 1977, Ph. D. , associate profes-
sor. His research interests include data stream management
and mining, uncertain data management.

WANG Xiao-Ling, born in 1975, Ph. D. , associate pro-

Background

This paper surveys the recent research on data prove-
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gree, but there are different) that belongs to the database
category. The data provenance, which records the progress
of data item”’s derivation, is getting more and more attrac-
tions with the rapid growth of data scale and more data repre-
sentations in recent years. For example, data provenance is
critical for applications like data quality, audit trail, replica-
tion recipes, data citation, etc.

After twenty-year study on data provenance, some influ-
ential systems are implemented successfully, inclusive of Chi-
mera and CMCS, most of which are built upon relational da-
tabases or workflow management systems. However, some
new data that emerge in many applications make traditional
techniques inefficient to work any longer, so that new tech-
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consist of streaming data, uncertain data, and semi-struc-
tured data.

There are already a few survey papers on data prove-
nance with different emphasis. Simmhan et al. described the
taxonomy of data provenance techniques. Buneman et al. dis-
cussed some basic issues on data provenance. Tan summaried
the work of provenance over database and pointed out some
future directions. Bose et al. listed some active prototypes,
and presented a metamodel for scientific data products.

Contrarily, this paper surveys the work in the following
way. First, present works are organized as two levels, i. e,
schema level and instance level. Second, the provenance of
new data types are emphasized, inclusive of XML data,
streaming data, and uncertain data. Finally, this paper also
points out the challenges of the provenance management and

emphasizes some open research problems.



