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A Tuple-level Data Lineage Approach Based on Word Embedding
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Abstract: In the era of information explosion,the volume of data is increasing day by day,and data mining technology can be used to
explore its inner connection,but only if the data used is correct, otherwise all the subsequent work will be meaningless. Data lineage tech-
nology can help data analysts quickly locate the source and processing process of erroneous data, reduce the time and difficulty of
analyzing erroneous data,and has important value for data quality control and trustworthy management. The existing tuple—level data
lineage methods have the problems of high storage overhead and low lineage efficiency, and we use word embedding technology to
improve the tuple-level data lineage methods. Firstly,the tuple vectorization encoding mechanism is investigated and tuple lineage rela-
tionships based on the similarity of tuple vectors is identified. Secondly, an optimization algorithm based on attribute importance is
proposed to improve the precision of lineage. Thirdly,the approximate nearest neighbor search and tuple filtering optimization mechanism
is used to reduce the lineage time complexity. Finally,a directed acyclic graph is used to show the lineage relationships of tuple data. The
experiment shows that the proposed method has higher lineage precision,lower time complexity and less storage consumption,and can ef-
fectively improve the tuple-level data lineage method.
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braER tags 4 1 048 575
- LA d s t
.‘,%% i rfopsicemen 48 29 440
EEIE _info
) A ki d
E AR (j% Jjﬁﬁ% rfopsi 2 51 683
ENESSES cement_info
PINEES cd_wellbore 3 5424
I’?‘TTJ;S: PTH .olist_order_ . 12 652
G items_dataset
T olist_orders 99 443
Olist H, T g _dataset
[iE:x .
N olist_customers
BB 99 443
_dataset
" olist_products
TR R P 32953
_dataset
5.2 ZWERRSH
5.2.1 ##Est

(1) KB TAN E H5 .

ProvSQL J&3& TARVEM J7 %, 1 Pierre Senellart 55
ANFFRFFIRIE , LR H T Z IR G SQL &
1, 02 B AT BRI B R IR R 4, R i 3C
il A (2) kit 5B S5 A5 R WO R,
ApproxLineage( ¢ ) /1% B 45 RITH W E S . Ex-
actLineage( ¢ ) /& H ProvSQL R &R 0l 2T 1 BYKE
WHIFICA AR o Precision (¢ ) AR [ f) 3T AL 99 Y 25
RERIRES R ES G ZCH TR R E S
i H A SR RS R IR H8 AR

Precision(t) =

| ApproxLineage(t,n) N ExactLineage(t) |
. (2)
ApproxLineage(t,n)

(2) BB R T Al S

15 3 PB4 B BI%F 70 4% SQL 4] (1) A i) 45
SEEAT IR K T YRS i A S A5 AL

28 3 AORE ff X L 45 2 ] %1, ProvEmb - X 7F 3
FhECIE 2 F AOAE 87 R 24 T ProvEmb ( baseline ) , 7E
Movielens ZUHE4E F1 Olist i, 7 55 B0 4 L 0K o =R
DRACKICRAS R A8 b K5 42 ) 48, 2 Hy 7 R Rl
BiEE P EEREKZ, H w/o PREUP 5 52 % [y
ProvEmb-X #H2% 0. 07 A 47 7] LU F 1}, PREUP 5757
P KRR b R ¥ A B RS %, B 4 (a) O3B K
T AT #3501 PREUP Sk RN AT, A S5 R R,
£ Movielens £#li 45 1R i S8R 55 1 2. 35% , 7
AR B a4 FAS B R 4 5 T 10. 08% , 7E Olist L

TRISERE PR RIS T 3.53%
%3 HmunsR

- Movielens [ HAE Y Olist H, ¥
B ProvEmb 0.85240  0.76351  0.834 15
12 w/0 FROM  0.864 13 0.83563  0.842 78
% w/oTPFIL  0.86532  0.84318  0.851 86
M W0 PREUP  0.85496  0.79141  0.841 56
i ProvEmb-X  0.87585  0.86432  0.869 43
bl ProvEmb 2.97 4.35 3.07
ﬁ w/0 FROM 2.76 4.27 2.93
;ﬁf w/o TPFIL 2.61 3.84 2.69
o w/0 LSH 2.64 3.92 2.84
' ProvEmb-X 2.58 3.77 2.66

5.2.2 HIRBEI

(1) BAIERCEIEM bR

I SCRE B2 T2 W T RE ST ) 4 S A DR AR 1
VRO R bR, S

(2) WU RCRAR AT B SE 5

TE 3 FhEURAE B BI%F 70 4% SQL 4] (1 A i) 45
ST IR | 55 A B 05 T SRRy S g 45 5L

28 3 WIR AR NS L 45 2 7] %1, ProvEmb - X 7F 3
FhES 48 £ b Y 1) [E] 9 FE 327N T ProvEmb, B w/o
FROM 5 52 % 1Y) ProvEmb—X 24 {H 15 1“ FROM & {3 ”
RN HJE LSH 5k

7] baseline (ProvEmb)
1.0 FROM
25 FROM+TPFIL
[ FROM+TPFIL+PREUP
0.99
= 0.8 53555
S [So8e%
o KX
] (o33!
o [RXY
S g2
g o7 s
g 53559
93555
%9505
0.6 B ¢
" 5%
[s505% &
[R5 R
%%
R : B
L T . e 5 dataset
Movielens olistHi TR %%
(a) HkPEHE
57 [//”]] baseline (ProvEmb)
[ | FRoM
{222 FROM+LSH
4 77 [E21 FROM+LSH+TPFIL
o~
537
£
)
5
+ 24
11 <
0%
0 <
[l Al

(b ST I AERT b
B4 srsmizadR
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A 4(b) 1Y 4 YO HSEE T T, ProvEmb (155 %%
AT A e A ST e AL ) A A TR R E R
SFECHAE I AR 8K, Ik, ff ] FROM +LSH
SR 0 T T /D A AR DG TC i v, (R AE S
R RFER TS SR K, 4k i {5 ] TPVEC+LSH+TPFIL 55
P g AR R B 1Y JC AL, PR 46 S I RV R, A
R IR, 7E Movielens £4s 5 FAEW I/ 1 13.13%
e AR B a4 B> T 13.33% |, 7 Olist BT 7
FSBARE LT 13.36% .

5.2.3 kALt

IZICR TS ProvSQL/ProvEmb ( - X)) AHX A5
5= WGl E v b R S E i e e R B A
TAETERS —FE /NT AR AT IFA R, KT 1
REFREEIFR AR, B RINE 4 PR, hgs gL
PR T 1 5 TR AT B A LU AR 22 0/ 0N | I PR 3
S IR R E R T A B S 00 Eis AR S A XS/ B SQL
HAVECE D BB R 5 AR A AR 2
EAERIHARE ISR ZES, H ProvEmb-
X WFEAETTAY I ProvEmb 4 &1, J& i T 7 J8 1 = 24
AL AL B BE X M SQL i 4] 15 51 () JSON i 4T T
peaiion

A4 BB T A AR T L)

- Movielens [EHAEN,  Olist B TR 55
ProvEmb 1.14 1.22 1.35
ProvEmb-X 1.09 1.18 1.31
5.2.4 MRERET

SCAXFR 1 (a) H 1, = 8 MYILHL results ( Monty
Python’s Life of Brian (1979),3.5,1 573 944 005 ) it
TR S SR R o H T SCF T I BR 1 72 AH DGR b 2%
AL B HE 22 B = T 7 AT, I X HAE ProvSQL
HHEAT HO R e A LI A5 RN SR 5 ik, Horp results
Fre, =8 ML MY B AR R 2 H movies bt =
1 053 [ G4 Al ratings FH 1, = 817 BICHA AR,
HAthTod K ¢, = 8 MyCA AR ICA, Kl 5 s,
Al LIV b R ¢, = 8 IR AL A

5 results 1, =8 FLER

no SRR g AL HE %é%
JRocH

1 movies 1053  0.999 999 940 395 355 2 2

2 movies 6684  0.784 715 116 024 017 3 2

3 movies 5992  0.772 5884318351746 2

4 movies 1108  0.714 576 542 377 471 9 2

5  movies 2696  0.713 405 609 130 859 4 v

5533 &
£ S
no REER g FRL LA HE T %?%
JRoTH
6 movies 5014 0.702 540 755 271 911 6 =
7 movies 19 565 0.698 193 073 272 705 1 &
1 ratings 817 1.0 =
2 ratings 4 991 0.989 061 951 637 268 1 =
3 ratings 5 644 0.986 471 354 961 395 3 =
4 ratings 7 808 0.962 016 344 070 434 6 b=
5 ratings 9 656 0.956 306 695 938 110 4 =
6 ratings 6 986 0.942 968 845 367 431 6 =
7 ratings 5 625 0.942 637 562 751 77 =
[IHEE S STveai H AR CA Hiroodl
r--r—-———~>"~>""~>"">""™>""™>"™"™"™"™"™7 | I 1

movies
ti=6 684
=5 992
=1 108
=2 696
=5 014
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