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Abstract  Academia and industry have emerged more and more large scale knowledge base and
knowledge base alignment work has been a hot research problem in recent years. Because these
knowledge bases are from different data sources, and use different technologies to integrate data,
will inevitably lead to knowledge in different knowledge base repetitive and complementary.
Knowledge base alignment is to align different entities, relationships and the classes of entities.
However, due to the enormous size of the knowledge base, and large structural differences in the
knowledge base, there are many problems and challenges to be resolved in knowledge alignment
work. The existing knowledge base alignment research is mainly based on the similarity function
to match or based on the probability model for iterative calculation. The iterative calculation
method has high accuracy, but the computation time is long, and the similarity function greedy
matching can only match the entities in the knowledge base, and there are some limitations.
Starting from these challenges and three kinds of property values, this paper proposes three
indexes which is based on string prefix inverted index, date DateTrie, number segment tree, and
use the indicative function to pass through the alignment to entities alignment. First, since there
are not many relationships and attributes in the knowledge base, we will manually align the
relations and attributes of the two knowledge bases. And for each pair of aligned relationships
and attributes, we calculate the value of the indicative function. Then for the different property

values, set up the above three kinds of index. The results obtained by the three indexes are
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selected. The similarity is superimposed and the highest degree of similarity is the final set of the
correct pair. Third, the alignment of the entity to pass through the relationship to another pair of
entities. Treat the aligned entity as the object in the triple, and use predicate’s indicative
function, calculate the similarity of the subject. We can get all the entities pairs to improve
accuracy. Finally, we use of machines and artificial combination to control certain labor budget
and reduce the candidate set of classes pairs, and use crowdsourcing to align classes which
maximize accuracy. In this paper, we first experimented on the IIMD dataset. Through the
experimental data we can see that using the exact same string to align the entity can achieve
F-measure to be only 40% , time-consuming 1s, and PARIS with three iterations after conver-
gence, time-consuming 6 seconds, and the proposed method in this paper use 2 seconds to achieve
95. 7% F-measure. Then we contrast this paper’s method, PARIS and Exact-string method on
Yago-DBpedia dataset. The two knowledge bases achieved 2219241 pairs of real identical pairs
through the identical URIs to get the golden truth. PARIS obtained entity pairs that achieved
93. 5% accuracy and a recall rate of 71. 2% , which took 839 minutes while the Exact-string method
cost time is 1 minute, but the recall rate is only 57. 2%. Compared with these two methods, this

paper’s method achieves 90 % accuracy and the recall rate of 79. 3%, takes 25 minutes, is shorter

than the PARIS method, and the recall rate is higher than that of Exact-string.
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Function similarity_join(R,S)
A TR RS
Bt < AR AF HY NS 4R P

. initialWordOrder() ;

. sortWordOrder(R) ;

. sortWordOrder(S) ;

. generatePrefixSets(R) ;

1

2

3

4

5. inverted _list=buildInvertedLists(R) ;

6. FOR EACH S; in S {

7 prefix_length= (1—threshold) * len(S;)+1

8 candidates= getCandidates(S; , prefix_length) ;

9 P.add(veri fy(S; ,candidates) ) ;

10. RETURN P;

Function getCandidates(S; , prefix_length)

A SR S, WK IE prefic_length

Bt 25 AR candidates

. initialCandidates() ;

. FOR (z FROM 0 TO prefix_length)
word=S;[i];

candidates.add (result) ;
RETURN candidates;
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Function start With (String date)

AT date

W s R4 candidates

1. dates[ ]=date.split(“-");

2. node=root;

3. FOR (EACH num IN dates)

4 IF (num=="4%#")
candidates.addAll(node.sons.entities) ;
BREAK;

pos=num;

IF (node.son| pos|= =null) RETURN candidates;

© (o] ~ (2] w1

candidates.addAll(node.son| pos].entities) ;
10.  node=node.son[_ pos];

11. RETURN candidates;
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(] XoF 1 £ B AR (18— A b 46 L R T B )
— M4 R Las 0] B AL F FRoR B X (8] A
La,Cat+b) /2], 5 ILFFRMXEIRL(atb) /241,
b, PG ZR B -l — SR SR T B CH R

N, RV ag A~ 2 B X [a] (4 B2 foiT 2 B i T DA PR 7
AR A RTE A T AR B B B U B TR
H:E R O(logN).
TEFN P o B0 2Z 18] B AR 5 LA
1

100 « | num, — num, |

(14)

di f f(num, snum,) =

1+

BdiffEH/NTFHBRBE (0 (0,1)), A
R AN B AR AL Y.
P (12) AT LA nwm, ) E R R 5L .

101—
ubound(numl)zié\'numl (15)
100
99++6
lbound (num,) = W  num, (16)

o b AR A AT LA R — A R B LR VR TE X
2R B HLIY L AR R AN B S ALY

L G e B A L, i TR B B R A
S /INEC I HAS N TE 8 D) DN S T LT K BT A R
1 FURR AR 9 HL 5 R R s ik i — — X
N7 BRUELASN , BT AEAR SCI R BER v R R A
oI — A4 5 A T4 B B A OB i R AR
Y5512 2 B ok L A 507 R DG A SIS L Rt L g — R
Berh i 75 T AR R B SR ME B

28 3 T T R B T Sk e L 2
BRI —Bh Pl — A8 R B L AN Y A R
B — A XA R B ) SRS R R iR R B A
HA LU B bR

(1) LB i B — AR F 45 8RR — A X
[ la,b], Hr a f16 FoR iy R7E LR R HET 5
B HRHET B a S 0 B B AL
FERARXE N La, (atb6)/2], 45 ILF Fmn X [H
Hla+b) /2.0, 0t F45 s hlaa+ 1], FRR M E—
A /N X ]

(2) X T — A~ T AR B 50T 5 HE A7 25 RO
1 X [B] 4 R0 A0 & 7EIZ 07 1 SR R I8 4
4 MY R AR S

T LA R R B — A~ sE ). Bl 5 o4 “hasLon-

{05}

ubound:87.63325 {02A (2510
A hasLongitude 87.45833
Ibound:87.28341

{0,1

Ve o
{1,218} {[2.3]AB} j \

o O

{3,418} {451}

ubound:87.65363

B hasLongitude 87.47867
Ibound:87.30371

ubound:87.67377
C hasLongitude 87.49877
Ibound:87.32377

array:[87.28341, 87.30371, 87.32377, 87.63325, 87.65363, 87.67377]

A v v v v v
0 : | 2 3 4 5

5 T BT R LB I S
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gitude” YL B, Hh 5Lk B R B2 B R A4 H)
3 Bel1.20.02.3 1.3, 4] H7E =4t 145 5 L

AR SCR AT & B b 0T 60 7 U S i 2 B
WE eI R I — R T A B R B R OF
PEATHEIT A BT ARAE. L O FIECAL IR R/
W 1 AR by £ B 0 AR 5 A DX I B U ST 2 B
F AN A — BT RT I AY SE A TS T B A 1 45
VIR IR

Bk 3. FETHT LB SR

Function CreatelineNode

A K AETERC PR Le fepos. right pos

it s ARG 8L root

1. LineNode root=NEW LineNode(leftpos,rightpos) ;

2. 1IF (rightpos | =leftpos+1)

3. int mid= (leftpos+rightpos)/2;

4. root.lchild= Createl.ineNode(le ft pos,mid) ;

5. root.rchild=CreateLineNode(mid,right pos) ;

6. RETURN root;

Function Insert

B ARG S root HUFE N AAEEA I HET B e f1pos

right pos, SEAK entity
i null
1. IF (leftpos==root.le ftpos & &.
right pos= = root.right pos)

2 root.entities.add (entity) ;

3. ELSE IF (leftpos<=rightpos)

4 int rmid= (root.left pos—+root.right pos)/2;

5 IF (right pos<<=rmid)

6. Insert(root.lchild ,leftpos.right pos.entity) ;

7 ELSE IF (leftpos>=rmid)
8
9

Insert(root.rchild,leftpos,right pos.entity) ;

ELSE
10. int mid = (leftpos+rightpos)/2;
11. Insert(root.lchild ,leftpos,mid,entity) ;
12. Insert(root.rchild ,mid ,right pos,entity) ;

T T 28 H T8 A 2 B 4R B A SR A B 5 B
LR SR S0 25 R — R0 B T T 3 U8 R
2R B i [l 25 2R AR

PR

Function getResult

N ARG 5 root  BUF value, R RAES arrayList

b k2 R AE candidates

1. initialCandidates() ;

2. IF (arrayList.get(root.le ft pos) <= value&.&.

arraylList.get(root.right pos) >=value)
3. candidates.addAll(root.entities) ;

4. TIF (root.leftpos+ 1= =root.rightpos)

5 RETURN facts;

6. int mid= (root.le ft pos+ root.right pos)/2;

7. 1F (value<=arrayList.get(mid))

8 candidates.addAll( getResult(root.lchild ,value)) ;
9. IF (wvalue>=arrayList.get(mid))

10.  candidates.addAll(getResult(root.rchild s value)) ;
11. RETURN facts;

6 ETAXEHRINNFEZE

AR SCAE X — 5 PF I8 A A A AT 2R 000 5. A
) I B B S8 1 T e A RS e g Y TR A DD
BEHR ) 1 [ RS 38 5 2 ) i) R0 A 2% 8 0 A OE
i F 2%

6.1 BIHEKEE

A2 o M ey ver i KB RIS . o0 0
KB, Y5 M S 4 19580 69 B 9 SR LA
e (4D ~ (6) FATHEAR PRI H15 H Pr(ei Se)s
Pr(c,2Dc¢) M Prie, L o) WA EMZHEMBWXEREG,
R 2 AT LA i DA 5 W 4T [ 70 1Y) B A

(DR o 26 BAFA o BHLEEHE o #
oM E R o M . AT LI BT AR i R
{ans(cy) edes(c,) —1}.

QO WME o S, MMATA o A HE o #
ST o R R ARG o M AH S, BT LLBT A B i R
{ans(cy) edes(ci)—1}.

IR o1 Lo T4 e BEASE o HISE A R
e ERGIBA o WA R o IS E G,
"] AT AR I ECE N { Cans(cy) +des(cy)) « (ans(cy) +
des(cy)) ).

Hvans(oO) Fom c MHLBATEAC  des(0) %
e EREFEAC.

6.2 550 R

S TSRS o F e, Z ) S AR ML LA
Do B AS A [ JeBt F) 80, B AT RE A € — A ) 8L A 2
BRI«

Inf(g)= > Pr(c;»¢.) * N, o)) an
H, g SMEEM e M . Z BB IHJE X R Pric,
) E{Pr(c;&cy) ,Prc; 2¢;) ,Pric; L)) N K2k
Sl ey L ep 22 ) UE i DG 28 XoF 7 ) i) A8 5 6L i)

T F R s 17 I 1 S IO TN ol <
Pr(ASB)=0.5,Pr(A>B)=0.7,Pr(A ] B) =
0.15. fr#fEfb Z G Pr(AS B) =0. 37, Pr(ADB) =
0.52,Pr(A_LB)=0. 11. % F query(A,B) IR 1
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BUF MBI RE R A -3, 11,19, UL, B Inf (@) =
0.37X3+40.52X11+0. 11X19=9. 66.

Bl 6 250 %k 55 ) S5 41

6.3 FHEHEZE

HT T A — A [ ) 257 S AT AN T YL D0
oK R I IR M o 5L e K 119 T L) 2 58 R it
A SR AE A 0 1YY [ TR HL A T A B ) 4 L) 52

M bR K (L.
25 R A D AR
Bk 4 T AR S R A

Function query _selection

i\ : query budget k, two taxonomies T, , T,
i query set Q

1. Initialize query set Q based on the entities pair
Initialize queue

FOR EACH query IN Q

=~ w Do

compute Inf (query) ;
queue.enque(query) ;

FOR i=1 TO k& DO
query_max = queue.deque() ;

Observe result of query max;

© [e) ~3 (2] w1l

Prune and update queue;

7 % W

7.1 EWIRE

BAEAE A SOk X OAET A () TIMD 3 i
HodE S A ARE Yago ., DBpedia. TIMD WS J13H
#65& F RDFS >k i 47 # A& 19, TIMD J2& rdf #% X,
Yago J&: ttl #% 3 . DBpedia f& nt % 2. B8 5 (1) £ 4
it W3 1. 1T Yago 1 DBpedia H Sz iR #8 42 FH 1
A 5] 4 24 5 75 B AR IR AT URL, fr DL T AR 24 R3],
ITAT L3 2ok A R AR AR AT URT SR PRk 4 . 28 B3] Y
ER B SARXTAE 2219 249 XF. T AT 56 2 FJE M,
TR AL RATREUN T 7 :CF 3h X 55 . w1 44
T IE#YE . Yago Fil DBpedia B¢ 2 @M & — X £

(5 28 X T2 % 5% B ATad o A TRy 7 Ok A A
IEH .

1 HEHIT
Bim e ZFacts #Instance #Classes  #Relation
Yago 19805704 5208897 475661 34
DBpedia 10800624 3071215 435 121
1IMD 37846 12625 218 24

SR B AR — T = A BRI 5 ) IE A 1k -
FARFHR A Jaccard ZEBIE BT Z 8] dif [ 1)
BAEL L UL 6 2 I RE 5 o 5 B g 4 similarity
BE /N2 . AR SCAR B B 0 = 0. 8, BT
20 dif f HBI{E 6 =0. 95, 75 25 I XF 5% v, 2o 9 5
similarity /N 0. 01 2 5%

G S

LRI B AL FEEE A Intel (R) Xeon (R) CPU
E5-26700@2. 60 GHz; NfF R 128 GB; B /E R A& N
Linux.

7.2 ERWHIE

T U B AR SCHR R T 1 Y e T R A
S SR I AR R L O i

(1) 7£ TIMD _E fil Yago-DBpedia | 5256 A SC
B 2 A S A% £ A ] X 5% S {A (Exact-string)
M5 JPARIS Jyik , Xt H Precision, Recall, F-measure
FT H] .

(2) TESLARR 55 A A AT 25 B, — 1
& A H SOAS Y AR — A BT R L R f
ASTR) B B {E , %F kb Precision, Recall, F-measure #ll
I ).

(3) LRSS T A SO =R R 5L 72 TIMD
Ks 42 1 Yago-DBpedia | 43l 25 7 fi 1 4 4 okl %
A 398 2 56 e .

(4) TEZE B 55 v, d 3 B budget BYECE 1)
ANTR] Xk L 5 A 18 250 SR B el 20 1 286 O3] A i A AR
Reduced Candidate Pairs Number 12 %} k. Precision
(AN [ A8 0 28 531 %8 5% | TE Ak b FRATTHE 30 44
S, HE 2R IR 5 A TR
7.3 EWHER

(D) ASCESeAE TIMD $dli 5 F A7 525 %) 5%
AIEERANER 2 . Jl o S0 Kodk ol LR B fd HTAH
[l AF H R X 7 AR AR IS B Y F-measure HA 40%,
FEIS 1 BP0 PARIS FI T 3 ik R Z 5 W8, #E i
6 b, T A SCHE Y 5 I AE 2 BRI SE B) 95. 7%
By F-measure, 313 45 3R A D & BUA SCHE B 09 5 s
FHLE T PARIS J7 i 4B W 820 5 HH A8 A AH [R5 4%

Java.



S TS SCE . BT ARE A HNRER G X FF A% 1823
H K X 5 S R 3K A5 AT 1A AR 1.00 —
7% SC I 5 2K A R v TR T 5 2 L X 5 L ST 0.05 =083
RAUBEI BIRE. A ICHE Yago-DBpedia BXFILT 10|
A I PARIS fl Exact-string J7 ¥, P4~ 1R .
P 58 3t %ot B ] 9 URT 75 31 (9 20552 14 41 7] 11 52 14 -
%k F 2 219 241 %, PARIS 78 81 19 52 1 % ik 51 080
93. 5% M HERA N 71, 2% (97 18] 2%, KE BT 839 min, i 0.75
Exact-string 77 ¥ £ 9% ¥E i 7 45 . {0 2 73 [ 2 1 0.70
57.2%. M FaxX W Fh 5 i AR SCI 5 i35 8 90% 0.65
. e o o - S Precision Recall F-measure
PARIS J5 48 1 43 B R I Exact-string 5. AHEL P ——
B (1) A SCHR H A 5 1 1 13 ol 26 — ok, 2B Lo
TR BN T SMEIRKIMITA RIS =l
X I FLF T S50 56 2858 £ 336 AR M & 308 2o 3¢ A g
e 90 i
S UR T R TE T 99 S (o 4 4 . 5 38 3o B Y o
I oA e — Sl 352 1 S 0 %t 3k oy =X T A5 1 0851
(6] S5 A7 B B 1 Bk 35 5 (2 AR SCHR M Y 5 s 0 o A R 0.80F
R AR — 2, B2 i F 7€ Yago H1 4 520 J7 1952 0.7}
&, 1 DBpedia #4307 J7 SR BR T IEMIAY 221 0.70
T7 ST A (A S R . D T AR CRE AT 060
H L H AR (ML S R SR R @ WA K oo \
VL TG (L 18 A KA 4 1 396 S5 A 1 70 18 58 0. 5 T Precision Recall - Frmeasure
umﬂyﬂiﬂéﬂ@ﬁ}fg{ﬁ[ﬁj (b) Brr-diff i =E
) B 7 BT BEAF R UER % A B R F] F-measure
x2 LMEMER
40
B 4E Jr ik ﬁ@%/g%f/Fmﬁwd ﬁﬁ/ 351€0.7,38) .
A3 % 98.1  93.5 95.7 0.03 30l o
1IMD PARIS 99.7 90. 6 94. 9 0. 06 é (0.85.24)
Exact-string  100.0  25.2 40. 0 0.01 =2 (0.8953 o
R 90.0  79.3 84.3 25. 00 2,00 - (0.9,23)
5{;g”f PARIS 93.5  71.2 80.8  839.00
pedia .
Exact-string 94. 3 57.2 79.4 1. 00 151
10 _ _ time —@&— )
(2) fE 2% 3CH Y B 97 ¥ o S 0K X 5 3 B POy 0T0 0T D80 08 080095
(a) FHFE AR BIE
A B B B, — A A R SOAR I B — A 2 0
B G AR R T AT AR 4 T 2 AR ) 1 o = . (09136
A SCHR I 5 3 4 R .
SRR SCAS 9 B MR 7 Ca) HR AT DL % B K £ -
PINBY BT Al 5 B W 2 0 K 75 « 949 TE =” 09555 oot
(9 S 1 ot 4 ik U L B B 73 ] R AR MR 8 20
Ca) o T B o O 2 £ 385 1 A B e
BT diff W, AT 4 5B SCAS B3 (5 AR 2L A 0 =350 092 0901 096 098

B 7 Ch) v ] LAk BEOK /0N 1 B {EL B 7 A K X fik i
S AOXT o 3 S A R AR T B LK g R 20 IE Y

(b) - dif A

P8 T BB W] Y T B ]
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SRS T TS R s s Bl IR s, 3 [l
AR I 8 Ch) Hh e Al LA & B L I fi) B 3 (L F)
PAR =002

(3) A< 3 FH 45 9% % (Reduction Radio, RR)™
KA A FH 2% 5 Al a0 T B 11530 DT C S5 AR B g
TIHE R » 8 LR TEAS T JE A 36 X6F ot &t 4 0 1 o fif
FHZ 5 10 1 S ARG 55 42 38 F UG E 52 44538 19 LG B
7 SCAd R i 15 % 58 2 (Paris Completeness, PC)M
e A R A TR 51 22 05 %6 1 4R 1 BT 4R B L B E
S £ T B 09 S AR 5 T A TE A 1 SIS AR B
WA, WA R 3. AT LR IR E e R T &
A e U B B AT DA PRAIE o T 45 IR AR AR TR
VI 00 A AR 150 D 328 R 1) R SRR AR IR Ut
AR SCAT A3 24 2 P& FH A AR BL 1 ok o 2046 18 2 1Y R
JIN S 3R DR R SR O BIE 5 ).

R3 FEMBREMTEN

Dataset RR PC F-measure
1IMD 99.9 96. 2 98.0
Yago-DBpedia 98.7 87.1 92.5

(4) A 3 5 10 ] At ) 5 AT LR 30 0 20
F8 i 2 AR R 2 ) 0 D R v AR A A8 AL T 9
Ca) ] DA B« it 25 A0 ) 394 Dk 20 19 288 ) o e ke

2000
(200,1505)
1500 (120,1430 b
(160,1490)
7
2
1000

(80,980)

(40,503)

Query-Selection —@—

40 80

120 160 200
TR/ [ AL
(a) ol R B
0.96 : ‘
094} (80,0.935) (160,0.938)
0 92(—</1o,o‘932> (120,0.937) (200,0.44)
0.90
&= 0.88]
£0.86}
0.84}

(80,0.825) ‘(200,0.831)

0.824 (120,0.828)

) ——
(40,0.821)

0.80 DBpedia S Yago —e— |
Yago € DBpedia —e—
0785 80 120 160 200
TREL/ 1) R

(b) FERXFF e
P9 T A R ) SN ) i 0% 0 o R o T

2, I L T G2 (0 B 1l I AR SCHe 1 7 ik id
JEAT ROCR Y T 2 5 52 00 foe KA ) AL (] i
9Ch) Al A B bl 25 T 19 38 o » v fly 3R o A 3R
1 AER A T 22 [l R A AR SO H 5 i 9 2
R AE—E PUE B OUT 980 fe 22 19 ) R 2R MU
e F) THEF 1P

LV

8 4 it

ASCHESE T AR B FF R T T =R
R4 X 55 7 TR bR T SR B X 5 R L I
PSR 5 SER Z 18] 10 45 4 P 35w 1 R 4. R Ak
A8 15 15 45 72 TR0 1 00T (LA 350 R T g 4R
i 2R X S R MERR . SEER A5 SRR B A U5 i
TEPERE FIMERAPE B #RAT 035 A0 5. [ AR A SO fir
Fid vy A 3 25 0B T TR A AN R AL 5 A 2 SR X 1Y
BTS2 W 3 AT DA A AR A B BIE 5 T 1)
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Knowledge base alignment is to align different entities,
relationships and the classes of entities. However, due to the
enormous size of the knowledge base, and large structural
differences in the knowledge base, there are many problems
and challenges to be resolved in knowledge alignment work.
The existing knowledge base alignment research is mainly
based on the similarity function to match or based on the
probability model for iterative calculation. The iterative
calculation method has high accuracy, but the computation
time is long, and the similarity function greedy matching can

only match the entities in the knowledge base, and there are
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some limitations.

Starting from these challenges and three kinds of property
values, this paper proposes three indexes which is based on
string prefix inverted index, date DateTrie, number segment
tree, and use the indicative function to pass through the
alignment to entities alignment. Then we use entities structure
to improve the accuracy. Finally, we use machines and
artificial combination to control certain labor budget and reduce
the candidate set of classes pairs, and use crowdsourcing to
align classes which maximize accuracy. Crowdsourcing is a

specific sourcing model in which organizations use contributions

from Internet users to obtain needed services or ideas. In this
paper, we contrast this paper’s method, PARIS and Exact-
string method on Yago-DBpedia dataset. PARIS obtained
entity pairs that achieved 93. 5% accuracy and a recall rate of
71.2% ., which took 839 minutes while the Exact-string
method cost time is 1 minute, but the recall rate is only
57.2%. Compared with these two methods, this paper’s
method achieves 90% accuracy and the recall rate of 79. 3%,

takes 25 minutes, is shorter than the PARIS method, and

the recall rate is higher than that of Exact-string.





