1BERIEF=Em G Vol.58 No.12 1964-1976 (Dec. 2017)

Allen DX [EBHTR 2 511 & 3 5
BEIX [ 7 — & ORI G AR

T EAEL R B

ZftH 2017F3A230, HKikH 2017F9A5H

BEE . Overlap Interval Partitioning (OZP) &, Zh V) 2D 2 DOBEX M (¥ 7)) OFEEEE %%
BB 720D T =& TH D, L LS, ZO7F—FHirks Allen OBXBERO 1 D& d
2 ODIFX M OFEARBEICH VD &, MAEOHEIIEZ 720, HEDOLEDRN2 D05 TIVIZxF LT,
SUEHOEMBEHRTLILEND Y, FNERTH L. 22T, KETIE 2 KEHNE O F— % ik z Fo
Partition Array Z 2% L, LEREROFEEZITV, RN 2 SHE T HEICT 4. 25T Partition
Array LT OTP #3281, FHERBOBEWVICOWTERT LI L4 ), REFLEOFRMEEFE
fili - MeFES 5.

F—T— R IRHT - N=R, RXET—%, #iaEE, Kol Allen OREX MR

Efficient Join Operation for Temporal-interval Data
under the Allen’s Interval Algebra

KANA YaMmAsHITA!  AKIHIRO INOKUCHI!?)

Received: March 23, 2017, Accepted: September 5, 2017

Abstract: Overlap interval Partitioning (OZP) is a data structure for efficiently joining intersecting tempo-
ral intervals (tuples). However, when an OZP structure is used for two temporal intervals satisfying one of
the Allen’s interval relationships, the number of joins increases and the truth or falsehood of the conditional
clause must be confirmed even for two tuples that do not need to be joined, which is inefficient. Therefore,
in this paper, we propose a Partition array with a two-dimensional array data structure that performs the
minimum number of joins and enables efficient join operations. We implemented the proposed Partition
array method and the existing OZP method to evaluate the validity of the proposed method in terms of
computation time.
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Algorithm 1: OIPJOIN
Data: Lazy Partition lists £, and L5, OZP Configurations
(r,kr) and (s, ks)
Result: z={(r,s)|rerAsesArTnNsT #0}
1 z:=0;

2 [UL,Up] :=r ORREHPH;
3 [Ug,Uz] :=s ORI,
4 dy o= [Ze=lety

5 dp = I—Ugik[fg+1-| )

)

6 for node ¢, in L, do

7 Qs :=Ug + cri-dy;

8 Qe :=Ui+(crj+1)-dr — 15

9 if Qp >UENAQs <U§ + ks -ds then
o || e (2

11 e = LQET:USJ,

12 cs := Ls.head;

13 while ¢s # null A cs.j > s do

14 T = Cg;

15 while z # null A z.i < e do

16 z := z U { joined tuples from ¢, and z};
17 L x = x.right;

18 Cs = cg.down;

19 return z;
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4. REFE
4.1 Partition Array

ARG THH Allen © 13 HOFX B LR 1 I2RT.
O 13 HDORDES % © = {before, meets, overlaps,
during, starts, a fter, met-by, overlapped-by, finishes,
equal, finished-by, started-by, contains} &3 5. KiFHs
MR ETHHEE, 200 L—Yarrts, BLUMK
feO@BATTELTHGALbNLE, {(rns)|rernse
sAO(r.T,s.T)=true} TMREL KDL ETH 5.

HIE TR Z Wik § 572012, =T 14 ar%
W T 720D EXURT AL, J—Tarrildd s
OZP Configuration &, (r,k) TEHINL. THIIHFLT,
REFUTIE, (r,dyo) T AL LTHZS., 22 TdliE
=T 4 ¥ a rO/MERIREXEORSTHY, olddb
WHTH L. N—T 1 ¥ a r~O5EH k=[Y%2] T
hoOLNA, T2 Tr OFRHEM U OIGH Us & o1, 24
FTLL—HTLERRS VW EIEESNW., BET
BT, 2200 b—varvréshhGibhicb s, %
Jb—=23 LT (r,do) & (s,d,o) IZE Y /¥—F 1
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TaviiThsd, BEDoldFR—DEIHENE. Z
LD, rDHLNR=T 4 arp), LrDHBHIN=T 1
varpl, BELLEZOT, Bl THNL 2 OHORE

F£ 1 Allen OFXHEIHR

Table 1 Allen’s temporal relations.

Allen DE[X B B4R
before(A, B)
meets(A, B)
overlaps(A, B)
during(A, B)
starts(A, B)
after(A, B)
met-by(A, B)
overlapped-by(A, B)
finishes(A, B)
equal(A, B)
finished-by(A, B)
started-by(A, B)
contains(A, B)

2 DO DU, BRI D5
ATy < B.Ts

ATg = B.Ts

ATs < BTs < ATg < B.Tg
B.Ts < ATs NATg < B.Tg

ATs=BTs NATg < BTg

BTy < ATs

ATs =B.Tg

B.Ts < ATs < BTg < ATg
BTs < ATs NATp = B.Tg

ATs =B.Ts NATg = BTk

ATs < BTs NATg =BTy

ATs=BTs NBTp < ATg

ATs < BTs NBTr < ATg
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Table 2 a set of partitions which can join with g, ;.

0 S(r,qirj,0)
before b €P() [/ <i<i<k 1)
meets {pijeP(r)|i=7<j<k-1}
overlaps {pij €EP) |V <i<j<j<k-—1}
during {pij €EP(r)|0<i<i NG <j<k-1}
starts {pijeP)|i=iNj <j<k-1}
after {pi,j € P(r)|0<i<j<i}
met-by {pij e P(r)|0<i<i' =3}
overlapped-by | {pi; € P(r) |0<i<4 <j<j'}
finishes {pi; €EP(r)|0<i<i ANj=j}
equal (s € PO) [i=7 Aj =37}
finished-by {pij € P(r) |7 <i<j' =3}
startedby | {piy € PO) [i=7 <5 <5}
contains {pis € P |7 <i<j<7)
TR A ENTES.

Pr) s rD)N—F 4> avOEELETE. ' FHIS §
FHON=F 4 a ICE W= T 12 a gy b
BEXHIBIR 0 € @ DG 2 B8 X, O(qu i piy) BT
FTroN—7T142arDEE%E S(r,qr,0) LT 5. Tk
HbH

S(r,qir j,0) = {pij € P(r) | 0(q j,pij) = true} (1)

Thb. 0=cqual DEZ, K (1) 1F
S(r,qirjr, equal) = {pi; € P(r) |i=i"Aj=j'}

b, THUTO L LTequal HRESINIZEE, g o 1T
EENDL Y TNVEFERWRLE Y TV EELNN—T 4 a v
Mpyy DAETHLZEEERL TS, FHKIILT, 6D
BERIFLT, S(r,qrj,0) 2T LOLONER 2 TH
5. 22T, TRTDO€ O LTS(r,qi,0,0) D50 %
ARG LW LICER SNV, SIS LT, B
FHETI, WE 24 1RENZZE I, 7 ) BEXE &4
By TV EEGL /=T 4 v a yERD DI, 75—
T4 Y a rORMEBRXEORS & r OO
PULFEN D,

513 S(r,qirj,0) RS /S=T 14 a3 v p; ITHY
T58 (i,)) DEEDVHAET HHBERR LD TH 5.
WSO D T 5 1 DOMIREE, H5HWVIE=ATE
B TH D, ZOBEBOE (i,7) TMER GET 201,
X 6 (2757 Partition Array i\ 5. K6 1Lk =4 D
4 O Partition Array T# 4. Partition Array (& 2 KALH
THY, Z0(i,j) BERI/N—T 43 p,; \THLT 5.
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Fig. 5 Area for partitions which can join with g, ;.
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Fig. 6 Example of Partition Array.
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Algorithm 2: Proposed Method

Data: Partition Arrays A, and A, relations r and s,

Allen’s relation 6
Result: z={(r,s)|rerAsesnl(r.T,s.T)=true}
1 z:=0;
2 for Partition q in A, do
S :=S(As,q,0)
4 for Partition p in S do

w

5]

L z := z U { joined tuples from g and p};

6 return z;

Algorithm 3: S(As,qi ;/,before)
Data: Partition array A, query Partition g, j/, and

Allen’s relation
Result: a set of Partitions S
1S :=0;
for i € [j/,k—1] do
3 z = H_Indexli];

M)

4 while = # null AN z.j > z.i do
5 S:=Su{z};
6 T = x.down;

7 return S;

Algorithm 4: S(A;, qilﬂ-/’meets)

Data: Partition array A, query Partition g, j/, and

Allen’s relation
Result: a set of Partitions S
1S =0
2 z:= H_Index[j'];
3 while x # null A z.j > 5’ do
4 L S:=SU{z};

x := x.down,;

6 return S;

Algorithm 5: S(Aj, g j/, overlaps)

Data: Partition array As, query Partition g j/, and
Allen’s relation
Result: a set of Partitions S
1 S =0
for i € [/,5'] do
3 x = H_Index[i];
while = # null A z.j > j' do

5 LS:SU{J:};

N

S

=]

T = x.down;

7 return S;

Algorithm 6: S(As, g ;, during)

Data: Partition array A, query Partition g j/, and
Allen’s relation
Result: a set of Partitions S
1.5 :=0;
2 for i € [0,7] do
3 x = H_Index[i];
4 while z # null A z.j5 > 7' do
5 L S:=SU{z};

T = x.down;

7 return S,

Algorithm 7: S(A;, Qi i’ starts)

T 16k /N4 b, (2) (K LTHRK 2k(k + 1) 734 25502
LB, b EOFMFERTIHERS L )12, ki 200 R
PEYITH Y, EREEICHFIENTELETH S.

4.2 #HET7NIU XL

Algorithm 2 (%, Allen OFX[HBIFR O & 2 DD L —
varvresHEzonlE, ICHEVEGEHE LRI
ODENa— NThb, rDENS—F 13> qlZhL
T, E2I0E, ¢ EHBWRER s D/S—T 4 v a VIR
SEMWET L. ZOW%, L SOEEFZp LOFEEEED,
FORERE 2 12BINT 5.

Algorithm 3 %5 Algorithm 12 (4 0 € © 123} L C

Data: Partition array A,, query Partition ¢, -, and
Allen’s relation
Result: a set of Partitions S
1S =0
2 x:= H_Index[i];
3 while x #Z null Az.j > j' do
4 L S :=SuU{z}

T := x.down;

6 return S;

Algorithm 8: S( A, gy j,after)

2 LD B8—T 4 v a v okuE, KB Ta Yy ek b8
TAYV AL TANA MPRLEER D, TNTO/N—T 4
VaYHETRLZVOT, WKRTY 2k(k+1) &% 5.
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Data: Partition array As, query Partition g j/, and
Allen’s relation
Result: a set of Partitions S
1 S =0
for j € [0,4'] do
3 x = V_Indez[j];

N

4 while z # null A z.j > z.i do
5 S:=SU{z};
6 x = z.right;

7 return S,

S(r,qirj,0) ZRDOLB7ZDOEPI—-FTHEL. Ihz
HWIZER3IDOZV—=TI124175. 12HIE, K5
DFEREEDSRER A ] = k-1 L L T 50
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Algorithm 9: S(Aj, g j-, met-by)

Algorithm 13: S(As, gy j, finished-by)

Data: Partition array As, query Partition g j/, and
Allen’s relation
Result: a set of Partitions S
1S =0
2 z:=V_Index[i];
3 while z # null A z.i <1 do
a L S:=SU{z};

z = z.1right;

6 return S;

Algorithm 10: S(A;, ¢,/ j/, overlapped-by)

Data: Partition array A, query Partition g, j/, and
Allen’s relation
Result: a set of Partitions S
1.5 :=0;
for j € [i',7'] do
3 x = V_Index[j];

N

4 while z # null A z.i <4’ do
5 S:=SU{z};
6 T = x.right;

7 return S;

Data: Partition array As, query Partition g j/, and
Allen’s relation
Result: a set of Partitions S
1 S =0
2 for i€ [, ;] do
3 if A,[d][j'] # null then
4 z = A5 ;

5 break ;

6 while z #Z null Az.i < j' do
7 S :=SuU{z}

8 T = x.right,;

9 return S;

Algorithm 14: S(As, ¢y j, started-by)

Algorithm 11: S(A;, gy j/, finishes)

Data: Partition array A, query Partition g, j/, and
Allen’s relation
Result: a set of Partitions S
1S =0
2 z:= V_Index|j'];
3 while z # null A z.i <1 do
4 L S:=SU{z};

x = x.1right;

6 return S

Data: Partition array As, query Partition g, j/, and
Allen’s relation
Result: a set of Partitions S
1S =0
2 for j € [,j'] do
3 if A,[i'][j] # null then
4 x = As[']j] 5

5 break ;

6 while z # null Az.j > i’ do
7 S :=SU{z}

8 z = x.down;

9 return S;

Algorithm 15: S(As, i jr, contains)

Algorithm 12: S(As, gy, equal)

Data: Partition array A, query Partition g j-, and
Allen’s relation
Result:
1S =0
if A[i'][j'] # null then
| 8= (AT

4 return S;

N

w

X R ©1 = {before, meets, overlaps, during, starts}
THhb. 22HIF, 0 DAWORXHEMRT, HEEE
MU REZRGIHAS i = 0 IS L TV A REXHEER 0, =
{after, met-by, overlapped-by, finishes} Toh 5. 3 O H
X, 07 U060y UAMDOREXEEMR 03 = {equal, finished-by,
started-by, contains} TH 5. 7V — 7 1 OFHEMIT j =
k—11289 5720, H.Index FIHTH5ZEHNTE S
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Data: Partition array As, query Partition g, j/, and
Allen’s relation

Result: a set of Partitions S

S = ()

for i € [¢/,5'] do

[

N

3 for j € [¢',5'] do

4 if Ag[i][5] # null then
5 z = As[i[5]
6 break ;

7 while z # null A z.i < z.j do
8 S:=SU{z};

9 T = x.down;

10 return S;

L7255 T, Algorithm 3 7*% Algorithm 713 H_Index 7»
CEY R EF2IRL, KEFED down 272852 LT,
qir 5 EHREBTRER N—T 4 L a VOEEERRIET AL LN
TEh., ZV—7208d i = 01T 5720, V_Index
AFHT A ENTES. L7edT> T, Algorithm 8 725
Algorithm 1113 V_Index 7 b @Y 2 WHREZITIT L, £E
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Fig. 7 Computation time for changing the number of tuples
(overlaps(A, B)).
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Table 3 Time ranges for artificial datasets.

r O[] s DORFRIHEEH
F—=4% 1| [0,210—1] | [2° 1,210 1]
7—%2 | [0,215—1] | [2°—1,2!° —1]
7—%3 | [0,220—1] | [2°—1,220 —1]

L. FHERBIE, OIP O¥f, Lazy Partition List £ %
tk@#bf#%%%% LHFETORBE L, RETFHED
51X, Partition Array A 272 VIO T HRER %15
LHETOREMET 5.
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Fig. 8 Computation time for the join condition meets(A, B).
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Fig. 10 Computation time for the join condition
during(A, B).
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WAEEXEESSTORS LA LEOFE
FEf 2789 . 22T, meets(A,B) & met-by(A, B),
overlaps(A,B) & overlapped-by(A, B), during(A, B)
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12 B WX B R O FHERE R O M1 12T LT d o 72

& o T, meets(A, B), overlaps(A, B), during(A, B),
starts(A, B), equal(A, B), finishes(A, B), DEEHR
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Fig. 11 Computation time for the join condition starts(A, B).
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finishes(A, B).
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Fig. 13 Computation time for the join condition equals(A, B).
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14 Average computation time for the 11 join conditions.
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Table 4 Summary of computation times for each artificial

dataset.
REFHEOFY OIP DV Ui
BHEEER A [4] | R B [4] B/A
F—% 1 9.37 15.10 1.61
F—% 2 0.52 1.02 1.96
T—% 3 0.38 0.56 1.25
YON—=T 4T a v ERAEECHRIFEL WA zD, DAl
WhOEERETLLERH L. LoT, LIERERD/$—

TA4TarDREZEY, k

HEHBE LT HIENTE 2,
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RETFLETIIIBEOR/MERIEXHOR S d 2 VT8 —
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Fig. 20 Memory usage of the Java program.
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WL, AEEORIICHET L. &Y TV, pCa
Rz N—T 4 ¥ a VLT AHE O T, O
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Fig. 21 Insertion of the partition ps 4 to the Partition Array
shown in Fig. 6.

MR L TR S N2 BT R W T, #iaEEOR)HR/l
Mo TWa. L7 A2 PREMIZ, #EDOBIZIE, KD
L D IEIFEE A DNL DT, EVEXEZFE>Y 7
W BHERENL Y L—2 3 UL TRIEDPSIET 5.

SCHK [4] TlE, IO DFED, By TSk L TH
EDOREENRTD S Z L PEFMERRICB TWEIFE I LTV
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