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Algorithm for solving interval coverage based on directed acyclic graph
DU Ming, PANG Jiancheng, ZHOU Junfeng
(School of Computer Science and Technology, Donghua University, Shanghai 201620, China)

[ Abstract] Given a directed acyclic graph, answering the reachability query is one of the basic operations of the graph. Although
many methods use tree intervals to speed up the processing speed of reachable queries, it is not clear how many intervals are
appropriate. This paper proposes an algorithm to quickly calculate the coverage of multiple intervals. This method supports efficient

coverage calculation by using an effective pruning strategy. Based on the obtained interval coverage, an appropriate number of
intervals can be determined for different data graphs, so as to reduce the index scale while speeding up query processing.

Experiments based on multiple real data sets verify the efficiency of the method proposed in this paper.

[ Key words] directed acyclic graph; reachability queries processing; interval coverage

0 31 &

75 € A I TG ¥ K ( Directed Acyclic Graph,
DAG) , AR AT PN w0, WTGAPEAT 1] w?
— o T IE TR w th &R AFAE— SR AR T LA
BRI vo AT IR AR TR A0 PR B 4 18 5 00 B
MREARAEZ —, — B DORE AT T2 KTER
PG FESERR B, WY kA )
P BN AZ W 45 {5 5 A8 T R 4% AR ) ) 2% ]
P REARICTE = B BT IRl R AE 2K S5 e, T T
RGN T A5 ) AR E KR o

Y R A AT Ak A ), A AR 2 07 Bl
FHA: R DX [RIR B T AT 35 2 f) i AL BRAS R . HUACk
Ui, A K G, XS IES RIS G AR T, e
BT T RHEATUS v B —MXE 1, = [r,,r,],1%
I T w TEAE S T BRI A R0 X T4 e
B u? — o, AR v 2w AR ERYE A AT 5E
i KA & R R AE O (L) IR N AW w il ik o,

E&WE : B K E AW (2017 YFB0309800) .

EER AL BI(1975-) 00 W Rl , RO HRIE S

O A 7 kB SIS SR WoR | 28 A2 i X |) o] LA
S5 RAATR A ) A R (14 45 2R B ], oo mT sk A 3 £ Ak
PR . i, A A E G nE 1 (a) Fis, G 1Y
A A AN E 1 (b) i Horp, SEZFRn i, i
RATNARM L o AR A DX ) A R 25 0 AR v, 7
— v, T I =[4,5] C[2,5] =1, /TLIFGH v, AT
ik vy IIESIE, KR K v, — v o

o SR A U DX (B AN RE 98 428 35 DAG Hprfy
RMUZ AT IA TSGR IR IS B 1 (a) | v, AR 05,
{EARIEE 1(b) WX E SRR, L =[4,5] ¢ [7,
9] =1, ,iXIFANBRULH] v, AH[IK v XFIZIRE, A
AR 2 A R X R] R R A 55 35, AT
MR AT AL BRI BT RCRE T o Bl B 1 (e) R
KBCE T 2 XA, [4,5] (v 5 —AIXHE]) ¢
(7,91 (v, WER—IXME]) ,HZ[5,5] (06 BYEE A
XIE) C [3,7] (v, P95 ZAXIE]) , f 55 AN X ]
AT vy — g6

AL B fF R A KR s PR (1995 -) 35 B EBIFSE AR  FEBBT S U5

i) « PRI FRY AT SA AR B SR BT 5 S8 A2 (1977 =) 55 Wik, 20, Tl A R0, 2 8B 5 07 1« K PRI F) e i A B R AR R ek

HEAR
WIESE A%
Wi AR 2020-11-17

Email; zhoujf@ dhu. edu. cn

Y VARG RN ¢ AT x5 s A




2 B o it

114

,/i}\\

NS

(ayf I EHEG
(a) Directed acyclic graph G

0

(o) ) LB BN X T

(b) Single interval on the spanning tree

ORI
QR [2,5109,10] RO][Z’S]

@ [3.51[9.10]
(8,91(6,7]
[5,51[4.4] (9911771

()0 LBy 2 AN XTI

{¢) Multiple intervals on the spanning tree

43155~

(9) o

1 &ERHXERE

Fig. 1 Example of spanning tree interval
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1 nRch <« 0; nUnRch < 0;

2 foreach reachable pair(u,v) of G do
3 foreach i in [ 1,k ] do

4 if I[v][i] C I[u][i] then

5 nRch ++

6 else

7 nUnRch ++
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3 foreach( u € V) dou. nRch <« I[u] [1]HX[H]

KB

4 foreach (i in [2,k]) do
5 foreach (u e V) do
6 foreach (vinI[u][i] ) do
7 flag = TRUE
8 foreach( jin [1,i = 1] ) do
9 if I[v][j] C Ilu][i] then
10 flag = FALSE
11 Break
12 if ( flag = TRUE) then u. nRch ++
13 foreach( u € V) donRCH + = u. nRch
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Tab. 2 Reachable pairs on the spanning tree

T i 2 S5 2 A DX IR AR B B RT3k Y TR 42

0 11,2,3,4,5,6,7,8,9]
1 13
2 14,5,6,7,8,9]
3 (4}
4 16,7,8,9]
5 (4}
6 (4}
7 {91
8 (4}
9 (4}

3 XA

3.1 XIGIME

S I A4 B 12 - 45 2 Intel Core i5-4460 3=
¥k 3.20 GHz f) CPU,4 GB f RAM N7, #AE &R
4i >}y Ubuntu 8. 3.0, 3f-{i i gcc 8. 3.0 #47441%, LU
RETEYIRA C+HBEF L,
3.2 HuR&

ARSCHE TR 12 SR 4R W3R 3. X SE 44
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Tab. 3 Datasets
it VI | El
human 38 811 39 576
anthra 12 499 13 104
agrocyc 12 684 13 408
xmark 6 080 7 025
mtbrv 9 602 10 245
nama 5 605 6 537
unil00m 16 087 295 16 087 293
WikiTalk 2 281 879 2 311 570
dbpedia 3365 623 7 989 191
govwild 8 022 880 23 652 610
twitter 18 121 168 18 359 487
web-uk 22 753 644 38 184 039

3.3 ZE5| K/

k ~DFSIC 5535 3K X 7] 7 5 80 A [] X [f] B
MR/ NILR 4, 34 AT LR B XTS5
RN, 2851 /N Lt

&4 F3KD
Tab. 4 Index size MB

Ktk k=1 k=2 k=3 k=4 k=5
human 0.29 0.59 0.89 1.18 1.48
anthra 0.10 0.19 0.29 0.38 0.48
agrocyc 0.10 0.19 0.29 0.39 0.48
xmark 0.05 0.09 0.14 0.19 0.23
mtbrv 0.07 0.15 0.22 0.29 0.37

nasa 0.04 0.09 0.13 0.17 0.21
unilO0m 122.74  245.47 368.21  490.95  613.68

WikiTalk 17.41 34.82 52.23 69. 64 87.05

dbpedia 25.68 51.36 77.03 102.71 128.39
govwild 61.21 122.42  183.63  244.84 306. 05
twitter 138.25  276.51 414.76  553.01 691.27
web—uk 173.60  347.19  520.79  694.39 867.98
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Tab. 5 Running time of computing interval coverage rate ms
k=1 k=2 k=3 k=4 k=5
B S k- DFSIC JRIORE k- DFSIC JERIEE k- DFSIC JLROF k- DFSIC JERIEE k - DFSIC
human 3 973.61 5.29 3 865.27 23.42  3974.09 23.44 3 912.71 23.66 3 859.38  23.78
anthra 438.37 2.48 427.78 8.19 446.19 8.24 431.87 8.97 427.45 8.96
agrocyc 444.51 2.98 443.85 8.59 461.64 8.76 441.87 8.79 461.73 9.03
xmark 198.76 1.21 202.17 4.86 214.35 5.19 205.25 5.76 214.71 5.61
mtbry 270.04 1.36 263.46 5.88 276. 86 6.01 267.46 6.05 273.26 6.62
nasa 117.33 1.29 116.24 4.62 120.22 5.35 117.86 5.69 119.19 5.99
unil00m - 4 585.67 - 7 199.26 - 7 186.87 - 7 211.65 - 7 223.42
WikiTalk - 312.37 - 850. 46 - 868.52 - 875.19 - 890.74
dbpedia - 2 541.88 - 3272.14 - 3 291.96 - 3 328.17 - 3 365.14
govwild - 5 038.32 - 6 921.92 - 6 938.48 - 6 942.28 - 6 948.32
twitter - 3 588.31 - 7 568.73 - 7 687.18 - 7 811.46 - 7 936.26
web-uk - 4 596.89 - 10 718.81 - 10 840.42 - 10 991.85 - 11 157.28
F6 XEEZRE
Tab. 6 Interval coverage
BEE k=1 k=2 k=3 k=4 k=5
human 0. 646 500 00 0.651 300 00 0. 655 300 00 0.656 100 00 0.656 700 00
anthra 0.471 700 00 0.480 200 00 0.483 300 00 0.485 300 00 0.489 200 00
agrocyc 0.413 900 00 0.422 900 00 0.430 500 00 0.430 800 00 0.431 200 00
xmark 0. 080 000 00 0. 130 000 00 0. 160 000 00 0.210 000 00 0.270 000 00
mtbrv 0.381 200 00 0.384 400 00 0.389 500 00 0.391 600 00 0.394 800 00
nasa 0.290 000 00 0.320 000 00 0.340 000 00 0.370 000 00 0.390 000 00
unil00m 0.082 700 00 0.083 200 00 0.083 600 00 0.084 200 00 0. 084 400 00
WikiTalk 0.000 090 00 0.000 160 00 0.000 210 00 0.000 260 00 0.000 320 00
dbpedia 0.000 009 93 0.000 011 30 0.000 011 80 0.000 013 60 0.000 014 50
govwild 0.001 700 00 0.001 900 00 0.002 300 00 0.002 500 00 0.002 700 00
twitter 0.000 001 20 0.000 001 80 0.000 002 40 0.000 003 10 0. 000 003 60
web-uk 0.000 000 70 0.000 000 80 0. 000 000 90 0.000 001 10 0.000 001 30
®7 BRHKETH FARAAE . LA R RN, A SRR I A SR T
Tab. 7 Suggested number of intervals %{ﬁ‘% X I‘Eﬂ% j;.]gl $D % ﬂ:‘ Pﬁ‘ﬁ% @J E]/‘J X I‘Eﬂ% %gl % , }EH
BRSE ARDRKER | ORI RBUOKEEC pyRTE Al R I B A A i A
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