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An Exact Algorithm for the Arrow Placement Problem
in Directed Graph Drawings

NaoTo Kipo 1  Sumio Masubpal KAZUAKI YAMAGUCHI!

Abstract: We consider the problem of placing arrowheads, which indicate the direction of edges in directed
graph drawings, without making them overlap other arrowheads, vertices, and edges as much as possible.
A simplified one of this problem is known to be NP-hard, and now there is an exact algorithm for it. In
this report, we present an exact algorithm for this problem which is not simplified. We formulate the arrow
placement problem as a mixed integer programming problem. We also present a method to reduce execution
time of our algorithm. Computer experiments show that our algorithm gives a better placement than the
conventional method and that the procedure for reducing execution time is effective.
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Fig. 1 Two regions devided by line [
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Fig. 2 Relations between a and B
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Fig. 3 An example of arrowheads not overlapping
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Fig. 4 a and its corresponding point
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Fig. 6 Ranges where arrowheads can be placed
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ROMAR KU OV EEZEDEZD D%, TEINRR
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I5F528T, RUVDUNET L LS ICHEINS Z
LEBHNTWS. BEETE, (W, Wa, Ws) = (1,3,2) &

© 2018 Information Processing Society of Japan

Vol.2018-AL-167 No.11
2018/3/8

U7z, ZDX D RMEICFEE L EEIE, [ME»EREZ1T-
TAER, BRI Z 058 IR RWHEIZME S5 &H]
WrL7-72ThH 5.

FERIZM U 235O CPU I1E Intel Core i5-4460,
3.20GHz, AEVYIX16GB, OS i Windowsl0, 7B <
VU EFEIL Java8.0 TH B, F7-, ERIFEITEIT BB
FrEME, REECBDIRGBAGEMED Y LN -
LC, CPLEX[8] &M\ 7=.

5.2 ERER

FEEREREE2ERL M7, M8ITRT. £11F, 2ETHER
7 EifEE R LT WA, AR—ZADEE -, EkiEE T4t
S, fREEE R YBILTWS, £12R58, i
KB LR TREE T, TRTOANITH U TRTOF
IECBI LT L D iENERAE SN TWD. Rz, #F
ETIETARTOANNIHUEU D ALOER D BFKET S
ZEW—EL Lo FAERIHIZEBHEL TV RN
A3, BHMAE distance \IZEAL TH, TRTOATH LR
FIZHARTREETL D ENERIE S 2.

M7, M8IkEXsobETHMERLTVWS. K7 IXIHE
MEZE 100 THEIE L 256, X 8 X EEREE 2.8 THEIE
L7GaThsd. M7, KI8ERZE, 44 fHiTilkX7-H]
IR & > THATHRZ KECHIRTETWD Z 203 h
5. MM 7 #MENZELUTHALTERLESBDTH
5. REEOETRKMIE, K9 T, EEPLLRBIZD
nTAIZENLTWS, AKX 8 Tk, TEHAE GIE)
K%W?éiv_%bewé.g®% ¥, BUALEE T
RITZTBE ZATHET D EEZOND, RN
KEL B Y, EHEOWEMPEU YA LOEZVIZELTE
BLUH-T, EERDIIORTHI LN TERLS B0,
HARIEDOY A AW KEL 0D, F£72, X9 THRKFEDE
TREIZE ACZE LR WDIE, WBBEL kb —U
H-YDERL D BEHOEMP DL LIPS THS.

BEIETEH, PHREDK E L 725 & ETRMIX 2
WINLTLES Z e ah oz, UL, FHREBNKE
TEB I 7R FTLZBMEICHEL TRVWZ ERE W, F
72, BT VR LZERINT T 7 HiE O A% W
=W, SEEEOGEWRE, FESR I AR vIINn
iz Y, HEMRCLIEI D S AW L TH L
HIZ & 2 ETIFEEIBIIES TH B LEZ TV

REEIZLZEUDEEDH %K 10 125RT.

6. LIV

ﬁm%@; KU EMEI ST 2L EREL

. REETIERU D EENEZ EA G E R I RS
bfmé.it,%ﬁﬁ%%ﬂ@tb@mm@éﬁofv
5. BEEIZL > TREBEIZHRT I 0 ENAZEL b RE
NESNDZ L, BB & 2 ETRREEIRLSERTH



BERLEBF S RIRE
IPSJ SIG Technical Report

xR 1 GHHfED LB

Table 1 Comparison of evaluation values

THAE O crossV crossE overlap
V| |E| | ek RE | ek RE | ok RE
60 84 0.03  0.00 3.1 2.6 | 0.26 0.00

80 112 | 0.10 0.00 5.9 4.8 | 0.48 0.00
120 | 0.16 0.00 3.9 3.4 | 0.30 0.00
140 | 0.15 0.00 8.9 6.8 | 0.56 0.00
100 160 | 0.21 0.00 | 15,5 109 | 1.26 0.00
180 | 0.29 0.00 | 23.1 15.3 | 1.65 0.00
200 | 0.40 0.00 | 36.1 21.4 | 244 0.00
120 168 | 0.41 0.01 | 11.2 84 | 0.83 0.00
140 196 | 0.40 0.00 | 14.0 10.1 | 0.88 0.00
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Fig. 7 Running time in the case of 100 vertices
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Fig. 8 Running time in the case of average degree 2.8
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