Scientific Journal of Electronical & Cyber Defence
Vol. 10, No. 4, Winter 2023, Serial No. 40 8

A Greedy Algorithm for Constructing Region-Fault Tolerant
Geometric Spanners
D. Bakhshesh, M. Farshi

* Assistant Professor, Department of Computer Science, Bojnord University, Bojnord, Iran

(Received: 16/02/2022, Accepted: 01/06/2022)

ABSTRACT

In this paper, In this paper, the problem of constructing an error-tolerant geometric cover of bounded
regions for a subclass of convex regions is discussed. Let S be a set of n points on the plane. More
specifically, in this paper, a greedy algorithm for constructing the fault-region-tolerant geometric cover in
the case where the fault regions are a set of Hanim half-planes with a parallel boundary of at most k lines is
investigated. We show that the proposed algorithm has the time complexity O(kn’logn), and the
generated graph contains O(kn) edges. To the best of our knowledge, the best-known algorithm to construct
the region-fault tolerant geometric spanner of S takes O(nlog’n) time and the generated graph has
O(n logn) edges.
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Algorithm 2: NEWPATHGREEDY(S, G, t)

input: A point set S € R¢ with n points and a real number
t>1.

output: A t-spanner G (S, E).
1.  Sort all pairs of points in nondecreasing order of their

Euclidean distances (ties are broken arbitrarily). A list L
contains all sorted pairs;

2. foreach pair (u, v) € L(in sorted order) do

3. if SHORTESTDISTANCE(G,u,v) >t - |uv|
then

4, E:=Eu{(yv)}

5. end

6. end

7. returnG(S,E);
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Algorithm 1: PATHGREEDY(S, t)

input: A point set S € R* with n points and a real number
t>1.

output: A t-spanner G (S, E).
1. Sort all pairs of points in nondecreasing order of their

Euclidean distances (ties are broken arbitrarily). A list L
contains all sorted pairs;

E = 0;

G = (S,E);

foreach pair (u, v) € L(in sorted order) do
if SHORTESTDISTANCE(G,u,v) >t - |uv|
then

6 E:=EuU{(uy,v)};

7. end

8. end

9. returnG(S,E);
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Algorithm 3: HALF-PLANE-GREEDY(S, t)

1. Sort all points of S according to their y-coordinates in
non-increasing order, and store them in the list Y;

Sort all points of S according to their y-coordinates in
nondecreasing order, and store them in the list Y’;

E = 0;
G=(SE);

N

Gy = (S, Ey);
foreachp e Yand g € Y' do
/* in sorted order */
10. G, = NEWPATHGREEDY(S,, G, © h,, t);
11. G, == NEWPATHGREEDY(S}, G, © hy, t);
2. G, =G, UGy
13.  G,=G, UG}
14. end
15. G =G, U Gy;
16. return G;

© 0N U AW
(%)
S
|
~
gl
R
i
:_/




va 8 dazme ilist oggls ¢ lad — 4wl w90y Jooxs cwdid ouiiligy el (gl aila yo pits yoRU1 S,

S oed oo ol g ahai o P adads ) 00,03 4 La> 3l
Py < dy < Cy, dy 9 Sl (C, d) Jl_l J.ALM: Gq as G:L?tj
s>4 4SS ol jlecul (6,d) JU Jols Gy © hy ol ol
Jbd| < labl,|cd| ¢lac| < lab|,|cd| p— o ¥ ¥ oJ b
bl 7o) (wolil alols a3 (g shtiul (9 I L s, nly)
o b ulplo 0l 0925 GL O hy ;o d g b po jeo -t
gyl )8 0529 GL O hy o b 5a o e -t S F Y
sl (AL SO ) 4 0g i —ed a8lSl Gy @ (a,b) JL
Gl Gl (S 5 bl cals 58l ol

LS aldl da cgao 5l WSPD S W oS (5,8 >
) . 4(t+1) P
o bl a3l 25 0(59m) ol g5 = 222 a3 5
.Ia_wy 03— 4.4..>LM:GZ 561 G..;..\..mgl.mdbf)&,m@ Y
Jolis G G155 g, 0005l el JU 0(s91) Jalis (V) s 65!
) dmad ¥ aad jleoliiwl boooplplo .ol JU O(s%n)
g0 Jol>

gRY paliin ) glacgeme S oS 5,8 £V auald
Ua>’—D1 ))A)JAW e..\.,.sl.wy—t ASJ ..\M;L‘SQ.;.G> dde ASJt >1
LSl 0 logn) ol o g ety o o)l LS (glp

sl oo oo o8Iyl Dy o S 20 IS sy
YU ,0) ablb R? o ool Lt Sy gjlse oyl (5550 bolas as
byt o5 wily Slriops plas olyils Dy o 0 0 58
Sl goloaas Jloel b (conl lax jgme s5loe oy (6550
oDy gl seliin s (Soluas «(F) 02,55l (59, ooles
Dy oo 03551 Cawd

@ LDy pdyJord (owiin oaiiligt S ol
s |2l ok (F) i e8I 45 il 3LS de > 1 6l3)
G5 il ol g ol o ¥ andsd & 4z g b ol plis
B9 dalgs 0(kn3logn) ¢ O(kn) ol p cos i an Godys
Bedes Jol> n Al g )cnl)]

gR? s abiin il glcgeame S asS 5, 5.¥ .Y adl
L Dy ity oo oot o5y bly k> soe S £ > 1
LSl 0(kndlogn) ol o Hlgsel, JLOGKRN) LS &lp

SLb ol -F

ol alay o yo 0aiiligy aS 0eb oo ools lid doiyl jo
3 oo s LDy iy Joos oaiilisgyt S B9,0
Slrio pas den 00lgils Dy a5 oS (5,8 ColS ols caws
a5 S (B8 el bax jeme (g5lge L) e gl a5 wll,
JSs paSaiby op g x adais Jla> Jold slacgoms P

B9 g0 odnlin ()

A<ismb, oLl mos sae o sljl a4 a5 5, 9bay ol
alads 9o , a glilas g il o5 B; 9 A; 4 cgoxe 90
a_fo)loos_?-ﬁiWo.\_cujﬁi.‘o‘.:éa‘p;tqafp,qu
zeoo dde & lxyl D PEB; 9q€A; LGgEB; gp E A
ol [F] gl ululs 5 eV 05 o 415 WSPD o3lasl m
So R o abiin Jolis S ababi dcgame ;o lp a5 wisls
2ol Olsses 4 315 5425 m = 0(s%n) o3lail L WSPD
5ol sleo )5 .0, S awl=e O(nlogn + s%n) ls;

Ve &0 Fl) el ons wil) 525 WSPD

Q}w‘sn 43‘)‘ )-.")(V]‘Jl’

il s sae Su s >0 0 on (ADY Y o
g adb A jo ahaii gop' 5P aS 558 aiis lizee - Shes
oyl plo sl B jo ahadi 99" 4 ¢

2

Ipp'l < <Ipal M
r_r 4

Ipq|5(1+;)lpql M

- LS ahli acgozmo 5l WSPD G W oS 58
L iin 1,5 SO H 0 S o ol s = X080 4 g
o Jo Bl W s gie Sy (A,B)g 0L S s, acgare
gdss L)l 5

o5 bi,by EB gaj,a, €A oS 55 (IADF LY o
Jo L SS Py gaibiag 90y (e S Pp oS
ol sl Lls 1 (ay, by) JU H 58103l by 9 by o
Py ps 9 (a3, b1) JUs Py oo 3l 5l ool sty yunmne
Sl H 1o by 0y Cym g -t S

Bgd g0 DLl p5 W (J

s aS o il jlacgemen; 0B g A oS 58 .0.F

g e _ 4(t+1)
Gl F IS o o e 9> 5 g0 25 = - sl

\y M)ﬁ—i” Ja_wyLSGZ = (S,Ez) 501 = (S,El) 6_.»5\.».&7

o Sl o i o <ol Gy SIS gl o dxs] jo olS]

Gk 5l olslogd o plonil alie jsbas 15 Gy SIS sl
JL 5o Jilas Jolis Gy GIS a5 0sS (6,8 ol als la
b, d€EB sa,c €A 4Ss,5ba il (c,d) 4 (a,b)
2By el jlade fp i LS o kel S p oS
q 95 22 eeizeed 055 o 1) (@, b) Jb Gy &S s ke
JL Gg S5t adby (e Jade (i bS50 abai S,
a5 0SB0 (S ol cws )l e 0,50 o1, (¢, d)

)—.“qy SCy:d_y 5PySay,by djwl;édura)y .py qu



Vo) lino oF oyladh catd Jlo o sl g (oS iUl aidlay” cole & pi

A

S5 a0

2oz oaiiligy -t G a5 al &l 0,55l S cllie ol 5o
19 JL 0(kn) L sa_iools alais acgeme S (glp Uas -Dy
e Lol 0 aS 650 Jlsw 55l 0 0(knP logn) oo
i Jeot oaiiliigy -t Gl (Soo LT as ol Ol 95 g0

fesls o(nPlogn) gl ,o ot ojluil b Uas —Dy

&1y =%

[1] A. B. Dehkordi, M. R. Soltanaghaie, F. Z.
Boroujeni, ‘“Distributed Denial of Service
Attacks Detection in Software Defined
Networks,” Jourrnal of Electronical & Cyber
Defence, vol. 9, no. 1, pp. 43-59, 2021. (In
Persian)

[2] K. Shoshian, A. Mirghadri, “Modeling of
Obfuscated Multi- Stage cyber Attacks,”
Jourrnal of Electronical & Cyber Defence, vol.
8, no. 2, pp. 61-73, 2020. (In Persian)

[3] M. A. Abam, M. de Berg, M. Farshi, and J.
Gudmundsson, “Region-fault tolerant
geometric  spanners,” Discrete. Comput.
Geom., vol. 41, no. 4, pp. 556-582, 2009.

[4] S. Arya, D. M. Mount, and M. Smid,
“Randomized and deterministic algorithms for
geometric spanners of small diameter,” 35th
Annual Symposium on Foundations of
Computer Science, 1994.

[5] P. B. Callahan and S. R. Kosaraju, “Faster
algorithms for some geometric graph problems in
higher dimensions,” fourth annual ACM-SIAM
Symposium on Discrete Algorithms, 1993.

[6] P. B. Callahan and S. R. Kosaraju, “A
decomposition of multidimensional point sets
with applications to k-nearest-neighbors and n-
body potential fields,” J. ACM., vol. 42, no. 1,
pp. 67-90, 1995.

[7] D. Bakhshesh, L. Barba, P. Bose, J.-L. De
Carufel, M. Damian, R. Fagerberg, M. Farshi,
A. van Renssen, P. Taslakian, and S.
Verdonschot, “Continuous Yao graphs,” Comp.
Geom-Theor. Appl., vol. 67, pp. 42-52, 2018.

[8] D. Bakhshesh and M. Farshi, “Fault tolerancy of
continuous Yao graph of angle less than 2m/5,”
Inform. Process. Lett., vol. 148, pp. 13-18, 2019.

[9] P. Bose, P. Carmi, M. Farshi, A. Maheshwari,
and M. H. M. Smid, “Computing the greedy
spanner in near-quadratic time,” Algorithmica,
vol. 58, no. 3, pp. 711-729, 2010.

[10] G. Narasimhan and M. Smid, “Geometric spanner
networks”, Cambridge University, 2007.

& Y

P alais acgarme () JSCB

4S 0 o, pxl = lxyl =gyl =1 a5 0S5 8
3l X jyme 5 qY bl (o S agl; 0< 0 <2
X jomme shie Sz 5 PX ado)ly G sl &S 005 o0 28
5 [px'| = [px|cos B o )lo ol v by gx LL &
o> o dpxl = gyl = 1 &5 ST 51 lgy'| = Ipyl cos 6
Slpgl =14 2cos0 =5 ,0 5 |px'| = lqy'| = cos 6
o8l gslio A qyx 5 A pxy slaclioaS Ll
0 0
Ipyl = lgx| = 251n(——;) = 2cos( )ﬁ,_,)la PRCCEINY
() (p, %) Lo b (V) ;63N dibas ;o — s o2 ,65]
degorme 4y |y ditd bl zg; Soop oSl b a1, (q,y)
A udl Ads sae SGE> T oS (5,8 .08 e adlal s U
. 3
0l S s_;l...ul:u 6,~.S; ﬁl:u‘l.l t>m¢\5§)}|¢
3 .
uo)J t= Ogsjﬁ‘)‘m dSo‘ouL..uuly‘so
A4S BIS 0Y 9P yemt yoo 0= (p,x)u(x,y) a5 oS
W_i)lé ‘w‘]xb.’ ..\.M:L) ‘w‘ ol ML?L@ ﬂ,:u)ji” .'a.my 09_\5[4

1 1ol 2
. S —
S0 e il it 2 cos? 5 st ~ 2cos?

ol @Y) JU o0 a0 cl Y 9P G s -t
Sloss e tslion sl Vol b oS oo 8Ll Jb acgozme
sl JU dcgamme 4 5 1, (,2) Jb o, a8 ols ylas
Q=@ VUEYVUGq 45 a5 5,38 Jb a5 ol
ol 00l dilne S AT B1F 0 q 9P e Sy

3 lel _ 3
>———4a5 b=l
ed = 1+2cos@ el 1 Iqu 1+2cos @

orlply st
Sl ons arlone BLS 19 q 5P Gt st 1 Q 555
el S e 8Lal GLS 4 1, (0,9) b pinysS e, o0
dw Jolis add P alads dcgazme (59, G dilay ;o s 00iiliogy
h €Dy aS oS 5,5 aul (4,) 5 (0,%), (6, y) Jb
Sgen 03l Gialad O L ol (550 a3 a5 wily amio o S
LLa j0 y>an) oS akd |y px lase,ls £, a5 0uS 5,8
s 00yt S GO R GBS oS el mly (o]
i Soce Syt > 1 i sae o (gljl 4 45 WS 4z g

3 T
.thJd)jbdgb)léo?50<9S;



	چکیده لاتین
	8-1378

