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a.pr •• uting the adge. of the 'lsibility gra,pb by pairs of 1ab.ls 

results in the follo.,ln9 proble •• : 

1) the JIU a ber of entr1e. 1n table delta' is g.,aratic in th • 
• 1 

nu.ber of ,ertice. of th. polNon. 

11) the labels of ,ertic •• of polJ90n Phaye to t. changea "h.ne.er 

the pattern 1. aOY84. 

50,' th. e49. of the .i.1bility graph jolnlng the t"o ,ertlce. 't 

an4 Yt wl11 be repre ... t.a by the pur (J., ILC Pt "'t II ' �~� "h.re 
, 3 �~� -1.- 1. tr •• if ,agual, 1 �,�.�~� fal ••. otherllis •• 

. ' 

1f.1., ' titis fepre •• 1ifitU)D, tli6'·· IiUlàtJtr" of' �.�1�~�t�r�1� ... l'JI' th'. tabl. . 

aelta1 ia '11.-r \a th. -na.ber of ·,.r.:t.tce. of the ,"po11901l-.&.4 apaatiag __ 

th. labels of .etlc.. of P ta Dot n .. a.d as th. u .. a r.pr ••• at.tioll 
1 

i8 iDdepend.nt of the 9i-,.. labels. So, rUDniDI tl •• of st.p 3 111 

0(1) wb.r.1 18 the Du.ber, of 8a9 •• 1n the .iaibll1ty gr,ph • 

ror nch .. rtel of Pi, the •• gu.nce of .181ble ,erticea 1, co'pat" 

ia ti •• proportloaa1 to the ••• ber'of ,.rtic •• aL' '.itlala'a ctcta1a , 

cOData.t. ; So, the rialbt1i -et graph ,(; (P) ca. b. coutr:.ct., la 0,.1). 

tll •• th. o •• rall "orat caa. r •• Ut t.1a./l. 0,.2, ' •• 1 .. alao 

of 0,ia2,. 

, 1 , t 

.' , 

.1 
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lbe notion of Ln-con,exit, ean be eonsidered a generalization of 

the Dotion of con,exit1 and a specialization of the notion of 

eODDecti'it,. It has baan stu4ied fro. .athe.atieal point of 'iev 

(5),(6),(13), vhere .an)' features of L -sets ha,e baen presented. In 

this chapter,' va discusB thi. notion for polrgonal sbape. and 

introduc. a .ethod - to ch.ect the L2-conW:,exity of ai.p1e' polf90na. 
" 

• Jtt,., 

, ' 

,. polygon ,P i8 said ta be n-Yisible fro. a point lr it .,ar,' point .-

iD P ia n-wiaible ,fro. J. A1Bo, tke P01Y900 ia said to be'tn-con,ex if 
• 

- j 

e,ery tvo points of Par. D-,isibl. / 

In tUs chapt.r, 'te are •• io1y coneerned vith d.,e10ping an 

algorith. to cheek th. tz-con,exity of a siaple polygone throughout 

tbe test of tbis chapter, t-con,.xitr vill b. usea for t2JCO~,ezit; 
DDlesa othervise state4. 

-
'a~.ntln. and Born (13' pro,ed the fo11oving th.ore. 

Let S be a ai.pl1 cOnnectea bOIUl4e! clo .. ! set. If eact. pair of 

bODndary poiots of Sare 2-w1alb\e, th~n the , •• t s ta an L-.. t. 

Oaln9 thia faatar. to che ok t~.' t-eoDweaitJ, •• Dè.a tG 'chee' •• 

,infinlte .. aber of paira of boullel.rl polAt.. 111 dt. fol1_1a, 

ar g" •• at •• alaal1 pro.. that- checkt., the 21'"w1aib:i.litr" of ' t,,, :,~O.'~Ff ' 

of • polJ'901l P froa lt., yertiçe.' 18 '. ··.ÔfflC'.k.t~ .... 'tl_:".:,for, 
" ,/-, , 

" 

, , 
6 

, 1 , 
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iOD 6.1: 

, 18 2-Yisible frol z if an4 ,001, if the boundary of P il 
1 

2-Yiaible froa z. 
J 

Proof: 

05ing the procedure 'IS-POt, construct the Yisibility polf90n 

fro. z, '(P, z). Let V= (V1 .. w2 , •• ••• , Vk) b. thè set of windows of z on 

the hidden ~eqions of P. 

Suppo •• ~he boundar} of P i.>2-yiaible froa z. Then the boundatf 

of the bldd8n re9'~oll at ia, at least, ".altl}' yisibl. froa th. windo" "t 
" J "',,- . -. 

.. for 1-1,2, ••••• ., k. 
\-:~ , . 

By proposition 3.1~ the ragions It al.'. veakif 

y1.1b1. t~oa Vt ,for all i, and con.equ.~tlJ 2-Yisibl. froa z. 50, P 
-

la 2-Yisible fro. z • 
-

rhe only if'part follovs directlf froa the fact that the 

bOUDd.ty of P is coatainea in P. , , 

1'ber •• 6.1: 

• i. L·CODYU if .. .!!-~onl:r if tbe bouDd.ry of P ia 2-Yialble frol 
./ 

all tb_ . •• rtic.. of ,P. 

/ 

• roof: 

COnsi4er •• J y.t.. •• l_.~ tbàt the .boGnaar, pt p, i. 2-yisib1. 

ftOI,.. &1 tQ:O»oa1tl~. 6.1; p 1. 2-y181ttl. fto.tll~ _rtex u. A. Il 

va • •• ', ~.rt.x.Ût.à: l'ta· 2-'flelbl. frol al1 •• nie .. Oi'A 
, ' ' ' .. 

J" , ',' ".' 1 lie a.,,· p,!,\ât, o~ t". ,All, ~ .. , .. ~tl~., ~t.~ ~.J..â.ll. fna J., 
1 " , ~ , ~ , ) , , ~r l' "'~ 1 .. : ~' ~ , .... '~ , , 

-'J. .• ' ~.o .. , '*'~. "~~ll~, ~~ .2~!~~~., fr~. 1'~~ •• ,~'t .-_ •• " ,totat. of '. t •• ~' 
" ~ ~ < M _ ~. ,_ ,.,,,~ '''''''''l' ~~'" "._, ~ .... ;~ ,'~c .... ~. ',' " ' 

,', ' '1 ... 

, ' 
• ,1, 

; 1 ~~l 

,~ , .' 
, .f 

" 
.', 

, . , 
~ 'i"/ " 

.. r j , ""/ 
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rbe only if part follolfs .~riyiall, fro. the fact that tbe 

.ertice. are points of P. 

Q .1.0. 

leads to a linear algortth. to, check the 

2-yLsibility of a si.ple polfgon fro. an interior point, and 
. 
cOIl.egueDtlr a Il 0(D2 ) algoritlaa to check the L-collvexity of a si.pl. 

polY90a. &o •• Ylr, a liaear perfor.ance CaB be.obt~illld wbaD th. 

polJ90D is star shape4, 

proposi tion. 

4ue the property ShO"D ia the fOllo"iDg , 
\ 
'\<. 

P roposi tio. 6.2: 

!'lie .et of interna lI, visible polrgon8 is a subaet ~f the •• t 

of L-conYlI polygonB. 

'roof: 

Let 1 aa4 y be tvo P9iDt of the iatar .. ll, visible polftoD P. 
<fi' 

'he tar •• l of '* ter(P) is Dot '.pt,. Let. be aaJ poL.t'ia, ter (P), 

thlll the lille .eg",at~ )'g alld le li. coapletal, iD, f. AlI, •• a •• ete 

ail' t"o points, thea t ia L-CODye •• 
<if 

'rhe coa,ar •• 1. ,Ilot· al.'f8 tr.a. a.fer to th. 1." __ of 
/ 

. -, , , 

fig 6.1. 
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Algorith. LCO"Ek 

./ 

step 1: USiDg a ternel algori th.,' co.pu ta ter CP) 

if ke~(p)~; thaD ter.inata " P ia L-convaz " 

step 2: 

step J: 

For i-1 to Il do 

co.pute '(P, •• ), u.iog procedure VIS-POL 

por each vin40v ID stact L do 

check the via1biiity of the hiddea regioll 
• 1 

associa tecf . Vi tria -1 tll.~ Wl..aô.,-- using -fIS IBnI!! _J_ 

if '~S181LIf~~~.raill.t .. ~vi~h-~ao~yisibl1it1· 

than ter.in.te • P 18 Dot L-convez " 

ter.inate 

8.4 LCO.'.I • 

( 

", , "la, èon.ct .... oL 1 Üis proc~.;r. folio... Iros tla. coreectD". of 

tll. al,oritll. ..,107.a .. , ' 

'1 " ' 

'! 
t,<I, , ' 

, ' - \~' ,,~J, 1 

, 1 1 

" 

, ' , ~. "c~ 1 

i 
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le baye presented a .qrOl1 p of alqoritbas to sol •• different hidden 
/ 1 

line probleas. Tbe nev results are: 

- s 1inear ~iae, and thus optiaal, algoritha to find the .dges of a 

siap1e polygon P Yisible, or partially visible, 'fro. a point in any of 

th, thrae confiqurations: interior, blocked exterior, and fret 

axtlrior. 

lao (23) introducec1 an a1qoritba to soly& the bldden surface 

problea for el.eaentary objects. A natursl .~ension.).8 to dasign an 

effl:i.nt a1qoritbe for tbe ganeral three diaensional hiddan iurface 

problea. 

- an 0 (n2 ) algorith. to co.puta tbe yiaibilt ty polYCJoa of' P fro • 

one of ita edges. l Dataral gna.tion is to find tbe lover bound of . 
this probl ••• 

l, 

an O(n) alCJo~ith. to check the 2-y~ibl1ity of a po1J90D fro. an 
) 

\, 

l,ntarior point. T~ .. check tb. La -cony.xity the polygon,.. check the 

2-yls1~11itt of ,the polygola fxo. .a~ ~.rt.x r.aalting in an o (n2, 

rq,Dld.D', ti •• 

Aaiaure.ti., ga"tlon ia to hs.i911 '. 110ar .190ri~. to filad . . , 

ta. • .t,tllaa ut~.t"t,,' •• cIa tllat tla. ,ol"oa 1. '-Yiaible fro. '. 91,..11 
.,.... - CI ", ,'_ < 0\., • 

, ... "i.aU%1.ô.r~.pOiIl:t.·~ _,' .... "" '-, .... ~" .. __ .. ".,. ," " .. , ,~_~-,,, 
~ " J f 

,1 

-, <OP , 

, , 
" 

l, 
.' ' , ; 
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- an algorith. for the art gallerr prohlea has beeu 'presented to 
1 

C.r 0 check. vheth@r or not the ,po-ll'gon Is co.pletely, stroDgly or bounetary 

visible froa a set of interior points. 

A natural extension i8 to present 

solution to the area vis1bility case. 

• co. pu ta tto •• llJ \ 

\ 

practical 

- rinally, ve have introauced an equivalence relation under vhich 

tvo polygone are si.ilar if the 

lebellia ~YCliCallY sueh that the~r 
vertices of 'each polygon can be 

vislbility graphs are iso.orphie. 

An 0(n2, ai90ri~h./usin9 the pattern aatchin9 slg,onth. hy Boyer and 

!oore has be.n presented. 

An OeE, algoritha'to generate the visibility qraph, whera B is 

the nu.ber of the edges in the graph, vill be a great iaprove.ent. 

", 

, , , -, -, -
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{) 
In tbis appenaiI, ve describe the pattern .atching algoritha in 

strings br Boyer-~oore (4) that searcbes for the location, i, of the 

first occurrence of a character string, pat, of, lengtb patlan in 

auother character string,string. 

, 
Tba basic 'idaa bebind the algoritba la that eore tnfore.tio. is 

1 

gained hl aatching the pattern fro. the right- than fro. the l.f~, 

vhi:b alla •• the a~goritba ta procead in large juap. through the 

string. Thos the slqoritha has the uuusu.l property that, ,in aoat 

cases, not all of the first i characters of string are chected. !he 

actual nuaber of characters inspected aepends on th. stati.tical 

propertla. of the' characters in pat and string, ,ho •••• r, the a.erag8 

nu.ber decrea •• s'as patlen iocr.ases. 

Th~ notation pat(j, "refera to the j th charaeter in pat, •• ere 

patt1, i8 the ftrst character ~o the laft. Si.ilarIt, stria9fi) ia the 

i tb :haract.l ~ •• tria9 •• , a.fiae t.o table. aelta1 an4 4.1ta2. !ha 
• ~ fi .. ~ 

. fkat "a. a. aaDT •• iari.. a. tJlet. u. charact.r. ill th. alphabet 

~.flD.a a. 

" ' 

i' -12-
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1 
i 
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1 

'1 

1 
:t 
i , 
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J 
:1 
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f 

if char does not exist in pat 

then delta1(char) := patlen 

else delta 1 (char) ::1 patlen - j 
1 

where j i8 the .a%i.u~ inteqer 
/. 

soch that pat (j):char 

The second has as _any enteries as there characters in the 

pattern. delta2 (j) i5 the distance tre can slide pat dovn to a11gn the 

dis:oY9red occurrencl(ln string) of the - last pltlen-j chareet.ra of 

,pst vith "its ri~htaost pl!.usibe reoccurrence" plus the additional 

distanea ve haye to slida cJovn 80 as ~o restart ~he proca.. of, 

ast:hing at the riqht end of pat. 

plausible r.occurrence of the terainal 

The position of the rightaost 

trinq sUbstrinq vhieh atarts 

àt position j+1, rpr(j), is the gre.test t les8 than or eqoal 

pa tlan such tha t 

(ps t (j+1) " ••• pat (pa~len) , aatelles (pat (t) ••• pat ct. patlell-j-'" 

and either t<1 or pat(t-1'=pat(j). 

So" 
ry 

~ delta 2(::1. :- patlen + 1 - rpr (j) , j-1,2" ••• ,patlan 

, 
~ Xaagiol tha t pat ia placet! on top of 'string. ConaJ,.-a.r _kat •• 

( 

llarn if.. fatcll th, cllaracter of .uing, cla.~,. tlaat 1. a119a.a with, 

the last characttr of pat.,.:. 
{' " 

Ob •• r.ation 1. It\,~Jtht last OCCUl'r.nct of cllax: la pat 

!elts' (char" characteta iroa the ii,ht. •• a ot pat. tua ve tDOW 

ve can slida pat 40 •• 4.1ta1(char) pOslt10'. vlthoat,chtckla, 
1 
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."atebes. The reason is that if ve vere to .o.,e pat by less than 

o j Jelts1 (char, ,the occurrence of a .atch of char voulel require .aa 

Decur.ace of char in pat to the right of the rightlost. 

low, suppose that char .atches the last character of pat. Then ve 

last 4aterline whether the pre.,ious ill str'lng Il tches the second frol 
j 

the lsst character in pat. If so, we continue backlD9 up uotil ve ha.,. 

I.tch.d aIl of pa~, or else ve COI8 to, a aislatch at soae nev char 

sfter .atchlng the last a characte~~ of pat. 

Ob.er_at 10D 2. a. le eaD use the .a.a reasoning to slide pat don 

br aalta' (chal:). If the rigbt lost acclrrence of char i. pat i8 to tbe 

rigbt of the .1~atcb.4 cbaractar, th.n dalta1(char) ia worthl ••• and 

slia. pat clovn br one. This abift. our attention dovn string by a+1 

, .. 
1: 

cbaract ers. If tbe right lost cbaracter occurs 1 D pat tG the l.ft of \ 

. the aislatch, 118 caa sllde pat br, delta1 (char)-. to a~~D the tvo 

occurrence. of charrand this shifts our attention dovn string br 
, 

41Ita1(cbar) eharacters. 

Obslr_ation 2.b. Ve taow that tha naxt. eharactars of string 

.etch the fi.el. chatact_ra of PIt, Ind the, are pree.aaa br char 
'. 

which is different froa pat(patla.-.,. tharefore, .e shlft our 

• tt. Ilti on 'down string br aelt.2epatl •• -.} cha racter., vilar' 
, 

4Ilta2(patlen-a) ~s baS8a on the position in pat. of the . ,,- rightaoat 

plaoslble reoccurrance of tbe ter.inal, a cbanet.rs of pat. 

\ 
As v.. visla to shlft pat aOft as far.s po •• ibl., ~ alalft ou 

, 1 

Ittentioa 40va striDg by the _.zi •• of ,ut 5.1ta1 aDa delta2. as 

4tlta2 la .t le •• t a. 1.rge ..... 1. 

,'-

l, 

n 

-
! 
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( 

ve nov speclfy th. algorlth. 

, . 
" 

Pro:aSare IUTCS 

<'11 

atriaglln :- lea9th of 

i :- patlen 

top: if i > 'ttriDqlea then 

j :- patlea 

100p: If 

If strin, (i, -pat ", 

tan 

i :- 1-1 L 

1 

striDg 

teraiast. "fal •• -

' " 

1:- 1 + ••• '(4.1~1(strl.g(lH,I.lta2(j)) 

, ,~ 
" 
'~)l.~ , , 

, ~,.' 

r 

1 
" 

1 

IDd IIArCH 

1 • ' 

.. 

1)0 1:.0 top 

• . ' " 

'" " 

• .' 
".. .", 

- 1 

t 
" , 

" J ~I ~~ , li , 
" .. 

, 
" , , 

" . " 

" 
,,'.', 

t , 
/1 
"\ 

" 

~ "1' 

\P . . 

" 
", " 

, ~ , 

" ~ 



-----------~---.....-"------------" .-.. 

,0 

-_--.~ 

, i 

1. Akl S.G. aha T~u8saint G.t., An iaproY.4 a190ritha to check for 

pol,90n siaila ri ty. 

Inforaation processinq 1.etters, vol 7 (April 1978" 127-128. 

2. Atl S. G. ana roussaint G. f., l44endu. to an i.prol'ea algor it h. 

ta check for pol,gol1 .iailati~y. 

Xnfor •• ti'On .'Processin9 Lettera, 1'01 8 (flarC~ 1979" 157-158. ". 

3'~ A.i, D. antl roussalllt G.'l., An opti •• l a190ritb. for deterainiD9 

th. visibility of a polfCJon froa an .a98. 

lE!! "râ.a. on co.putera. (in pre.s,.' 

_,. BOY,er R. S. a.d lIoore J. S •• ~ f.~t .tril19 •• archia, algorlt.laa. 

CO ••• of the AC!, .01 20, 10 10 ('1977). 162-772 • 

. 5,., Bractnar. 1 .... and &rack •• r. J. B... on Ln - .. t.,t.. IIBlDO.PP 

" •• tric. ..4 conn.ct.4n •••• " . 

'r~c. A'ft. aath. Soc.-, 901 13 (1962). "5-16'7. 
r" f .. 

,.~. I.ck~ • .a 1.0. a.4 •• 1 •• t1.. r. A •• A claa~act.rl •• tioa of COD.e • 

•• r"iac •• ' "WIaIÔ1l tar. Lr .... t-. 
y 

,~,~ ,A.'f!. lat... 100." ;'" ~ol: .0 (1,91.3, ,,2" .... 2.',.' . , 

r 

. \ 
i 
i 
1 

[' 
i 

1 
l' , 



-_. --- '-'--'-~-- ,~--
"- • ___ • _____ - _o' ._. _ ••• ___ • ____ ._. ~ .. _____ _ 

.~---_.-----_._-

1'''1'',,"'; 

'~~~~',i ;, 

:':1" 
~~,:' 1 

8. 'C%yatal '., • eOlbioatorial t'heorel in plane ge()~.trJ' 

C J~lIrnal of cOlb. theory B., yol 18, Ifo 1(1975" 39-41. 

o 

9. Day!s L.S. and Benedikt ft.L., COlputat!onal a04e18 of space: 
/ 

Isoyists and Iso'l'ist fields. 

COlpoter Graphies and laage proeessinq, '1'01 11,49-12. 

10. Pialt S., A sb0t:t proof of Cb.ltal's "ateh.an th.ore .. 
\ 

Journal of COlb. Tb.ory B., 't'0124(1978,,37Q-375. 

11. Pree.an B. and Loutrel P.P., An alqorlth. for the 801atioQ of 
. 

tlle ~.o 4illeDSiooal' bidaen 1111. probl ••• 

1!!1 frans. on -Electronic co.putera, '1'01 IC-16, Jo .. 6,. 78 ... 790. . .. 

J 

12. Gr!!!i ths J. G., Bibliograph,. of h144.n-l1"8 an4 hiaae.-.urfac. 

I.l"rith.s. 
, 

COI)ater 114ea D •• i9D, "01. 10, '0 3(lIa, 19'7 •• pp 203-2M. 

,', 

13. Born 1. and '.lentine r.l., 50.. propertt. •• of, 1. ........ i. tla ... 

p1aD •• 

Duke lIat~. J., -.01 16 (1'.9'. 131-1'0. 
. . 

',.. Borow! tz 1. and Salull S ... fana ••• at.la of aa' •• tt"""'.rt" , 
\ 

(Coapu~.r scl •• ce pr •••• lac. 1976) 
, ' . 

... 
1S. la.th .,.' •• , 'k. 



o 

------------------,- ---- .' 

16. Itnoth D. E., !torris J. B. and Pratt'. R., Fast pattern .atching iD 

str1nqs. 

51 •• Joo-t'. Co. pot. , .01 6, '0 2 (1977), 323-350. 

17. La. 0.1'. ana preparata P. P., An opti.al a 19oritha for finding 

the brnel of a pol,gon. 

Joornal of ACft, vol 26,10 3 (Joly 1979),415-421. 

18. Lozano-Plrez T. and leslel B.A., Ail algorith. for planning 

collt.tOD fra. paths allODg polyhectral obstacles. 

co ••• of th, ACft, '01 22, 10 10 (Oct. 1979), pp 560-570. 

1'. "afta~her G., Aa appllcatloD-,of patterD aatclalD9 to a probl •• 11 
, 

g. o •• trlc:al co.plexi tl. î~f 

• . Int,r.atloll procassiog Lattara, yol 2, 1976, 6-1. 

Caçoagl. lell~n U~i •• r.itJ (19'7). . 
/ 

21 •. S" ••• 08 8.J:.. I.o •• tric 'co.pladty_ 

Pro::. ..'teth lCI .,.,oel'. 'on the tlleorJ of co.pating, a., 
" 

.' '.22. fo .... llât .... f., ,att_ta ,r.C09aiti~, •• a gto .. ~~_l co.p1a.1t,. 
, < lo j • '" ,r ,,! ,~ , 

on Il •• ' 
. , 

.' , 

'. 
.\ , ' 
" 



23. f ao F. F., ~n the priority approacb to hi4d8n surface alqoritha •• 
'\ 

Pro:. 21st annual syllposiua on foonc1ations of co.pater science, 

Oct. 1980. 

\ 

.. 

• 

f 


