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Absiacd . We hoshrade e povvandid gom cg wmpa\iu)‘ic-nal a:,o-.vw&r:’ H.w-u.d\ a numben
c‘s t)&mrf.u *ojw»\ qﬂrm He orta cg ume»‘v:. ?vafLwTﬁL c';m‘p‘.n'cwkm cg /('f.L wse cg
afﬂé’ri%m&c Aos bs LJ?(L t::o.,Qow\ucL sraxch Arees , dcom C{w': amd ANandord comiverstons
(Jﬂnwlx&v‘;m) Qnrm Nodic 4o o(.«anmw\ic doda. sbhruAdres w%U be ‘v\%r\(n(su«l Swl

resulls and open grobcum are Aunewed .

L Y

& bﬂcw and Lnf\aw(('j nom- mdenachve den v | 5 cony 4o preg ram Lu}())u\rm%‘\
a wvariedy of Nedhnical wrbickions on He pen mmorvtmens | foedd Fo une when o
g(.uib\l c(«rw-m.g ca?wla}f),i)‘a 7S required . Ax ompde are 3"“;"5 Jw.o.fa— owel €on -
wn ke acquare, Ao a.‘o?l:tcwm c—g a.-m.‘pduw go'v 'cLLa(;Cuﬁ purpises ownd HZ& neecd
91,"\' éo'?akhkcdu{ hog\(wou-{ "na/s"tmb dv drine ,smﬁ 69‘0()()4 cokyena _ MM%PLJ Tele-
"‘\3?% ne ecmfgut, ol 7‘& rwta el vom gw im%th.@()‘f“& wn At a A«as\’bn\ amncl PCc’l-
v(e:w Q\cwe. been ngou.LcL Lj ﬁmrolwq/m-olmim CR Auber C“/':WW“) h mony
O.?‘otccd‘icm. S\n gxxd‘) ’(z.z M\Mw gﬂ'r inYerach e J(MML awan H /u‘-m.:. ?(B‘u :'g
SUreun or OL(AP{.OA} a)“’(c«.uLLo{, w r“‘?'”"(ﬁ uPMoLm.S ondd !-ea.JAn.s ke almcaY Ly
pogvh{c-n“ﬂ ol W-Fmgz»{anal anmud- We AF\J{ | ‘ovw/awt A{z prv‘:w
lomn cavelued in d,;bpﬂwa;.\s 7(00(, b r-o‘au e A‘rj 6\1-»»43 A b m\,fn&(a.;(ﬁ‘cm-
aﬂ .u:p.z,o‘b c‘( olmpﬁa.«g;.\_s Csra.f)r\ic_ c’hjedl‘b (7/\['& P&in)‘é, Lu\.z_ ‘><.gm\u\>‘/> 5 FQCJM%LU)
cmcL 0"&.0.4*) ‘w\,(w.fs Q&’J:S M.&Ja-r %&ow\b"\‘l‘é ?ﬁTM M a Atredn ., There N mcre ‘D L/L

-
Yavided pagen , Ao be preseled o He AFCET Symposium  Les Mt Rémakiguns
de O wﬁmz\/"{i%"’ March 16218, 1982
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Aboam meeks Abe 24e (L)(u-q,u,:] ) amd i rece years ke area ‘“K Cc‘vn,?u.:(lh.
%rafaiw for become o branch "'Zf compien siience by Ll'soég. Newmanm  and
Sprmﬂ {201 (p. xvit) avride ARad "Ale %*rc»fev\c«f oLiAr(’a.j woL, e ef He.
mosd Xa.soina)lin.‘g dews con Had wmpde_n. )le.deatvSS Lo yrcc(-uwlu. Y Hhn paper
we bl dlntrade AR Ahe nead gmv e,g§4uem>‘ aﬁgwamm/: f r:ec’( or oUAfZaS (erﬁ—
ic cbjects bads ko hallenging peeblems in botl madhemadics and cemplen science.
Co;nfad‘eh. %/rc.fbu, mvclves Al %&moj;m) a-c.fc-o,a)(d.‘cm, ma.wipul’.aj—u‘m, pro-
cersing omd for evaduodion ¢g %/ra.ra'\‘c abje.c)(s LS a Uﬁnpu)‘% o well an He cusw‘u‘-
Aiem 05 :Xro.fﬂic M:jec)‘b wikh Mm%frofefic. Lng'orma"-icm Hhid-irus n ccw\‘o“)l»v; g‘au t
C(;-(’m tis], P 5). PloAdens axe driven LJ-:af_e_.,ngJ Aanneds Tl execde P&»( row-
Aines wridden ' a 5imp£¢. command ems,%se , AR Pn'ma')(iu% Ftn: /4 permis -
41blz pen movemends . Screens M{mmaﬂ:} dviaen L3 o 'sftu\.\l al.usp(ja.j proces-
her whidh execder o o«m\,ricul or -LMXOLPVCJEJ. O(A‘A'p('uﬁ progrom ARod s afored wn
o cinplay (ile, AogAlon sifh Ale necomany objecd oot . M shodd be lear Mok
ere are pucindd fra‘)(.bmn g«n— He co-mpdua. scedint oLl quer , rowging g""’"‘
e denign of suidable dado sbrafuses amd aﬁgm%w; gc*r To’f";c' 'P[Q’{'s and oy -
PCouas o Alke denign .rg swidable cxmfﬂ,;c profroomming Cc\ma'\«,q,x,% cnd. hufpnf AYs -
The design og S ciend QQWBM grr ?(rq.(&ic; ,.W& cafions Mrmmﬂfs g 1A
) ,Lw\,mg%mev\)(dicn cf Ale dammicall (madbamakread) Lmigﬁ:(«s o gromebry, whare
e han /l-ra.oLiA‘o—nJ(j been “-7"")(0" m‘;zcun)s on Ay absbraS prepeies Ahon
om W perendadion and achial compadion of qromebric chjedhs. Thaorien of
comntruchokilidy have wplaced Mo praclice of nsleuchion and proving AReciems
hos refen.aul Ala deriynm % proper nlcjcra‘)‘j\m (wherean Ale Lo & -
quired wn cwrrend %mfﬂgc c\f()&uﬂ‘fam), O.\LJ N gb..« mduc\h‘dw,(‘e.g. lemoine
(H?]> ﬁm alucoied Ao c,cmr(uiJ‘3 ¢'S gxm'i‘c cax,o.vwlv‘nc «ﬁje.&(/s emd Heir wm -
shrucdion wikh Ahe wim of obfoining fearible lyeribhms . Abed 1975, Shomon
[15} (a&o [16]) i haded o fmajw 6‘(u.obl ¢-g H&,u»npdd;mi M(JQLX'S vf t[z-
metany geomubry , awith Mo primony goal do exlablal wpper wnd owerbounds
on ARe u-m‘qfu."vs cS ol common Prc“m im Hin e, Hin 4‘1»;063 o checled ajg{.u
rid b gﬂ‘r e.q. c«muuv‘a )(ehln‘ng, cowex fudl comnbruchion , imchinion and  wader-
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seMion Pm&&m, omol o waniely c—g Loaent rm‘n)( ‘orofisﬁum , omdl suwcceecled a
preving  qeod Lowenbounds on Ale inkrinaic u—m.PZe,\.‘)(j cg A e cg Y.

A Aimple uo»m',éz wll dlstrade e nafese of Ale renidds oc-mpu)(a)(a‘.maf
qeomekry. Su.f»ro»se K= (p“pz,~-v,ﬁ1) »w oo simple n- gon m Ale P()Me.. Connider
Ae problom of dodermining for arhibany peinds p whellor p bolongs fo Ao tndenicr
or Ao Ve exdenior (ev puﬂafa ol Al Locmal.a.)v:‘) oj’ K. % modlemotios Hoe
are Awo well- kacwa soldions Ao Hin preblom ("S S,Jim Gis], e 153>:

(&) Araverse K oamd sum e M%(’.u <P PP, gqrr { @rm 1 Ao n (wnkk. Prsi -
2p ). Then p s imaide of K Y e sum s 27 amd oduide LK f He sum s 0.

() deaw o Aoy from p Ao infinidy and counl Ahe number of Wdersechions with
K's coolowr . Then p v wmmde of K rchen Ale numben 42(7 wlomechions i oddl
and owlsidde f K when Ahis number w even. . S
Frem A cown pelen maendind s Pow( a{ view btk suluhbons ane Lany Ao progrowm
bt require @(n) /Nc?s «.vg CA‘W\PJ‘\"!M Mevecver o binever ae neeol Ao w(ui
Ahe preblem for ameter poidd g, Ahen Ahe some number of afeps mus? be spend
mgoan. S&MM L2¢] Xnou: /,ﬁm *fmj( a Afmp(& n-gm Com Le. R.frehudco( dig-
guuo(ﬁj 20 wdainmendd queries comojwazé be amswered w O(logn) 4Yeps c—f
,,,,mrdoo(.‘m. ‘BS MO‘KAL *eo(,m‘im cg Debkin Liplon (3] ome com show
Aok AWy bound cannel be Umproved in ovden °X mqgm)(w:& (i.e., S Lomos” J-
%C’T‘i"i\m s mw)(«‘uﬂa eplimad ).

While sdudien complen %A'o..fyevfda Aemel Ao be device and programming O-
riendled | Ahane v o iuow?d(a c'f alkwifamic. ProLf&m wn Ay anea gw i b Compu-
Aodki enad geomedry Aoz Ao a{ng Al proper FMM«%MN B cwr aim Ao erns Hoin
od | in erder Ao moAivede a condinued Aucly ox e medAkemoticad armpéa»
, ?J-a eg Alere P.-«Lﬁw,. For am wndroduchion Ao Ahe ?(cd)wviiud.}: UX wﬁgwi*&m denign

and M(\L&abs , AL Hﬁ.o, H«;Pucg’( % Whman [1 1. An efennine L;L&amf,ﬁj cg*(l;

orea o'g Cc'mfdaﬁ(te*r\wé SLMO‘YJ A %/fuem w Ec{zﬁs‘wwnw ¥ von (.eeuw-zﬂ E’0]

2. The w@scri*ﬁmﬁc /y)(*.n.s__c_rg Ccmpsd% com_af(;(.b
The groghic ebjeoks tn o scene will be slored oo file F. The ohjedls may
be atfeved an wdividumad ems (wdh Aheir J\Madu:&im% wordinaden wn srace.)




-lf -

or M Atme Pmmexl. order . There are o number c‘g a-[scri)(ﬁm,/, )(la)( need A
be dem gmed lwgm-re Ahere o Umage on Ale cUAp(aj (see g‘g/»rc 1). HLKQ..

driver
- o o) _alseridlen D ;. |
AW | :

nl.yrn')‘xm\ S

@ F.‘aAMc 1 .

ridhm S anll seded grcm FoAle ,Aajg,d(»s, we wwnh b viswaLine .M commen-
13 ane Ha objecls AR com be “meen” X‘Kfcu.ga, a windew (a rcc)lmsfc.) of
Some SR | poﬁ.\/‘ﬂ‘mo( aawcwﬁxmg,, . /afau.,,“ﬂﬁc‘o-ri)‘-&m D will b Avse
3‘21- HJ:uL‘-\'mS ’:wb’ad wlo o rropmdﬂspc:a“g‘ﬂ.,waiul wa(MM %K& ?ra.faﬁotc
chiedls in o wprosedadion (an o sef) Abod allews glw a rapiel %u\.u—affan
og.)wu. image an _paptr ov on Ahe OL{AP(‘\:’. Yo Ale LiAden cane Ahe ouJ‘pw( mausX
Le Wn)‘inu.o«.wiﬁ &Wu-dui (“w}ro:{ui“) C\)‘ G A«S?ﬁda\xej ﬁ,«zfx &1{1%&\0‘1 N /‘0
maidoin a ‘?5“"°L 3%&)‘3 Umage on ALe screen. M ﬂoww, Al Ale pre‘a&mvs
c'g wmpcdvz. c’rq.faias Primour:AS M LAn >”w. refr-u:udcu(.‘cn owol  dado atrucdu-
ring f aols of c%/ro.fﬂ.ic ubjc.das 901— Ale parpose ag ropic cli/sp(aa

Thene ane Aweo gumoLMnu\)(ol oT;qus‘cm on shs c-g e’ﬁje.c)(‘: i~ umru)(vw.

cxraf!uw :
(&) Wi ndean :\S )

L) otpfn‘n.é (eor Aobs/:crimg).
Windowing in 2- space mo% wnists  n e{dum‘m‘n,s wchick cfbjec)fa ?rrm



~-§5-

Foindowed or ane confained in Ahe rec)(om%& H_fr%@r\)(fnd Ale s adew. &—»\
3- space \Aﬁno(—ourinj innroloes Ake Projec)‘.‘om og Ale "rdew” oo o Peme oA
some slage . C@:Pr:% w A elimination e{ ARe Pom)( a’(f am w‘:jec)( A Lios
oo da cg Ahe LcsmcL(V\.k o4 Ahe window . There owe fowr o—rwals‘cm AL are
*focwa«é ren bri Aed 7('0 ochO(/; %rm He i ernmeslinAe gAéﬂ :

(@) rladion,

(iv) erad;m,

(v) »sc.aL‘n&,

(i) &;JH:% A screem covrdinades .
Owd:m (ice) Ao (v) oue Mrmo.,LLj Pc.,govmeol as &?mp& a,e,o-mdvfc Arons -
gormh. (Su e.q. SAQC; ['5], ch. 3.) M acvanced o.,fr&cq/’(im Ahere s \5,2/(-
one{fen eperation :

(vic) mouing . -
M tnveloes moving s awindow Alrogh space amd  updading Ale image
At s Oubr)lo.jec( on- line . Mn owr ,fwr)‘ﬁ,w dircwsrion we rafrid Ao z2- space.

3 Pﬁc""?:\.s a_View 3 d,m')_e__o.a.sf_n.s a. Aew .

Led o indenmediode (,‘ZL I ke wmpdc.ol amdl  Auppese U codadins A'wd o Ak
of points, given by ARsic (e )= covrdinaden. When o peint P Pioﬁlleo() Ahe
Aime Ao f('o" P | fcin)‘ q will be Prapc-rxn‘ovml Ao Afe olis o e gv‘m P/AJ
1 , meoswred a.acn.g ’(Ke &Lor)(%V PG.XK 7“4\1 FE«;’(’(% f'.z,q.d comn [‘:e m.xoLL /‘u meove
c,v’s :(o 7“«. "%Lcm.n}v?c "YMJAA.& 6aj.vsmcm fl‘DL(.Qm (cg %M{ﬁ ¥ Az(wvsmr\ [“"1),
which {u\cwn Ao be NP~¢mP&J‘e (ﬂu\a, uwpdd-’m% 'w\lvcxdwb(c {ar {c\rae
sels) %m- severad mebics . An wtkvn'ﬂ\m due Ao cﬂm%&;m L1 M"MFL\.X&-
,>4;m~U,3 /‘v‘o.o‘o.)af.c ond procduces an cw-ol.u-m.g%ﬁd‘ " w—-*i’\m a g‘*‘)‘”‘f 3/9, grm
Ale c.*-P";mu-m. Severad Pm&bajﬁ'ﬁta’(-‘c G%‘TU(C\MA exw{ <<.5v Korp [ié]) AL fmcb.w(
@ Mw'u(as &f’(?h\«.\l m-clu“:\s ‘éw romdem As . Di&(bje«)‘ c—lo‘{im/{/z.d«'c-ws mml L{cj’
wlewwy an well | For Lwa‘(c\ma., Ao mimiming *LL utxm%m cg Lirechs emad FMcva)(iM
cneL fm.c-.l *wam)‘ 7(0 L\—aw ’(KL Am%’q f\AMb\Lm cg A‘TM%QX c‘vu./; ;{[\aj u"%v‘\vtﬁ%
c,c-\)(c\;n a,u (m-{n)(é ¢g T . This PWL(% 7S CLJS >(o Lc NP - u:-m‘»MC .. No a.f-
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proximaion Qj.km)(ivm/s ane dnown Ao circummend s aﬂomu)( u'vn(oda-
Aienad  imoddraclivenes .

An enhicely differedd »d of problems anines avken T commints of o sl of
bine seqmedls . The plotding problem will ned be canien Akan U b for o sck
cS Ptﬁr\)‘s, hooA a,‘o(:mud% no %a—UOL ﬁbw‘\:&':)‘a'(/: g«vv J(KXA Pr‘DLCM‘n whe ﬁncm .
Assieming Line smets  ane war ol aom -s4m,:3,U Ao Compfe)‘fd-n) Az com-
Poﬁf’lfm\ v:s' om o‘:-'(imwm P("oﬁing ovolen Moy be vreuwed an /:chnj enaVen
,.cg Ale  adacker - crame Prc“m ,(Fred.u-'caﬂ.bcm, HedA & Kim (m]) gw wlu'cf\
@ prq‘smm«mi Aime affmximdim nﬁgm—ﬁm,m els AL Tt"dcb: »60.&1-’@% wdh-
m a &&dw Vs @ro'rn Ale o]o’limum. Rolden bownds ane gq.oﬁin,s, No reswldr
ane Lo oA M swhen Ahe plodding of o line segmed may be afernwpfed
oA soma Q\J%uws fm'.o‘ N Ao \J,o’( Aome MMLS 6&%%\«)‘/3 (or f»o.n)l»s o—g u! ) \oe~
&c‘rﬁ w'r\?hnwit\%. Am L»Jows(fn.g mo Lemak cad 3%6‘:». 'wmq.[o( be Ao prove « ((Jo
binsmiod) bounmd on A aumber of “aodernuglions’ teguired for am ophimel
Péd Wl canes »spe_u‘cj. renuha gw P 2% a—g K.o-n'xa-n?(a[ MO(/W work cal

When a sed ’S n ﬂnuz, 'bia&h\@ﬁXé v ,pf.a’He& R [ N ZmparYomJ( ytrr a r—oc(. 3_&«1-
'ul._, oLrw-h\.s ALaA no L‘M.gvausmem)( w Arawd cven Awice («.Aem 'SFQ(A‘(wa‘lL)
denired ). Comniden Hhin pru“bm gfr a ad vS’ £ Line 6{.81*\&‘\)“5 ¥hod Kmpﬁeﬂ Ao
(‘L‘e Jm\ﬁ e some fm%.‘n,iﬂe.,, (AML- M a balomead seach Aree one com C'u-f’ /‘rowﬂ. af
{he reqions . covered | i.e., Ale comnecAed %Poméa)(é °X Afe Aefr\t bc%-me«)(é chossetl.
Nemehionm rS amoddon Line bésmen)( means () a(.u(owm’nj.\.s ALy (—(.“MPM&\)((‘S) ton-
*cqm‘ns Hu. M‘( omd r.‘%u e,mlroin)(»s cg ’“1& Az.xmod, (ic‘) )‘ro.u’ug )(ﬁz. EnY@/»m.z.cL‘uVe
qaps (wAa Acder  G@) n w-meda)‘f.mal rverhead P «ac\f) and  (C) Wm‘
e rew o'g L—e-mfmod‘: conneded LS Me be_g‘mefd %rc‘vn Ale Aree cnd stvvln'u&
’w\z N ome %U‘VMCL wlo Wb, Waxu Ale H%U APC&L’(J:&. deda abrudre s VLG&Z*\
(s R'c\.o,H.c?u¢g4 % UWman (1], A g ) Ake a-]pua)‘i.:vw neeol aw&l é(L‘SL)
Aime | &Xc(,wc(d‘n.& PE@H..LS Aime . The Acdod w-vn‘od(u(?mrl rverhead ?w o an b -
Arany aed will be O(nlegn).

Whin om  infermediode ?-LL I musy be Mpfaﬁe‘l on o Acreen, Ahe mecdium
Umpests JA%M&J‘ rrfri chons and o(.iﬁuen?( AaAien grr O, ajkm/“(mm_ f«ffr‘bmoﬁ.
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Prcblems alro 3’7')‘ a Asucundd o‘jan Howch an ome com , mfn.s o Kvsu
pen or am wAenach e commond Cw‘.s,uq.s,z, Ma(—«gn (do(./o&ldt) )((L wn-
Aedds of Ake dinploy file amd (lhimadely) Hhe codents of F. Thun, adgo-
ridhm D (see seckion 2) Moy Rowe Ao abrwdure T g"" J.nan rad Lor
Ahon mexejﬁ oA wsage . We antume A Abe view han been scaked Ao He
sine o Ahe mcreen amd ignore Abe need - rounding Ao Acreen coovrdinaAes |
The acreen s normally subdivided by equidintomd Revinewlod and wverkicd
baos (@t Lot comaplually ) o creade o nasVer . The elechon beam pori-
o:l.icwu»s braversen Ahe raNer oamd F"’L’% o weny rasler Foin)( Yhad needs Ao
be ow,pﬂmlu:. Cor, u%mw) The process permids aboud 2000 Poin)‘s 4o be olin-
Pﬂqﬁed i Al g(’»u&m  We shall ansume Ahak Ao beam Arowerses Ale werticad
rasden Lines {/rm ld;»« Ao m‘aU amd Ahad Ake beom - Mf&én{ zsfffwu{ e -
quires Ahe evdening  of Ao poinbs redl fon Alom Aluic precire covvdkinades a-
Lms o nanten Line L:g,«-rc ?(rcwel-w{n,& AW g«.wow/s ’(Kc\)‘ o s o‘( n PO{I\)('S
com be ou.spcmseal. provided s (uc‘o Al pm‘n)(fs o iy caNer Line tn aerded ovder,
Ywerkions ond delehons Aoke o»j,s 0(&3:\) sNeps . A o{,{g«gwu\)‘ bod veloAed medh .
od moker wae cé o MWU:‘ Cocaded poi e p (on He Acreen) and o /\,o»:‘ s
AuAnging our cumal p ome Poﬁacbic.n% H%Y%C\;-v\-s MHe serean . Wik Po—.‘n)(s 9 ven
L‘S Frcm wordinades amd o arador” rq/s‘fcn., Ahin molhed w-m,f:uJ(Cu-
7‘7":"\‘\4{1}3 ciwivwluo( Yo Ake earbien %eofm,iiwt. -
The raslen scom Necknique becomen more Aediows | both in prachce and
n "e\.bcrs) enee Al c*‘;jec)‘»s w a view are Line M.gﬁmemﬂé. M & pm{(a& Ao
oline(cxﬂ Po:d‘s so dose Jogdf'wr Aho 7”11.3 appean as a corinuwcun EIM Ao
dhe Luman eqe . The ol&spfaj g&ﬁ., hewever, need nof rprenend o bine /ac.%mud akh
a collechion og Pc—ir\J‘b, on Lm% on )du svﬁ‘lwm Com ewsi(‘% cm‘;»de. Ahe or-
dered sed of poinds cobibded on ey ranlen line while Ho ~con proqrerses
Fer o add f n Line M%muds n o.f,gwiig\m uae Ao Ba&(&d & OfAmana [ 9] a-
Miwen Ahis weing o ce-mpdo)(fmm[ cverhead a;{ a-nlj (9<n£osn- + E&Sn)
seps | where & v e number of mAome Aenn o Ahe sl . Brown [ 5] pre -
ved Ahod Ale olqsoﬁ”wn com be made Ao runm v ng mjﬁ O(n) »pace . The a«é&a
ridfmic ‘m‘ot‘cdim cg e scan Line *cof;n,iiwz. Wt {»pﬁcr«l ng)“q\-vl noeg.



f\«iuvukcu ¥ memdc» Lai1].

lew‘%u liner  com aloo be %MU«:J‘@J. whing Ap&u‘J " vechur Waﬁm"
Q\cwabwah.e.,wcuiv‘\ com mmove Ahe CRT beam wvv(?r\uo%c% @mm MHa Afow‘m{
Ac Ahe ending perd o Ale Line . This remeoves many oS e eaclien Prouws,
once acailable .

(S;w a ad o poils | U may be wguired Ao ow,,,(aﬂ U n mne packi-
adan ways . For um‘p&, ome masy wnbh b mppﬁ} o aindew Ao U (c‘.e.,
Ao file T or file D) and have am enonged wiewr of Ao aubsed acleoled.
Te(rt\m;ti‘u‘db K‘" &ggauud A nolo uiing will be dircnscd Ao el 4e chon. M-
Moy ooy be required Ao cw,?éas o Al Xoaz)l-bx il Ay convex Al amd
Jor Acma o—g A cemuex QO-SOA"S , There are severad %coﬂ«w"ﬂwu Ao um\‘owk
iﬁn. “Unvex (LWU «g a Al af n P(’.w Fo-:‘n?(b v 6('\&3") ovr O(na) rs'(efrs 5 -
where bt Ale numben of porads om Abe LMl . For Kgue»v\o(/:, see [i0] .
Ouermans # von Leewwen \:13] K\M /:'C\ow-n Ve o« ned ™oy be abruddured Av
W conver hdl com be wpdoded in O (Lgn) eps whenewer o Fc-in?‘ b inserVed
or dededed .

H.Q&ptﬁé amd _winclouwing .

C&Pf""“& v n,orma,u;j q,,o’a(,.‘eol _0&40:. ) M‘nol.om‘n.s" fon dedenmined awhicd ob-
jeols Qrm F udowed Ahe view. Ba some c\f:p(L‘ch-:m oé-‘p‘m‘n_s mox Occur
while Al view Ee.«‘n.s Jihpewleol (MA,L:-S sciasering %,.Zo—‘ Lis] P J.B]). Eg-
,Jg:u‘,@d a.f.“cw‘)("\m ore finorom gw Ja“afin.s Cne 6¢.Sm€m)('§ when Al nLCLss argy

ccledodAions musd be F-Uvgo-rm.ut on o mingdcempulen ( Neimon aLS.omJl C20]
¢ 3, Crpm [15] seed 3.2 ). Aside f?fam Ahere resulia | cla‘mo.‘nx Ao Cm?zﬁj
remai necl Muf»(—vrccl. uhin.& reaudids '%*om [22] ome can chew Ahod o comvex n-
qom Moy be rpresended Av b com be c/(’xp,aeol in aw[,j @(ﬂs n) s‘(efy; , u.smd—
dess Ahe sine o relakive posibion of Abe mindew . The cﬂimo-:n.g ag o wbibra-
ry An‘mpl:e. n-gen will be more complen | an b mou resndd i wp Ao SL(n) is-
:)cird ! Pleceb" widbin e vew. M o wnbnowa whollier seme %lh’m rf prepio -
cx.Mh\.S com ,»spu.;l. up P(pu. cﬁiﬂaln.s A cone No 0(&-&:\) an well, F\é"zsoJ no
rosalds one knoaom gm, Ake J;FF;NS D'K aeAs of o/lnju)(s an q .wﬁo&, oA a
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amald  cosd per c‘Lje(){.

W.‘nol—cw-»‘n.s » A e]ouo)(ion org cU)‘ULmJM‘n,& whid o»LjecJ(’: grom @
Tven &,\b. Foindowsed o &dm\gngqh quetry rionm or “wandew . Winde
wing v n,ormmu.s gau‘e{%du( Bj o swifable Ak‘u.c)(wrin.s og F. " 8e,ne,rcl
Ahe renudls ane Lowder gcn- o‘.ojnowm'c sels a»({ c'LJ‘u)‘»s Ahon X'QJ':S ane gf#
Aakic mods . (See ofuo secdion 5.) Time bownds cvﬂumgfa enclude o Aerm
. H", mwhone A denoYen .’((:, number '{ answens "u.fo-r%e-ci stk M Gpera-
7(fc-n. Swuaﬁ M\XM’(:% aﬁgﬁ'i"(wvic remdAs  ase é.no-w—n wﬂu\ X(L e ndloiwr
w rediﬂ‘uw\jﬁ oriended ik respecd Ao e carfewion coerdinae axes cg
Ahe sed. Whea b n.o’(, Ahe oomp'u)(a)‘u‘cnwe ouggicwb‘“ w Ao cweidd a ro-
AoAiom Mo(./OY A o (s om cS Ade sed gzu-r comvenien “uhinol-cw-in.&". Wfl(cu«i
[31] fon sfown Ahad o ek og n Po{n)(/s w A p(m Moy be m-gcwizsccl
awidhin O(n) space »c w—mcLOw—vns (with oun Mw‘rm:‘ Pe%amwl i nokews )
Aeker crrl& @(n°-77+ R) Atme . AA 3“4. expense cg a 'Yn.woﬁ %/H.O(er pre -
Procu,sin.s amd zs‘(mroqu cos"(’ EoLblhgru.nW, kc‘rarc«z"ﬁc/‘c ¥ Mauwrer [‘3 1 ﬂ\t‘w&
shown dhad Ao w—?no‘«ou'&v\.s c‘g oy sk "S n Pd’(aj%&an o'{:je.c)‘fs Ak e
bownded numben oS edges mowy be pe)vgmecL ‘n °'J"-S O(Lsxn ¥ A) /s"(e_‘» M
v unbnoun wholhor Ahiy bound com be moinfained i B reducad pre -
procehing or »s'fo-mgz cods . Reawlds gu'r /:Pcdc\l conen ,e.q. gﬂ' s s f Cine
/:&Ymud.’s wm oa &ixcd. numben VS o(airec)‘h‘ws, axe ojho lav{cmﬁ

’33 we rshridd Ac md:bumcj criendedd avindows | )‘e\?w\ windewing e -
6em)hwu,3 eduwees Ao Ao “V‘M% 19\.0»3" Fm‘:@ﬁm P(.now-v\ J;v‘m 7"‘& »‘a‘(w,lﬁ v{
mulhi - dimensiomod  olada sbrwdures . For aols o-g Fc—-‘n)(/: &o\i&% Aol 27 R
TR proposec severad  (afadic) caxmuw&“mvfrov\}s ¢S AHe oroli nang
seandh AI-CL)(AMM'\.& quadl- Areen  ond bod Areen . The (alakic) rounge free
proposed inm Bi«'\)‘eﬂ-ﬁ 03] Leds 4 a Aimr&, molakion Had hequd ks c‘vvég
(9(£o§n + A) Aime PO queng . Mu 4,%‘”% wes gdven Ao exAend He re -
AWl g«v-r Lgku A menmionad Po—:‘nJ( neds omd | upéu‘mﬂlﬁ, Ao eAAain 01—3-
namic dalo shucdures wsth similor Aime bounds on Ale /Seoxcjun.g a.ﬁga‘
ridfms . The best wsidis are due Ao Willaed (301 and  Lucker Cig 1, who
provided doda. Abhrudures gw romge Aawvfm.‘.s AR Rowe o q Uty Ame v‘g
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O(’ﬁo{n « A) omd om ufda)lc A a;( (9(103211) . 63 o Xeiju 0{
Owverumans & vonm Leenwen \:‘12] Crepor)(e,cl O.aou.'n _n [13].) ﬂu. Ww\
Aime com be %m%ﬁ.u recluwcecl Ao (‘9(&8”)‘ An inkricade malfemabcal
Mmﬂjs'\» «rS Ale wa&m due o Fredbmon (i3] proves ARd Afene bownds are
%M.‘aﬁﬁa o-'a’(?mnza , oA leont ander some cost mearures.

less v fnewm Xa-r Mnol.ow-u‘n.s ou%ue.d sl of o'éje,c)(é. Eolels brwnner
[8 ] addressed Ale pra’logt»vn %U-r sels «S t-(.v{'fﬁ“m_cvr% oriented rcc)low\%&/: s
amd  demigned o /sf:e,a'ul doda slrucAure C’([-L mv”mgz( /f'rez) Ao KO\moL(L
ut bedh gcs- slodic amd dﬂnwc sls . He proves a bownd o—f (9(&-33r1+ A) o
Ahe q wiry )‘inu., omd on «fal-w(e Aime aS 0(&33n) wn Ale (A&Wl% mere com-
Pﬁx) obr\w‘c cane . M in Lnlvn‘g,u.:n.s Ao nofe NEA “I'QC)(M*& mAesechon
quenying n 2 (ov: k) dimemaions com be nediced Ao | amdl Al Artued B‘S , &
4 (ov:2d)- i menniomal romge quiry Pi-oubm. A /n‘m,igm shservakion wan
macde by Lee & Womny izl The “’“F&"VL] 05 M)';nolaow-fr\é colleAieonn o{
odfun amd nod n.e.cwsam‘(d uoé‘lz‘uu% orended c/BJ‘cdls remains ﬁm% wn-
arsessed . Erem gt"r Ahe cane rS ML;/('YMS Cine Ammentts Ade rr'o‘a(:bm ap -
pearn open ( bA ov\)fo.«“»lz acdoable in W%CGSWI—W: Ame ).

The chu)‘»s kporled in o WA adowing operadion musY he A»J:jedco( Ao b[x'o-
ping kbgm-c *h«: cam be cl.f/:,:(mﬁao() amd P%Leuf& Yo scme guﬁlﬁa- o]oe,rq)ficm. M
pwdfcwtan, Abe colleAion m oy lave Yo be slrucAwred 40 4 com agadn be
“awrindowed t&(ﬁuude: No rrubls are Anown (e.xu.?\f fw Ahe 1 - o(a‘mmicmd
cane) Ahad awvodd indi cale e.y. AR Abe pequared searck shvadire need ned be
bui grmn\ suaddh amd can be cbdained by "sf&'M;m&“ Ahe deda shruwchine eg
Ahe »ed oA o Lowwer cod s Pre{e,miaﬁ-l o more Akam w—fnol-c‘t.u-n‘ms Aook o He gq‘rs’F
Pﬂm.. The prckﬁc«m Aeemn FM‘QJAIQ Ln?fefwx‘lin.s @w (br)l-fwg--mw() ronge  quih -
ng. An u/l-.‘rdﬂ olif{erent s of pv-obaww arnnes {m wadd fo move a win-
 dow amd u.fal.dt e "miew” on- bine oA o Lo cosY . One oy wend A meve
2.q. over g{xev{, diAanes (wp er doun, fe,gf( or m‘gfﬁ)‘) v Ao Ahe necnend A pet
(oqodin, n seme diredion) where some n chied ewlers Abe dews . Agein, no ol
%cri)desmjc remulls ave nowm gw A hese B(x“w, C'S Uonaded and o‘ﬁno«wm"c wr nolews -
ing (or for ARsic combinakion ).



l.\ 3 Adimensions oL‘PP.‘-\x omd M“;AOLOM;‘H\.S becorme o good dead mere umefea;
bd dhere v old rearen Yo believe 3((:\)( ’(e.uc bl ate ccmp»da/‘w*na% a)//(v‘cxu(ﬁ‘ue
wuvw\od-"uu Ao ke "naine” ng;)(lm. E)\cq\" gm- (or?((,cgo-naf) Fange &m.a&}n.s,
LAdle v Kaowm %rr ARe Pro/LCcmw e din cunsed in ALn cose. A gvrq,‘oﬂa‘cls Ahare
’t\qb Jm,.-ukmo% been muck oAXNewAdiom g«w )ML pmﬂ&m o{ 2,;.1.444\ Cine - ond
hi dLelem rSwr(()a.cL minodion Ahad now emerger (Hee e.q. SAfelond | Sfa‘rcmﬂ
# Shumacker 1231 o %\201 [is] sedd 5.3, An underesing alyoridlmaic
,--57‘»,013 < ARe ?rcbevm o % odimensions was masle by Schmidd 2491,

S.anwlxc\)‘a’rn

dn moal Yra.fﬁ.qc applicadions Ahe fxlz eg chjedds F v required Ao be
dljr\-‘vm;c. The recurring 4.«&{‘.%1,(5 w Ao maindain F h « grvm awi Nokle §‘7"
v“auem}'( f‘a&ov(oevfn-& owmd fov w—meo-«m‘m&. while o 's(udg/:c. cbbn\wc o
ArwcAure moy exnt gu-r Ahe Pa-cly(zm o KOMOL) Bedeus [3] adiocaded
a mer %,u\ual apprvmcﬂ\ ool M«,%%u;(e,cL Ao loek gv-r Aend ourol /‘ngor-
maAicns Aha txnlcl. eLZ«\Wc shruduwres gwm Hakc Lm[o(-m.% L&.‘v&a The
C\feroo.vl\ , Aermed “&Y“Wma/‘.‘m“ Lﬂ vom Leewwen ¥ Wood (293, Row Ced
Ao o numben crg »sw,,r?»s«‘n.&&l Po-wexgw( rnulds AbaA ow(% require o efgnuuvﬁ
640‘1'; Atu‘m\ Ao a &Moﬁ[n& Pml’ee»m (£ V) “Cnpu)( ". The ovfprva»c/ts ml& uhm—Ls
gc-r cedoin Lanser OS /se.w..j.,mx Prc":ct’-wv;. bed @(x, F) denole He amnwer
Ao a uwobn.g prawzm Q (eg. windowing) witk chied x| on o {‘& F. A
searching preblim @ i callid decomponable (Betley [31) Y omdt oy
for coony porkibon U F of Foene fan Q(x,8): 0(QG,E), QG F,)),
gc-r a conslomd dime ww.pdwlocx. o-'oor-a.)(w a. R~ oLszma)e(L »s.ccu-cju'vus
PrDL£¢4vV> ont com owesd /-a‘(o-rin% N/ ol:jz()k m ome ﬁawg,c, amel pw;ww{ocs
sdadic doda shruchure . &W,‘iu.\o(, Abe %\(L com be moaideined an o (»Lghcum‘c
mgs\'d'm °§ ousj-m‘d hu,b'g/(ﬂe)s .:g amaller Aing , w2k Aw‘:f;@e_ o-rawud
in Ahe “Adadic” way . There one aeverad wews Ao proceed ?\’M here . We wgu-
Ao wom lLeeuwen & Overmars 28] go-.. o acce "S fhe rsulds anc olevel-
L:Pmevds Cemerrming Abe YUnomimabion o{ (adedic Abruduces fw) ole compo -
A ahle A—ewvﬂu‘.g PmLCcmA.
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