METHOD AND APPARATUS FOR CLI PPl NG POLYGONS 223256 BACKGROUND OF THE
INVENTION 1. . Field of the Invention: This invention relates to conputer
graphics systens and, nore 5 particularly, to arrangenents for nore 64

efficientl'y clipping polyQMIHOD AND ARPARATUS FOR \GLIPRING POLYGONSTPU' €
di spl ays. 2. H story of the.Prior Art: Mdern conputer sy are able

to process a plurality of |o programgw%mi s is usually
acconpl i shed by the various prograns r system
essentially tineshari Pﬂal&hﬁl t9¢ ithvéritsn:of central processing unit. Wen a
plurakity of prograns are being run by a central processing unit at the

sanme time, graphic output Thisjnivagtionfrelatassorcostputdsgraphics systemsgnd,anore

presented together on the conputer oufput digplay ip 15 epar at e. wi .hdows.

A wi ndow | a5 whARGHSRY) I aranasmenis.foF Bers aticienty, cRpia. Polidefs p iig within

rectangl e which W”@ﬂk{ﬁnwﬁ' g{e?Pmpﬁt &ig&ggémt ion for the particular program
AR ChCRaew. h any case,

bei ng di spl ayed in the information being
di splayed in a window is often | ess than the entire graphic presentation
which is available; and it is necessary to clip the graphics imge to fit
within a 20 part2.cul Histery gfithei BHeL At G aphics figures are often

for ¢l [ ppi ng a pol yoon +o PpaermcBmaiier syfHies arf Soéip BlocehE My ¥ = "o¢
joining the gy tigGesrans dtfife Sathy B8, ThisaS udBallyticedmplshedivy thevaeguzd Wi th

the lines describing the w ndow boundaries to determ ne which portions of
t he pol ygon |ie \progriamstroening od@camputersysiem esseptialydimeshadng the fegilidesetv e

been provided for acconplishing.thjs conmparisop of |ines .joinhi t he
vertices of pol ydRoRyalpreeessig Mﬁ%ﬂa%ﬁﬁmf’r@@wﬁﬂﬁeﬁ‘ "%E"@%’yo? t hese

al gor{ t hms, the s%g?{ﬁsé} b b | %S&ﬁ' '

entitled "Re-ent r%a%]‘ps %@egson | ppit%%ghﬁﬁé?%gﬂ an%lkg&%dr?gﬁ?ﬁ&cmﬁm

Commruni cat i ons of proframasmay babrasenfed itogatner.dn thg chinphiten eutput displayin 17, No.
1, January, 1974. The Sut her| and- Hodgman al gorithm con&ut es, for eafh_

wi ndow bounda¥sy cseparate windews. A windowdn ftwe-dimensiona) compyiar oytput display st

usually a rectangle which contains the graphic information for the particular

program being displayed in that window. In any case, the information being
displayed in a window is often less than the entire graphic presentation which
is available; and it is necessary to clip the graphics image to fit within a

20 particular output display.

Gfap_hics figures are offen described on an output display in the
i...z‘ form of polygons. Usually the method for clipping a polygon to fit within a

window requires that the lines joining the vertices of the polygon to be

25 displayed be compared with the lines describing the window boundaries to
determine which portions of the polygon lie within the window boundaries. A
number of algorithins have been provided for accomplishing this comparison of
lines joining the vertices of polygons with the computer boundarias. ‘The most
used of these algorithms, the Sutherland-Hodgman algorithm is described in a

30 paper entitied "Re-entrant Polygon Clipping", Sutheriand and Hodgman, |
Communications of the Association for Computing Machinery, Volume 17, No.
1, January, 1974. The Sutherland-Hodgman algorithm computes, for each
window boundary a new polygon by clipping each of the sides of the ‘input"

cele-



pol ygon agai nst a particul ar wi ndow boundary. This produces an "out put”
pol ygon. This "output" polygon then becones the "input" polygon,for the
next w ndow boundary, producing a new "Qutput” polygon. This sequence.is

5" pol ygon wiaen e e MiRp Boufody. THAYBRRLE Y] Apdet T Out Pul
Sut her | and- Hostgygon. ariie routput? peiggor thenbecomgps thed Shpunt pelygstior fiie Aéxt TENDI Y

and requires a significant - amount of central processing unit time.in order
to acconpl i shwindewhsuadary, preducing anew “outpul’ pOlygen ThishsaquRRCisd menory . is

required by th her. - Hoi Qrit) her. i & have hefn
suggest. V‘élrpg?gghdﬁﬂﬂgﬁfﬁgﬁ%nggﬂﬁéaaﬁ&%cﬁ; gm@%‘ﬁep I%’&ﬁk‘ gﬁ%&eu trface
Renmoval -Usj nghdRiondan fifinSifie WiiidawlOthe mtilbingation Bf the SutidtaRBHdtgmanl =

Si ggraph, - 1977, pages 214 - 222,° present an al'gorithmfor polygon hidden
surface and ralgarithmi requirescarvany|substastial ameunt ofhmamoryrandreqiivas § subdi vi des
the inmage intQ | ygon- shaped wi hdows until. the. depth order within the

‘Wi ndow i s fodﬂﬁ&ﬁ%@awgm tqentra ’@gﬁféwga‘l"f'y"ﬁ%%?’QP%‘WF‘QW%“%OWI ex

" that it takesotﬂeageat deal of conputer tine and nenory to operate. _

- Furthernore, the algorithmis not optinfzed.for a rectangul ar w ndow and,
consequently, is relatively slow running. 20 Liang and Barsky, in an

~article entitled "An Analysis and Al gorithmfor Polygon dipping" : |
Cormuni cdt@ ons of t he RGP SRAMUGRime _aa@mm%mmuw? bbﬂ'geﬁutBS@Qd??,
bl i shed an [ I ' < ' ' _the: e - Hodgman
grgolri t hm-by - %é(ﬁ%@kﬁqﬂbﬁ {3 \t/\r/cf)ep '?&%Egﬁﬁgg%ﬁiﬂjbpﬁéé&?‘l’éﬁtngré}h%gnnng
al gori t hm t hepldnadticié dhtified YHiatarw Suiade Removal E!Q?%P@bew Aledrepringnal and ..

rectangul ar - windows. The Li ang and- Barsky al gorithm conputes the. o’
~ i nter sect i onspublished inrthe \pinveeiedings. of Siggtaph: {1947 ppagegdti dex22 peesanhinni tel y

't or oot on BbAREeF R T SRR Sitachial boler s AL T b8BR 20
necessar yd o Bl MBS 1niee b RRHCRRHBD wIGBRA P o ooty

t ur ni ng-point’s or tdrning vertices points are t ur corners. of

the clipped vordeiowithihitidwingowie faundp i aigdrithmris espevialiy acoueteobuttis sas of .
t he pol ygon to be presented. The Liang and Barsky al gorithm although °
faster than tGamplexthatittakes a great deal of computer time and memory to operate.
- 'F.d.i'thennore._'_the _a__lg____or_ithm is not opﬁmiied fora reétang_ular window and,
consequeﬁtly, is f_elat_i\"_r_e_l_y él_ow running.
Liang and Barsky, in an article eﬁtitled "An Analysis and
Alg_'orithm-;ior quygqn'-q_lipping'_. Céﬁmunimﬁéns"pf i__he ACM, November, |
i983_,-'vlolum_e._2_6_, pages 868+8_77, pp_bl_ishgd 'én__a!goﬁthm'_-which s_peeds the S
: ope_ration"_-o_f .th'e SuthatlandQqugman. a_lgofithm_ by _apprgxima_teiy_two: times.
25 Unlike the Sutheriand-Hodgman algorithm the Liang & Barsky. algorithm s
limited to two dim_ens’iqn_al-_and'_tedangul?r windéws. The Liang and B_,afsky
algorithm _cohput_es. t_he int_ersections_ of a line which.is a side of é polygon:
. __éitend_edri_rjfi_nitgly wnth a_ll.cli_p planes aiso extended infinitely. It t_hen uses
| these intersections to. determine points iying off the__ polygonal sides but
30 nqc_éssa:y to be i_nclu_q_ed within the ci__ip‘pe_d polygon-_(knbwn as turning-points .
or turning vemces) These: po_ihts:a_r_e._'thé four comers of the clipped window
which.in the cﬁpped-.'bﬁgygdn qite_n- beoome'pértians;:ibf_ ihe:_-polygo_n tobe
presamed.- The 'Lia_r_sg and ‘Barsky algorithm, a'lth_ouah. fast_er- than the
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Suther | and- Hodgman al gorithm requires the use of a substantial nunber of
floating point conputations which are difficult and very tinme consum ng
unl ess the particular conputer systemincludes a floating point
co-processor. Many m croprocessor based conputer syste do not include
such a co- proces s%vthsﬂansﬁ'aqu{%a'b%!pewﬁ@u ﬁﬂﬁ’ggwwsteté% tantialqwmpeg of

extrenel y conpl i Gpipdy ?Bﬁlt %@E?ﬁﬂ ich Er’J; ngi'?:lah Yand VeRy tithé Q%umwplgﬁé’ ;s ed

a nmethod for clipping”l'ines y by quic etermning cases In

particul ar |ine sthgrpariculdresmpoter apstemchyiutiés difloatingepaliti qopprogessondMangnd
shoul d,be conpletely drawn and those in which a particular |ine segnent
lies entirely out®iciRpresessptbasadsampytel systems fa RPtinGlugs FuGh-a caPregessor n

't eract i ve. Compuite 88 ctiiitns fin YRHETHiadhioll i aron Elbigieang s .
referred to as trégHsamirgzceptance and trivial rejection cases and do 15

not require the inplenentation of an entire intersection calculation. The -
Sut her | and- Cohen al gorithm provides a rapid nethod for determ ning these

tri.vial acceptance and rejgctjo ases reatly .speeds the .

i npl ement ation of a clippi E'ga@f-g‘ﬂ-ﬁ'?ﬁfﬁw%ﬁg ,”ﬁrﬁﬁ AP giping,inas

al gorithm does n | ; WoleY ; fiake, does
not generate the062n(sp Bgﬁ'ﬁ'féﬁygdnég%'ﬂ'%%ﬁ%ﬁrm‘i}fﬁ*%@a ﬁ?ﬁees% |§1’?slngi ng off
t he pol ygonaligsi dedirély twithin the dlippihg dvinbiow aid shdule: be icompistely drawroand thoseng
poi nts). SUMVARY OF THE | NVENTION It is therefore an object of the
present inventi orifiwhiglt 8 prgicyias ling, segmantdies anfively eitsige b the cligpingwigdem

conput er out put dj; . t..LS: r ' _ ' Wely|
t o:fgcr ease F he g‘é@@@%@“&ﬁ?ﬁﬁéﬁ’ﬁ@a\?@?ﬁé 'e"gag% %"%E‘)’r%}g i Béra%}%a dgﬁ?#"he
and™Cl i pped to fiPringigléé bf MteraEHRVCEipRteCGraPhice 2d0 EdR WicGrat iRy pp.165-69.

These and other objects of the present invention are realized in a nethod
i n which the Sut hErasgrafe ceiegad to as trivial gscepjartegand trivial rejection casegpand dal to a

polygon to be 1 Redain the ifplmantalibn bt 4h oAl bEacior Caleuidion: Tha" cases:
Sutherland-Cohen algorithm provides a rapid method for determining these
trivial acceptance and rejection cases and greatly speeds the implementation
of a clipping algorithm. However, the Sutherland-Cohen algorithm does not
provide a way of clipping polygons and, therefore, does not generate the
20 additional intersections to determine points lying off the polygonal sides but to

be included within the clipped polygon (turning points).

"
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~then the informati on deternmined in the Sutherland-Cohen trivial acceptance
and rejection tests is utilized to determine fromthe regions in which the
vertices 15 of polygonal side. lie the existence of additional points to
be included in the pol ygon whi " des of the polygon but
are corners of -the clipping™nad =TI ed very sinply

wi t hout the need to conpute int ersecti ons W t h. the w ndow boundari es
external to the visible windowin nost cases through the use of Bool ean
operations using the vl&nstheea!orsoan Qﬁiemmtmmwﬂmvgnmmiwmmeltm)k ugg
tabl es generated for t r. r _w ndow. d other objects an
features of tRBS ?mm&ﬂgs&"ﬂ" % sb%mp‘ﬁ?f % cﬂﬁ?r?%m a consi deration of
the detailged description which 25 follows taken together with the draw ngs
in which Iike elements are referred to by |ike designations throughout the
several views. BRI Eff isDaiiiivrFobljédN of e PrigseDRivMian tBlinkieEsel thesspaedi agram
illustrating the region codes used in the Sutherl and-Cohen al gorithm

FIGURE 2 is aatavhigh B verticgsof aRolvgon hdayba dptegmise ang oPred ﬁbf"rﬂ’“'&%autl I i zed |
- 1n the presen t strates various generic

-configurati on‘}én#‘gw% %&hwt#%@ﬁu@?:é@%’gct to a cli ppi ng w ndow whi ch may be
used in explaining the present invention; Figure 4 illustrates a particular
turning point - which is to be generated for a particul ar side of a polygon

~ with respaéct to a part Thesesanccothemahjectsof the paesent inveation/arerealizedtinias

generat ed wi trﬂ”iﬁegﬂm'cﬁaﬂa%aﬁwf%é‘%#gﬁeg?ﬁéc'&fp'@“éﬁbqﬁésﬁ-%'fs’%s Bl el ar
e it s Gy 5 i e 12
then the- lnformatlon determined in the Sutherland-Cohen trivial acceptance _
. and rejecuon tests is utilized to determme from the regions in which the vemces .
.15 | of polygonai sxde lie the existence of additional pomts to be included ln the
, | polygon_ w_hnch_ do not.lie on the sides of the polygon but are comers of the
- 'cli_pp_ing window; This is accomp,lish'ed_very- simply. wiih‘out the need to
compute 'inters'_ections_with the window boundaries external to the visible
wi@w_ in most cases through the use of Boolean operations using the vertices
20 =of thql-,e'r_td'-poi_nts._:and various look-up tables generated for the particular
 window.
These and other objects and features of. the invention will be . U
better understood upon a consideration of the detailed description which
25 {follows taken together with the drawings in which like elements: are referred to

by like designations throughout the several views.
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NOTATI ON  AND NOVENCLATURE Sone portions of the detail ed descriptions which
follow are presented internms of algorithnms and synbolic representations of
operations on‘data bits 5 within a conputer menory. These algorithmic
descri pti ons and representatrons are the means used by those skilled in the
data processing arts to nosBRIE ) . g WHWGEQ of their work
to others skilled in the art. An algorlthntrs here and generally,
conceived to be a self-consistent 10 sequence of steps leading to a

desired result. The st epsFlg;r‘ﬁ%hqg% cﬁ%ﬂ il ' C@Pﬁﬁ%ﬁagb%d AtRe Of

physi cal quantities. Usuall necessar ese quantities take
the fom of el ectgjikgtan8iCom@@gomhm: gnal s capabl e of bei ng stored,
transferred, conbined, conpare and ot herw se mani pul ated. It has proven
conveni ent at stinmes, princi paIIy for reasons of commn usage, to refer 15

to these signals as brts el epent s char C

nunbers, or the |ike. ﬁ&!ﬂ?ﬁ r\""t’#ﬁ ﬁg%ﬁ&ﬁ“'}é ?&Hfas
these and sinil arutrfnf&ﬁﬁ tﬁé‘gzrés%npﬁwé‘rﬁﬁﬁc' ated with the appropri ate physi cal
guantities and are nerel onveni ent | abels applied to these quantities. 20
Further, the manipul ations perforned are often referred to |n terms such

as addi ng or conparng, which are comonly associ ated w.} h '!ﬂ%erafhsons
perforned by a hunan operaﬂ@ruaﬁxlé 'ﬂ‘éﬁ‘,‘ﬁt@aﬁim’ﬁgﬂ)eﬂﬁ °%"ft9H H"ﬁ %rr g

necessary or Si bed
herei n whi ch for r{??‘%l&?fd gf"ﬁ?@@g g‘?@?gln*ml ﬁ\% ﬁeon#é‘a 'ﬁ%‘ig’%ié*#ﬁ?‘o séééérdé 25
machi ne oper ati ongyertipaf ul nmachines for perform ng the operations of the
present invention include general purpose digital conputers or other
simlar devices. In all cases the distinction between the nethod operations

o g 2 ot e ekl AT srd patBMY AR abirf Bhlen P b 02, |
a conputer in 30 aqe?l PéS r%ﬁn&ﬂéﬁdr&@&@ﬁo@é&?ﬁﬁh %ébecf@@ﬁﬁﬂr@@br clipped

chemical ) physic signals to generate other desired physical signals
15 window in carrying out this invention;

Figure 5 illustrates another set of turning points which are
generated with respect to a particular side of a polygon in a particular clipping
window in carrying out the invention; and

20 .
Figure 6 illustrates an ambiguous condition which must be

handled in carrying out the invention.

ceB--



The present invention also relates to apparatus for perform ng these
operations. This apparatus may be specially constructed for the required
purposes or it may conprise a general purpose conmputer as selectively.
‘activated or reconfigured by _a _conputer programstored in the conputer. The
5 algorithms presented hotQLAIIQN AND NQMENCLATURER cd to any particular
conputer or other apparatus. |In particular,

_-Qarious general purpose

machi nes nay be used with programs witten in accordance with the teachings
herein, or it may SBﬁﬁVﬁtzﬂﬁHsﬁbf-_Qﬁé‘UQ@H&[‘He_édﬁ?ﬁ@tihﬁﬁﬁiuﬁ:‘iolw-@r_e%?@ﬁrﬂéd med
apparatus to performthe required nmethod steps. The required structurgefor
a variety of tetmssef algorithms and symbolid repraspatations of aperatione oordata bits gi ven

bel ow. DETAL LED DESCRI PTI ON THE | NVENTI Ref. ' Fi e 1,
Chere i's ShoMihi ACAEPURT MATIAY: AP ORI PesFORISTS A BPraseBiAgPRSant
 nventi on. Tiig il ARAbed iAo Ba1ad 1R oSSRk Bis Bipashe ar eas

surroundi.ng a visibl'e wndow € presente n an olt put splay in the
format provi ddidcively tonvey tiresibstahcEdi deicivorkrto tothars Bkilled in thearwhi ch
designate a two di nmensional clipping window are illustrated in Figure 1,
two parallel vertical lines designated Xm n and Xnmax and two parallel -

bort o Bounded: bt St e AR by, loRed i b¥ Bt rlbig o ' 1
di spl ayedgon sba@emrmws.lm?ato & desitetresUitl STRY Si8pPs afe-tdsa Fequidtgse | yi ng

above, below, to the left, and to the right of the conputer-display
wi ndow. The $bysical maripdstiens of physicahauantities; bisuallyo thaugbswt aecessarily, ng 15

f bi its. e J he, L ef tnpst. bjt indic th § | i -
bel ow the. 1 s ryanffie AR 1 e ot Seplrcal dr inAdneiE Shaln SansBielet Baina corcs
that the poi Borbd Ifarisorfelf cbiftbied cdishrih hNthawRREmbaRiphidfact W figd bi t f oM

the left indicates that the point 1ies above the w ndow, and a one in the
rightnost bi provedi convesientattimese pringipally| forreasans: dfeconimon usdge, itee rafemdow.

Consequently, the windowitself is 20 designated as 0000 and the other
Fogi ons. aFe M tiesn Hames b alues, IPmARE. VMGt Charaes, B Shove and o
the left of t ' | ied iS4 g : '
Sut her | and- GRS BF the ket HESHNR Sb0Hhg i miich RoRSTL a1 af ineso and.

similar terms are 1o be associated with the appropriate physical quantities and

are merely convenient labels applied to these quantities.

20 Further, the manipulations performed are oﬁén referred to in terms, such
as.adding or comparing, which are commonly associated with mental
obérations‘ pe'rforr'n_ed..by a human 6perator. No. such capability of a human
operator i; necessary or desirable in most cases in any of the operations - >
descn'bed.hereih which form part of the present invention; the operations are

25 machine operations. Useful machines for performing the operations of the
present invention include general purpose digital computers or other similar
devices. In all cases the distinction between the method operations in
oberating a computer and the method of computation itself shoulkd be borne in
mind. The present invention relates to method s_feps for operating a computer in

30 processing electrical or other (e.g. mechanical, chemical) physical signais to
generate other desired physical signals.
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25 efficiently lines which can be trivially accepted or rejected by

. checking whether both vertices lie in a single particular one of these
regions. For exanple, referring to Figure 3, there is shown a nunber of

di fferent individual |ines which may be considered in explaining the
operation of the SutThe present inyantinn alsgdelatesiip apperatus-fer perargingtbesel0 whi ch
lies conpletely within the 30 L ndo rea h eac f,kts.end-points |ying
within the 00009PEEHERs KigRRRR Tﬁv’égééf’ﬂ“ég’fya‘??d‘-s&‘ﬁgﬂ ’%(ﬁ@%(‘?‘l‘ﬁﬁ?m ch
conpares the ar i it FihyCGThD i rldsngdi nt lie
det ar jii nes t hat %taﬁ'}oga? épgﬁéhri Vi alﬁs?%%dﬂ&r&l?u?%&fsﬁ%oﬁfquﬁee d\fhi c%qgﬂgul d be
accept ed wi t houtactivatetiior reconfiguyed by & comptiieo progeans storedhin tha computeny The her
checks. In like manner, the line 12 has both end-points Iyyéar}? within the 5
regi on 0010 Bnmalgosithars pragemad heeeinArs aet inharently reiated 190y parficlar, r ej ect ed

after conparing I i it rf J L L

i ntersection pof:h{'kgu@éggé‘hlgga rég:sbﬁp ﬁ@cé%éﬁép{:%sﬁg@lf%ﬁ%&ﬁgﬂﬁéﬁ?est he
line 14 may be inidyviedided witlh pRigramsariiew inaccomiance Withiné Riaghings RErei, topi n
the region 0011 above and-to the right of the wi ndow 10 However, none of

t he ot her |i nes itimayprovemafeicanyenigntdo gongiguchmors spesialized gpraralysd® rej ect ed
and require the use of the .Sutherl and- Cohen al gorithmfo he .det er.m nati on
of var iqous i nt eP§§E‘{‘?I§ﬁ 'BS'i‘"Fﬁa[sm t&'\ogts%gp. Bﬁewpgtsﬁétnu?e@r hé’aﬁgxp? &%

pol ygon. TheoMapfghines wiflhfpedrtiom ihe dezcrigonQjivin 5616W. Usi ng t he

Sut her | and- Cohen algorithmis as follows. A line such as the line 16 has a
first intersection with one of the extended |ines defining the w ndow
boundari es determ ned. For exanple, using the al gebraic definitions of the
|l ines Ymax and the line 16, the intersection point 18 in Figure 3 may be
cdﬁﬁuted. Then, one portion of the line 16 is discarded. The Sutherland- 20
Cohen al gorithm picks the portion to be discarded by selecting a portion
which |ies above, below, to the right, or to the left of the windowin a
particul ar order which is followed throughout the application of the
algorithm In the case of the Iine 16, that portion |ying above the w ndow
i s discarded; and the renumi nder of -

Nt
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the I'ine 16 is checked to determ ne whether it may be trivially accepted or
25 rejected. If neither applies, a newintersection of the line 16 and
the next w ndow boundary Xmin is deternined at p0| nt 20. Once the
intersection 20 is det g{gq A6 ' ¢ left of the -
w ndow i s di scarded; arg tne rent [ - e points 18
and 20 is tested to see if it may be trivi aIIy accepted or rejected. This
portion, obviously, may be trivially 30 accepted since both end points lie
wi t hi n .t he- boundari es ofiefefing nawie \étgnrmadhewenssh@w g@wmowraammmeheu

conput ations for cli n I VWhen :
‘applied to ot hi&hP l?'f‘ﬁﬁ‘g{'mgﬂ‘ttﬁgk&t%hg'&#'h 2;"&[ %9’8@[ E‘fsiﬁ%ﬂ%ttﬁén acconpl i shed
by the al gog i t BERiIGRARAE ForTRE BredRBUNRUNdIRg a VSIBIEMWifiow {8cbé preRiddBiYan

conpl ete a polygon which lies partially within the window. In such a case
(for exanpl e, outpuhdisplay in thie formatpsovideshby therSutberiand-CotenaigoritamoFaune |
lines 5 22 an the dotted )i

i ntersection oﬁ"%‘ﬁé’&h }ggﬁgé atg; 4 v W@e@ﬁﬁégle‘g‘f’p'f'ﬁé”"g‘?‘?‘"bad W(‘E}Wqﬁ‘? Moints 24

and 26 may be “mg ve. -
However, the pgﬁygéolri\n 1 sd%ér?lf/égghrr% cLy I'nNC ng WI 1l N tﬁ ?Bﬂempndow
a portlon of hdﬁzqmdl}igwdmm@xmkndadwmaha'twmealyirfg‘hthananrner of
the clip w.ndow. “This point-28 does not 10 ‘lie on any of the |ines

defini ng the ppeRigaboundedpisthedaurfinesisthecarea pbthﬁtwredqmg be gisplayed 98 | ine

2ot st g s rirec e B AL S Sy 056 B PeSF I el BB

al gori thm ~ TheirgubhSirc8dné gt theIGormpiRer Gissiap itidowo conput e the various ~~
i ntersections of the line 22 extended with the Y max and X min |ines o/

defining the 15 clip w ndow extended and reaches a concl usi on which
rejects the entire line r|thmt S extent ..
overcones this problem J)';'G[eq r%"ﬁg&g’ fc°gg§ 8?% ﬂtp\ﬁes%ﬂeﬁﬂgmg
i ntersecti pas i piasy BHY, W ofid hpme%mﬁoé_mtmcaé offPhed BAIBR N OF

those intersections. "‘Although the 20 Liang-Bars #gorlt mis tW ce: as

fast as the basclippirigwindowaadne Irioﬂ@rmoad bib fromhthe left intlizates dhatthe pbint
i nt er secti ons for all of the clip w ndow boundaries before it can

acconpl i sh t heliggtoithe iptat toe Wtﬂ‘?@“’t a1one i theshird kit framdne leftingicates that the :
conputation of pLide,d NLEhashd bvﬂ%vp ¥nd2HHR i tnd higtitbSbiRkidhieE %lleﬁ%é"‘t lons In

point lies to-the right of the window. Consequently the window itself is
20 designated as 0000 and the other regions are--deslgnated as shown in Figure 1..
Thus, the area above and to the left of the window is designated 0110, for

example.

The Sutherland-Cohen clipping algorithm is designed to identify
25 efficiently fines. which can be tnvna(ly accepted or re|ected by checking
whether both vertices lie in a single partu:ular one of these reglons For
example, refemng to Figure 3, there is shown a number of different individual
lines which may be considered in explaining the op_eratiqn of the Sutherland-
Cohen algorithm. The line designated 10 which lies completely within the
30 window area has each of its'end-point_s lying within the_.odoo region. A check
by the Sutherland-Cohen algorithm which compares the areas in which each

the two vertices of a line segment lie determines that this is a trivial case of a B

--8--



many m croprocessor-based conputer systens, such conputati-ons are 25
sextrenely sl.ow and therefore detract fromthe presentation of the inmage on
t he ggraphi cal output display. The present invention offers a substanti al

| nprovenent in determ ni n%the points |ying off the sides of a polygon, the

sa-cal | ed t ur nfipg which $ouid Re ageanted, withd q%éﬁ@@ﬂt@i’d\“‘-‘tﬁ?ﬁ}ﬁﬂ i ng
-intersecti onsg%%lniﬁgﬁgp‘éw&ﬁéy nded- w ndow boundari es i n nost

cases. The pre ron opera?e das follows. First, the nethod

recegni zes that the regi on codes assigned by the Sutherland-Cohen al gorithm
each_gontain two one bits if they lie at the --10-- di agonal corners of
the visible wi ndow and dn likegiasnemthedine 12 hasthoth end-poiotst ipiog within thel ef t |
above, or below the yisible w ndqw. The pethod yses this recognition to

det ermine tRe fRAOR ﬂé*‘ilﬁ"ﬁ?@gﬁ& %QY%F?)F’ W ?B&H.mafy be trivially l'glle"“*‘i'lhe

Sut her | and- Coh | ' le I3 | ki : ki trivial
accept or rej e%?e'@%‘ﬂﬁé%gn%ééﬁésa?sfﬁ g?ﬂﬂ ?Lseﬁgﬁ'aregthqﬁsﬁé&s'e Hﬁ?k g%??tﬁ’lnng a
side of a pol ygoints w0 teccomputgtibly thefalgonithim.alnclikedndriner thinlre tdmagybest , t hen

t he Sut her| and- Cohen %Imgori thm determnes the intersections of the sides
with the edgestbialyeiesfed;as havia,beity endrPoints ingwithip the, regipn 09 Habove

information 10 ' ' her | and- Cohen al gorithm about the
regi ons in whi gﬁg'?%ieﬂe\%%tgé |de%w|'s sorted into categories based on the

begi nni ng apd ending points of- the Iine segnment. Each side is considered
froma begi nning point to an ending point at which the next side is
considered. |f the end- fiawevermope of therather liags jliystsated in biguren3 meayde t he four

bit code designatiqn.includes:t ne bits (i.e. S5 n_area at a corner
of fhe window) ?ﬁ%‘ﬂgﬂwfﬂe&c@feﬁ@r&/\%ﬁ)wgm\}'}?d&ﬁ @th@-#@tl\gﬁg\'@p@ﬂw ndow
totiching that Gkt io? R adifriRatdh drvandisihiersacih ySIRR ifdrdh 150l L 1 onal
point in the polfygon to be clipped, 1.e., a turning polnt. may be seen
in Figure- 1 thcempiatelydefireta clippad palygonoiThe mdnnar in whiclothipid ygon |ies

within the regions nunbered 0110, 001 1, 1001, or 1100 at the diagonal
corners of 1Bheacepmplished pgingtheSutherand-Cobgnsalgorthm is g5 follawse A fjamskeh rul e)

L gal e e M TS GR35 3 e ARG
window boundaries determined. For example, using the algebraic definitions of
the lines Ymax and the line 16, the intgrsection point 18 in Figure 3 may be
computed. Then, one portion of the line 16 is discarded. The Sutherland-

20 Cohen algorithm picks the portion to be discarded by selecting a portion which
lies above, below, to the right, or to the left of the winddw in a particular order
which is followed throughout the appliﬁtion of thé aigorithm. in the case of the

W : line 16, that portion lying above the window is discarded; and the remainder of -
" the line 16 is checked to determine whether it may be trivially accepted or

25 rejected. If neither applies, a new intersection of the line 16 and the next
window boundary Xmin is determined at point 20. Once the intersection 20 is
determined, the portion of the line to the left of the window is discarded; and the
remainder of the line betwegn the points 18 and 20 is tested to see if it may be
trivially accepted or rejected. This portion, obviously, may be trivially

30 accepted since both end points lie within the boundaries of the visibie window
in the region 0000; and the computations for clipping that particular line 16 are

complete. -



This general rule does not cover the cases where the end-points 25 lie
wthin the regions imedi ately above, below, and to the left and right of
the window. It also does not cover all turning points for |ines which.end

dependi ng- on the T egi onoWrih ARPIeR PR ines, dHin T R hd a2 Go el AR
both points Iig n@m&m lﬁb%lg%nﬂﬁ?b%me’mﬂo?@cérﬁﬂek e#br Snfinglé; qhb nﬁé the

wi ndow wher e the codes 30 for the regions have a single one bit, the si des
‘are desi gnat ed 2&rhag completé agolygon whichdiespairtialiy vgthimtieewindam. iheucit &er - .
hand, if the begi nni

has aI IS| ggl e orf@sslfor %ﬁgggﬁg%ﬂgﬁg &%E'Pehvgnégmﬁ'%gig? regglpg'lr']?gs ‘(E)fl ‘ﬁg?'(‘ﬁs
1- 2 .
Eonatly- 1 i o o280 W knolt By ?%ﬂﬁ“ﬁéﬁﬁeﬁﬁ@ﬁﬁﬁf“& inbrbacBbi Bl RO NRs

regi ons the codgith ﬁ:eredgbsehmaruubwmwammmsea ande26hay bé setetmineddn 2- 2 bi t
lines) are treated in a third manner. - It will be seen that in
the case of a 1St@lﬂﬂttf°lmafﬂamam9'b%ﬁ¢?‘%mq abave,. | owpvar; thetnelyasn is opkgi on,

e dRShulog b5 iR Bip@ibe 5 Windchh o Rl 41 e Balof Wi " have
al gorithm as %:&éﬁdé'té'thé BbESHIfORarRPES Rer 81 1RY Blip winBoRO ThisViiiit 28°Goddnct 1- 1

bit side lie within different regions, then the two codes are conbi ned in a
| ogi cal 10 10R discsmanyof thardides defi mr@smemlygon andtmus&bedlemrmmeddm theed in

S i e ot DR B
cal cul ation wilj QWs I&thﬁ}ﬂ?'tﬁ %Hmboﬂﬁgsgo\%ﬂrﬁgmcbﬁcs BSing iBpin ber .~

as the code for t regl on nunber, usi ng the geher al \/

rule, requires ﬁlb@ntﬂ;ﬁ: msmm-mnmmmpmrprbeéedshemmtme vatioade -
visible window as a turning point to be included within the pol %qon to be
e

described wi t hiiftersastiens phiae ling R3@xtendad with the Yaaxrand Xmis lines Hetiaing thas

L1170, 9 000 S 1050 Sk, S B e .

AND of the two codes of the regions is not zero,.then no turning point is
“generated. For exanple, -a line which proceeds fromthe 0110 area to the
0010 area, needs to haveTheuang*Ba@tyra!getithlgémsomMQwoummasthls

. problem by utmzing a scheme of determmmg all the.intersections and- assngnmg

clip point values -from the determination of those- intersections. Although the

20 ___Lnang-Barsky algonthm is twice as. fast as the basxc Sutherland-Hedgman

algorithm, it has to compute mtersections for all of the clip. window boundaries _'

_ before it can.accomplish the assignment of the turning’ points;.and it requires
the computation of 3f,h9_ intersections by means of floating ‘point calculations. In "
many: mic.reproeesso_r-ba'sed c_omputer{sy.stems;- .such--..’eomputations are |
25 extremely -s!bw.a_nd therefore detract from the prese'n_tatidn of the image onthe

graphical output display.

- The'.;.:preseh,t._in__vention 'ef_f_ers a _substa'nti__al improvement in-
determining the points lying off the sides of a.'pelygon.--the so-called turning
30 points, without the necessity of eomputing intersections with the. mfmtely
extended window. boundaries in most eases. The present invention operates. |
as follows. First, the method recognizes that:.t_he-.regmn codes assigned by the
Sutherland-Cohen algorithm each.contain two one bits if they lie at the "

--10--



the upper left hand corner will have al ready been designated as a turning

. point 25 by a line ending at the vertex in the 0110 regi on under the
general rule; and once a point has been designated as within a clipped

pol ygon, it need not be so designated again in order to describe conpletely
t he pol ygon whi diagonalcomiersofthe Nisibie window andraisingle3me bit if they lie to theowever ,

in the case in i.ch, the end-pqin of. . the Line_lies in a 1 bit region and
the ANDi ng of t t'cgge W@s?b‘?ﬁj‘?‘?’h{f ‘f'ﬂglter‘@ﬁg s‘Th? W%’@%‘éﬁﬁsitg‘és provi des a
zerg_ result, su ; ' ' eyl 10 to the region
0001 jillustrat e%gfgﬁ%?ngﬁirgﬁ?@agé tﬂeplr:?ﬁbj %%‘??ﬁt&%g\?iﬂggggﬁggﬁed t hat

corresponds to the upper right hand corner of the window In the present
invention this designatign is acconplished by a | ook-up table. If the line

ends in a 2 Dit regi on ahbetPhedandrcohen digerithmds figH applied;tn-detesmipe r esul t

in zero, then t 1 Lena. . S as a
t urni ng poi nt tﬂﬁetgm%%%%é%%? sgf s%%?@'ﬁ%%ﬁéf%%f’%?ﬁ%#)ggﬁgq ine. If,
on the other hagslinirig'e side o¢ agafigon fo be diigped. Neslichra SdiiitioAdiods not\dktng of
the two codes results in a zero, such as - a line 34 beginning in the area
0001 and endi nghen theSuthedandbGolien:algeithmrdatermimag the ijerseetinnstofthe sides ng

poi nts nust be ngrated, o] . 4 Yie LD ner al rﬁbe. t the upper

| eft hand cor ne‘?i?'bﬁ'et?@gﬁioﬁ&%vﬁﬂwg%@vgoq h}egﬂg’gaﬂo; _P?Fé" 5é‘§°’t"? AP hand

corner of tHie vhpiadd bzhh§ Stfhenasd-Cohén BgomAabotd the regiond iNWMthORe DY 2

| ook-up table in 15 the present inplenentation of the invention. In the

case of sides ovesticpsdieds sade@ irgo bategerieschased iondbe deginaingand endingrpois r st |

where both the begi gni ng and ding points. lie in the sane regi on, no

tg_r/ni ng poi nt rfgéagﬂ?%sgﬂ!“%ﬂggﬁgﬂ éﬁeéﬁ Fﬂ'@lqeﬁ?ifl’Wﬁ bagiRningRRIRI9@N handl ed,

as™a trivial ac&?ﬁg : Y=Y ' ; : %b‘?ﬂ = .

algorithm If no fﬁéﬁv@ﬂ'{'@aﬁgmgﬁ@ﬁ%e%ﬁé'd%%%bﬁpﬁﬁ?n!td _éggg@g‘gei ons for

t he end- poi nts iigs ihlaerebiondn dhich the foup b @ode desigration ihdliaddsetwordtle bits! (Re.| S

applied for the end-point of the side. Such sides mght be |ines running,

for exanpl el5 f rahareadt @-copuer pf the wiagewh tharthe gather phtherwipdam of the visible r egi on

1100' 25 window touching that region is assigned to the visible polygon as an additional
point in the polygon 1o be clipped, i.e., a turning point. As may be seen in
Figure 1 this means that if an end-point of a side of polygon lies within the
regions numbered 0110, 0011, 1001, or 1100 at the diagonal corners of the

20 - visible window, then this first (so-called general rule) will apply; and the
window comers closest to each of these regions are assigned as additional

points for the clipped polygon.

" This general rule does not cover the cases where the end-points
25 lie within the regions immediately abové, baiow. and to the left énd right of the
window. It also does not cover all turning pointsfor lines which end in the
diagonal regions. For this reason, iine segménts are catagorized depending
- on the regions in which their beginning and end-points fie. f both points lie in
regions above, below, and to the lsft and right of the window where the codes
30 for the regions have a single one bit, the sides are désignated asi-1 bit lines
and treated in one manner. On the other hand, if the beginning and ending
points lie in coded regions one of Which has a single one bit and the other of
which has a pair of one bits {a so-called 1-2 bit line), the line is treated in a

we}fe-



| f, however, the ANDi ng of the codes for the two regions in which the ends
of the lines lie produces a zero (for exanple, the lines 36 and 38 in
Figure 6 running fromregion 0011 to an opposite diagonal region 1100),

then the line Moyydrbft hanmste F?ﬁalﬁrhli’nést\bﬁ&hhad&béémﬁlhg andendirg ;yuunewh and -
an 30 anbiguous situation is.produced. In-this Situation, the line (36 or

38 in Figure 6) df which/ialindregions thercodesrfor whish intiydesrd paungl anesbrts:(:slolaalled
md-point (39 in Figure 6 for exanple on |ine 38). The present

i npl enent ati on &2 Plglé'“Fﬂ\?éﬁf’PGWdt'ﬁérlh'ﬂgf'@\“ﬂ?’nes if-this point lies in the
sane region as one of the two original points. If this is the case, Me
correspondi ng original point is replaced by the md point and a new md -

point is evalsuated. This Jppirs sesn that inahe saseofmt 1l bit line, fibdfroverticdsilies in a
region different fromthe end points. If or when the. md point is not in
one of the regi dithinthersameregione thenno wring poiBkrends torpe @ssigned:iferthistiingne

e pr ovi ousl T ERERoLAr RN o0 et Her RN St 17

Irrpl ementi ng' t hegdnen dgmﬁ:aus@dvmaqsaroﬁme Howavbr) & botie v6iibed BrVEALT on,
it has been determ ne at-such a table is easily |rrpl emented in a 10

rel atively sinplbi smnmwithmldmeremdegms.rrpaeththoomoosermeomheedun ailegicaboi nt

| abel | ed 40 in F he, cad 110 h the |
caonent 3250y 12N bpsebhgi 9 H8 35 of W ReRDit Arslea el iRbRL 2t on

to the content %fenardl AR~ ¥Br Ef’arhﬁle. ng%&@d?lls if ?&l&@dﬁ@%pnmh%ﬁe“ nes

the end point) to provide a code. nu hus be seen by
conparison wt hs.lbh asdhe IlegBOrshown in-Figure 3/theh at logibal CDBroalou@upmwll at the ™
upper right hand corner-of the window will be indicated b ener al rul &

|bf minus three REOVIR M RiBany iqumben 014 Whichts thecsama,umberFs A 9 (ariee
t
ot ot eacPT ot hapBbfpnHarB)palb PG HERbLY, ink A8 BY ?’?@i‘f‘gdﬁ&&‘ the

general rul asi s dsighmppbi e uppsr lefthandeomer of {he visitsik windoWas aalrningmay hol d.
a nunber plus or .minus six or plus'three i'n order to realize the turning
points for the Mrm@Gr'P@F@%W‘“F'M@%PWMQ%"WE@ despribpd within therclieped i n a bit -

region and start lﬁﬁoend ina2bit region. Aline segnent beginning in code
regi on -1100 . and € ‘Hg in the 25 sane region 0001-in.like manner uses a
mnusthreefromthelook uptableto :

ln the case of Imes wnth vemces fallmg wulhm the 1-2 bit
20 '. deslgnatlon four posslbrlmes occur Frrst if the end-pomt of the lineliesinal
. _blt reglon and the Ioglcal AND of the two codes of the reglons is.not zero, then
no turnlng pomt is generated For example. a line whrch proceeds from the
0110 area to the 0010 area, needs to have no tummg point generated becausei'-' Nt
the upper lelt hand corner will have already been designated as a turmng pomtr
25 by a line endmg at the vertex in the 0110 region under the general rule; and
once a pomt has been desrgnated as wrthm a cl‘ pped polygon, it need not be
S0 desrgnaled agam in order to descnbe completely the polygon which lies
wsthm the clrpped wmdow | '

30 - However. in the case in whnch the end-pomt of the line lies in 1
| .brt regnon and the ANDlng of the codes desrgnating the regions of the vertices .
| provrdes a zero result such as a line 32 running fromthe region 0110 to the.
regron 0001 illustrated.m Figure 4, a tu_rnlng__porn_t._4_0__ is generated that

el 2--



reach a turning point in code region 1001. A line segnent beginning in
. regions 1100 or 1001 and ending in code region 0010 is indexed to and a
m nus, six to reach turning points in regions 0110 on 0011, respectively. A

cote regi on 1089SHPORRE 4 1RIPRRF VM Aane SHkme" of BP R, 1ighE BERSRM Ly i no
de regi on 1 _ o PO AR & _ turni ng
' code 1 eqr ond VBB e datihon i€ AaRmpred by AlioGye HR- S hexed o and

addg.a plus three to reach turning points in regions 0110 or 1100,
respectively. I n devi si n? the | ook-up tables for the invention disclosed
herein, a first |ook-up lithgliae padsine,2 it degien arththe ANDing of theiwo apdes s

AR B A 9ot I .
Pegi on or o - HostppRATER AR theteisg it nehelge b heBone Rt 8 aBe gnat i ng
such a regi on. oHaficed 8k atimindPdintRhe WiHRW @h%d{@de_uﬂoqaéaad%ombmefor each

of these turning points (corners of the w ndo whi ch are then added to the
cli pped pol ygoling.o conpl etely define the pol ygon. 10 The second
| ook-up table provided in inplenenting this invention is one in which the
code for the ending-vertex is provided as an offset to the address and a

val ue to be added or sulp,t ng{reeé{né;%t{h% '@5'5%55399?%‘?%‘h@?’,’ﬁﬁ@énm ng

vertex to reach the val ué partircular corne wis

provi ded bypt haNDitY 6f.thd Ive cuddsesults inia 2we, suchtasacimed3Pbedgiaiiagin(tependi ng
on 15 the sign of the nunber) to one of the codes, depending on the
di fferent case@reaflQ@1tand ending: intmareaP11Qiasshpwnde figure Sthan dwe turnisgaddr ess

o 1S5 b5 bk e o B s MR R ¢ 1.

added to the ChimPeshBObtEe WindéW andooneoy\al\clasint 4éa ?i tﬁ?e ﬂFﬁﬁfl right B&Ad ESrRbf 61

acconplishing the invention is as foll X culate the code of the first
poi nt of the pthieywjodowf dhissieicond huring point géisalso handied byadookap tabdeinof t he
[ he .two .codes, 25 if the line

ipgl QLt siddia{)? Lgﬁ'@:é'gieﬁqiégg'ég’lpgﬁﬁggg thednyenion. 1 > ang 2-2 cases.

In the case of sides designated as 2-2 bit cases, three situations
occur. First, where both the beginning and ending points lie in the same
region, no turning point needs to be génerated since this will have been

20 handled as a trivial acceptance or rejection case by the Sutherland;Cohen
algorithm. {f not a trivial case and the ANDing of the two code regions for the
end-points of the line does not prodube a zero, the general rule is applied for

W the end-point of the side. Such sides might be lines running, for example, from
region 0011 to region 1001 and from region 1001 to region 1100.

25

if, however, the ANDing of the codes for the two regions in which
the ends of the lines lie produces a zero (for example, the lines 36 and 38 in
Figure 6 running from region 0011 to an opposite diagonal region 1100), then
the line may lie-to one or the other side of the visible window; and an

30 ambiguous situation is produced. In this situation, the fine (36 or 38 in Figure 6)
is divided into two lines, by determining a so called mid-point (39 in Figure 6 for
example -.on line 38). The present implementation of the invention then
determines if this point lies in the same region as one of the two original points.
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endif Test for the general case. Set "first point" = current point". 30

endfor A specific inplenentation of this algorithmin the C language is
provided in the follow ng paragraphs included in this inplenentation

< the Sutherl s gaen algoh %&F%@t}}g@gﬁmw&@é@& by fhq R4 Pt +*°

point of the pObMaQmewTJ?aicﬁpémgbvanatbet Thisopekiihiid répbateaqmm theSmid &h@le the

functi ons:

cli pping region,

NOSEGH i f  the point is outside. * Cp draw clip()

perforns the cl ltqmmragregfonadmféran: fromithe énd poings. Sif or when the: mig pointis notrie s Op. -~
nove and draw whj ¢h res v e ent the start and i nt of'w
one pol yg(():E edglne. °E§‘°JPS HS' pﬁ"é\ﬂ H&rﬁ‘h@’eﬁﬁm MW'\‘%‘P&%&P? E'Wem"’“The
{Nﬂﬁﬁ E@é r bility
characteri st | c o? t e@Q/g ua‘fi@ﬂnhg Gun?t%l%’?/ ‘ﬁ/lstﬁér]g\?veg V\/ﬁﬁv‘&@gr e the

returned sta usg

conput ed codes désdribedsmﬂha 1ahbit end-2itsrdases t he edge respectively. - Cp
nmove and Cp draw contain the clipped line coordinates at the end of the.
~al.gorithm typedef struct 15 ° : - float x; ' /* x

coordi nat e (CO‘GLSI Pne ' NOin ithpib@@fing'the logk-yp ables in rﬂocérpa&, @géﬁwﬁ}égeﬁcoul d._ - |

be int) */ ]
Upoi nt Poi nt:

code; [ *

pol

invention, it Has bERA detdrifinedl tAa¥udh RAkBR ié badly implementedina | Nt
The code coffputed for this point */ ] Ppoint:

/* Int er nal 10 epreiativefyosimple: manipylation cFomnexampsst to detarmme the iurpingfpioint.  NOSEGV

0 /* The |
visible (even p

15.

20

25

30

~_region and staﬁ?'or end in a2 bit region.

ig%g[ tlaﬁ ﬂé 5%5;%% t‘ne Se otn t?\e areGNb1 10 at which 4he Imhe selgment 33

begins is simply added in a non-Boolean anthmettc computation to the content : v

of a lock-up table mdexed by the code: 0001 {which defines the end point) to

provide a code-number 0110. Thus, it will be seen. by comparison wlt_h the
regi_ons’ of Figure 4 that the turning point at the upper right"hand.co.me:r.of the

window will be indicated by the general rule if minus three is added to the code:

0110 at the beginning vertex (the binary--rep'res;entation- of 6). Consequently a .

binary stated minus three is provided in th_e'._look-up.-table, at the indexed.

.. position 0001, and:the genéral--r.ulé-,is then applied. In like manner the look-up. -

~ table:may hbtd_ja.number pius or minus six or plus three in order to realize the

turning'pojnts.-.for the other comers.or lines which variously start orend ina bit

A rne segment begmnmg in code region- 1100 and ending in the -
same region 0001 in like manner uses a minus three from-the look-up tableto -

reach a turning point in -code-regso_n 1001.- A fine segment beginning in regmns :

1100 or 1001 and ending in code:region-0010 is'indexed-to and a minus sixto
rreach turning points in regions 0110 on'0011, respectively. A line segment -

beginning ineither code region 0011 or 0110. and'énding- in code -regien 1000
is indexed to and adds a plus six to reach tuming points in regions 1100 or -

: 1007, re_sp_ec,ﬁvely-. And a line segment beginning in code regions 0011 or

1001 and -;e_ndfing:--in region 0100.is indexed-to.and adds a pius three to reach -

- tuming points in' regions 0110 or 1-100.':re'spectively.
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25

#define CLIP 2 [* The line has been "clipped" (left) */
. #define TWBITS OxIOO /* Aflag to indicate a two bits code */ Ppoint Cp

nove; /* The start point of the line */ int M code; Ppoi nt Cp draw.
/* The end point of the line */ 30 I nt Dcode; Ppoi nt C
exchange: /* These are two |look up tables */ /* used in finding the turning
point */ /* in the case 1-2. They should be */

/* nodified with the regi JAgievisingdhe *qoqumable?&rltbg invention disclosed herein, a

{0,¢3, - 61301

{-1.71,-1,

Mow
cor MEct *| * Of fen@IpointiHich ha¥ a Yeie% efding HFE2 Bif reffdn or for a Boolean OR
/* in the Viewport array, for the */ /* turning coordinates */ Upoi nt

Viewport[4];/% Viopeation \rdmhrpnonaaea dodp|designating:such a Tegiort. uTie jook- uuilablpace :

code()

2,

TP% ?do}( tpq t%b% 19 lp%\kqécﬂ%:r eir}'\ﬁoéf[tﬂ@ %]bét qogeﬁ ggae&a&e ty n%uth[eé an

returns the

d I at i, t ' Th t d
can be a single \péqqigese éﬁiﬁﬁﬁﬁﬁﬁﬂ a&f’%@%r‘&i@?\%ﬁﬁg sgéy@g\%aéﬂ?mgr(&ﬁ%rcs? at
indicates a two ﬁlﬁ@@fwtﬁ_bh are then addddto tﬁpgﬁ@ea ﬂ'tatcotrméiag%bf.wm nt

*poi ntt ocode:
Upperright.y)

<Lower
>Upper

TWOBI TS) ;
TWOBI TS) ;

15

left.y)
right.x) [ if (point to code->y < Upperright.y) return (3 I

*8t drn (1):

15

20

25

30

if (pornt to code->x < Lower (point to"code->y <
r etthe polygon. TWOBI TS); 10 if (pointto code->y
return (12 TWOBITS); return (4); if (point to code->x

The sdcbnd MUK Up-faBie 6NaEY in‘intgeiRbhufrlg i inbérhibh " (°
is one in which the code for the ending vertex is provided as an offset to the

address and a value to be added or subtracted from the other code for the

beginning vertex to reach the value for the particular corner of the window is
provided by the table. This value is either subtracted or added (depending on

the sign of the number) to one of the codes, depending on the different cases,

and the first look-up table is consuited under the address of the resuit to

provide a turning point. Again, this turning point is provided as an X vaiue and

a Y value to indicate an additional point to be added to the clipped polygon.

A general algorithm for accomplishing the invention is as foliows:

Calculate the code of the. first point of the polygon.
for all subsequent points:

Calculate the code of the point, -

Clip the line according to the two codes,

if the line is outside the clipping region:
Test for 1-1, 1-2 and 2-2 cases.
endif )

. Test for the general case.

Set "first poiht" = "current point”.

endfor

A specific implementation of this algorithm in the C language is
provided in the following paragraphs. Not included in this implementation is the
Sutheriand-Cohen algorithm which is composed of the following two functions:

«15--



If (point to code->y < Upper right.y) return (2); if (point to code->y <
Lower left.y) return (8); 20 return (O; } The
CP_2Dpol ygon clip() function accepts an array of vertices as input and

Genbratod 25 when nocessaitracall Rerdial U Glils Clillct B Mlibchdlne
gor rect visualizatiorf® Weg?lﬁﬂ?ﬁ i olﬁ‘iﬁgﬁg&gfégefms sggtﬁ'ifl'ﬁ‘@ ‘f:?&f‘ﬁ/dﬁnjé‘sf“?? an

output array of poi ntthe QPPERY Febinge NOSERHLAILhe iPAintols oewpe-so “int
ni n; Upoi nt *Iin, int . *nout; Upoint . -~ *out ;35
regi ster int 1y k;:p  [deg_sLar() Fﬁwfmns*qne dlpppmqe:f a line codie@r £1] the v

register Ppoigit *pt %dsrt%mes cp_move &hd? cfll@%e whicn' zJ%m%@fyyr%éenused In
the case of 2-2 bhi ts a&) é 4 point {ongciygo g% p&&g‘: W, clip Cp
t draw, Upoi nt 3)C 58F ReA0S & A C€8e; b Be sure to

cl ose the pol ygon. */Prsﬂdes the f°1l°“in9<i&fqmFi¢n'1 in[nin] -.in[0]: /* *
Conmpute the first point’ status. * |f visible, then storetheflrst poi nt.
in the output array. 55 The returned status, NOSEGM, . SEGM, SEGM- 1 CLIP, ‘which

' represents the visibility characteristic of the. edge,

10 - M move and M draw, which are the computed codes of the start
and end_ point ofj t_he edge, respect_;ively.

- CP move and. Cp draw contain the clipped line coordinates at .
the end of the algorithm

' typedef Struct { . e Lo
‘ _ 15 ' - float x; /* x coordinate (could be int).*/
- float y: ' _ /* y coordinate (could be int) */
} .Upeint; © -~ . /* User point */
typede: £ struct {
. Upoint Point: .o % The point's ‘coordinates */
20 ~int - code; A The code computed for this point */
: 1 Ppoint. - .+ . - {* Internal representation */
fdefine’ MAXTEST . . 1 -
#define Noss'a& 0 /* The line is rejected */
#define SEGM 1 /* The line is visible (even partially) */
25 #define CLIP 2 /* The line has been "clipped" (left) */

- #define TWOBITS 0x100 /* A flag to 1nd1cate a two bits code */.

Ppoint Cp move. /* The start point of the line */

Ppoint  Cp draw;  /* The end point of the line */ | o
30 int - D_code; - | |

Ppoint c_e:_;change:l

/* These are two look_up tables */
/* used in finding the turning point */
' /* in the case 1-2. They should be */
'35 /* modified with the regions® codes.*/
int Tec(16) = {0,-3,-6,1,3,0,1,0,6,1,0,0,1,0,0,0}:
im th[ls] = {-1'-1,-1 2'-1'-1'3'-1'-1'1'-1,_1 0'-1'-1'-1}l
: ' /* Tcc is used to compute a correct. */
- ' /* offset, while Vpt gives an index */
40 /* in the Viewport array, for the */
/* turning coordinates */

' 'Upéoint ' Viewport[.ll];)* Viewport_ coo:ﬁinates_ll,l;,ur.ul */

Y.



i f (CP'rmv.e clip(in)) ( out[*nout] pt - Cp rmve->Poi nt; *nout +- 1: *

. Next polygon's p0|nts . W& build a vector fromthe "nove" * point to the
"draw' p0|nt 5 * Cllpthellne with a standard 2D |ine cllpplng
met hod. "*/ for (i -1 I < Kk; 1++ dJ - CPdraw clip(in +1i): 10
If the line is r@ufbn@lont%cspgcw pldetusnsthe«gdp @senqialed wWith@ given ppint.o the

general case. */ e = D caode

(38 CLI By outThenBliPRod Sl cap thyf i, il o g non detkeen, arsinglpvaive o
draw_>Poi nt: 20 and a flag that indicates AQWo bitsboda” * Sere the line has been

rej ected. .. See\R/natV\g/ecand.]else g [* * Begin with a 2
bi t s~end p0| nt. if (Dcode & TWOBITS) { if (!(Mcode & D code)) { 30 * If
the start poPnt is al s@_w@em(winthmo@éne m)re to * nake a decision! if
(M code & TWOBITS) { “sint point_to_codg;

if (point_to_code->x < Lower_left.x) {
if (point to_code->y < Upper right.y) return .(6 ! TWOBITS);
10 if (point_to_code->y < Lower_left.y) return (12 ) TWOBITS):
return (4);
}

if (point_to_code->x >Upper_right.x) {
if (point_to_code~>y < Upper right.y) return (3 } TWOBITS):
15 if {point_to_code~>y < Lower_left.y) return (9 ) TWOBITS);
return (1);

} .
if (point_to_code~>y < Upper_right.y) return (2);
if (point_to_code~>y < Lower_left.y) return (8):
., 20 return (0);
N~ }
The CP_2D_polygon_clip() function accepts an array ot vertices as input and
clips the vectors against a rectangular viewport. Turning points are generated
25 when necessary to keep the polygon structure and ensure a correct

visualization. The function generates the resulting polygons in an output array

of points.
CP_2D_polygon_ clip(nin, in, nout, out)
30 int nin;
Upoint *in;
int - *nout;
Upoint *out;
{
35 register int i, 3, %k
o register Ppoint *pt Cp move = &Cp_move;
N/ register Ppoint *pt_Cp_draw = &Cp_draw;
I*
* Temporary data used in the case of 2-2 bits.
40 * / . .
Upoint Cp_t_move;
Upoint Cp_t_draw;
Upoint Cp_A_point;
int A_code;
45
/*
*/Be sure to close the polygon.
*
50 k=nin + 1;

in{nin} = in{0):

* Compute the first point' status.
* If visible, then store the first point in the output array.
55 */
if (CP_move clip(in)) {
out{*nout] = pt_Cp 1 mve-—>Point.
*nout += 1;

wt7--



Cp t nov

e = pt Cp nove->Point; Cpt draw = ptCp draw>Point: while (j) {
CpA point.x - (Cpt m)vex+Cpt drawx)/ 2.; 40 \ Cp
point.y = (Cpt nove.y + Cpt drawy) / 2.: A code = Cp space code(&Cp A
point): if (A code TWOBITS) { ; if (A code- D code) Cp t draw - Cp A
point; else if (A cOdaiext MotRR)s Fhints TOUR BFuifl a%&&bfltfxmﬁl5he "moven
else j = 0; } eI se {*igoiftAteatie "&rdd"cmday. Acode .- D code + Tcc[ M code &
el se 50 . CJ.:Lp the line "'#”(:BCFG‘T‘EF? ]2DJ liae G:ligpi}ig épgl@d{ 55 [ * *
This is for a 1 bit staigrt,tJr poLnt; {Z pi 4sygnd point). */° A.code.= D_ code .+
Tcc[ M code] : 60 j = CP drammi.ﬁ(ﬂﬁut ]n, Vi ewport[th[A code & Oxf]wf
*nout += 1; el se f*1* 6 bit end point. if (M
code TV\OB|1?S) | if zmng%eg iﬁg ﬁﬁ%&“}ﬁ“d&ﬂé‘* thmcmeip?’&’f[‘ ctfel ; )
else { 70 fe code; if (ch[D code] - 1) Dcode’
TWOBI TS: Cp_move.Code = D_code;
_ if(j&SEGM){ _
15 _ if (Jecupy { .
. c B out[*nout] = pt_{ Cp move->Po:Lnt.
*nout += 1; )
c}mt[ *nout] = pt Cp draw->1>oint. .
20_ I *nout += 1. ; o o _
*/Here the line has.been rejected .+ See what we can do!
} else { .
25 S Begin with a 2 bits end point- B
Vs B N\
if (D_code & TWOBITS) { : -
30 '/* if (1 (M code & D _code)) {

-* If the start poim: is also-a 2 bits... Need some more to
*/make a decision! _ o _
*
if (M code & TWOBITS) {
35 _ : - Y= 1' DS
: - " Cp_t_move = pL_ Cp move->Point. .
Cp_t_¢ " draw = pt_| CP draw->Po:i.nt.

while (3) { .
CpA__pointx=(Cptmovex Cpt )/2
40 ) CpA_pointy=(Cptmovey Cp_t_draw.y) / 2

A _code = Cp_space_ code(&Cp int).
if (A_code & TWOBITS) { - :
if (A_code == D_code) Cptdraw=CpA__point.
: elseif(Acode=Mcode)Cptmove=CpA_point.
45 else j=0; -

} else { '
if (Acode&Dcode) Acode-Dcode+ch[Mcode&
oxf];- .
else . A_code =M code + Tec[D_code & ST
50 |  oxf); - ST T : o/
. 3=0: o o
}
}
: } else { _
55 /*
* This is for a 1 bit start point (2 bits end point)
*/
A code = D _code. + 'rcc[M code] ;
}
60 out[*nout) = Viewport[th[A_oode--& Oox£l):
. . *nout += ), . .
. } :
} else {
" ’
65 */llere we have a 1 bit end point. -
. *

if (Mcode&TWOBITS) {
. it (!(Mcode&noode))ncode-ncode+'rcc[ncode].
} else {
70 D_code | = M code; ' '
it (TcelD code] == 1) D code |-'rwoan's.

--18--



'/v* 5 ' * The general rule... if (D code & TWOBITS) { out[*nout] =

Viewport[Vpt[D code & Oxf]]; *nout += 1: 10 } * Copy the current
poi nt, as the next starting point. */ Pt_Cp nove->Point = *(in +i); 15
1if (*nout) ( outf*nout] 3= out[Q; *nout += 1; 20 1 The

i pl enent ation of the clipping algorithmillustrated above has been
programed for a nu ,er] of different workstations and conpared in speed to
the inpl ement ati ons” ofré hensdi hatd.and and Hodgman al gorithm and the Liang
and- Bar sky al gorithm/[igr a 3nd;rrber of different figures. In all cases, the
25~ al gorithm runs suldst | & JWeBAZS)ed t han do t he Sut herl and- Hodgnman and
t he Li ang and Barsky al gﬁ%{?ﬁﬁ:méﬁwemwﬁ%iﬁwgﬂ’ pol ygonal figures.

The al gori tilgm of thisjnvention is able to acconplish the operation using
both floating point /bperations and i nteger operations. Wen using integer
operations, the propd ChY ERTTeth PR at ERe eSS EtRRtINgI ROYPE-ast er than do

either 30 of the otheg danalGeidd DNgiq Al fHiough the invention has been
di scl osed i15 specificijarrangenments in order to illustrate its operation,

vari ous additional inmgfettpetdti ons of the invention will appear to those
skilled in the art Wthcﬁggézi\gﬁgrjiﬂbwﬂfomthe scope and spirit of the

i nvention. The inventijon'shoul d°35 therefore be considered to be that
defined by 20he scopge of the clainms which follow. - 20 -

The implerﬁentation of the clipping algorithm illustrated. above has
been programed for a number of different workstations and compared in speed
to the implementations of the Sutherland and Hodgman aigorithm and the Liang
and Barsky algorithm for a number of different figures. In all cases, the

25 algorithm runs substantiafly faster than do the Sutherland-Hodgman and the
| Liang and Barsky algorithms when comparing similar polygonal figures. The
algorithm of this invention is able to accomplish the operation using both
floating point operations and integer operations. When using integer
operations, the proposed invention oparates substantially faster than do either
30 of the other two algorithms.

Although the invention has been disclosed in specific
| arrahgements in order to illustrate its operation, various additional
— implementations of the invention will appear to those skilled in the art without
| departing from the scope and spirit of the invention. The invention should
35 therefore be considered to be that defined by the scope of the claims which

follow.
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G ALNMS ] A—et hod for clipping a polygon for dlsplay on a conputer
out put di spl ay, sald pol ygon conpri si ng begi nni ng and endi ng

0T e A A I T L A

substéntﬁa“ﬁy rectangular ‘di splay w ndow having four corners, said

nmet hod conpri sing the steps of:'assigning begi nning and ending codes
to the beginning and endinhg vertic

di.spl ay wi ndovommitér of aukputodedisplay si ng;aaid | eaotlyfgonr bepmprasingst

bit indicating #!EH th ert R och&% ne thr reqi ons
bel ow said display w {E%d g-aa s%@gh?gL %hiﬁr1 éé\ ﬁgr t he ertgx S

located i n orukgtankiaklye $E§?b§btleiﬁnéf §a¥ﬁlﬂgspﬁaysﬂpﬁdoﬂf asSapfrd
bi t indicati gbipgsher éafdveéiaé | pelifigat eippeanceet tags hage Kagi @ns.

b d d I nd d th b d t th t
shove =13 i IR, OR BB Pt LA oA L e
i ncl udi ng seuabnneksfosaﬂasmethodfcbmphlsingatﬂevstepseef lie in the same
region inside said d'§8£§§n¥h§d°ﬂ& ﬁﬁkﬂg'ngn algna%gg fQFdQ%SpE thebOth

of said vertices lie in I'on out Sl e sal ay wn
i ncl udi ng a pgeeginming sand suemsim dveptiges; s&ﬁ&hverqif cethe; ecpﬂes .

di fferent regiﬂ&‘fcé‘@i‘néawﬂethdé e&bﬁr%@t&é’\h}é}:ﬁ'@e&rlié@ edo8s r%f;ﬁ:ﬁ' d
display windof 828 Rave beidy, %toertrﬂe”erdlé’dt ofpp't%9 &le a0l
’ 14 [ 4 14
above and to ‘the right of, above and. to the left of,
below and to the right of, belOw'ahd"to the left of, or
inside said. dlsplay wlndow, each of the codes comprlslng
at least fonr blts, a. flrst b1t 1nd1cat1ng whether ther
vertex is located in one of the three reglons below sa1d
display window, a second bit~ 1nd1cating whether the
vertex is located in oneiof the_three regions ‘left of
said display window, a third bit indicating whether the
vertex is located in one of the three reglons above said
display window, and a fourth bit. 1nd1cat1ng whether the
vertex is located in one of “the - three_reg1ons rlght of
said display window; - - . S _ '
1nc1ud1ng said s1de for dlsplay if both of said
vertices 11e in the same reglon 1n51de sa1d dlsplay
window; _ _
excluding said side forfdiSPIEYfif'bOth of said
vertices lie in the same region outside said display.
window; ' _ _
including ‘a portion of said side for display if
said vertices lie in . different reQiohs and said side
intersects with one or two.edges'of said display window,
said portion being determined 'b_y clipping one or both
ends of said side which lie outside the display window;

ach-of “the codes indicating
whet her each of the vertices lies in a reglon that 'is above below, to the

Lt bl b nnd e ¢ noi oherBS; FoRlRBRNS: 5 Hilon B afafyel phls,

-\



ends of said side which lie outside the display w ndow, m
.21 - if said side does not intersect with any edge of said

said vertices lie in different regions and said different mﬁ“ﬂ"lmmmmm
sai d beglnnlng and ending vertices lie conprise two of four *si de Fegfons, *

saird side regions being the four regiengithat are above, below, to the
right and to the left of said display wi ndow, determning a first result by

f ' Bool OR t th d cod f the b
Bnd ondi ng verti cos afti FBIPAcAT SReP Sicto VAT SEGY EHHe PRE, Sag8 GEY 1 st
corners bei ng sakdcodisplay mdddwsplsaa.dm vt idessedtiet 0 im fdliffetlentved
oI oo ¢ EbbEbncahiCdat80h20 rRKNRO; 201 B8] JREHeSRITH  BloBniiE

first result; sard srde oes no ers edg€ o
wi ndow, sai d &ndtiendinge Nﬁr&iﬂﬁéreﬂneregbnnslaﬁd swo | ofist fonr osldald

vertices |iesrbgiBHs, Ofséﬁ'rsféé“%"egrﬁ%orb"elni;;‘ €h& O'EoRr rftﬂ&i’éﬁs behgg the
four regions that are abqgve and ove and_to the ri ht below

and to the | eR¥eaRPAY& 0PI ¢ otPhEDE; gﬂ’hgb("if and qtgi &peayleft
determ ni ng adiephag windiow,byadterinfimiingg & ﬁf&ieaﬂeﬁm:opyr @bmarﬂ&nghe

2551 uned C0dog, Bl Sal Ui TcBsRRLoR1°bAS 151 RESg0RA hdes 7 SEhS,
the four cornbeginpivgs,andplendiny swertices \andh nepéaomdgcmamsi sided
second cor nerybepng é‘hﬁ‘zé?@?fn&i Séhgddgﬁﬂ'%@.y d@ﬂﬂ-fé‘l""ﬁé;ﬁ’%«?sihéockﬁ}ﬁ egi on
of the endlng vertex I sal.d second result is equal to zero
of said display window closest to a flrst derived region,
said first derived region having an assigned code equal
N to the first result;

if said side does not intersect with any edge of
said display window, said vertices 1lie in different
regions and at least one of said vertices lies in one of
four corner regions, said corner regions being the four
regions that are above and to the left, above and to the
right, below and to the left and below and to the right
of said display window, determining a second result by
performing a Boolean AND"operation on the assigned codes
of the beginning and ending vertices, and

(i) if said second result is not equal to zero
and said ending vertex lies in one of the four corner
regions, replacing said side with a second corner, said
second. corner being the corner of said display window
closest to the region of the ending vertex,

(ii) if said second result is equal to zero, and
if said ending vertex lies in one of said side regions,
deriving a second derived region and replacing said side
with a third corner, said third corner being the corner
of said display window closest to the second derived
region, '

(iii) if said second result is equal to zero,
and if said beginning vertex lies in one of said side
regions, determining a replacement edge and replacing



ex lies in one of said side reglons deriving a second

derived re replacing said side with a third corner, said third
E“‘“m Em“aiﬁorner of said display w ndow cl osest to t he second . .

d i) if said second result is equal to zero, and i f sai d
beglnnlng vertex lies in one of sald'ﬁ%kareglons, determning a-

repl acenent edge and repl acing - 22 - said side.with the replacenent
edge, sai dghgpl asfaentwﬁggethewfapfaééﬁéﬁtp@dge anQanStﬂé’pP&ééﬁeﬁ\E'd
bei ng an ed of .sai-d |splg¥ gn said start bEqu the cor ner_-of
sai d dlSp|§§ MR R eSFAF ?gll&ts@&%dadﬁF?QeB°i‘§§1 RGP poigt

being the cetyer of said display windiow.Clssbdtstartt bemtegmmg othet he
ending vert g () o {2840 c3etand, T 63Hhiy S cEga | 3 °Big Matlndl

begi nni ng ver li€S in ~one o grons and . sai vertex:
lies. in ademfvedemem.ofssm dsmpnaplntgibensng ther iconnen qu sdldlerl ved
region and HRRIAGY wididhys! (A oleldt 2¢hOUERR CPeBSbn SBEU ERN tEngRhger
being the corngﬁgﬂe’n saléﬂﬁﬁsp é& wi ndow cl osest 0 ?he thlrg de??vfge
region. 2..Vertewe nethod for: clipping a polygon for display as set

forth. -in claiml, whereife Ss'aihsa‘é&ﬁhd@ésuﬁd isgé@@alstdeieye;i and

foll det, t_and d | d_first _|ooku
rogl on bel nd? {RBI8" begdhnths, Necher dHed afn she; o, SedelternRE

| ookup regi redieing drit seif ending areu-tlgpctmaebejgm na@i dif ferenk, onedoset t i hg
the first @gwd”%tfﬁgﬂopeofogg eagfkvaﬂg a th1rd derlved region and

replaclng saiad. suie wn:h a fourth corner,. sa:l.d fourth '

corner be1ng the corner of said dlsplay window closest to W/
the third derived region.

2;. - The method'for clipping'a:poiygon for'display as
- set forth in c1a1m 1, whereln sald second. derived region
is: derlved as follows. : _ _ _
determlnlng flrst and second 1ookup reglons, said
flrst 1ookup region. belng the . reglon contalnlng the
i endlng vertex, said. second . lookup reglon belng the region
"contalnlng the. beglnnlng vertex, and . = . : _
_ settlng the flrst derived reglon to ‘be equal to
the sum of an ar1thmet1c 1ncrement and. the: code for said
_ second lookup reglon, said arlthmetlc increment being -
'looked up from a table using said flrst lookup region,
sald table compr1s1ng the -assigned: .codes. for said first
lookup region and a plurallty,of correspond;ng arithmetic
incremehts.

- 3. | The method for cllpplng a polygon for display on
a computer output dlsplay as . set forth in c¢laim 2,
'whereln said erlthmetlc increments correspondlng_to said

__first lookup.region are -3, =6, +3 and +6.

4. The_method.for_clipping a poljgon'for display on



the sumof an arithnetic increnent and the code for said second | ookup
:region, said arithmetic increment being |ooked up froma tammﬂmu““j‘“m“‘
first | ookup region, said table conprising the assigned co .
first |1cokup region and a plurality of corresponding arithnet’cSnérefents.

3. The nmethod for clipping a pel ggor for display on a conputer out put
display as set forth in claim2, wherein said arithnetic increnents

corresponding to said first, | ook region are -3, -6, +3 and +6., 4.

The aorhod [8r CPRBBERE oURToo R SRIRY < pRnysBE Eotths 1hg QLR 2r

out gut di spl elezeinecisalial tthird cderivdd wegienn isairksdlivedl desi bad bEgi on
is resol ved 0 f s Sj i roner .r.eqi applying.the
ot hod of t hEYS, SRRy N SERE-EPEnER, FallnB mil by o SERy iddpbd
gener at ed byof fhe Rfesent bimvertionptocassruncated véxsionhof said

clipping pol ¥gassgkferdtenl 8y 8'mddCPBERNLCEUBHERYEIdhSBdkesSt antially as
her ei nbef ore described with Teference to the acconpanyi ng draw ngs.

5. The method of clipping polygons for display on a
computer output display substantially as hereinbefore
described with reference to the accompanying drawings.



