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METHOD AND APPARATUS FOR-I MAGE MANI PULATI ON Background of the Invention The
present invention relates to apparatus and nethods for displaying 5

graphic information. Mre particularly, the present_invention relates, to |
data processing apparatus and, methods for géhérat¥ngald manipul ating *
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objects. Historically, humans have communicated with computers through a
series of discrele commands which typically comprise a combination of both
text and mathematical symbolic characters. The combinations of discrete
commands are usually referred to as programming Iangeages. Examples ot -
languages using such commands include Fortran, Algol, PU/1, Basic, and
Cobal. These programming languages transform a given set of user commands
into machine executable “object” code.

The ease with which a computer user becomes proficient in interacting

- with a computer system is related to how closgly the operation of the system

follows the logical patterns familiar to the computer user. If the computer user is
able to enter commands in an order or form which he finds logically appropriate
rather than having to transpose his desired commands into the code ot a
programmng language, proficiency in the language is achieved at a greater
rate

One system which has been developed to reduce the learning time
required for a computer user to become proficient is referred to as an "object-
oriented” system. An object oriented system replaces many common coded

programming commands with graphic images on a computer display.
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-2- Quantitatively, it has been found that since people readily think in
terfrs of’images, a person can absorb and mani pul ate information presented
in a visual context much faster than information represented by text. The

par ti cul ar type of graphic interface by which the user interacts with the
mac hi* may vary for 5 any given application. One common interface
utilizes multiple "wi ndows" displayed on a cathode-ray tube to represent

i ndi vi dual conputer files; in each wi ndow, conbinations of text and
graphics are used to convey information. Ep& exanpl e, each w ndow nmay
appear as an inmage having a formsimlar to"the 10 outline of a file

folder of the ty éh?i?é?iy%lﬂ. ?Ri& ng; iz{ai Quﬂc&g%ﬂ]@}eadﬁﬂgﬁ?lﬁx‘ﬁqgmﬁé’&der nmay

overlap other folders w ol der constitutl e current work

file. The user ndmagels] apersin edreatisoftoandunanipulatecintorinatiorLipreeerited irl & visoalder
wi ndow, add newitens to the file folder, refile the file folder wi ndow in

anot her | ocat i on,conet mych, tasigrthan ilogpation represented by text.oiThe pagicvlactires! i f
it were an 15 a . f o ' [ phi c
| mage. vi th whi ch riae rterface By e o YRePildrfid whfi e BUHE ol rpiAP" T
al 'owi ng the @seranyogivgreappicatisn.and mani pul ate the inage in substantially
the same way as ' the fam liar object, the conputer becones easier for the

user to operate and bOPgReIMAN interiace utiizgs multiple "windows™AisplayegPrya aphi ¢
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characters. To preagibifationgbPtell &1 graphiitsareUsed 16 3bmaY antbadationbd@Fort he screen
full, of images or text is represented as either a one (black dot) or a zero

(white dot) in a exaople, eachwindpy mayappeatasian imnagehavingsiormrsimilas te thepl est
form each pigture ele L xel) qn the screen .. be represented by a
monory bit. 11D ¢ el ae it B the Jepst Uspe i TonR iy cebFBh R S 85T | o
bits of nenory arigidpemas 2e6ap GthéraBIIBASRin RBCHloMAbRBA coRQiAiRARP cLabmt hi s,

a block of nmenory may be allocated in a data processing storage systemwth
each menory bit (workfilex Wie usepmeyl add podeletedntotmationdiomythe@urrepti fitefolden t he
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location, and, generally, operate on the file folder window as if it were an
1S actual file folder in an office.

. Thus, by using a grabhic image with which the user is familiar to
represent the user's command, and allowing the user to operate on and
manipulate the image in substantially the same way as the familiar object, the

U computer becomes easier for the user to operate and becomes so more rapidly.

20 . Although graphic representations have been found to be useful in
computer systems, large amounts of memory are required to generate, store,
and man'ipulate graphics characters. To produce a graphics display on a
cathode ray tube, the screen full of images or text is represented as eithe} a
one (black dot) or a zero (white dot) in a block of memory known as a "bitmap”.

25 Inits simplest form, each picture element (pixel) on the screen must be
represented by a memory bit. If the display screen has 1024 by 1024 pixels,
then one million bits of memofy are necessary to represent each screen. To
‘accomplish this, a block of memory may be allocated in a data processing
storage system with each memary bit (a 1 or 0) mapped onto a corresponding

30 pixel on the display system. Such, a one-to-one correspondence between the

bitmap and the cathode-ray tube display requires a significant amount of



-3- storage space within the conputer's core nenory. In addition,:the:
generation and mani pul ation of an inmage or character requires that
virtually all bits in the bitmap be updated after any nodification-to an
image. This procedure is both repetitive and tine consum ng and N
significantly hanpers the practical use of 5 interactive graphic display.
operating systenms. To reduce the anount of storage necessary to provide the
necessary graphic capabilities for such systens, various nethods have been
devi sed. However, all such systens include |limtations such as the type of
i‘mages they are capabl e of handling and Jsrani pul ati ng. -4- Summary of the
I'nventi on The present invention provides nethods and apparatus which are
advant ageous| y sipsege space withinibe icompuler's corednemoryl Io adgitiorgthé generatiinde 5

i nproved graphi capability. These techniques perpt the presentation and
mani pul ati on ofgéﬁ'f%"??ﬁ AR yMARS P '?%%i 'Bﬁ“'Feﬁ thalviually all Sitg,ipdhe ap| es” .
The met hod andpamasb b Snv MSE RS th ',@gg& rved
edges of graphi cal _gr gtgrbggtg%tagtb_’i'?Xsaﬁn%%ﬁgé?ﬂ%&?eﬁfge , ué?f}%f)ogﬁ, and
conbi ned. 10 repetitiveranchlime ggnsuming and sigaificantly, hanipersithal pradtical usdesicr i pt i ons
of both images.and clip regions are converted to shape data structures
prior to an cf']q?)rﬁfnhv@ &Pp?'gﬁg@?ﬁyn%"%?mgh%s?%es. Thereafter, a bool ean

operator is applied ) Utdcd ni e shape
agai nst anot her therae_‘a?hgﬁ)duci%ﬂyﬁﬁihapegﬁgﬁp@ggg%s%%gg he two
sour ce shape dgraphictcapabilitiessior Shits sysiems) vapions siethods taye bbemdbsséaender ed or
used by subsequgent. shape erations. According to the invention, a shape
consists of a E@WP&I- g\? §q§g§y§tg@§ a'ﬁﬁ'P@% hmitations such as the type of images they

are capable of handling and manipulating.



defining an area of the screen in device coordinates. This - list is defined
to be sorted i.n ascending order on the Y axis. For each Y range, there is
an assoti ated X range al so sorted in ascending order. 20 As will be
seen_fromthe description which follows, structures defined using the shape
data*structure techni que may be | arge and varied yet utilize only a
relatively few definition points. Consequently, the amount of nenory
necessary to store the graphic structures using the shape data structure is
drastically reduced over that used by the nore usual nethods of graphic 25
storage. Moreover, shape data structures may be mani pul ated easily by
conputer systens utilizing well known baojean operators. Brief Description
of the Drawi ngs 30 ' Figure 1 illustrates in block diagramforma

general i zed cowhmw utilize the invention. -5- Figure
2 s afirst two dinenstonal r1Tustration of a shape data structure in
accordance with the Whama’enhinv&ht'gmrmoﬁdésmtl’mdsmd apparatusmhieli areal shape
data structure prepared in accordance W entio Figure 4
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5(a-c) illustrate partic perations wnich
acconpl i shed i n manipuldtiorcef anytakrbllrbelyldeﬁmd region ifviterovscofGshapeaabibslt t
illustrating different possible intersections o ments in a

f
one- di mensi onal det er'hemathed,and, apparatus ot this HE’E tﬁ‘%’ Qrb%f ﬁ"?"’ﬁ@" ﬁUB’ﬁFl on.
Figure 7 is a ch gtoe c*?rérﬁh%a QéétnPé’litoﬁ ¥'te f?l‘(édj r&@e’?@d‘tch g aR§9TENLS N
00 ope

aq&gnpllshlng t he trons erre ure N practicing
thé i nvention. 1&ombined. Fi gur e 8 is an illustration of a gener alized
operation ca]ré ' ed OUtAolchdmg to the invention, the analytical descnptlons of both images

and clip regions are converted to shape data structures prior to any clipping or

rendering of the images. Thereafter, a boolean operator is applied to the shape

data structures to manipulate one shape against another thereby producing a

new shape thich depends upon the two'source shape data structures. This

1S output shape may then be rendered or used by subsequent shape operations.

According te the invention, a shape consists of a s_on'ed list of rectangles
defining an area of the screen in device coordinates. This list is defined to be
sorted in ascending order on the Y axis. For each Y range, there is an

\ associated X range also sorted in ascending order.

20 As will be seen from the description which follows, structures defined
using the shape data structure technique may be large and varied yet utilize
only a relatively few definition points. Consequently, the amount of memory
necessary to store the graphic structures using the shape data structure is
drastically reduced over that used by the more usual methods of graphic

as siorage. Moreover, shape data structures may be manipulated easily by

computer systems utilizing well known boolean operators.

Brief Description of the Drawings
30 Figure 1 illustrates in block diagram form a generalized computer

system which may utilize the invention.



accordance with the invention. Figure 9 is an illustration of a nore*
particul ari zed bool ean operation carried out in accordance with.the

i nvention. 20 Notation and Nonencl ature The detail ed descriptions Which
follow are presented largely in ternms of algorithnms and synbolic
representations of operations on data bits within a conputer nenory. Thﬁée
algorithmc descriptions and representations are the neans used by those
skilled in the data processing arts to nost effectively 25 convey the
substance of their work to others skilled_in the art. An algorithmis here,
and generally, conceived to be a self- consi st ent sequence of steps | eading

of physi cal quant i FIRars & SR Rotiefeiond FEHoR B 43S el 7 | P22

take the formipfacebdahéd with tl%mﬁf&ﬂibﬁtl c signals capable of being 30
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however, tigat all FHgdreosn mﬂugmﬁbha atvﬁﬁdaiu dlRedl th BSMPRELGIaphRY Wi th the

appropriate physi cal quantities and are nerely convenient |abels applied to
these quanti t idisplays rendered biyua shape diagramninracpardanteowish therinwentied. are of t en

referred to in ter suc or. co h are cqmmon
associated with rre p%?aﬁ3 @‘f‘?graB%P?WFW@ BV'Q&?G%?P%%P&%’BP”% such
capabi | i ty" of \gnign iy ISHJSéc%TrﬁHhshe% NS4 /iahdl %%h%&inﬂfaﬂi&s in most cases in
any of the operatlons descri bed herein which formpart of the present

i nvention; the opelFigurertisca eharomustmﬂhgnﬁfewmpassuhlasmetsseﬁods ofawbilines for
perform ng the operatjons of.the present .invention include general purpose

. digital ut%gé“‘ﬂts ¥ ¢ gpe-dimgnsionaldejermiaatiop cagad ominACCOIanes Mthnct i on

bet ween t he &’é?ﬂ%at lons in operating a conputer and the nethod of
conput ati on |tsel uld be borne in
Figure 7 is a chart listing the outputs and providing next step segments

in accomplishing the boolean operations referred to in Figure § in practicing
the invention. |
1S : Flgure 8 is an illustration of a generallzed operation carried out in
accordance with the mventnon
Figure 9 is -an illustration of a more particularized boolean operation

carried out in accordance with the invention.

20 Notation and Nomencilature

The detailed descriptions which follow are presented largely in terms of
algorithms and symbolic representations of operations on data bits within a
computer memory. These alg.orithmic descriptions and representations are the
means used by those skilled in the data processing arts to most effectively

25 convey the substance of their work to others skilled in the art.

An algorithm is here, and generally, conceived to be a self-consistent
sequence of steps leading to a desired result. The steps are those requiring
physical marnipulations of physical quantities. Usually, though not necessarily,
these quantities take the form of electrical or magnetic signals capable of being

30  stored, transferred, combined, compared, and otherwise manipulated. It has

proven convenient at times, principally for reasons of common usage., to refer



m nd. The' present invention relates to nethadd steps for operating a
computer in 15 processing electrical or other (e.g. nechanical, chemcal)
physi cal signals to generate other desired physical signals. The present
invention also relates to apparatus for perform ng these operations. This
apparafus may be specially constructed for the required purposes or it may
conprise a general purpose conputer as selectively 20 activated or
reconfigured by a conputer program stored in the conputer. The al gorithns
presented herein are not inherently related to any particul ar conputer or
ot her apparatus. In particular, various @eneral purpose machi nes may be
used with prograns witten in accordance with the teachings herein, or it

may prove nore comiEsPaANAsATRif VRles. algpents,yabals: sharagiBatefi¥s to 25
perform the requ'qﬁ%e@tol??%ﬁk.e hg-ll.l- ese(r: % ISfling! ﬁéWé\)éFﬁhét‘Hllgtﬂgl egg'hy of

t hese machi nes w appea rom on gl ven bel ow.

Descri pti on CGenersihildoitéintareqs be Gissediatod with the approprizte physical ghantities ahgipi cal
conput er - based system for generating conputer graphic 1mges according to
t he present i nverff® mprelgieenyenient dabels appjied to,tese Quantiliefhi ch conpri ses an

ctTuctured oPin o ankCRbareEeiARIons 5Bl Emid i TRbh Mekfs BH'aRie 881 1

structured formto and 0 asso

equi pment, a centdsddddigosessmpigingwhick GR-Bordronif agsetiatedwith méntalThese
conponents are those typically found in nost general 5 and sPeC|aI pur pose

conputers; and t IRpesasipes apriemmady & humar aperatpryNorsush capghiite of adumes
ot ended {0 be ! RBERISP Tobkel of St IR DS LRBE Y o ofih pBege
conputer 20 i ncl UgRdribafhdrBRswhiB b Par’ 6 thdpresert ihlention:thé @pbratibhs are
Mountain View, California. Qther conputers having |ike capabilities may of
10 course be Oadapaching operatinnsailgieful frachiaes! farperienmingthecpemtions wétheever al
functions descri b;;ergsebn?lirg)vvght_ion include géneral purpose digital computers or other similar
devices. In all cases the distinction between the method operations in
operating a computer and the method of computation itself should be borne in
mind. The present invention relates to method steps for operating a computer in
1S  processing electrical or other (e.g. mechanibal, chemical) physical signals to
generate other desired physical signals.
The present invention also relates to apparatus for performing these
operations. This apparatus may be specially constructed for the required
> purposes or it may comprise a general purpose computer as selectively
20 activated or reconfigured by a computer program stored in the computer. The
algorithms presented herein are not inherently related to any particular
computer or other apparatus. In particular, various general purpose machines
may be used with programs written in accordance with the teachings herein, or
it may prove more convenient to construct more specialized apparatus 1o
25 perform the required method steps. The required structure for a variety of these
machines will appear from the description given below.
alled Descript
General System Configuration

30 Figure 1 shows a typical computer-based system for generating

computer graphic images according to the present invention. Shown isa



Figure 1 also illustrates an input device 30 shown as a. keyboard: It-should
be understood, however, that the input device 30 nmay actually be a card
reader, a magnetic or paper tape reader,. or sone other well-known input 15
devi ce such as, of course, another conputer. A mass nenory device 32 is-.,
coupled to the input/output circuit 22 and provides additional storage &/
capability for the conputer 20. The mass nenory device 32 nay be used to
store prograns, fonts for given characters, and the |i ke and may take the
formof a nmagnetic or paper tape reader or sonme other well known device. It
wll be 20 appreci ated that the data 7etained wthin the mass nenory

"t comput or Pl BDMRBY SRS mp iUt S 22 Sed £ SpRBRLe o0 O
34 is illustrgafpmatidh ﬁ'%ghl?ﬁhg@gﬁlﬂcﬁ}%ﬁﬁtd%fr&ﬁ%oth@iﬁ&ts&ﬁﬂer ated by

the present invention. i splay nonitor 34 25 nmay take the form of
any of sever atompiter 2hanthasseciated equipmentaa perieal processing uit (pPU)24.0r sone
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program for inplenenting the operations and 30 routines described herein
t o nonitor ancorsputer20 arerinignderkio bfi represgatative atthis)broadicategend of Hatal i ke may
be stored within the ry 26. -8- 1t shoul d. of caqur b nder st ood
by those ski | P@EEIH"S: %ﬁ?‘ﬁa’t%&ﬂpﬁ%ﬁﬂ%‘ﬂ‘? pﬁtﬁ %S?SB%'SB? g@ﬁecrgﬁe °3y the use
of a special pyhpaseadlingiided n%ﬁﬁié&?ﬁarﬂﬁadf&bh 59 Sun MicessyStedls, Ri¢r,pose
conputer illustrated in Figure 1. 5 ~ ' ~ The Shape Data .
St ruct ure TheMpuetimViewnCalifornisn Other computers hgvieg like capabiliiesigfayroéd regi on ™
internms of a sha(ge dat a atructure. Such a structure consiﬂstqi of a list of
_rect angl esOdefPuiPhEe 2AaRIPR I 3 piraight fapyard mapnertoperinrn the sgveral ncionsyeyi ce
coordi nates. JIhe bbgthefw.r €Ctangles is sorted in ascending order based on
For '

its Y axis. _
Figure 1 also illustrates an input device 30 shown as a keyboard. It -

should be understood, however, that the input device 30 may actually be a
card reader, a magnetic or paper tape reader. or some other well-known input
1S  device such as, of course, another cbmputer. A mass memory device 32 is
coupled to the input/output circuit 22 and provide_; additional storage
capability for the computer 20. The mass memory device 32 may be used to
store programs, fonts for given characters, and the like and may take the form of
-a magnetic or paper tape reader or some other well known device. It will be W
2C appreciated that the data retained within the mass memory device 32, may, in
appropriate cases, be incorporated in standard fashion into computer 20 as |
part of the memory 26.
In addition, a display monitor 34 is illustrated which is used to display the
images being generated by the present invention. Such a display monitor 34
25 may take the form of any of several well-known varieties of cathode ray tube
displays or some other well known type of display. |
As is well known, the memory 26 may include programs which represent
a variety of séquences of instructions for execution by the central processing
unit 24. For example, the control program f_or implementing the operations and
30 routines described herein 1o monitor and control programs, disk operating

systems, and the like may be stored within the memory 26.



10 each’Y range,  there is an associated X range al so sorted in ascending
order. Referring nowto Figure 2, a structure is illustrated which may be
defined'as. a shape data structure. The structure shown is defined in
generalized ternms. Along the left side of the structure, a vertical Y axis
proce®ds in increasing order fromupper point [err] down through points 15
concluding with Y3. Along the upper horizontal axis:proceeding fromleft to
right in increasing order appear points |abelled [err] through X3. Each
shape data structure is defined by a series of rectangles which proceed
along the Y axis fromthe uppernost to the $ ower nost poi nt of the figure.

The generalized confiquration shown in Fi %gre 2, for instance, is defined
by three rectangl es. J@houig,ef qourseqhepader Bﬁbi'é)"%@fsf‘WEdf%@eﬁﬁ‘ébE“Bﬁta

structure are arrj Walall | AL A | ks Laui ng
along the Y axis 'tyne?'??ﬁgnagﬁbaeggg&%gy Stﬁél Hgé]ﬁfeégpégﬁﬁu n‘g’%o#éntﬁggg? (?E{: %re
on the X axis. Thwell ad e generas pupote compiter-ilgsirated in Figaréitt st rectangl e

| ies between the Y coordinates [err] and [err] and between the X
coordinates [err] and X2. The coordinates of this rectangle are 25 listed
in Figure 2 i generalized form aspl.e lJst line to the right
of the structdre. The second rect %‘@M%e first ends at the
change in the X di menghepresshi iavérmioh asgreseis anparbitiatilyydefinetidegion @stermsr |

and [err] and as its X coordinates [err] and X3. The coordi nates of this
rectangl e are |i Sf@shgpe cpd SRl Pygea sluatpre copgiple ahe lishef reelang'esire. The
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coordi nates [err] are

the structure. A FpaReofiRtngles idsoretilih @EeHningadtdér ezed ORMESLAtis.aRoRr ea of
a page on a printer device. This algorithmcan al.so be applied to graphics

on printers. Ithe eashi¥ eangegthere id@ni assecialgdhrange disossaneddn apegnding-erder.

truct f Fi 245 th | ly.rectili o f ' i t
FLructure of FLOUTe 2deihe SETEF Ry 2 EAPhIER AR R, 1
and [err] back tagdined REQi shap&daRQitiiEtukes! The structure shown is defined in

generalized terms. Along the left side of the structure, a vertical Y axis

D

proceeds in increasing order from upper point Yo down through points

1S concluding with Y3. Along the upper horizontal axis pfoéeeding from left to
right in increasing order appear points labslied Xg through X3. Each shape
data structure is defined by a series of rectangles which proceed along the Y
axis from the uppermost to the lowermost point of the ﬁgure. The generalized

o configuration shown in Figure 2, for instance, is defined by three rectangles.

20 The rectangles used to define the shape data structure are arrived at by
beginning at the initial Y point and continuing along the Y axis until a change
occurs in the dimensions of the structure on the X axis. Thus, for the structure
of Figure 2, the first rectangle fies between the Y coordinates Yg and Y1 and
between the X coordinates X1 and X2. The coordinates of this rectangle are

25 listed in Figure 2 in generalized form as (Y0, Y1) (X1, X2) on the first line to
the right of the structure. The second rectangle begins where the first ends at
the change in the X dimension; this rectangle has as its Y coordinates Y1 and
Y2 and as its X coordinates Xg and X3. The coordinates of this rectangle are
listed on the second line to the right of the structure. The third rectangle is

30 defined by the Y coordinates Y2 and Y3 and the X coordinates Xp and X2
which are listed in the third line to the right of the structure. A shape data



At this point, a bounding box needs also to be defined. ‘A bounding box is
the | east rectangle which encloses an entire configuration while just
touching the edges of the configuration. In the configuration of Figure 2,
the 10 bounding box is the rectangle enclosed by the rectangle joining. the
points [err] [err] and [err] and [err] Figure 3 illustrates a §Ai
particul ari zed rectilinear figure described by a shape data structure
havi ng particul ar designated points. In the configuration of Figure 3, the
rect angul ar shapes describing the region begin at the [err] 1 5 point and
proceed downward until a first change t+9 reached in the area defined al ong

(e X ot s ThSelid o SMRE-A MG bR bR Bl L0, 25

(0,3) (6,9) al"ong axi| cons a pair of

rectangl es ha\digugitiind eas alke bé &ppied & ?aph.bybn@hﬁfbﬁ; ent X dinensions. These
coordinates are given to the right of the structure as (0,2) and (0, 3)

(6,9). The 20 secﬁmemgetrwgmnaﬁnemyp@emager@l@dcsi@pqldm%wc(@e 8§ al ong the

Y axis and fr t o rdi nat es
for this seco regé Ped} g?é"gﬁ%ﬁﬁé)ar%lgﬁe ‘rqﬁmwgg'f‘s{%ﬁt ?éF'E&EYQJg as (2,5)
(0,9). Thegt hignd doaﬁﬁmgélacwsd veosghane p&aﬁgvgtxy%txze Yia%a,lYexgops di nat es
(5,8) along the Y axis and (0, 4) al ong the X axis. The coordinates for this
shape are showf.i\Y3Xeh¥320. Yﬂl"PFG dinldere ﬂ@aﬁh@ihﬁd?ml@fngtmts’(omture A
shape data structu

for I d,.rectan cor of t he
type which night beghése%m UW'P]%IgW‘ Pgeq%ﬁq {Cﬂ%t% '"Pﬂ 21 °1‘he shape
data structurgg ir@rlew&eaanéwmmaiérfblbs@graardnﬁfe%adﬁgufaﬂsﬁ w&a& ﬁt%t' llustrated
in generalized formin Figure 4. The uppernost rectangle has Y coordi nat esu

30 of [err] tewrhing be®dgesat the configwatiqn. Inithe coufigurationred Figuretfathe hi s

Tyt ube, TRl BoR i BBk SRR RS g op SlcEiaF R ol BoblnB s o cr

define the curggdgCxs,Nes X3ang @@,vmxbn Figure 4 as nore widely separated to
assi st i n understandi ng tﬁe concept. The second rectangl e has Y coordinates

of [err] Y2 and X Eigurelidnilusieates a[pamcptanzem rectinean jpute gasctbediby @ or der
downvar dl'y shape data structure having particular designated points. In the configuration
of Figure 3, the rectangular shapes describing the region begin at the Yo
1S point and proceed downward until a first change is reached in the area defined
along the X axis. This first shape. has the coordinates (0,2) along the Y axis
and (0,3) (6,9) along the X axis and is, consequently, defined by a pair of
rectangles having the same Y dimensions but different X dimensions. These
coordinates are given to the right of the structure as (0,2) and (0,3) (6.9). The
2C  second rectangular shape has the coordinates (2,5) along the Y axis and from -
0 along the X axis to 9 along the X axis. The coordinates for this second
rectangle are given to the right of the structure as (2,5) (0,9). The third
rectangle of the shape data structure has the coordinates (5,8) along the Y axis
and {0,4) along the X axis. The coordinates for this shape are shown in the
25 third line to the right of the stmctlure.
A shape data structure for a solid rectangle having roundec_l corners of
the type which might be used for a window is illustrated in Figure 4. The
shape data structure for the cbnfiguration comprises the rectangles illustrated
in generalized form in Figure 4. The uppermost rectangle has Y coordinates
30 of Yo, Y1 and X coordinates of Xg, X7. It should be noted that this first

rectangle would probably comprise a single scan line on the cathode ray tube.



5 along the ¥ axis with each change in the X dinmension until the point
[err] is reached; fromthis point the structure does not vary in-the X

di nensi on bétween the points [err] and [err] and thus the next rectangle
has the coordinates [err] and [err] Beyond the | arge central rectangle
just~Hbfined, the shape data structure continues downwardly with a series
of smaller rectangles each 10 essentially defined by a single scan |ine on
a cathode-ray tube. These include the rectangle with coordinates [err] and
[err] through the rectangle with coordinates [err] and [err] As can be
seen fromthe structures defined to thi%-point using the shape data

structure techni ar I ng 15
only a rel ati vek@wpgw gg?qfﬁ Y? h&?ﬁgn %Sélé J@ﬁ?ﬁ%’ggwg"cfhr% ?“?% menory
necessary to St giiRed @8marsar éhownr.uqﬁiwrea b$ m&rr@wa)aédpmwdiwsﬁmﬁr t hat
used by the nore usual nethods of graphic storage. ul ating the

Shape Data Strudnggrstandisg dhecengept. sThe secand 'ﬂ@ﬂ‘ﬂ@:é’f% ErOQQ jagtes oLVar regi on

operators, 5 - Menex BoRHindiaer e xen, il lerlhedF anaBt T bR BodnRRRY, oy

be acconpl i sged al¢ngihé YaxisowitiReSEH cHangé #Phe JedithenbioH TntitRe ﬁm vgipverlap
each other. Figure 5a illustrates the | ogical neaning of the union operator

whi ch produces ssacbad;frdm tisipaintibe strutturegddelsanot uaralm ﬂm@( dimepsiohdebeedny t he

T

nmeani ng of the an@baocxsgosepéndm 1ardb ehralirb@An@I8 sk befinedOtHe shabdata
rectangl es. The intersection operator produces an output shape describing

t he area common stmcthmtdonnnmstdaﬂmmdly with & sempmsnmllémemaeglak edoln cl i pping
and det erm n| ng areas, of over regi ons ed on a

“cat hode ray 'Pub@ssentigly @r@@dlqﬂ£§‘f‘9'§t n i °Pés‘iﬁ"?°§’°dﬁy G‘fqel |E’?‘%§a Hade
di fference oper a{é)rec%gtef\enﬁ BBortRaiedNBH NG arddS2) 00 thbdgn dhd FRifHfewrper at or

produces an out put shape
coordinates Y12, Y13 and Xg, X7.
As can be seen from the structures defined to this point using the shape
data structure technique, large and varied structures may be defined using
1S only a relatively few definition points. Consequently, the amount of memory
necessary to store the .graphic structures is drastically reduced over that used

by the more usual methods of graphic storage.



whi ch describes the area contained in one input shape that is not

over | apped (covered) by any area of the other input shape. It is useful,

anmong other things, 20 in conputing the visible area of a wi ndow which is
overi apped by other windows. In describing the manipul ation of shape data,
structures, algorithnms wll "be utilized in order to make the descri ptiong..

nore succinct. In utilizing these algorithns, two input shape data

structures are conpared at a tinme; these input 25 shape data structures

are scanned and conpared, rectangle by rectangle. Segnments of each shape :
data structure are processed in pairs; these segnents are the |lines i
conprising the X and Y coordi nates WHtch define each rectangl e maki ng up

each shape data structure. At any particular tine, the pair of segnents

under consideration cont 56 t hape data 30 .
structure and one segmnW?ﬁ@M&mucture. However, as |
the process proceedshape 8sgsrotiureystiped ierd particbibyregiononsspgment deri ved

- 12 - fromthe ori ?i nal -segnents whi ch have just been mani pul ated. Wen
al | of the sefdpipuiatadtoqrevide usgiuliaytput hy pwans af gandasd sphenesatessd, t he out put

shape is np . r romone the output data shape.structure
whi ch should t@t"ge_s'g‘(’asg'rg gsttgéa%u%%o%rgﬁ& %t}eret%s ‘3@@? gf%’r%e 5?“8}3"8'FEJJ .

i ntersection, updritwl fecRINGUIRE shate di(2 Eirddures Whidh ovamiap BaeR ofidyi sed. This
overlap routine presents all of the possible conditions under which two

li ne segnents may Figura 8 illyalsatas thehlegicahmeanioy ptithe uninmoperater axhialr dance

overl ap possi BroRUpRet bt PR eRcuib g ToBFlsbicr prilos B By he Bikiptl “che
over | ap routi gkapedita birictirek] MhisSRASHRAPE id Brodeddd EdntMoudih 1R FegiSRET al i zed a’

[err] and [err] and the second |ine segnment is defined by points
generali z amapor may et pyeriap. The codes | abel l ed with negative nunbers are

' ' ' do not, in.f | ap. fi
exanpl e, 1 abel | e FRURTSE TRETAPEoRdhy mbghing fmecahiieilon ol Gai o

intersection operator to the two rectangles. The intersection operator produces

an output shape describing the area common to both input shapes. It is
especially useful for clipping and determining areas of overlap of two regions to
1S be displayed on a cathode ray tube:
Figure Sc illustrates the results '6f utilizing the difference operator on
the two rectangular regions. The difference operator produces an output shape

which describes the area contained in one input shape that is not overlapped

icovered) by any area of the other input shape. It is usetul, among other things, u
2. in computing the visible area of a window which is overiapped by other
windows.

In describing the manipulation of shape data structures, aigorithms will
be utilized in order to make the descriptions more succinct. In utilizing these
aigorithms, two input shape data structures are compared at a time; these input

25 shape data structures are scanned and compared, rectangle by rectangle.
Segments of each shape data structure are processed in pairs; these segments
are the lines comprising the X and Y coordinates which define each rectangle
making up eaéh shape data structure. At any particular time, the pair of
segments under consideration contain one segmént froh the first shape data

30 | structure and one segment from the second shape data structure. However, as

the process proceeds, a segment may be replaced by a new segment derived



15 the first'line segnment lies entirely to.the right of the second |ine
segnent without either of the two line segnents overl appi ng one another. In
t he second. exanple, labelled -2, the first line segnent is to the left of
and does not overlap the second line segnent. In the third exanple,

| abel’™&d 1, the two |ine segnents overlap with the first |ine segnent

ext endi ng to the right of the second 20 I|ine segnent, and the second |ine
segnment extending to the left of the first segnent. The fourth exanple,

| abelled 2 in Figure 6, involves two |ine segments in which the first is
shorter than the second, and the second extends beyond the first in both
.directions. The fifth exanple | abelled 3 in Figure 6, illustrates a first
| i ne segnent whi t,rnmtbemggekseamnt&mcisb%\@nust&eanmmumdt%ezaﬂ%t!@ond at

Vine Segment vt SOBoEF PLBY pLAETnafes fayelbrsniblicisgen he BRbUCHERRR | 1C

segnent . over| apscgthB rst to the right. It will be understood that these
overlaps may be utilized to represent all of the possible conditions of
overl ap whi ch may exilstorderto dammrtm D@PUll dan%smmwre wbich should be| n

uti'Iizingthe aI or|t he ov a i pe shawn in.Fiqure be used
Lo compace 15| BRaeraibiiindet Sny §fihe hafaibts o oot ifmetyo Hte afferait

- 13- code indi Cabb%ptrlaﬁuﬁé’% sée.m&féeapThE%eﬂaﬂdme ’b%ébhﬁeeﬁl &tke used for
detecting both X and Y overlap conditions. The out put codes returned by the

overl ap routi nespossiale mndatumstumryvhmanlnsetsegmentsmayemjfeﬂap@naraaotlmt put
shape data structure fo each FH‘F)eratlon b o0 the next segnents to be

coqpar ed. n'the BPmYIas oulp IF Bebedaneg wibapchforof GHPERRLEPSIIIERL PP M,
Lne_over | ap c00eh/kfal Giifod "ThI &ilthR HoBhiRigdrg JRUFHEAEAHES 211 ©

first con5|dered o see over

consi der ed, tdeneastecassofdbaleverlhp rbliting, meairttalpe(sedaenﬂs d‘ehwd Byvpgihtgap code
e either tilized,

o o Tnal LY ORetl 2B ucPi s S SR el e S50 s E et 2o
same segnents f Oboh&egmnzgﬂ% ¥ Plng P2,2. The codes labelled with negative
numbers are those in which the line segments do not, in fact, overlap.
The first example, labelled -1, illustrates a pair of line segments in which
1S th'e first Iine_ segment lies entirely 10 the right of the second line segment without
| sither of the two line segments overlapping one another. In the second
- example, labslled -2, the first line segment is to the left of and does not overlap
the second line segment. In the third example, labelled 1, the two line
- - segments overlap with the first line segmént extending to the right of the second
20 line segment, and the second line segment extending to the left of the ﬁrst'
.segment. The fourth example, labelled 2 in Figure 6, involves two line
segments in which the first is shorter than the second, and the second extends
beyond the first in both directions. The fifth example, labelled 3 in Figure 6,
illustrates a first line segment which is longer than the second and overlaps the
25 second at both ends. The sixth example, labelled 4 in Figure 6, illustrates a
first line segment which overlaps the second to the left while the second line
segment overlaps the first to the right. It will be understood that these overlaps
may be utilized to represent all of the possible conditions of overlap which may
exist with two paralle! line segments.
30 In utilizing the algorithms, the overlap routing shown in Figure 6 may be

used to compare two line segments (four input points) and produce an output



The tables of Figure 7 are utilized with the overlap codes of Figure 6 to

i ndi cate the output segment to be copied to the output shape data structure
and the next segnents to be conpared for each of the intersection, =, -
difference 1 5 and union operations. Figure 7 includes three tables whi.ch
define the outputs of the three operations. The upper table provides th&a
algorithmfor output for the intersection operation. The mddle table
provides the algorithmfor determning the difference operation. The | ower
tabl e provides the algorithmfor determ ning the union operation. In
readi ng the tables of Figure 7. the Httes "Segnment 1" 20 and Segnent 2"

nmean the current val ues for, a - r. sh . Moreover, a
ref erence sucﬁoé%m%lff@g?g &Wa%%e §F§'ggﬁé'n%8?¥§@'§ﬂé?£t%§ uggi{‘)%segment shoul d
be fetched fr QgteetidgBoth X @ndé ¥ 6VeRlp (cBRdiisHs, ent val ues for the segment.

Figure 8 illustrates in generalized formthe use of the overlap codes of 25

Figure 6 in appl yi hog outpul cades satutned by dhe pyariap rodtineggleterainens ionly
rectangl es. Th h data structures for the two rectangles are

1 ust rated byERE e s2pieq b e 8B snibe o e L Bath PR didtiutng es.
I'n applyi ng 1t R@oithé %ﬁt%bhﬁﬂtsﬁ@%%ﬁobaﬁegfi{l_ trfesépe\(atﬁ::ﬁgrlﬁﬂ?ocﬁ?ﬁﬁd eadglrd?m the

first shape data structure (the upper rectangle) Is conpared to a
second Y segmihe opeyatol algbrithmst the avedamcodus are sdntgrtindbe followingairdere (t he

I i gh I . The firs; ' h bel h
Lover 1 9N RSl o il oSSR b BT i B e,

‘particul ar degGgidahsi8erebiCfeh ovBflap @od¥V1l, thenGved8S 2Bde .SZQQH@f_%yér%pShOVW using "
both the general description [err] and the particular description [err] W,

and Y3. The t wodedgamchiisallyovedap cougedl Whetehaither ohtvoddoues snayrize utjlieed.t | ons
relative tq the origin,of t and a determ nation of their type of

] he Y axis, ,
_overlap ad% IHEmOSt Wéﬂpq%trpgg?(ﬂvﬁgﬁq"étme gputang defiee therf@meagnent s
[err] and [ers%mtgﬁfq&tﬁég%?ggr gﬁ:rl ap as described by code 4 of Figure 6;
n I'S

that is, the po err the left of point [err] while [err] is to
the left of Y3 but Thetadbles ofiRijidrec? atecutiiized Withithé evertapt ¢odes ohFigurefe Fi gure 7

shows that a code 4 overlap

to indicate the output segment to be copied to the output shape data structure
and the next segments to be E.omp'ared for each of the intersection, difference

1S and union operations. Figure 7 includes three tables which define the outputs
of the three operations. The upper table provides the algorithm for output for the
intersection operation. The middle table provides the algorithm for determining
the difference operation. The lower table provides the algorithm for determining
the union operation. In reading the tables of Figure 7, the titles "Segment 1~ \J

2(:} and "Segment 2" mean the current values for a segment from shape 1 or shape
2. Moreover, a reference such as "next shape 1 segment™ means that the next
segment should be fetched from shape 1 to furhish the current values for the
segment. | _

Figure 8 illustrates in generalized form the use of the overlap codes of

25 Flgure 6 in applying the intersection operator to two overlapping rectangles.
The shape data structures for the two rectangles are illustrated by the shape
equatibns to the right and below the rectangles. In applying the intersection
operator, a firSt Y segment Yg, Y2 from the first shape data structure (the upper
left rectangle) is compared to a second Y segment Y1, Y3 from the second

30 shape data structure (the lower right recténgle). The first segment is shown

below the data structures using both the general description P1,1 P1,2 and the



produces an out put segnent -of [err] mhlch i's equal to [err] This output
10 segnent .is-recorded, and a conparlson is made of .the X segnents which
are associated with the initial Y segnents of the two shape data
structures. This involves a conparison of segnment [err] from Rectangle 1
and [?ﬁr] from Rectangle 2. Arranging these in one dinensional positions
relative to the origin of the X axis shows an overlap which in Figure 6 is
al so defined by code 4; |5 this produces an out put segnment of [err] or
[err] There being no nore X segnents for,the first Y segnents, the next
pair of Y segments is chosen. Since the |asi Y operation was a overlap code

4 operation, the bél’in@ﬁléneééécﬂﬂncgﬁigb 8nd@ o WiHiE"Re Zeeaha PH&&; is{SHRMA LBRIGTENt'S

are the next shape 1 segnents the segnment [err] romthe | ast
segment conpar i sobothAhé penerhl déserigibn P21 P22 asd thef particilaridescaptios Yoambxt Y
segnent in Rectangle_1 so the intersection o eration is, co

l ete. The .
‘output shape dat a¥8t FRRM®-8oments are arangekdin their pae ijer[sl%"Pf&sftW@séﬁ'ﬁ%‘(ﬁ ed

Compl ox shapes. vinie:he sl k.Y 38k Shd e Beefmaon 5 ey SE8HER, 11t e
of this inventsondesthibed EFigure 6 is hiage. m\anamﬁleﬁmtwgrr&ntwé g amd Ya,

capital U while-the second shape is of a capital T. The two shapes have
been plotted agai NétOfﬂﬂ!-"RQaﬁ%P"?P#e@sFﬁbﬂS’r pede A ohEIgura|6: tatis.dheRpih nay
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ze o at the upper left conmer and proceedS downwardl

positive directi oprodyers amputpdl sepmest el |H1m)!'§l§h(b$1°m?ém:‘éplxal TQ!S autpuhe
position shown in Figure 9. | ERS
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involves a comparison of segment Xp, X2 from Rectangle 1 and X1, X3 from
Rectangle 2. Arranging.these in one dimensional positions relative to the origin
of the X axis shows an overlap which in Figure 6 is also defined by code 4;
15 this produces an output segment of P2,1 P1,2 or X1, X2. There being no more
X segments for the first Y segments, the next pair of Y segments is chosen.
Since the last Y operation'was a ovérlap code 4 operation, the intersection -
table of Figure 7 shows that those seginehts are the next shape 1 segments
\/ and the segmént P1.2 P2,2 from the last Y segment comparison. Although the
20 latter is defined, there is no next Y segment in Rectangle 1 so the intersection
operation is complete. The output shape data structure is that defined as
(Y1 Y2) (X4 X2), the expected and correct result.
Referring now to Figure 9, there are shown two more complex shapes
which may be manipulated utilizing the shape data structures of this invention.
25 The first shape shown in Figure 9 is that of a capital U while the second shape
isofa capiial T. The two shapes have been plotted against the X and Y axes to
provide numerical points which may be utilized to more readily understand the
uses of the irivention. in Figure 9, the X axis commences with zero in the
upper left hand corner of the U and continues to the right positively while the Y

30 axis commences with zero at the upper left comer and proceeds downwardly in



descri bes the area common to both input shapes. Such an-operation is useful
for clipping and determ ning areas of overlap in conputer graphics

di spl ays. 10 The intersect algorithmto be used may be descri,bed as
follows in pseudocode form Intersect Shape (shape 1, shape 2) If either-.,

| nput shape is enpty or boundi ng boxes do not overlap, return the errpty}:/-
shape. 1 5 Get initial Y ranges in [err] For next segnent pair Ycode =
Overlap [err] If Y ranges overlap 20 Qut put overl apping Y
range (based on Ycode) Get initial X crasges in [err] For next segnment pair
Xcode = Overlap [err] If X ranges overlap 25

Qut put over| aﬁ?o@iﬂvé@i'aﬁﬁﬁ Thacaphap v iXeGsbrimpdeéd be thie caphaluedt me Xcode)
Advance shape or shape 2 (based on Xcode) Exit if either X |ist

exhaust ed. |fpn%tum/§hmﬂpm flguse ®anges output, renove previously output Y
range 30 Set [err] (based on Ycode) Advance shape 1 or shape
2 (based on Ycode) - 16 - Exit loop if either input shape exhausted. As
illustrated in the above al gorithmNIERSEQYIONare first conpared to
produce an output which is put into'the output shape data structure. Then
the X 5 §egrrent sdewmﬁt@nngm@nﬂmns@wme@ape date styetwrasdsi n t he

sae manner . fhaze L akn 8156 Bk L ardRS A5t 19 WpeRY SnslieRe: 1T none
Figure 9. As described above, intersection produces an output shape which
describes the area common to both input shapes. Such an operation is useful
for clipping and determining areas of overlap in computer graphics displays. "/
10 The intersect algorithin to be used may be described as follows in
pseudocode form: | |
Intersect Shape (shape 1, shape 2)
if either input shape is empty or bounding boxes do ndt overiap, return the
empty shape.
15 Get initial Y ranges in Y11, Y12, Y21, Y22.
For next segment pair .
Ycode = Overlap (Y11, Y12, Y21, Y22)
If Y ranges overlap
20 : Output overlapping Y range (based on Ycode)
Get initial X ranges in X11, X12, X21, X22
For next segment pair
Xcode = Overlap (X11, X12, X21, X22)
It X ranges overlap
25 | Output overlapping X range (based on. Xcode)
Set X11, X12, X21. X22, (based on Xcode)
Advance shape 1 or shape 2 (based on Xcode)
+ Exit if either X list exhausted.
If no overlapping X ranges output, remove previously output Y range
30 ’ Set Y11, Y12, Y21, Y22 (based on Ycode)

Advahce shape 1 or shape 2 (based on Ycode)



ranges for the current segment pair overlap, the previously. determined Y
output range i.s renpved. In this description,"the U structure is treated as
shape 1 and the T as 10 shape 2. In accordance with the al gorithm above,
the {wo shapes are first intersected. Then if either shape is enpty or the
boun¥ng boxes do not overlap, the algorithmreturns the enpty shape as the
result. This initial step which takes care of the situation in which there
is no intersection of the two shapes what soever, and the al gorithm need not
be conpleted. For definitional 1 5 purposgs, an enpty input shape is one
containing no area, while (as explained above) a bounding box is the

smal | est rectangl e whi C%xgﬁlodﬁ?é{"%ﬁ?z’t ?ﬁ%‘%i)%g%?ahape. For exanple, the

boundi ng box for the U imn rnates of 0,10 and Y
coordi nates of 0,9 while the bounding box of the T shape has X coordi nates

of 1,9 and Y coordinates of 2,11. In the case of the 20 two shapes shown
in Figure 9, it is cl Agillustatedirtherrhove glagrithng Y sepmants arg firstcomparedsioep of
the algorithmis effected ol I ' t he
initial Y ranges pd?dlf _ear\%&%%%%sﬁg)}%&%&e{@c@w sﬁ%?%g%ér%érs a |%@d%&' tr%n ese

are [err] ang [ ejeghents dofrelsporidiny Rhe! ¥ sdgnibiat Paif ARsseanfiad infike ¥amegnent 0, 6
for the first rectangular 25 shape of the U and the Y segnent 2,4 for the

first rectangul armammese These that qveripp eregppasded tathe ortpubshape: jlbnong of thgyXs
th | ith " f ' " ' L 0. Wi t
segrent v code | JaBtiier e Bt Seehebar R E ool ey DT

overl ap code tablgusiqimgd i8 rémBwde 6 to conpare the two 30 segnents shows
tRat the overlap code to be applied is code 3; and the output fromthe
Fi gure 7 intersecti onin this descoptias; the U structure iytreatgeheashape 1 andthe Pag. Thi s

o e R R 3 o A bl S SRR UL P
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overlap, the algorithm returns the empty shape as the result. This initial step
which takes care of the situation in which there is.no intersection of the two
shapes whatsoever, and the algorithm need not be completed. For definitional
1S  purposes, an empty input shape is one containing no area, while (as explained
above) a bounding box is the smallest rectangle which may enclose a
particular shape. For example, the bounding box for the U in Figure 9 has X
coordinates of 0,10 and Y coordinates of 0,9 while the bounding box of the T
\ shape has X coordinates of 1,9 and Y coordinates of 2,11. In the case of the
20 two shapes shown in Figure 9, it is clear that neither condition is met so the
next step of the algorithm is effected.

According to the next step of the algorithm, the initial Y ranges of the two
shapes are selected. In generalized form, these are Y11, Y12 and Y21, Y22
while in the actual figure these are the Y segment 0,6 for the first rectangular

2S5 shape of the U and the Y segment 2,4 for the first réctangular shape of the T.
Having selected these initial Y ranges, the algorithm moves to a “for next loop”
operation in which the output segment Y code is equal to the overiap of the two
Y segments. 4 |

Using the overlap code table shown in Flg'ure 6 to compare the two

30 segments shows that the overlap code to be applied is code 3; and the output
from the Figure 7 intersection table is P21, P22 (Y21 Y22) or the Y segment



4 so that the overlap fromthe Y segnents equals 2 to 4.. As the overl-appi ng
5 portion of the two ranges is 2,4, this is the Y segnent which is :
produced as a first output. The next step of the algorithmis to out,put the

over |l apping X ranges for the first Y segnents. This portion of the P
al gorithm commences with the step "Get initial X ranges in [err] As Yy

be seen fromFigure 9, the 10 initial X range for shape 1 is 0,3; that is
[err] is equal to O and [err] is equal to 3. The initial X range for shape
2 (the "T") is 1,9, i.e., X21 is equal _t%l and X22 is equal to 9. The

programthen enters a "for next" loop with this segnent pair and produces

Shape’ 1 and s BepeTtys 1 qoptimestty o Agkuch Whisn b et fuRofEReS dfiel
equal to the ?Mﬁ‘.gﬁ ?Fb?n%"ﬂ the bAHEPPIAGSCANGS i$ ProducetPaean bpupbagadtorpr oduced

may be determ ne vi sual "conparison of the X segnments in Figure 9.
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code 4. Logki ngidn ¥k ﬂaﬂgéé‘%lé.mmﬁfs%bimgm&Mh%iE' @dueedas at may be

seen that tThe output would be P21 which is 1 and [err] ich is 3 as was
previ ously detfiestoutpatl by vi ewi ng the segnment overlap in Figure 9. The next

tep of the algorithmis t the t L ugs, for 25
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i ndi cates tha e next segnent 1 Is set to the next shape 1 segnent (the X,
segment from 7nitial X egngekiin X13eXt@ €212 Xpa." sAs may berseendrqn) Figurg 8. thee | ast X
iteration (which
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The program then enters a "“for next” loop with this segment pair and _
produces an X code equal to the overlap of the first pair of X segments for
1S ‘shape 1 and shape 2 . If those X ranges overlap,_ an output is produced equal
to the overlapping X range based on the X code. The output produced r.nay be
determined from a visual comparison of the X segments in Figure 9. The X

ranges of the initial segments overlap in Figure 9 are between 1 and 3. This

result may also be determined by using the overlap codes shown in Figure 6; \J .

20 the initial X line segments overlap in the manner shown in code 4. Looking up
code 4 in the intersection table of Figure 7, it may be seen that the output
would be P21 which is 1 and P12 which is 3 as was previously determined by
viewing the segment overlap in Figure 9.

The next step of the algorithm is to set the X segments to new values for

25 X11, X412 and X21, X22 based on the X code. This is done by reference to the
intersection table of Figure 7 at the last operation. The code 4 operation
indicates that the next segment 1 is set to the next shape 1 segment (the X
segment fron 7 to 10) while segment 2 is set fo the P12, P22 from the last X
iteration (which is 3,9). Essentially, this compares that portion of the X segment

30 of the T figure which did not overlap the U figure in the previous iteration with

the remaining X segment of the first data shabe structure formed from the U



figure. The "for next |oop" portion-of the algorithmis used to determnine
the X code overlap for these two segnents; and, if the X ranges overlap, to
produce anm output for the overlapping range. As may be seen by view ng
Figure 9. the overlapping portion of the X ranges for these two segnents is
7,9.°Referring 5 to Figure 6, this output may al so be determined as a code
1 overlap which in the intersection table of Figure 7 shows an output of
[err] or the same X values of 7,9. The next step in the X iterationis to
reset the X segnents based on the X codes -This may be determ ned from
Figure 7 under code 1 for the conparison 10 operation just conducted.
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of the algorithmis exited, and the next Y segnents are set based on the Y
code . 15 apoutpyt forthe qveriappingraege. oAs may beuseant by vibwingdRigpreoguced

shows that a Y s . . h been nerated and associ ated .
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i ncludes the single |ine cross- hatched boxes enclosing those areas on the
graph of Figure Y iigrsection tablgoldjauieny;ehaws an euipubeidRri, Ram orithe sareX t o
set the [err] ang Ihggrhberr] segnents based on the Y code, it is necessary
to refer back to'the Padt"y operation (i.e. the conparison of the Y

segments 0,6 from t heTHd sdi@BRpathe3X HorhicTh td'fosht hBIPSegmsmEN A dhafle XOOVE,

that conparison was a_code 3 conparison using the overlap codes of Figure
6. The first tabFedef THEfayode7d@erminachisam Figure 2 trdenerde 4 dgmbatcamparison
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segnent is the segnent 4,11. Cons ntly, ese segnents are selected;

and the al gorit hshape 2tvadvaece 8@. teX listdemgréxhaisted Tdrenis fitst eediarigld)etile " | 0op
for Y conparison begins. At this step, the Y code is set equal to the
overlap of the tRBWYnSbYRAganthm istexiipd.anddbe pext Y segments are set based on the

Y code .

15 At this point, a review of the outputs already produced shows that a Y
segment from 2 to 4 has been generated and associated therewith. are two X
segments from 1 to 3 and from 7 t0 9. These intermediate outputs have
generated an intermediate shape factor which includes the single line cross-

\_/ hatched boxes enclosing those areas on the graph of Figure 9. .
20 To continue with the algorithm, in order to set the Y11, Y12 and Y21,
Y22 segments based on the Y code, it is necessary to refer back to the last Y
" operation (i.e. the comparison of the Y segments 0,6 from the U shape and 2,4
from the T shape. As explained above, that comparison was a code 3
comparison using the overlap codes of Figure 6. The first table of Figure 7
25 shows that the next segments to be utilized in the Y comparison are a segment
1 of P22, P21 and a segment 2 which is the next shape 2 Y segment.
P22, P12 from the last comparison of _the Y segments 0,6 and 2,4 isthe Y
segment 4,6, while the next shape 2 Y segment is the segment 4,11.
Consequently, these Y segments are selected; and the algorithm is advanced -
30  to the next step where the “for next" loop for Y comparison begins. At this step,

the Y code is set equal 1o the overiap of the two Y segments just selected or



- 19 - equal to 4,6. Again, this Y value may al so be determ ned by the
overl ap codes shown in Figure 6. At this point, it should be renenbered
that in the case in which the segnents conmence or start at the sams X'or Y
point, the algorithmconsiders the overlap codes in a particular order as.
follows. The code 2 5 overlap is first considered to see whether it iskg
met. If not, overlap code -1 is considered, then code 1, then code -2, then
code 4, and finally code 3. In nost situations where either of two codes
may be utilized, they provide both Lhﬁagane out put and define the sane
segnents for the next operation. In the present case, both segnents

Fowever . and cORAR 4%, ApaF Y S FEDaR b dApned By RSV RRRBes, o

to be consi der gHdwRCRIGHASECAL tHY poift, it $AbUIG DeaomeMberidahat iathetdspuh of
[err] It should be noted that overlap code 4 which could be considered to

cover these segmiohiibe segmentpconimence ticstarh atthe samatX on Y peint, the JJgerithd [err)
and Y21 are identical. Mreover, it should 15, be t ed hg next
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The next step is to output the overlapping X ranges for those seg{ments.
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X segnents for Eﬁ-% oU%ﬂSn&BéMe_th%\M@'sé 'éﬁl@?&tﬁ&ﬁeﬂ'&ﬁefﬁtiﬁ.e 4,6. Applying
t he next step (st e "for next"” iteration) produces an code out put of the,

overl ap of these twn tbegrasabixase}batmgedreeniecemmencalalY equalty4fthem Fi gure 9
that these ranges do not overlap so rovi S
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and, referring I r t?_a@,ll' : We NNy Hi$ shown for
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segnent" is 7,10
code 4 which could be considered to cover these segments would produce the

same output since the points Y11 and Y21 are identical. Moreover, it should

o

be noted that the next segments 1 and 2 for each of codes 2 and 4 are identical.
Censequently, sither overlap code 2 or 4 will produce as an outputa Y
segment of 4,6.
The naxt step is to output the overlapping X ranges for those segments.
Since the algonthm is still dealing with the first rectangle of the first shape data W
&< structure (the U} while the operation has moved to the second rectangle of the
second shape data structure (the T), the associated X segments for the U are
still 0,3 whiie those forthe T are 4,6. Applying the next step (the “for next”
iteration) produces an X code output of the overlap of these two segments. It
may be determined visually from Figure 9 that these ranges do not overlap so
25 no X segmeant is provided as an output. The same result is reached by
applying overlap code -2 of Figure 6 and, referring to the first table of Figure
7, where no output is shown for the code -2 case.
Table'7 also lists the next segments to be considered as the next shape 1
segment and the same shape 2 segment. The "next shape 1 segment” is 7,10'
30 for the algorithm is still in the first rectangie of the U data shape structure, while

the "same segment"” of the T data shape is 4,6. Once again, the iteration of the



30 for the algorithmis still in the.first rectangle of the U data shape
structure, while the "sane segnent” of the T'data shape is 4,6. Once again
the iteration of the - 20 - "for next" code gives an output if there is
an overl ap. However, these two segnents do not overlap so there is no

out pet* of X segnents produced according to either Figure 9 or to the
overl-ap code table of Figure 6 as interpreted in the intersection table of
Figure 7. 5 The next step in the "for next" code-for the X segnent
pairs using code - 1 shows that segnmentygl.is unchanged; that is, the X
segnent for the data shape 1 is 7,10 while the X segnent for shape 2 is the

' h 2 1D . bei : " "
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and the al gorit hgagnfdrits 86 nbtoveRap b there is! noldutp@IXegagamntsoproduceagnent s. | n
reviewing the |ast sets of X anoFY segnents | ast selecte it will be noted

d
that al though anacoorging tawaithasiFignurecd oftesthecayepap cade 1able of ElgyFRftas no
out put was produgced en. ring.either sets of X segnents.
Consequent | y, ifm%%%@'&ﬁﬁ%?"%’?ﬁ%&ﬁﬁ‘g&'m'?@e%i Y segnent is produced 1 5
there is no ogtput WhReSRAY&bp ifihd "fdd ReM" E6ESTMthe % sOGrREMIPARS usifl cbbé s

point, the programsets the next Y segnment conparison based on the last Y
code conpari son. 15hews et segmemniis unchaagediithal(is, thg Xseamepuionthe)daimshangs a

code 2 conparison under the first table of Ei.gyre 7, Referrin IS
table, it will bd @549%*143%%@8%%%&%5@8%'é’&grpeeﬁtswage%ga%n.‘?*ﬁ%ébe 20
conpared to [errpapnht the> 9B ndxdcddB df b X 88§memrapardisAn was
6 While P22 was kilpaagrrﬁseggﬁ‘e ?%s,e%?{hggﬂt‘m% gre?;r;(ents to be co?r?)‘ar ?(?@arle
Y(6,9) and Y(6, lislgxite&Fbecadusieshe listisagihansted, argthe atgorithox tetumstpset sheymnexdde

out put equal to the overl ag of the two segnents may be seen to be Y(6,9).
This sane red@lt CPRPAUSORALY S8OMePYS: ng overl ap code 2 of Figure 6 which

lists an output of 23, re‘{]igﬁilﬁ 1Y I%Fl %Wér‘@ﬂ x BARd & shomtints IB5tSseRRALY, ittiPbe

al gorithm noves to set t itlra anges for ‘the last Y
noted that although an output was produced when comparing the Y segments,

no output was produced when comparing either of the sets of X segments.
Consequently, if no X segment is produced where a Y segment is produced
1S there is no output whatsoever, and the Y segment is discarded.
At this point, the program sets the next Y segment comparison based on
the last Y code comparison. The last comparison was of Y(4,6) and Y{4,11)
and was a code 2 comparison under the first table of Figure 7. Referring to
U this table, it will be seen that the next shape-1 segment is Y(6,9) is to be
. 20 compared to P12, P22 from the last comparison. P12 in the last comparison
was 6 while P22 was 11. Consequently, the two segments to be compared are
Y(6.9) and Y(6,11). For this iteratidn of the “for next” loop, a Y code output
equal to the overlap of the two segments may be seen to be Y(6,9). This same
result is reached utilizing overlap code 2 of Figure 6 which lists an output of
25 P11, P42 also equalto 6,9.
At this point the algorithm moves to set the initial X ranges for the last Y
segment comparison. These are seen from Figure 9 to be equal to X(9,10)
and X(4,7). The "for next" loop is then entered, and an X code output is
produced equal to the overlap of these two segments or X(4,6). The same
30 output is shown to be the result of the overlap code 3 of Figure 6 (an output of

P21, P22). At this point, the next X segments are set based on the X code.



segnent conparison. These are seen fromFigure 9 to be equal to X(9, 10) and
X(4,7). The "for next" loop is then entered, and an X code output is
produced equal to the overlap of these two segnments or X(4,6). The sane 30
output is shown to be the result of the overlap code 3 of Figure 6 (an ~-
output of [err] At this point, the next X segnents are set based on the*y¢
code. - 21 - Overlap code 3 shows that the next X segnent of shape 1 is
P22, P12 or X(6,10). However, the next segnent of shape 2 according to X
code 3 is the next shape 2 X segnent and there is none. Consequently, the
programexits fromthe X for next |ooptland returns to sel ect the next Y

segnents. However. 5 t hi s, point n r I | abl e based
on the Y code §Pﬂé"e°°<l?ﬁ%a'?°"€v‘85ﬁ thﬁ ng;&%s%%%%%f %ﬁag't%rs?@%hgﬂg%gonpari son),
there is no ngxd 16 Iwelved IWERE% seGMBAESHEARHS ¥ ackdiBingt@XTdddBm igXhé s and the
i nput shape is conpleted. It should be noted that the |ast portion of the
shape dat a st nexttshape 2X segniéht agd theraiscnbniea Coasaquestividhe popraam exitsnd an X
segnment of 4,6. Consequently a total intersection gutput shape has been
produced whi cff"F%'h?ﬁ% et ﬁéﬁm}? 'PB"%PP‘?GF%{%‘P 'EH%}?E@&"‘FW_&- ?‘(%P’&Versi ngl e
line crossghabehfdoGh Ao nbré Yidtigients ato vl Baske on the Y &ddeleisee) may al so
be utilized to describe the operation of difference utilizing the two shape
dat a st ruct ur eader dvedap abdal2 {the dast Y. segsenk pdraparisdnabiere js ndheexdishépa ence

oper at or produces an out put shape which descri bes the area .contained in one
i nput shape bdtseagent- ng?‘gﬁ?qﬂ?'ﬁgr ﬁmela(lg Bé'tstﬁ@dﬁ?éf‘pé’b dSthe visible
areas of a w @gﬁ\ple\f% ch is overl apped by other w ndows. 20 The -
di fference al gorfthmprocesses segnents in pairs in the manner of the W

i ntersecti on al gorh shooldbe abtedthatalse lastmaticrbaf\tiee shapaidata sthetdretsbet wo Y

segnents are conpared for each shape, and an out put segnent is tput into the
_out put shape. gPA¥AtadhaSHY SEAMEATRIHS st KeeameakolA4.8 CoRsraueatly. Bart s of

the first inpyl.ShaRGbh 6hpdPsHiBE HA¥ BebRBrddlEePRACRS MetrbdEbMARH b N the

out put
both input shapes, the total single line cross-hatched area in Figure 9.

DIFFERENCE
1S Figure 9 may also be utilized to describe the operation of difference
utilizing the two shape data structures illustrated therein. As explained above,
the difference operator produces an output shape which describes the area
contained in one input shape but not in the other. it can be used to compute the
visible areas of a window which is overlapped by other windows. W
2C The difference algorithm processes segments in pairs in the manner of )
the intersection algorithm which is described above. Again, the first two Y
segments are comparad for each shape, and an output segment is put into the
sutput shape. Then the corresponding X differences are computed. Parts of
the first input shape which do not overlap the second are included in the output
2S5 shape. Non-overlapping parts of the second shape are discarded. If the
segments do not overiap, the current shape 1 segment is appended. When the
end of the seoondas_hape is reached, any rémaining entries from the first shape
are copied intd thé output shape. When the first shape is exhausted, the
program is exited.
30 The difference algorithm in pseudocode form is as follows:

If shape 1 is empty, retun the empty shape.



25 shape. Non-overlapping parts of the second shape are discarded. If the
segnents do ngt overlap, the current shape 1 segnent is appended. Wen the
end of ‘the ‘second shape is reached, any renmining entries fromthe first
shape ‘are copied into the output shape. Wen the first shape is exhausted,
t he yogramis exited. 30 The difference algorithmin pseudocode
formis as follows: If shape 1 is enpty, return the enpty shape. - 22 -
|f shape 2 is enpty, return shape 1. If boundi ng boxes do not overl ap,
return shape 1 Get initial Y ranges in-22Ferr] For next segnent pair 5
Ycode = Overlap [err] If Y ranges overlap, output difference of Y ranges If

Y out put produced, u&?hﬁf&&f%f r“,m,%agge_ 1 Qutput overlap of Y range

Qut put difference of nges Get initial X ranges in

[err] For next segrrennbamdne@medarfa«evém fetum]shbpe X.r anges overl ap,
out put difference of X range (based on Xcode Set

[err] (based on Xcode‘}"em{)'&h!éa@?&dﬁYNO?"%'h%@ie%Z?( based on Xcode) Exit if
ther X |ist haust d d last, CQutput d
ei t her i st exhaus %&jl*e&;&%&n%aﬁ vance as put [err] an

remai nder of shape '1 Set [err] (based on Ycode)
Advance shapegsl or shap¥cddd kaOesHapn(YYep¥ed, Y21, Y22) _

It Y ranges overlap, output difference of Y ranges
i Y output produced, output X ranges from shape 1
Output overlap of Y range
Output ditference of X ranges
10 Get initial X ranges in X11, X12, X21, X22
For next segment pair
Xcode = Overlap (X11, X12, X21. X22)
If X ranges overlap, output difference of X range (based
on Xcode) ' |
15 : ' ' Set X11, X712, X21, X22 (based on Xcode)
| Advance shape 1 or shape 2 (based on Xcode)
. Exit if either X list exhausted
If shape 2 advanced last, Output X11 X12 and remainder of
o shape 1 X list.
20 Set Y11, Y12, Y21, Y22 (based on Ycode) -
| Advance shape 1 or shape 2 (based on Ycode)
Exit if either input shape exhausted

Output remainder of shape 1

25 . Using this algorithm, two types of Y ranges are appended to the output
shape. When the first segment of the pair being compared is to the left of its
partner; the Y range which does not overlap is produced as an output. The
current X list from shape 1 is also added to the output. If the segments overlap,
the overlapping Y range is then added to the output shape. The difference of

30 the current X segments from shape 1 and shape 2 follows.. If no X pairs are

appended by this step, the previous Y range is removed.



Exit if either input shape exhausted Qutput remai nder of shape 1:25
Using.this algorithm two types of Y ranges are appended to the output
shape. Wien the first segnent of the pair being conpared is to the'left of
its partner, the Y range which does not overlap is produced as an out put=:
The current X list fromshape 1 is also added to the output. If the e
segnents overlap, the overlapping Y range is then added to the output B
shape. The difference of 30 the current X segments from shape 1 and shape
2 follows. If no X pairs are appended_g this step, the previous Y range is
renmoved. - 23 - The difference operafion for the X dinmension is sinpler

than the Y diff . tion. X fr. h t pyt d
Seament s 1rom shape SHARIEGRARUEN (T XB0UET B PROKTeB AL s | &
encount er ed O&iﬁéﬁﬁcéat&ﬂeéﬁﬁog? % S6ymetd frth shipd £8GIEFand ékyntintd RénCe of the

pair of segments Is produced as an output and scanning continues.
The fol | owi ngshaped arp sktipped ubtiantdveriapin X segments if endoentérdd entba®@edoper at or

to the two shapes of Figure 9 hose shapes.are to be treated as they were
1 doscri ot | oo Qher % 4516 eactert TR G BBPGH B the PRILET SIS BINN. "conci el o0
to be sha ' ' Lah shape 2. 10 The first
step of tFr%_i?ﬁgg?#ﬁén{?é—égfgﬁtcg@;&Oa?ﬁtnﬁ}o%ggt?sl,n whi ch shape 1 is enpty, not
t he case in this iThetfeliowing BiteflydescritibsIhe ppplicatidre obihg adiffdramse egeustos t he

conpl ete shape 1 when shape 2 is e?ty so that there is an output of the
conpl et e shapt® the twasshapes of Elawre 8- Jhape shargsare tq bR trealgA @S AkeHMEdn of 't he

two shapes ‘do . l,2D; . T bl i jon in
whi ch the seg(r‘rée}%bg&\é\?‘;e'rtﬁwég%%o? PPEE Eg‘ttg[&)n?'nﬁgklfg'se{gla g%’??‘?hﬁ? |B§ %b %Sésel ect W,
the initial Yiwhige® TiBvoasideredesobsshapg® Y(0,6) fromthe U shape and

Y(2.4) fromthe T _shape. For the initial segment pair a Y code is
det er nmi nekP dependiThg figH stapeot Shaslgerihmiakpscaresoldne gase inewhicheshamg tis be a

code 3 overl ag, . NEotthd EtleSR s nd3hEe.OFnd L8NG sfep A WS alyBthnref 8 3
the ccmplete shabe 1 when shape 2 is empty so that there is an output of the
complete shape 1. Step 3 returns shape 1 where the bounding boxes of the
two shapes do not overlap.

1S For the more intricate operation in which the segments overlap, the first
step in the algorithm is 10 sélect the initial Y ranges. These of course are Y(0.6)
from the U Shape and Y(2,4) from the T shape. For the initial segment paira 'Y
code is determined depending on the overlap. Figure 6 shows the overiap to
be a code 3 overlap. The difference table of Figure 7 shows that a code 3 W,

20 overlap produces an output of P11, P21 or a Y segment of 0,2.

if a Y output has been produced in the first step, the X ranges from shape
1 are also produced as an output. These ranges are 0,3 and 7,10. Sincea Y
range was produced, this produces two rectangular boxes having Y
dimensions from 0 to 2 and X dimensions from 0 to 3 and 7 to 10.

25 The next step qf the algorithm is to output the overiap of the Y ranges. It
may be determined from the difference operation processing table that the
overlab of the Y ranges is a Y segment of 2,4. The algorithm then outputs the
difference of the X ranges. The algorithfn selects the initial X ranges for the two
shapes. These X ranges are X(0,3) for the U shape and X(1,9) for the T shape.

30 The "for next" I'oop is then entered, and an X code is provided which is

determined by the overlap of the two X segments. If the X ranges overlap, then



20 overlap produces an output of [err] or a Y segment of 0,2. If aY
out put has been produced in the first step, the X ranges fromshape 1 are
al so produced as an output. These ranges are 0,3 and 7,10. Since a Y range
was 'pr.oduced, this produces two rectangul ar boxes having Y di nensions from
0 to=?2 and X dinmensions fromO0O to 3 and 7 to 10. 25 The next step of
the algorithmis to output the overlap of the Y ranges. It may be

determ ned fromthe difference operation processing table that the overl ap
of the Y ranges is a Y segnent of 2,4. T g.grgorithh1then out puts the
di.fference of the X ranges. The algorithmselects the initial X ranges for
the two shapes. These X ranges_are X(0,3) for, the U shape and %&é,ép for
the T shape. 30 thprifferepce pfdhe X rapgas hased op this X eadeds Prayided as,a e jla

pr ovi ded Whi o i friglgiay, PGy &ihdn BYSHER"s W pHkiCes BB of Pl N X

ranges overl ap, t -- 24 - the di ce o ranges based on this
X code is provi degt asan Xsegment of X(12hi The aext X sagments &resiebusiagicedecs tcap code

4 whi ch produces an output of [err]_ P21l o X_se of X(1 ., The next
X segments are s%%@‘?ﬁﬁaﬂ%ﬁﬁe Q'B](Z'Plé ﬂé&?%ﬂaﬁ@z%pg%%rﬁ"é‘?ﬁ%’}“and to
[err] or X(3,Q). Pﬁgﬂ | ) 4t hese
segnent s fromgt?h-gég%2¥ng%&€%S%é% Igh.;@83&9%&3%?8@3&5?0&8{@;&3@%3{ whi ch

i s -the differencgiguireteleThis prytigcesarns oatporwhibk isthedilterence afthe Xiianget o code
1inthe difference table of Figure 7, nothing. The next X se?rrents are set
based on code 1 basgcen theoX cegeon @pcording ta gade Adn thediffarence table;atirighre
There bei ng no ngx o@h@ﬁe 2 segnment, the X "for next" loop is exited, and
a ut put is produce hich is X11 X12 and the renai nder of the shape 1 X
list if no shape 2 seTwendxt Xesuagments arbiset besed®ntdddedaed 22, Re2, 4rX(3AP) i s
provided as an output. This produces two additional rectangles having Y

di mensi ons of OY( 2nd theinext shape 2cegmants There beingyoonexs shape deegment. thefe X

port1on of the abgobbid ek s &lekHna B Sulblf i Educk VPR 12562 50h 85

on the last Y cod
remainder of the shape 1 X list if no shape 2 segment remains. This being the

case, the X(9,10) is provided as an output.
This produces two additional redangles having Y dimensions of Y(2,4)

1S and X dimensions of X(0,1) and X(9,10). The X portion'of the algorithm is
exited, and the next Y ségments are set based on the last Y code setting. The
last Y code setting was a code 3 comparison of Y(0,6) and Y(2,4).
Consequently, the next segment 1 is Y(4,6) and segment 2 is Y(4,11) as is

U shown by the difference table of Figure 7.

20 The algorithm loops back to the beginning of.the “for next” loop and
‘determines a Y code based on the overlap of these two segments. The first
comparison to be made ié a code 2 comparison to produce an output based on
the overlap of the Y segments. The code 2 overlap in the difference table of
Figure 7 shoﬁs that nd output is produced. Consequently, the next step

25 (which is to output the X ranges from the shape 1) is omitted because there is
no Y output produced at the previous step.

The algorithm moves to output the overiap of the Y ranges, a segment
having a value of Y(4,6), and then moves to the X difference determination
portiqn of the algorithm. The initial X segments are selected. These are (0,3)

30 for the U shape and (4,6) for the T shape. If these X ranges overlap, an outbut

is produced which is the difference of these segment ranges based on the X



| ast Y code setting was a code 3 conparison of Y(0,6) and Y(2,4).

Consequent | vy,
shown by the difference table of Fi gure 7. 20 The al gorithm'l

the next segnent 1 is Y(4,6) and segnent 2 is Y(4,1 1)

back to the beginning of the "for next" loop and determ nes a Y code
on the overlap of these two segnents. The first conparison to be nad
code 2 conparison to produce an output based on the overlap of the Y
The code 2 overlap in the difference table of Figure 7 shows that
i's produced. Consequently, Jf.he next step 25 (whichis to
the X ranges fromthe shape 1) is oniTted because there is no Y outp
produced at the previous step. The algorithm noves to ouggut the ove
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no out put
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which was of Y(4,6) and Y(4,11), a code 2 comparison. Thus, the next Y
segments are the next shape 1 Y segment which is Y(6,9) and the shape 2 Y
segment Y(6,11). These two segments produce a Y code based on the overlap
code 2 and an output of nothing. There béing no output at this step, no X
ranges are produced as an oLutpht from shape 1. The algorithm moves te output
the overlap of the Y range which is Y(4,6) and to output the difference of the X
ranges. In the X portion of the loop, the next X segments are chosen. These
segme_hts are X(0,10) for the U shape and X(4,6) for the T shape. The overlap
code is code 3 producing an output of P11, P21 or X(0,6). The X shapes are
advanced to the next segments which are P22, P12 or X(6,10) and the next
shape 2 segment. There being no néxt shape 2 segment, an oulput is
produced which is X11, X12 or X(6,10).

This produces two more rectangular boxes having Y segments ot Y(6,9)
and X segments of X(0,6) and X(6,10). The algorithm looks for the next Y
segments and finds no next shape 1 segment. Consequently it exits and
produces as an output the remainder of shape 1. There is no remainder of
shape 1; cons‘equently, the algorithm has been compieted and the figure

shown in double cross hatching of Figure 9 is produced as an output shape.

e | ast
Thus,



segnent Y(6,1 1). These two segnents produce a Y code based on the overlap
1 5 code 2 and an output of nothing. There being no output at this step,
no X ranges are produced as an output from shape 1. The al gorithm noves to
out put - the overlap of the Y range which is Y(4,6) and to output the

di f f®fence of the X ranges. In the X portion of the |oop, the next X
segnents are chosen. These segnents are X(0,1 0) for the U shape and X(4, 6)
for the T shape. The overlap 20 code is code 3 producing an output of
[err]or X(0,6). The X shapes are advanceg to the next segnents which are
[err] or X(6,10) and the next shape 2 s Sﬁbnt. There bei ng no next shape 2
segnent, an output is produced which is X11, X12 or X(6,10). This produces
two nore rectangul ar boxes having Y segmdQNf Y(6,9) 25 and X segnents

of X(0,6) and X(6,1 i . . t,. Y.s nts and
finds no next shape ?}’g%ﬁwbg%%@wﬁéﬁgﬁémﬁ&r@gP’?st%%ﬁed’ ?ﬂ%gﬁ% S an
out put the remaithdeperatiors siiqadd be apparent tothsse SkaRBIIMHR arbh VidwBERhe

consequently, the algorithm has been conpleted and the figure shown in

doubl e cross hat®fRAiRe destripdianegiyen forihe intersection and ditfarpoge algerthms30 -
26 - UNION The appli Crﬁ&?@an@ﬁmﬁ#ﬁ Hﬂiisqn algorithmw | be treated only
on ehoulg

briefly since the opera € ‘apparent to those skilled in the art

in-view of the conpl ﬁtsﬁapb%wérﬂbi*?mfgisng& por the intersection and
difference algorithns. 5 he algorithmfor union is: If shape 1 is

enpty, return shape Hshape 2jis@opty, returashapg 1.return shape 1. Get initial Y

ranges in [err] 10 . S t- iry,Ycode = Overlap [err] If
oveslap in Y range Get mmaFeran&%(st lnsﬁqﬂmz, 9%1,Y22 |

10 For next segment pair
Ycode = Overlap (Y11, Y12, Y21, Y22)
If overlap in Y range
Output the smallest valued Y range of one segment which
_ does not overlap the other segment (cases shown in
15 ' Table 1 below)
Output X ranges of segment corresponding to Y rar{ge output
above
_ Output overlap of Y ranges
] Get initial X ranges in X11, X12, X21, X22
20 For next segment pair
Xcode = Overlap (X11, X12, X21, X2)
Output X range (based on X code as shown in
Figure 7)
Set X11, X1 2, X21, X22 {based on Xcode)
25 _ Advance shape 1 or shape 2 (based on Xcode)
Exit if either X list exhausted

Output remainder of X lists

rJ

Else

30 Output the smallest valued Y range in either segment



Qut put “the smal | est valued Y range of one segment which does not "overlap

t he ot her segnent (cases shown in 15 Tabl e 1 .bel ow)

Qut put X ranges of segnent corresponding to Y range output above Qut. put
overlap of Y ranges Get initial X ranges in [err] 20 -
For next segment pair Xcode = Overlap [err] Qutput X range (based on X wde
as shown in Figure 7) Set [err] (based on Xcode) 25

Advance shape 1 or shape 2 (based on Xcode) Exit if either X |ist exhausted
Qut put renmai nder of X lists El'se 30 Qut put the small est

val ued Y (rjange I n either segnent 2177 - Qut put X ranges of segnent
corresponding to Y range_out pyt above Set err dv

shape 1 or shape 2 (bageg“ ch,’ﬁ qgsegme &sé@f@% gﬁ%apuﬁpu?ngﬁape
exhausted CQutput remai nder Qg §gapes Table 1 Y Code M n| mum

Non- over | appi ng Shape X List 10 Y Range
Derived From 2 Set Y1ai ¥h2, Y21, Y22 (based on Ycod@)hgpe 2 -1 [err]
shape 2

Advance shape 1 or shape 2 (based on Ycode)
S Exit if either input shape exhausted

Output remainder of shapes

Iable1

Y Code Minimum Non-over_lépping Shape X List

10 Y Range Derived From
2 P21 P11 shape 2
-1 P21 P22 : shape 2
| 1 P21 P11 shape 2
-2 P11 P12 _ shape 1
15 4 P11 P21 shape 1
| 3 P11 P21 shape 1

The aigorithm for ubion is similar to the intei'sedtion algorithm except that
those parts of the input shapes which do not overlap are _copied to the output

20 shape rather than being discarded. When this algorithm is applied to the two
shapes of Figure 9, the resulting output shape data structure ié equal 1o the
total of the two strucluraé shown in Figure 9. The union sement processing in
completely described to those skilled in the art by the algorithm given above,
Figures 6 and 7, and Table 1 above. The union operator allows complex

25 shapes to be built up from simpler shapes.

Although the invention has been described with reference to particular
arrangements and systems, it will be apparent to those skilled in the art that the
details of those,arrangements and systems are used for illustrative purposes
and should not be taken as limitations of the invention. It will be clear that the

30 methods and apparatus of this invention have utility in ‘any application where

graphic representations on a cathode ray tube or other output device are



1 “ [err] shape 2 -2 ' [err]

shape 1-15 | 4 [err] shapel 3

[err] ° . shape 1 The algorithmfor union is simlar to the
intersection algorithmexcept that those parts of the input shapes which do
not e¥erlap are copied to the output 20 shape rather than being

di scarded. Wen this algorithmis applied to the two shapes of Figure 9,
the resulting output shape data structure is equal to the total of the two
structures shown in Figure 9. The union sement processing in conpletely
described to those skilled in the art %& t he algorlthn1g|ven above, Figures
6 and 7, and Table 1 above. The union OEFrator al |l ows co shapes

to be built up dasted-sltistus. ibe,eentemplated that A Gha0ask ?’ﬁ"ﬁé@cﬂ}é’é‘ﬁ
described with rd¢l jt will be
apparent to tho@?%ﬁ%ﬁsg&m@h&éoyé ﬁg{”@ﬂg gwg??t:&%‘ t hose fathrelrangerrents
and systens ar escope@dnd apirit bi thetimantiore pur poses and shoul d not be taken as
limtations of the invention. It will be clear that the 30 met hods and
apparatus of this invention have utility in any application where graphic
representations on a cathode ray tube or other output device are - 28 -
desired. It is, thus, to be contenpl ated that many changes and

nodi fications may be made by those of ordinary skill in the art without
departing fromthe scope and spirit of the invention. -29- CLAIMS 1.

A et hod of mani pul ati ng graphic inmages u5|ng a conputer system conprising
the steps of anal ysing each

\/.



rality of rectangular primtives having their sides ali-gned
in_ a ] a rectangul ar coordi nate system and generating a-shape
dﬁ‘ @‘\@i\ \mmscri ptive of said plurality of primtives and fornmed’of
aht t; I'st eonprising, for successive increnents along one of said™ .
coordinates, the extent of said increnent and the extent or extents al ongs
t he other coordinate of said system #° the one or nore primtives
occupying said increnment and the storing of each shape data structure in
the menory of the conmputer. 2. A nethod of nmanipulating graphic
images as clained in claim1 which cébpiM8es the additional step of
appl yi ng bool ean operators to a plurality of the data shape struc]turefs ]
formed to provide output, data shape,structures which are the result of the
bool ean opertat i on. § methmik -°Eref“%5‘c}pu&ﬁ%j1‘?§ni?ﬁﬂ%ﬂ"r‘ﬁglmagﬁﬁhf"c?mﬁr@ges as
claimed i n clompmt2r rsygiten, tbemptiping &hel \8tepdoofcanalyeingoready a
plurality ofimalie 442 SNBRGSLTNE! WS AU IRAAL" QX1 HFE FULEU ARy Shape
f “'steps i C I'ndivi dua

structures conprises a eri| es

rect angul ar theim t sddesofabigned ignt acswxdanse ywithe ar ceshanowlani t h

i ndi vi dual  covr@igidt gfdtEnt iams @éné‘ré@iﬁ@gadg?ﬁpéhg&%ﬁstétt?iﬁié&ﬁrrégnhi .

"mges a5 SPECHPUYRE Fe3d RN Oh@lp o Bt (s A Spedet o ¢ he

uni on oper alagr . ordéred ligt memipodsiofy, nforpusatcegsigeapinarenemges as

claimed in ghyny 2 dnfe WY£Ch a1 PORIAH RRYA O fiPP dsfithnt o0 said
increment and the extent or extents along the other.
coordinate of said system, of the one or more primitives
occupying said increment and the storing of each shape
data structure in the memory of the computer.

/

2. A method of manipulating graphic ‘images as
claimed in claim 1 which comprises the additional step of
applying boolean operators to a plurality of the data
shape structures formed to provide output data shape
structures which are the result of the boo;éan operation.

3. A method of manipulating grapﬁic images as’
claimed in claim 2 in which the step of applying boolean
operators toc a plurality of the data shape structures \UJ
formed to provide output data shape structures comprises

a series of steps in which individual rectangular
primitives of a first data shape structure are compared

with individual rectangular pfimitives of a second data

shape structure in preducing the output shape.

4. A method of manipulating graphic images as
claimed in claim 2 in which the boolean operator applied
is the union operator. -

5. A ﬁethod of manipulating graphic images as
claimed in claim 2 in which the boolean operator applied



is the difference operator. 6. A met hod of' hanlpuhatJng graphlc
images * as clainmed in claim2 in which the’ bool ean’ operatUr applited’i’s the

i nt.erséction operator. 7. A method for mani pul atiing graphic inmages
using a conputer system substantially as hereinbefore described wth
feferénce Lo the accompanying draw ngs.go - A O

is the difference operator.

6. A method of manipulating graphic images as
claimed in claim 2 in which the boolean operator applied
is the intersection operator. '

7. A method for manipulating graphic images using a
computer system, substantially as hereinbefore described

with reference to the accompanying drawings.




