NI.ETH(I)_ AND APPARATUS FOR TRANSLATI NG RECTI LI NAR | NFORVATI ON FNTO 'SCAN- LI NE
| NFORVATI ON FOR DI SPLAY BY A COVWUTER SYSTEM BACKGROUND OF THE | NVENTI ON 1.

Field of the Invention: 5 This invention relates to conputer systens
and, nore particularly, to circuitry forl converting coordinates storefd-tn.-
rectilinear coor S {FOR GRANSDATING RECTILIVBARC INFORMATIIR ROOVERN ently -

used for scanning infax [LRRORYATION, BOR) DESELAY BY & {IOMBUTER SesIeonput er syst em

10 2. Hi story of the Prior Art: A major problemin utilizing conputers

to provide graphic displ ayRACKGQGROUNDOIOE FHEINVENHEN of graphi cal

material to be presented on a cathode ray tube (CRT), it is necessary to
store an indication of the information which is 15 to be displayed for

each position @pi xefipldadt tidpvesiohode ray tube. Wth large and detail ed

di spl ays, the nunber of pixels on the cathode ray tube may be approxi mately
one thousand or greater in a horizontal direction and a |ike nunber in the
vertical digection :.yvi t ' b fedo] ‘nor e

pi xel s about5 whi ch ﬂﬁ%/w%ﬁngﬁfaﬁg t?k@@%%*%%ﬁgﬁd’gnﬁﬁg?‘e”#r"@ﬂy'gést em 20

whi ch i s capabkiecultfy for @onvinirg coondiniites stafredlinf feetiliner codrdinate apstelne cat hode .
ray tube, each,of these pixels contains eight bits of digital information
speci fyi ng t he P FETEHA V@B?’b?’aﬁﬁﬁﬁﬂ“.’"@fﬂ'géﬁﬁgr’ﬂrlV?“'H#Wﬂ?&?’él y ei ght
mllion bits ofy4 fog{dm' s red for each frane to be

present ed at t%oeihgut put ?k@gyagf% @eﬁﬁ’&%@m or information have to be
provided for each pixel for each frame of the display, but in generating
graphi c di ﬁgl aés, t,he, us >t ] of determ ning the shapes of figures
requi res that arioﬁé'mﬂa‘lfig%?w'be applied to the geonetric vertices of N
tRpse figures. If this information is 30 handled by the software of the C
system conputing the positions of each point to be diasbg_l ayed and )
det ermini ng the datAmaerpeotien i wifizing pomputers feopravide peapbictdisplaysds at i on of

the systemto gaphir BlsifdiefrEmeBPHRAbhRA AR 18Be presented on a cathode ray

tube (CRT), it is necessary to store an indication of the information which is

15 1o be displayed for each position (pixel) of the cathode ray tube. With large
and- detailed displays, the number of pixels on the cathede ray tube may be
approximately one thousand or greater in a horizontal direction and a like
number 5n the vertical direction giving a total of approximately one million or
more pixels about which information is to be stored. - In a preferred system

20 which is capable of providing a number of different colors on the cathode
ray tube, each of these pixels contains eight bits of digﬁal information

"L’;« specifying the particular color output. Consequently, approximatsely eight Q
million bits of idformation needs to be stored for each frame to be presented
at the output.

25

Not only does color information héve to be provided for each pixel for
each frame of the display. but in generating graphic displays, the usual
method of determining the shapes of figuras requires that various algorithms
be applied to the geometric vertices of those figures. If this informatidn is

30 handled by the software of the system, computing the positions of each
point to be displayed and determining the data tt-> be displayed at that point
slows the operation of the system to a point where operations such as

animation are essentially impossible. For this reason, various systems



animation are essentially inpossible. For this reason, various systens

-2- utilizing hardware to speed the operation have been suggested. One

nmet hod for-speeding the operation is to use two output frame buffers, and

| oad Qne'\hile the other is being scanned to the display. Such a system
significantly speeds the operation but requires essentially twce as nuch 5
storage. A new output display system has,now been devised which utilizes a
uni que phil osophy of graphic figure storage whereby high speed graphics may
be real i zed usi Wizing hardwatertg| speedtheeperation have heehsuggasted.sPoeem 10

considers e SRAREA’ Torbelit b abdiortl Enek P p BTk bl RRE) e

quadril ateral s. joGHone

wWHild thé oftiee lﬁlﬁﬁ% fled & thediéidy, SudH &ispdlem

i 0 A
.quadrilateral inmages by handling only Information redarding the four
‘vertices. 15  significantlyrspeeds the epecation hul relquires esgantially twice asimibgh pr ocess

information for a conputer output display, it has been found conveni ent and
substantial I¥ | 8195298 e consumi ng to deal with the information regarding

i the address of the data to be presented on the display in rectilinear

. coordinates. On the other hand, the sanme data nust be serially scanned to

the cathode 20 ray A new outyut disptiyssysteyn has now beenidevised ahichMhitizessy st ens
for translating such information thensel ves provide inordinate del ays to
t he present ati olnigue PhosPRY Bf geaphieriigura siorge whergby digh ¢pasdigraphiee t hese

del ays, har dwarE‘S'},rgglrggmhq}sgrﬁngmfgsh,ﬁﬁaé_gé&\gﬁn%bﬁﬁ{é&%?j %8%&%9 i thms have

been utilized, these requrre “suc ar dwar e
that they haye bssuntialy, isesgswrdmaubsfniﬁuﬁa%bﬁpamf»?mw 5ep Whlthsyst ens
hawe /been able to handle either a single |evel of detail .afr esol ution) on
the display or eensidesyihershapedqbe cempesacefa nymberofsybportiensewhish ageet ai | .
quadrilaterals. Circuitry is then provided for rapidly building quadrilateral

images by handling only information regarding the four vertices.

15 in providing .such a hardware system to rapidly process information
for a computer output display, it has been found convenient and
substantially less time consuming tc deél with the information regarding the
address of the data to be presented on the display in 'rectilinear edordinates.
On the other hand, the same data must be serially scanned to the cathode

20 ray tube output display for convenient use. Most systems for iranslating
such information themselves provide inordinate delays to the presentation
of the graphics information. In order to eliminate these delays, hardware
implementations of the software transfer algorithms have been utilized, but
these require such large amounts of digital hardware that they have been

25 economically unfeasible. Moreover, such systems have been able to
handle either a single leve!l of detail (resolution) on the display or some

power of two representation of that level of detail.

It is, therefore, an object of the present invention to speed the

30 operation of computer systems.



It is, therefore, an obj ect of the present invention to speed the 30

operation of conputer systens. -3 It is another object of the present
invention to provide circuitry for handling in hardware the mani pul aki ons
of graphical material which have in the usual case been handl ed by ‘twar e
of the conmputer system 5 It is another object of this invention to

provi de a conputer graphic display system capable of handling a nunber of
different | evels of detail (resolution) on a conputer output di splay which
|l evel s are not sinply variations of povve}s of -two.. 10 It is an

addi tional object ofti¢aaotheeehjact of theepresent mwcermomo umwderouuunryyorf or

scanni ng graphic ipfornmation ipnto a.display regis h that a
singl e buffer dE’ég r‘?ﬁ'ﬁ%’& ‘BBH"?’P%"%F ﬁPé?'%ﬁ“%ﬁﬂ?&’gh b%ﬁg\aﬁ ' A nore
particul ar obj Etﬁé yBhallciGe BE6IF RANdIdd P Botwile of tHeCuaMilitérbysfor.CUT LTy of

transform ng coordi nates represented I n rectl I near y X and Y val ues

into val ues which may be scanned serially into a dlsplay buf f-er for

ultimate display by_g cat o raytube or . ot out put devi ce. -4-
SUMARY OF THE | NVERTS SRPthaEbiochat this fventiag 'é'cR"e‘"a? at%@%@é#&“'q nventi on

are real i zed byl siJrHcEﬁ% 0 of ARG o SRBHATH VIR d ol PL e, o1

the display as t er ol scan l'ines tip t he nunber
of pixels per s(e.o!dtlon)eorpatesrrtpbterruutpmdlspfaymhieﬂ bvele arelaolssimplyl i ne

variations of powers of two.

10 Risan addmonal object of the present inventlon to provnde crrcumy u

for scanmng graphtc information into a display reglster rapldly enough that -

a smgle buffer may be u_tlhzed for the dzs_p!a_y of _ammated programs.

A more particular object'of the pre'sent invention is to provide
15  circuitry for transformmg coordmates represented in rectllmear form by X
and Y values mto values which may be scanned senally into a dlsplay

buffer for ultimate display by a cathode_ ray tu_b_e or other output de_vnce.



to the particular position. According to the present invention there is
provided an apparatus for translating a rectilinear coordinate pair into a
~pi xel pogktion for the rapid display of an image on an output display, said
coordi nabde pair conprising an Mbit X rectilinear value and an N-bit Y
rectilinear value, N and M being positive integral val ues, sai d apparatus
conprising: an adder having as output said pixel position, said adder
having a first input, said first input to said adder being a first
non-negative integral nultiple of said YYéctilinear value; and first

circuit neans coupled to said guMNARYIO rgnﬁdtnqnﬂwigﬁond inpuththfret?,M_-
said first circuit nea aving.as, i nput. sal d cogrdinate pair, the firs

1 least significant bi ?@1%?95 '?% %’g&%’ﬁdoP?iﬁﬁgsthsﬁpﬁ RY&ELNfcAnyentdon | st
M1 | east signidtecameadiizedf byi ccdrcettiyi nehickal cempateshe thext siah 1

I I gnifi A 5t L dj tQ.sabd_adder, .being th m of
szﬁzt YSIrg(r:]!ti : iC?gasrllEvla ugégaghghgg%gt dsf?%?i @é%Ph‘BVt a5t e £ . rggti Enear
val ue.. These AWFRRATh&L oppartiines mudtdpdded jhcthevpukben ol pikedene
apparent {0 thees Sedd ohind) giies Ale WwhBLE! 6ECH14A1ENER" ehiow:AY 494l | od
description taken together. with the several figutes of the drawng in I ch
li ke el ements Eﬁb&' AL A RFHienke designations throughout the

several views.

According to the present invention there is
provided an apparatus for translating a rectilinear
coordinate pair into a pixel position for the rapid
display of an image on an output display, said
coordinate pair comprising an M-bit X rectilinear value
and an N-bit Y rectilinear value, N and M being positive'
integral values, said apparatus comprising:

an adder having as output said pixel position,
said adder having a first input, said first input to
said adder being a first non-negative integral multiple
of said Y rectilinear value; and

first circuit means coupled to said adder for
providing a second input thereto, said first circuit
means having as input said coordinate pair, the first M-
1 least significant bits of said second input to said
. adder being the first M-1 least significant bits of said

X rectilinear value and the next N + 1 least significant
bits of said second input to said adder being the sum of
said Y rectilinear value and the most significant bit of
said X rectilinear value.

These and other objects and features  of the
invention will become apparent to those skilled in the
art by reference to the following detailed description
taken together with the several figures of the drawing
in which 1like elements have been referred to by 1like

r

designations throughout the several views.



-5- BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a representation of a

gr aphi cal shape divided into two quadrilaterals which when individually

di spl ayed on a conputer output 5 device provide the conplete originah
shape; Figure 2(a)-(d) is.an illustration a single quadrilateral deccuzposed
Into line segnents; 10 Figure 3 is a block diagramillustrating a ’
graphi cal out put systemfor a conputer-which nmay include circuitry
constructed in accordance with the invention; Figure 4(a)-(d) is a

mat hematical illustration of an arraﬁg?efrent for 15 translati ng i nformation
fromrectilinear to scggygg SR } B 9gql S a bl ock diagram
of circuitry illustratTng ] T J thne invention.

NOTATI ON AND NOVENCLATURE Sore portions of the detai |l ed descriptions which
foll ow are presented in terms of algorithns and synboli ¢ representations of
operations on dat Klgurep issa. WR"Pﬁ%’?‘%‘%&‘rﬁﬂ’@Ph'ﬁﬂrﬁﬁﬂe diveegdniey Wor i t hmi ¢

descriptions kllled in the
dat a processfﬁgﬁn{ f@gﬁ%ﬂ%@%g?&ﬁ'%éenped'goﬁvﬁyd’fﬁ @ég‘wan e of their work
t o ot hers sskidevie@ provitié eheredmplefe original shépe;al gorithmis here, and

general ly, conceived to be a self- consistent sequence of steps |eading to
a desired result. The steps are those requiring physical manipulations of

Phe form of ol ect Frau SRH s °@9£*f43ﬁ‘al%%ﬁ%aﬂdé%w%“?%%@#%?é' ties take
transferred, ifteNiAbRegments; conpared, and otherw se manipul ated. It has
proven conveni ent at tinmes,

10 Figure 3 is a block diagram illustrating a graphical output system for / _
a computer-which may include circuitry constructed in accordance with the |

invention;

Figure 4(a)-(d) is a r_nathematical' illustration of _an' arrangement for

15  translating information from rectilinear to scan line coordinates; and -

Figure 5 is a block diagram of circuitry iliustrating on method for™

implementing the invention.



principally for reasons of common usage, to refer to these signals as bits,
val ues, elenents, synbols, characters, terns, nunbers, or the like. It

shoul d Qg;borne in mnd, however, that all of these and simlar terns are
to be asgeciated with the appropriate physical quantities and are nmerely 20
convéni ent | abels applied t ' bl iNM t he mani pul ati ons
performed are often referred to 1n terns, such as adding or conparing,

whi ch are commonly associated with nental operations perforned by a hunan
operator. No such cag@bilit man 25 Qgerator necessar

[ of humar ) .,
desirable in nost caS89§ '_P‘P’é?l"?fs gﬁhg ﬁ@’aﬂﬁ%F’%&qn H%“Sd@'é‘E'lf‘ ?‘B’BH’ ﬂ@r@?%’\%ﬂ ch
formpart of tnhgn RS aiddrifhd hﬁ’&‘éyrﬁ%c?@ﬁr@é‘édt?%ﬁy Spg?éﬁgﬁ% gagr ations.

Usef ul machines for performng the ‘operations o present 1 nvention
i ncl ude genersal bitswithirea dogpUter remoyit Theseoaigortthmic dasoriptionsaedi ces. 1 n al |
cases the distinction between the nethod operations 30 in operating a

conputer and t hé’eﬂ"@?ﬁ'?fét'%s g the Mmeans Hsed By those ﬁBiﬂ?"t’i?"o@elﬁ’@fah '°Fﬁs§ﬁ'?9.1d. The
present inventi qpchglale %ﬁ{aﬂiﬁ@%‘?x%ﬂh"e%g&ﬁhe& pF{th Wabk ﬂﬂ ?RHRLEkﬁféd' :
er‘(e.g mec , chem ca

processing electrical or o I ani ca physi cal

signal s to genernmthe &rt.her desired physical signals. -7- The present
I nvention also relates to apparatus for performng these operations. This
apparatus may be specially constructed for the required purposes or it may

Fecont i guredby a cofpaerBRdE e o3 BRe R EHum i H B B Gor i ¢ his
presented her ei reonkigtenPbedqueingé eNnsteps leabimpas aldesied rétan! TholsidpsGrgput er or

other apparatus. In particular, various general purpose machines nmay be
used with progr dhesevequirag physigamanipuletions eftphysical quantitiergsUsealyi n, or 1t

o e SR P et el SR 8l diaeditper v 10
magnetic signals capable of being stored, transferred, combined,
15 compared, and otherwise manipulated. It has proven convenient at times,
principally for reasons of common usage, to refer to these signals as biis,
values, elements, symbols, characters, terms, numbers, or the like. It
should be borne in mind, however, that all 6f these and similar terms are to
be éssociated with the éppropriate physical quantities and are merely

20 convenient labels applied to these quantities.

_ Further, the manipulations performed are often referred to in terms,
- such as adding or comparing, which are commonly associated with mental
operations performed by a human operator. No such capability of a human
25 operator is necessary or desirable in most cases in any of the operations
described herein which form part of the present invention; the operations
are 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 betweeﬁ the method operations
30 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 processing electrical or other (e.g., mechanical,. chemical)

physical signals to generate other desired physical signals.



structure for a variety of these nmachines wll| appear fromthe description
gi ven bel ow. -8- DESCRI PTI ON OF THE PREFERRED EMBODI MENT I n desi gni ng
conput er systens, it has becone apparent that the display of graphic +ages
substantially slows the operation of nost 5 conputers. This occurs bggause
the anount of information that the conputer nust deal with for each frane’
to be presented on the output display is very |large and because the
mani pul ation of that infornmation to present the graphics inmge requires

i nordi nate use of the central processing unit (CPU). 10 The system of which
the invention is a part reduces the delay inherent in the normal systens
used for displaying conputer graphics by handling nost of the operations in.
hardware so that the Infornmation is ayail abl e i nstantaneously. In order to
al low the use of hardware to 15 inplenment the presentati on of graphics, it
has been found tha¥The peesentfioventivn alsopelatesic @pparatusifor penfatmingthesst , as

meter ket REGHaRe. SisaRPRbebReLBe Shohb el W Ry "
deci si onal st gp3,d388@r ﬂ%a;})&rﬁzfg"%rh Géhef R gRipBsaccomirter asisdigtiviipf or mation is

i nvol ved, thereby increasing the processing tine. This invention is
part of a systaetivarnd ohrecenfiguseriibya comeater pepgréve stpregin the dompytar. t 0 be
presented int o@guadri | ateral s samne-

manner by t he TGERRAMRRMS P@éﬂ?alﬂleﬁqg ﬁ\gh&g?gg i epg%ég@ég%‘ﬁaﬁﬁ'e di spl ay
i nto pairs of PipEE S oBRBpardile R D e A A O tput
di splay scan ImavhinesThasbe esadwithupagrdms eritién in accordance with the:
“ teachings hérein._or it méy prove more convenient to construct more - -/
10 specializ’éd apparatué to pedomi the required miethod steps. The required
structure for a variety of these machines will appear from the description

given below.



I s deconposed into a series of |ine segnment pairs which define the m ni num
set of trapezoids required to properly reconstruct the quadrilateral In the
di spl ay smnory. The X and Y coordinates of, the two ends of each scan line
bet ween whe |ine segnents are then deternined. 30. The Invention translates
t hose rectilinear coordi o . al | L L ich all ow
the data relating to NJP?JF&FT&E’%EDE St J:.!‘jéég.sn%y fer and

di spl ayed on an output display. This is acconplished in -9- hardware so
that an insignificant delay occurs In the translation and the output to the
di spl ay I's not del aydd defiggingsomputer systems.dbhast bacome afipasergthgdthecal shape

divided into two 5 guadrilaterals which when individually displayed on a
conput er out put 8'89'%%898%3|°d@a9ﬁ%¥w‘_tb&fﬁﬁ"\éﬂegsvﬁ €\2perd %f.m#t hough the
shape shown ig FiehpRers. [ThisedtlbechlisdiHel anSuntBPRicFMktidPHatee Skilled In
the art that shapes of essentially infinite conplication my be represented

i f a sufficient| gomputgemustdeal witth fos sath framditoy bel pedsenieddmithabetpat s are
chosen. In fact, .the system of aéap the present Invention has been utilized

to represent thr&SPBY iRYRY larae fEAUSE the, mapipulgtion of thal infofmaticp 19 eqd
Cystem 10 cont rPiesatiihé Stdbbicsmdbd feGuitee foRdharl il Br i EHHaR, ULBY o

wth a 15 gener plocpssingpait (CRPUt er system The system 10 | ncl udes bus

Interface logic 12 which receives Information regarding the desired
graphi cal sh3®e fromthe conputer system (not shown in the figures). The

bus interface |ogic r ' . ' ' whi ch
desi gnates the pgrt_i é&eaég%ﬁﬁf%ﬁ%ﬁﬁmé@?/g?%#%qu@ﬁﬁ%%bggé input Is to
be_pransferred. ihRérehtih 1RO notrdieysieme Usediisr dishiayingtorfputehgraphicydy data

such as the color description on
: - handling most of the operations in hardware so that the information is

available instantaneously. In order to allow the use of hardware to

15 implement the presentation of graphics, it has been found that the
information presented to the hardware must, as viewed by that hardware, .
appear 1o be of essentially the same nature no matter what the shape io be
presented on the display. In this manner, decisional steps need not be
taken to determine what type of information is involved, thereby increasing

20 the processing time. This invention is part of a system which is based on
breaking the graphics images to be presented into quadrilaterals all of
which may be handled in the same manner by the graphics preéentation
hardware and recombined on the display to present the desired shape. The
system decomposes these quadrilaterals into pairs of line segments each of

25 - which subtend the same output display scan lines. Thus, each quadrilateral
is decomposed into a series of line segment pairs which define the minimum
set of trapezoids required to properly reconstruct the quadrilateral in the
display memory. The X and Y coordinates of the two ends of each scan line
between the line segments are then determined.

30

The Invention transiates those rectilinear coordinates into serial scan

line positions which allow the data relating to these positions to be stored in

a frame butfer and displayed on an output display. This is aéoomplished in



input data lines. The bus interface logic 12 also receives$ 'a cohtrol signal
designating the manner In which the Iniormation is to be treated on a

control line. 25 When constructing graphical representations from
quadrilaterals, the input information includes the coordinates of a .\’
particular clip window in which the Information is to appear. the ' .
coordi nates (vertices) of the quadrilateral, to be described, and col or data
regardi ng each quadrilateral. The color Information which Is to be so

presented at thepglugateyo fHat bR nsighitan &élfﬁft ulrssmhertﬁ@lsxhﬂo:fafcg&gepath and

menory interface stage 22. The vertices o e quadril atera

descri bed and t heutput to the displayds sotdelayed. i n coordi nate staging circuitry 14
whi ch includes hardware that provides conparisons of the Incom ng

i nformation -10 - by nmeans well known to the prior art such as

regi sters, nmagnitude ﬁ&ur;?a{ Et‘ﬁ@“{?gﬁ@ggﬁy E%'@g’(i;‘%%ﬁ o J{Qg?&?ﬂ%)fw& sons nmade

I ncl ude the conpari son of eac vertex o

quadr i | at er al 5t oqesditatetanewhish whendingivicbamhdisplajétcon ahompieert outpst of t he
quadrilateral, the conparison of each Y value of each vertex of the
quadril ateral todevenpwmvidethe cpmplate efiginalehape. Altbovghithe shapeishewn iy t he

aued 10 BT BRI AR BRER b SR  pepl 1

vertices to the wiin I nformati o S the be

10 presented. Si gssentifiinsintishecomnplitationaryibs lepredented if 4 beffitionwy lRje On i S

i mredi ately avail able for use by the system | D wi thout reference of any of
t he i nf or mat i on - PuMppEoigmalpdividyal quadrlgierals gra;chasan, ¢ tack the systemygh

i nformati on regagdi’ dilce . 5 clip
w ndow avai | 281 PRgeRniGRibh RS bBen bikeed S RreinEifhe BibrclRal>  © P,
coor di nat e sequenainiged shigpesidt everypoomplidated natard.i | ateral |s deconposed

Figure 3 lllustfates in block diagram form a Qraphical pulput system
10 (;onst_rdcied in accbrdanc‘e with the Invention which may be used with a
15  general purpose computer system. The system 10 includes bus_.lnteﬂace
logic 12 which receives information regarding the desired graphlbal shapé
from the c_omputer éystam (not shown in the ﬁgufes). The bhs lntérféce logic
12 teceh_res information on an address line which designates the 'pa_nicular
ponioh of the system 10 to which the input Is 1o be transferred. The bus
20 interface logic 12 recsives the actual data subh as the colo? description on
input data lines. The bus interface logic 12 also recelves a control sigri_al w
designating the manner in which the Information is to be treated on a control

line.

25 When constructing graphical representations from
qﬁadrilaterals, the input informétion inéludes the
coordinates of a particular clip window In which the information Is to appear,
the coo;dinates (varticés) .of the qﬁadxilater‘al 1o be described, and color
data regarding each quadrilateral. The color information which is 1o be

30 pfasented at the display of the quadrilateral is stored in a data path and
memory interface siage 22. The vertices of the quadrilateral 1o be desr.;dbed
and the clip window are stored in coordinate staging circultry 14 which

Includes hardware that provides comparisons of the incoming information



Into a series of subportions each of which conprise two Iine segnents of
the original quadrilateral. Each of these subportions |Is chosen such that
the linessegnents define an area of the quadrilateral which may be drawn by
a 20-'sen{ges of parallel horizontal scan |in¥s,-each defined by an X

begi nni ng value lyjng on one of the line segnents and an X endi ng val ue
lying on the ot heri.’y ﬁ'ﬁaggg@ﬁé@?wr{: PPemF\ﬁcsmf Fﬁg“%ﬁm%e'éfméﬁwwggubport i on

define as many Y (&ﬂﬁb%fﬂrﬁ'éndsﬁa’%ﬁ fdirBGifs,as |s as possible in view of the
shape of the quadrilateral. Wen all of the scan Iines of all of the

subportions are 25 rendered on the display, the quadrilateral is defined
in total. Figure 2(a)-( illustrates _ a.single quadrilateral, djvided into
subportions. The quadr it @apantans made "?f@t@ B;@@PPES%‘[@MCFSJ‘@'W% 2(a),
and the subpor t §Ongadt\érfX ofdhé qidtiritdtblal VAIGY bPSach(ging Gther AS MaY
be seen in Figure 2, each subpo‘r‘ﬁbgn #ncﬁ%&g%ﬁz\ %regen?eda)c.m g‘a\\%ut put

di spl ay, a series wénitas ottbatquaddiateral| thecomglarisdn bkgrach Yavaloe ef bactevestegnent .
defining the quadri line se The, scan |ines

J teral, .and end at another ment . .

for each subportiof @pquﬁgnlateral tq gach gtheg ¥;valie! gach Bgﬂ‘@ﬁ?ﬂ‘ vartices pEYSi dal
ti f the origj ' . ' ' f all

por 1 on,of the. o il clid s SoAbartic dalR PR A kP SPd’ 2

presentation on theenticétd thdieggésipl the itlip wiridonein yuticl the dfomaetion isyhe bies
reconstituted on the display. Referrinq again to Figure 3, after the

5
quadri | at er al s Rav Brasestedy & ipdg acermplishegd by hapivarethe informalipRilal  scan

addr ossi ng stage 16umageiel BAtaSRler e by e AEReBFHEMALSIF orBlbnte A OCLT,

whi ¢h det erm nes f e information to the CPU or any loss of any system clock time.

The ihfo:mation regarding the vertices of the quadrilateral and the

15 clip window available at the coordinate staging circuitry 14 is presented to
a coordinale sequencing stage 16 at which the quadrilateral is decomposed
into a series of subportions each of which comprise two line segments of the
original qﬁadrilatera!. Each of these subponibns is chosen such that the

_ line segments defina an area of the quadrilateral which may be drawn by a

20 series of paraliel horizontal scan lines, each deiined by an X beginning
value lying on one of the line segments and an 'x ending value lying on the
other. In essence, the two line segments of each subportion define as many
Y (horizontal) scan lines as is as possible in view of the shape of the
quadrilateral. When all of the scan lines of all of the subportions are

25 rendered on the display, the quadrilateral is defined in total.

Figure 2(a)-(d) illustrates a single quadrilateral

divided into subportions. The quadrilateral which is
| decomposed is shown In Figure 2(a), and the subponions thereof are
30 fllustrated in Figurés 2{b)-(d). As may be seen in F‘ngure 2, each subportion
includes, when presented on an output display, a series of horizontal scan
lines which begin at one line segment defining the quadrilateral and end at

another fine segment. The scan lines for each subportion of the



each line segnent pair the particular pixels constituting the X-+wvalues -at

t he begi.nning and end of each scan line within the deconposed subportions
of the quadrilateral. This functional addressing stage 18 al so acconpli shes
the necessary clipping to fit the particular quadrilaterals to the tof jand
15 bottomand the left and right of the clip windows, and then transters -
the signals to a nask generation stage 20 which arranges the information
into sixteen pixel portions that traverse& $Yomthe begi nning to the end of

t he visible port ; are used
for addressing téh%é’qt%&a?}ﬁ&aéﬁggygﬁ%@yﬂﬂ H{"gg’?gggés?@%' Q&%ﬁ%]e mask
generation si gnaWhearkesy krizbntahiine otiak of the trapesvida ddbpwtiorsearer at or 24
whi ch transl ates the addresses grow ded by the mask generation stage 20

into signal s forsqannedte thedmme @m@rmemaémonamq evtppiisplay thr eplire
display. It Is t O r generator which is 25
the subject of tﬁ\%‘ﬂ’ 8%'%‘%” L#} ?hueﬁfoﬁ'otﬁg%ﬁ Ssi’dered by this

specificationgrelates to the apparatus and nethod of translating the
addresses avail able at the nask generation stage 20 into addresses which

may be utilized to 'II. sg hc ata d
thg out lSu!t Lhzspl ay. ﬁ%ﬁleg ﬁgc gg?‘é} g?l E%c% t%gﬁgfapl On&ﬁﬁﬁg?%i%'&ai‘@
acconpl i shed by haeeubeeof daceoposedi mmosugaorngonss cther gndiwidvadr, the
circuitry of thige AHVME gnhaeeoengiéhs§ &thngh%hs Bhavhg! ROya10EgLer Of

| evel s of resolution are not ower s of 12 -
At this point, tﬁétéémépeéaﬁﬁ FefﬂPFHQ°F61tﬁédﬁﬂaaipgaﬁéP&P 95 “be di spl ayed

275 %8 " L BTSN el 8. Bk RS i ¢ 2
each line segment pair the particular pixels constituting the X values at the
beginning and end of each scan line within the dc_'acomposed subportions of
_'the qQuadrilateral. This iunctional addieséing stage 18 also accomplishes

the necessary clipping to fit the particular quadnlaterals to the top and
15 bottom and the left and right of 1he clip wmdows and then transters the
signals to a mask generation stage 20 which arranges the mformahon into
sixteen pixe! portions that trav_arsé from ihe baginhing to the end of the
_visible portion of each quadrilateral for eac_h scan lina and are usad for
addressing the data path and memory interiace stage 22. " |
20 |
‘The mask generation sigﬁals are also furnished 1o a inear address U
generator 24 which translates the addresses provided by the mask
generation stage 20 info signals for linearly addressing the frame buffer for
the odlput display. It is the circuitry of this linear address generator which is
25 the subject of this inven_t_ion. The invention considered by this specification
- relates 1o the apparatus and method of trans!ating the addresses available
at the mask generation stage 20 into addresses which may be utilized to
serially scan the color data into the frame' buﬂer and the ouiput display. This
circuitry allows such transfation to be accomplished by the use ofa
30 minimum of gating circuitry. Moreovez the circuitry of this invention
accomplishes this while providing a number of levels of resolution whnch

are not simply multiple powers of two.



particularly described in the foll ow ng patent application, all of which
were filed on the filing date of this patent application and are assi gned
to the assignee hereof: Serial No. 07/297,475, filed January 13, 1989,
HARDV\ARE\/lO | MPLEMENTATI ON OF ‘CLI PPI NG AND | NTER- COORDI NAt E COVPARI SON
LOA C, Mal achowsky and Priem Serial No. 07/297 604, filed January 13,
11989, APPARATUS AND METHOD FOR PROCESSI NG 1&RAPHI CAL | NFORMATI ON TO M NI M ZE
EQSEETCROSERMS'NES%’TPB b Rty oo Draar ANATMIER (3 TR ety flatersl

' chqws ria

filed January tﬂ'»)%g %@M@%&ﬁ%@’%@%&%aﬁ# A | 1¢ A
GRAPHI CS SUBSYSTEMIXNHBM&S]CGRRB@M‘EPMREBMR&.TO PERFORM CLI PPI NG OF

| MAGES, Mal achowsky and Priem Serial No. 07/297,590, filed January 13,
1989, APPARATUS AND METHOD FOR LOADI NG COORDI NATE REG STERS FOR USE W TH A
GRAPHI CS SUB§YSTEM 20 Varioys| partiows A theDexsrrGalMerdesariibed awekmgreand

Priem Serial No.pftiegiard 2desf:i:i19éé{ PR C@Eb 851 1%91?\%%% U@gﬁaaem all
APPARATUS FOR s Mﬁ\le LI.NE Ec%ﬁgg DI SPLAY Al TION BY A
COVPUTER SYSTEM ing, dagg o o? patent applicgtion

Decenber 20, 1988, aﬁ&hfmssmww%aﬁsﬁ OREEE NI NG LI NE 25

and Priem and SerTaiao® B@?ﬁ?ﬁ%ﬁdﬁwﬁﬁ%@%@*ﬁb&%ﬂ%ﬁm
APPARATUS FOR DECCRMFLEMENTATICN ABRCLIEPENGUAND| TMIPR-COORDINATE. SOMEARDSON LOGIC,
MANI PULATI ON BY A (MR XI%TEM%IaFt e%@‘flg‘qu Fggs%?ﬁg Jtﬁﬁ‘;‘é,‘éfﬁl at e

“fromrectilinear co d| nat s_des

pi xel s on each Y st METHPR {FOBFR ERAFHIGAL NFORMATION TO
val ye; and this anMINIMIZB maamosmmemmmmm ?Rocsksm; GinemmM'rm the

serial 35 val u&]’ltSrIBEl{ Wﬁ?t naelac%%xgs tam?ePrlerR %enacf
15 No. 07/297,093 filed January 13, 1989, APPARATUS AND METHOD FOR
USING A TEST WINDOW IN A GRAPHICS SUBSYSTEM WHICH INCORPORATE
HARDWARE TO PERFORM CLIPPING OF IMAGES, Malachowsky and Priem;
Serial No. 07/297,590, filed January 13, 1989, APPARATUS AND METHOD
FOR LOADING COORDINATE REGISTERS FOR USE WITH A GRAPHICS SUBSYSTEM
20 UTILIZING AN INDEX REGISTER; Malachowskey and Priem; Serial No.
' 07/287,392, filed December 20, 1988, METHOD AND APPARATUS FOR
SORTING LINE SEGMENTS FOR DISPLAY AND MANIPULATION BY A COMPUTER
SYSTEM, Malachowskey and Priem; Serial No. 07/286,997, filed
December 20, 1988, METHOD AND APPARATUS FOR DETERMINING LINE
. 25 POSITIONS FOR DISPLAY AND MANIPULATION BY A COMPUTER SYSTEM,
Malachowsky and Priem; and Serial No. 07/287,128, filed December
- 20, 1988, METHOD AND APPARATUS FOR DECOMPOSING A QUADRILATERAL
FIGURE FOR DISPLAY AND MANTPULATION BY A COMPUTER SYSTEM, C.
Malachowsky.

In order to translate from rectilinear coordinates designated
in X and Y values, the number of .pixels on each Y scan line (the X
resolution) are multiplied by the Y value; and this amount is
added to the particular X value. The total is the serial
35 value from the beginning of the scan at the top left of



-13- the output display (the rectilinear position at which X=0 and Y=0.
For exanple, Figure 4 (a)-(d) illustrates the mathematics of acconpli shing
this determ nation. Figure 4(a) illustrates the nmethod of arriving at..fhe
scan line value for a pixel when the fgspl ay resolution is 1024 bits er -
scan line. The 5 Y value (the nunbér~of the scan line itself) is ' )
mul tiplied by tH&dput disglap (tharectitiydarposition atrwhich{X<+0 and ¥&0). sSFaxcconpl i shed
simply by shifting the Y value by nine bits. to the |eft and shifting zeroes
Into the enpt $X@MPlepbigure 4 4)-(Ghillbsteates Hier mathgmatics, pl,accomplishing this ni shed to

the adder cirgyj ' t OOHLe £ 0 iSathe X _
val ue of the g%’té'ﬁ%a@ﬁ%ﬁﬂ@oﬁem@é’ l!(lmsgta%%%gqu&@'{ﬂsérﬁwéa?%g% | Hé‘ﬁ%osi tion of.
t he pixel of waluerfersa pikeewhen tel dispkiynedoiution ism024rist perGean ile.aThe
arrangenment utilizes shift | sters_and adders conposed of gating

dd d :
cirouttry BecXamie the Bumber eidh ssanine HsebisdualtinionPy-1424a I ARaN| i er f or

the linear ad QD o e . r ice to

generate the %ﬁ%&%gﬁb@é@@ 'saéécgmgﬁ%fg'ﬁ{?@{ ﬁgh'gﬁ'g;{ﬁ#?ﬂégﬁg% easily

obt ai nabl e powmebitafto Pl dnEishiffiy 2trodd 1At b ehipitg B Posilidhieson thgen di f f er ent

resolutions are desired for the .output display and these resolutions are

vari ati ons by righfoolis valtre isithen ffurnished tostheragidet cirguitry, as oné inpat. sAnpl e matt er
ne or, nore bits in

hi f he Y val i ded f ' i ) by .
Gi ther  di roct PRI INa Aases f thedk vElup of pre el MienAddethfiber
501 Uti 095 Oy Pl 2 e RGBTl 5T Mgl o AREm OB

However, as re ions | Spl'ays 1.nprove, the use

resol utions i mprementing\éuidh dr@bdrjemont elizes ebittaegisrslahdadadrs! ity of the
display to provide the higher resolution (an.order of magnitude increase 2@_)
i n resol uti oncomppsed plaaingsircyity beerysedtis nat espnemicalieorpravide ani ns) nay

Fesol it i ons. BRi PRRBRE 5T inb Hpls dcludielifl) ferdiBiCuid\BaPre or t1o
' practice to generate the muuiplication' by a series of additions utilizing

15 - easily obtainable powers'pf tw_d'-'mumples of the multipicand. -

“Thus, when different resolutions. are desired for the output display
and these resolutions are va_:iatidns by é poi)ve_r of two of the base
resolution, it is:é simple matter tb shift ._t_he Y value provided for the pixél by -
20 one or more bits in eith_er dir'e_ctio_n'to reach the correct multiplier. In this
manner, resolutions of 512 and _2048 may easily provided on the same
display. However, as résolufibhs of output displays improve, th_e-us'é of \J
lower resolutions is waning with sophisticated programs and the ability of
the display to provid'e'the higher resblution (an order of magnitude incrqase
25 in resolution with a power of two increase in pixels per scan line) may aiso
be in doubt. Consequently, the ability to provide more than one or two

resolutions using this output method is also unlikely.

The s_ysteni of the present invention is able to provide display
30 resolutions of 1024, 1152, 1280, and 1 600 pixels per scan line, much more
useful resolutions than the power of two resolutions which may be attained
with presently available displays. Figures 4(b)-(d) ilustrate the
mathematics of providing such display resolutions. Figure 4(b), for



The system of the present invention is able to provide display 30
resol utions of 1024, 1152, 1280, and 160Q yj xel s per scan |line, nmuch nore
useful resolutions than the power of two resolutions which nmay be attained

wi th pregent |y exenigieliasteioshams redlizg e 8ok ion 6613152 pinelspar scarine,
mat hemati cs of providing such di.s&J aéeresol utions. Figure 4(b), for - 14
- exanpl e, il UseNMayaiue Mayibe multiplad Byx1824, andladded o the Y vajuepmulipiedher scan

S ot 1o oy 512 Bl e F i, TR reaigh B St B eclibliets
three inputs. Frigurecs(élMistrdiés bt @irBalide @ redofutioR ¥t 1280 PixeRSPersichfin®f 1280

pi xel s per scan [ine requires that the Y value be multiplied by 1024,
added to the Y reguicas ¥hat thepY ivalie ibg mdtipliedrhy R4 added ththeXY valuge. This al so

requires an adder_with three inputs. Fiqure 4(q).illustrates-th to
realize a resol'ﬂ??'\é\ﬁF‘{}?y E%Q)@“Hiééaﬁ “bgle%gé'ﬁwei ﬁ)r\'\é'; ?‘éﬂtﬁ?qL@@st%aﬂﬁeﬁe Y val ue
be multiplied .,{L{p’%s : eGe: ; LAl Wdtothe
Y val ue nul ti plt%ted ;‘/'e'gg,ggénééﬁak@d%gﬁeg%ﬁéb%@a*ﬁ%@g |é&r”eqw res an
adder wi th fourpikel® Pstcamm@ reqairgssthar thevalae del mbkiplietby: 1024, added
commercially feasible. To provide such an adder would require such a | arge

number of gat edoithelf value muliplieshby bt2.adserde the ¥ivalue multiphedbyfd, @nslil d be
realized. 15 LJJhe Gircui of the present..i i on i t he
necesar vy ofd saedesi8 MK vaiH, Tis Bayits e ABAF Wl BUFRPhRY SN fieBre, o
real i zing the oglgirot avait®fewhieh ard BomRYdislsy feBSibRe TaprovidlePslich athe

circuitry utilizes an increnenter circuit instead of an adder for realiiing
the 1024 resol Ladden wioujsLnequine sudhya lange nambentf gatesthat isguestionahlerber of

[ ts necessar d allowi ng the use of t hree i nput adder to
acmcz%rrpl i sh all %?gﬁﬁresq?bcaé‘s?gﬂgeﬁlf&f??@a?e '?ﬁ@ﬁedgn i ncrementer may be used
for this purpose is not obvious. However, view ng the mathenati cal

arrangenents of Figure 4(a)-(d) illustrates that the addition
15 The circuitry of the present invention obviates the necessity of such

an adder. The circuitry utilizes a different method of realizing the addition
necessary to provide the serial output. The circuitry utilizes an incrementer
circuit instead of an adder for realizing the 1024 resolution input thereby
substantially reducing the number of inputs necessary and allowing the.us'e _
20 of a three input adder to accomplish all of the necessary additions. That an
incrementer may be used for this purpose is not obvious. However, viewing
the mathematical arrangements of Figure 4(a)-(d) illustrates that the addition
\_/ of the X value and the Y value multiplied by 1024 which is present for each
resolution may be accomplished by simply adding the highest bit of X to the
25 lowest significant bit of the Y multiplied by 1024 and thus allowing the Y
value to be incremented if a "one” is present at that highest bit of the X |

value. An incrementer can easily accomplish this operation.

Figure 5 illustrates a preferred circuit 30 which may be utilized to
30 realize the invention. The circuit 30 includes an adder.32 which réoeives
inputs on three different lines. The upper line to the adder 32 shown in
Figure 5 is the output from a multiplexer 34 which selects an input on one of.

four input lines. These four lines are zero, Y multiplied by 128, Y multi_plied'



of the X value and the Y value multiplied by 1024 which is present for each
resol ution may be acconplished by sinply adding the highest bit of X to the
25 | owest significant bit of the Y mul tiplied by 1024 and thus aIIovylng t he
Y value to be incremented if a "one is present at that highest bit ot_z,t*he X
value. An incrementer can easily accqompdi_sh this operation. Figure 5 .
Illustrates a preferred circuit 30 whi may be utilized to 30 realize the

i nventi on. .ThBYQSS%HéY%niﬁﬁébW@zafh%@Wb@@ot%kﬁ&iarﬁ%wﬁﬁd nputs on

three different |ines. The uppefr line to the adder 32 shown In Fi gure 5 1is
t he out put frmwmhmiio’mlmbhecbrbyahesmlmhtssahpbe sirply Bogomplished bg aof , f our

R LS R W b3 BB o P s T e e,

two nultiplic | ,g&qq;gy shed by a
shift left Wltaéz rhgg;éﬁg'regavrlg a(f‘ '{'?FW)H{OE'e eﬁ‘pty l|’§ﬂs)a¥?omt edrlght Thi s
may be accsrrphmazsl*te(hcbombmmmarzerdaﬂn aﬂthplapp@pdauecbmsa;ons.rm'be valueliower
valued 5 lines to acconplish the zero fill at app riate bit

posi ti ons. ThE&elpateddyi %s's@'éef‘wmyym!;xer éﬁwh'qhd"%ﬂ?@ gﬂ 'anreésawom whi ch
depends on thﬁeés?&fl ution desired. The lower |ine showm in Figure 5 to the
adder 32 is t output froma 10 nultiplexer 36 which selects the input on
one of two lines. These two lines are zero and Y nultiplied by 64. The
value is also selected by a signal to the multiplexer 36 which depends on
the resol ution desThedawerling shaw is Figyra to dhe an@@esthesmmm\fmu by an

38 th | h f
Lo Xval 38, Bulibieier 38 s e et e 1t b Briser 16 phot, Thebd spoimgeq by T O™
incremented. hfe 3416 axdw hul(?fétﬁby e4ama%xdeh§a|sbfyane&é@6w£sfga§|tbts | ovest (/)

bit incremented, and al er bits which receive carrieés through the
i ncrenenting ﬁpanak&pbnem&waichrﬂepandem meamsomtaon desired.

The middle input to the adder is provided b_y__ an incrementef 38 which
15 receives the Y value and the high bit input from the X value. Depending on
the X bit value, the Y value is or is not incremented. 1 the X bit -valué;i's a
one, then the Y value has its loweét bit incremented, and all other bits which
receive carries thrcugh the incrementing operation aré also increfnentad. [
the X bit value Is a zero, then the Y value is not changed. This resi.iit__is- |
20 simply appended to the high end of the value of the first ten bits of the X
value (th'e zero through nine bit positions) and produces at ghe input to the
adder 32 a result which is equal to the sum of the Y value multiplied by 1024
plus the X value.

25 To reach any of the.resolutions, the appropriate fesolutio_n is
provided as ihput te e two multiplexors 34 and 36. 'If the resolution is
1024, for example, =.-2 multiplexer 34 provides 2er0 as its output, the
multiplexer 36 provides zero as its output, and the incrementer 38 provides
the Y incremented value to be appended to the first ten bits of the X value to

30 give the entire result, i.e., the 1024 resolution multiplied by the Y value plus

the X value.
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the X bit value is a zero, then the Y value is not changed. This result is
20 sinply appended to the high end of the value of the first ten bits of
the X vakte (the zero through nine bit positions) and produces at the Input
to the adder 32 a result which is equal to the sumof the Y val ue

mul tiplied by 1024 plus the X value. 25 To reach any of the

resol utions, the appropriate resolution is provided as input to the two

mul tiplexors 34 and 36. If the resolution is 1024, for exanple, e

mul ti pl exer 34 provides zero as its output, the nultiplexer 36 provides
zero as its output, and the incrementer 38 provides the Y increnented val ue
to be appended to the first ten bits of thejvalue to.30 give the entire
result, i.e., the 1024 resolution nultiplied by the Y value plus the X

val ue. - 16 - | f tHéthecresbiutionois 1152, IckHtRe other hiaad,dhé eultiplexdr 34 he

mul ti pl exer 34 provides Y nul t,igl I ed bé'128 as its output, the nultiplexer
36 provides zero REOVides Xomuliplied by 328 a8 its Quipwhdbe multipiexsr 36 prrvides zer

i ncrenent ed val ue ; i | lye to
give the resut. R s SBuRERGRERE iicorhalfel 3¢ ol YopempBa a8y I T,
nul tiplied by-128bplappendi 1 tnefirstten!bits o the e valloto Give itise FB30R) i.el, ke Y

mul tiplexer 34 provides Y multiplied by 256 as its output, the nultipl exer

36 provi des ze$o ¥aluptmuttiplied by, 1024 Plysthe Mvalpe multiptind by 128 pusaihedes the Y
I ncrenment ed val ue é'o be appended to the first ten bits of the X value to
give the entire ré MPt, i.e., the Y value mul tiplied by 1024 plus the Y
value multiplied by 256 plus the X value. |If the resolution Is 1600, the
“multiplexer 34 provides Y multiplied by 15 512 as its output, the
mi_ti pl exer 36 provi delf the resbbtion isct280ythemultiplexer 34 prpvides ¥ multiplied by
[ ' he Y | I
I ncrementer 38 pr Sgé ggsnstou?put. thg %‘fu?hp er;:te(rags %?ovydeestz%rob Ss its output, and the

10 incrementer 38 provides the Y incremented value to be appended to the first

ten bits of the X value to give the entire result, i.e., the Y value multiplied by '

1024 plus the Y value multiplied by 256 plus the X value.

If the resolution is 1600, the multiplexer 34 provides Y muitiplied by
15 512 as its output, the multiplexer 36 provides Y niultiplied by 64 as its
output, and the incrementer 38 provides the Y incrementad value to be
appended 10 the first ten bits of the X value 1o give the entire result, i.e., the
Y value multiplied by 1024 plus the Y value multiplied by 512 plus the Y
value multiplied by 64 plus the X value..
20 | '
The circuit shown in Figure 5 is realizable with circuitry presently
available. ht utilizes an adder with but three inputs which is attainable

economically at the present state of the art.



appended to the st ten bits of the X value to give thé enti}e tesul’t,
val ue nmultiplied by 1024 plus the Y value nultiplied by 512
.p us t SNKW“ It|p||ed by 64 plus the X value. 20 The circuit shown in

%ﬁL ble with circuitry presently available. It utilizad an
ut®three i nputs which is attainable economcally at the present .
staTe ‘of the art. - 17 - CLAIMS 1. An apparatus for translating -
a rectilinear coordinate pair into a pixel position for the rapid display
of an imge on an output display jpaid coordinate pair conprising an
Mbit X rectilinear value and an N-bit Y rectilinear value, N and M being
positive integral values, said apparatus conprising: an adder having as
out put said pixel position, said addercirmmsig a first input, said first
i nput to said adder being a first non-negative integral nmultiple of said Y
rectilinear value; and first circuit means coupled to said adder for :
providing a 3econd iﬂpmt'appaeabussafdrfimmanslatingrnawmrhetih@nearinput

sai d coordin he tir I Si t econd
bt ro oo gooridnatd ik *inth b HIRk1CISOLLLEGR! foi D eile CRapINECO
rectilinear @aFEéQ%uiQﬁe ABxt image] |amstaB gAv t 4i53161vsa561§econd

i nput f to sai %oééa?.hah;@ Khikecshpt PSihg AnYM-BA hi Needt ¥RiNeapNdalib@ NSt
significant hh %n N-bit ¥ rectilinear value, N and M belng p051tive
integral values, said apparatus comprising:

- an adder having as output said pixel position,

said adder having a first input, said first input to R

said adder being a first non-negative integral multiple
of said Y rectilinear value, and

first circuit means coupled to said adder for
providing a second input thereto, said first circuit
means having as input said coordinate pair, the first M-
1 least significant bits of said second input to said
adderfbeing the first M-1 least significant bits cf said
X rectilinear value and the next N + 1 least significant
bits of said second input to said adder being the sum of
said Y rectilinear value and the most significant bit of
said X rectilinear value. o

2. The apparatus as set forth in claim 1 further
comprising second circuit means coupled to Said'addef,
said second circuit means having a first input of a
first plurality of non-negative integral multiples of
said Y rectilinear value wherein at least two of said
first plurality are different multiples of said Y
rectilinear value, said second circuit means having a
second input indicative of a desired resolution, said
second circuit means for providing one of said first



said X rectilinear value. 2. The apparatus as set foW
further conprising second circuit nmeans coupled to said ad m““\
circuit #reans having a first input of a first plurality ofc\ﬂm !‘“ﬁ“

[ ntegral‘urultl ples of said Y rectilinear val ue wherein at ctwo 8f 8aid
first plurality are different nmultiples of said Y rectilinear value, said
second circuit means having a second input indicative of a desired

resolution, said second circuit nmeans faor %row di ng one of said first
111111121121211121121111 - 18 - plur aI ity as B3 first i nput to said adder

based on said desired resolution. 3. The apparatus as set forth in
claim 2, wherepiupag iy Sa”éd auast allh tOftéloga@ﬁgaédd@r' %E%%Eliﬁ'on
rmltlples of said_.Y_reGtilinear va he val ue zero .

apparat us as s8pifodesired rasq Q“W‘Pé’r-el n sai d adder has a third input,
said third input to said adder being a second non-negative integral

| tipl f bd Y d i d I t
the sum of sai8°first, TS RPRARTH 78 PROUESRE oih dolaily 2 whefding,
appar atus as senef cof h said| fimst fplurelitymofi shon-hégativer cintegeabs
coupled to salgy3¢9phesSbe dU{d ¢ MFULLiTPROS " TUL 2nbls Sk "RM1QL 2

Zero.

4. The apparatus as set forth in claim 2 wherein
said adder has a third input, said third input to said
adder being a second non-negative integral multiple of
said Y rectilinear value, and wherein said pixel
position is the sum of said first, second and third
_inputs to said adder. |

5. © The apparatus as §et forth in claim 4 further
comprising_ third circuit means coupled to said adder,
said third circuit means having a first input of a
second plurality of non-negative integral multiples of
said Y rectilinear value wherein at least two of said
second plurality are different multiples of said Y
rectilinear wvalue, said second circuit means having a

\_ - second input indicative of said desired resolution, said
third circuit means for providing one of said second
plurality as said third input to said adder based on
said desired resolution.

6. The apparatus as set forth in claim 5 wherein
'said second and third circuit means are multiplexers.

7. The apparatus as set forth in claim 5 wherein a
particular Jth non-negative integral multiple of said Y



second pIuraIity of non-negative integral nultiples of said Y tectilinear
value wher ei east two of said second plurality are different nmultiples
re r val ue, said second circuit nmeans having a second,
“@\w‘t said desired resolution, said third circuit meand o6r-
said second plurality as sald third input to said adder .
based oh said desired resol ution. 6. The apparatus as set forth in
claim5 wherein said second and third circuit nmeans are nultiplexers. 7.
The apparatus as set forth in claim5-mEyetn a particular Jth non-negative
integral nultiple of said Y - 19 - rectilinear value is fornmed by

setting the first J least significant bits of said particular Jth
non- negat i ve riemtdddaieamvapie is tamedirhy ssettingt bhenfirsh Feleast

signi ficant WijlohiQfi haie Bk Cokarsalid Bg'%ﬂ%ﬁtalx"ea'tﬂt *bAlndyhtige 1o

said NNbit Y rectilinear_value, where J a non-negative | ntgb?
The appar at udntearal maleiple ckq; ﬁPS"\M?é?‘%l%Eﬁb“‘éf the pert N peaskiity

ofI non- negat Is\iqmrftleﬁmi Bitsl pbes ifidaipdreilcantdr | oear Mahuaeaaewae
val ue zero.
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rectilinear- whlexee Hasis e naxi-treegariove integer.

8. The apparatus as set forth in claim 5 wherein

one of said first plurality of non-negative integral
multiples of said Y rectilinear wvalue has the value W
zero.

9. The apparatus as set forth in claim 5 wherein
one of said second plurality of non-negative integral
multiples of said Y rectilinear value has the value
zero.

10. The apparatus as set forth in claim 1 wherein

said first <circuit means further comprises an
incrementer, said incrementer incrementing by one said Y
rectilinear value if said most significant bit of said X
rectilinear value has the value one, said incrementer
thereby form:.ng said next N+1 least significant bits of o/
said second input to sa:Ld adder.

11. The apparatus as set forth in claim 1 wherein
said adder has a third input, said third input to said
adder being a second non-negative integral multiple of
said Y rectilinear value, and wherein said pixel
position is the sum of said first, second and third
inputs to said adder. '



10. The apparatus as set forth in claim1 wherein sai d
circuit means further conpri ses an increnenter, sai “Um mmm“‘
incrementing by one said Y rectilinear value if said most

of saidyX rectilinear value has the val ue one, said incrementer thereby
form ng said next N+1 | east significant bits of said second input to said
adder. 11. - The apparatus as set forth in claim1l wherein said adder has
a third input, said third input to said adder being a second non-negative
integral nultiple of said Y rectilinear 20/t ue, and wherein said

pi xel p05|t|on is the sum of sald first, second and third inputs to said
adder . - 12. ratus, for, tra atlng |l i near
coordi nat e pal le'nto a’h eﬁp %‘ﬁ)n FOF + FEAPEIRE 1R 12y 5?°§ﬁi?‘ﬁﬁ§€ on
an out put di speaprdimatteanpair| yindko herpinedf pasitikenrifmr thiet hrapid

reference to d&gﬁlggrcwwi ﬁgaéjé aw"ngﬁ. output display, substantially
as hereinbefore described with reference to the
accompanying drawings.




