222391 7 MULTI PLEXOR | MPLEMENTATI ON FOR RASTER OPERATI ON | NCLUDI NG
FOREGROUND AND "BACKGROUND COLORS SUMMARY COF THE | NVENTI ?\zﬁzjq e|s7

invention is directed to a nultiplexor inplenentation o for
perform ng Bool ean raster operations in a workstation whose functlons

¢

I ncl ude the display of . grapE ._m_.-gNhaV|ng
-foreground ‘and background c 'Q,..aes a pl éhe
raster-op select circuit and e e

raster-op select circuit sel g y r TRYER
for each plane of graphics |nfornat|on as a functlon of foreground and
background color control signals. The sel ected Bool ean raster operation for
each plane is then input to a set of nmultiplexors and the sel ected Bool ean
raster operation is performed on the control 1 ats to the multiplexors

whi ch nmbi d.d i d f h pl i | :
e bel oated Boctie Prsient verlic 187 reBbed el R RO AREGEAL 101V 0
DRAW NGS ' FI ﬁx%eﬂeﬁ@a #idd ‘Eé(di'x@{ TPy Fow Partaﬁmﬁﬁglﬁsaﬁms rdstde present

i nventi on. RE 2 1s a block diagramof the data path circuitry
operations in a workstation whose functions include the

display of-graphics images using multiple planes and having
foreground and background colors. The invented circuitry

includes a plaﬁe raster-op select circuit and a Boolean

raster-op circuit. . The plane raster-op select circuit
selects a Boolean raster operation to be performed for each
plane of graphics information as a function of foreground -
and background color control signals. The selected Boolean
raster operation for each plane is then input to a set of
multiplexors and the selec:ad Boolean raster operation is
performed on the control : .:ts to the multiplexors which
combines source and destir .:.on data for each plane
accordingly to the selected Boolean operation for that

. plane. , £



Which conprises the present invention. FIGURE 3 is a diagramatic
repreSentatlon of the eight planes of information in a frame buffer. FI GURE
‘i's a'block diagram of plane raster-op select |ogic 62 and Bool ean _
raster op logic 64. 2 -DETAI LED DESCRI PTION OF THE | NVENTI ON The present
invention is directed to an apparatus and nmethod for use in a conputer
systenLused for the graphic display of images. Although the present
invention is described with reference to speC|f|c CIrCUItS bl ock di agrans,
signals, truth tables, bitpRepgt s i ft wll be

.appreci ated by one of ordinary skrltdrn t he art that such details are

di scl osed sinply tBIGUREiXds arblockhdiagyam ishisridig tiiengnuironuent cafnt
invention and the present, i nventi on may be practiced w thout these specific
details. |n oFRerPresen ddwentdion.known circuits are shown in bl ock diagram
formin order not to obscure the present invention unnecessarily. In Figure
1 there is shown a general block diagram of the environment of the present

fnvention. CPU 9 i praigie PA ' S1BcRSatabEas | o did Sdth! Yath! 81PGiS L he
ot her components shown In Figure 1, and provides data, control signal’s and

addr esses t hr ghjéh Ghhprisss ahe b&eaents$nvgnﬁinn

"FIGURE 3 is a'diagramatic representation of the eight

planes of information in a frame buffer.

FIGURE 4 is a block diagram of élane raster-op select .
logic 62 and Boolean raster-op logic 64.



t'he operation of the invention herein described. CPU 9 through CPU -
interface 10 al so provi des addresses to a nenory interface 14 and data td
"data path circuitry 12. The data path circuitry 12 is also provided with
~data which is read froma display franme buffer 13 by nmenory interface 14.
Data is outputted by data path circuitry 12 to nenory 3 interface 14 for~
witing therefromto the frame buffer at an address provided by CPU 9, tIﬁe _
present invention i's directed to specific circuitry and techni ques i n dat a
path 12. Details concerning CPU 9 CPU |nterface 10, frane buffer 13 and
menory interface 14 w DEDALLERRESE [ON, QF: THE TNVENTXONhe art of

conput er created graphrcs drsplays and are therefore not set forth herein

except ‘as needed (o3t ath
~ Ci rcﬁi try 12 vviI 9%“’3@5{8%. et g’?ﬁege{i re ereéeg#ﬁ% d%%g‘u?e 2,
which is a huaabaogak »béecknlae\&mpﬁw aystbnt igedatér PRtid drlaphiid ry 12 of

~Figure 1. For purposes of the following explanation, the terns
: "dest|natlodispmdy"eﬁuimtgeskuealmudugbethntpvdaeaﬁ iesntior idmn data i s
data which is witten into the frane buffer or is the data currently

resi di ng at deseribedcuith refprenceto,S$Peeifisoairevith, Biaqkn. Source
+data is dat %i‘é’&'r&ﬁs', Ssgéx?gi %H&mt%%ﬁegf Bgi:efengﬁgcespixeqe lengt%s,

etc., it will be appreciated by one of ordinary skill in the

art that such details are disclqsed sinply to provide a more
thorough understgnding of the present invention and the
present invention may be prectiqed,without these specific
details. 1In othef instances, well known éircuiﬁs are shown
in block diagram form in order not to obscure the present

'invention'unnecessarily.

In Figure 1 there is shown a general bloek diagram of =
the environment of the present invention. CPU 9 is defined
herein as embracing circuitry external to the other
components shown in Figure 1, and.pravides data, control _
signals and addresses through CPU interface 10 necessary fbr. QQ'

the operation of the invention herein described.

CPU 9 through CPU interface 10 also provides addresses
to a memory interface 14 and data to data path circuitry 12.
The data path circuitry 12 is also provided with data which
is read from a display frame buffer 13 by memory interface
14. Data is outputted by data path circuitry 12 to memory
3



*which provides font source data to font-register 20, a pattern register 27
mhlch stores a predeterm ned pattern.and provides pattern source data, or
jsource bl ock register 24 which provides frame buffer source data. Pattern
register 27 contains pattern source data, while source block register 24
suppl_ies source information read fromthe frame buffer via menory interface
é4f Tg%édatadpath circuitry 12 conbi nes source data with the destination

ata a produces new destinatjon data which-is.wjitten tq a desired
Iogatlon of timkerfage 56ff@¥,"¥%ﬁ¥ﬂ9iﬁ?eFGFFPmi§°UF??r#ﬁ?ﬁ%/Qﬁi§ﬁFé§§daBn a
vi deo display. _Destinati ta, Ch IS S in ' [ | atch 78,
ibsf][ead from’ﬂ?é*?aﬁﬁ°ﬁg$?‘gfb’étc% %2dd e?ségéﬁgﬁ%rjy ocﬂaj"trblq{or{ggf the frame
buf fer 13 Vi gy LBt 8pbaER1d doirtifl t3RPRARS takkn PGS SI5E Fatiac pathvi ded
to menory inter ace-l%_fr%n1t e CPU 9. he destination data is ﬁeld in

| at ch 78 and jizhen pee&lil Bedonbermiip WrR 9 ,00PUalhber Same i X0 cExapeCPU 9, with

one of the three sources of data supplied by font register 20, pattern
regi ster 27 duffeor 38 apdi nenerysinternfiace g4 Wili PeRAPRANRY 49 thrse

detail. The combinati f d i nat i ( ;

c7izst [ Sat ion cﬁi‘tjd'l]\ﬂ%i Ié'ﬁnf‘gecgﬁﬁg‘gé Z‘Eef’“ta‘?r’}’r , g%trlaggtf{aggf%ﬁc%lt aIs a'tagt?tn ‘E‘ﬁ’gt ch

74 and witten. t i Lt i Do

addr ess suppﬁr}eed%%g&%agg ?gt\rlr\%%r?)lrflbw HerdTR Eﬂ&&ﬁé 4B RddaeP e’ wed by an
proper understanding of the invention.

Data path circuitry 12 will now be described in detail
with reference to Figure 2, which is a functional block
level diagram of the data path circuitry 12 of Figure.l.

For purposes of the fcllowing explanation, the terms
ndestination" and "source" data will be introduced. .
Destination data is data which is written into the frame
buffer or is the data currently residing at the address in
the frame buffer about to be written. Source data is data
which is provided from one of three sources, the CPU 9,
which provides font source data to font register 20, a
péttern register 27 which stores a predetermined pattern and
provides pattern source data, of source block register 24
which provides frame buffer source data. Pattern register
27 contains pattern source data, while source block registér
24 supplies source information read from the frame buffer
via memory intérface 14. The dat§ path circuitryllz

combines source data with the destination data and produces

4



interface 14. In one node of operation, the present invention conbines font
source data (supplied by font register 20) with frane buffer destination’

~data (supplied by latch 78). When a display of font data is requested by a
user, CPU 9 issues a command which causes font register 20 to output its -
font data. This data is then selected by nmultiplexor 30, as controlled by -~

hr

CPU 9, and selected again by nultiplexor 32 and inputted into barrel o

shifter [err 5 | tiplexor d 2l e e_sQL f to be
i nput to baft¥ d_?ﬁ%!f‘%#P% %%E%Mn %H?&lrtg%lhsi:grafgg%%e %gﬁéei?:tr?‘%rn egi ster

27 (mul tipl a0Frafd Bichel Vaaida PR, 96 qutinptéErpraiddlayeasource
regi ster 24%?ﬁﬁptiprexor 32). Barrel shifter 36 noves the ogﬁaaata from
mul ti pl exor od2aoveédee @ispkay: m ned anount of bits so that it lines up
over, for exanple, a 16 pixel nenory access within franme buffer 13. For

exanple, when a ten bit wde_font is witten which begins at, the thirteenth
~ pixel nenory | ocRepsinatien Aata, which is ghored §ﬂi$g§? ratiQn jlatiohct ed,

by CPU 9, tq.shift_th : Yl.leen pla X
begi nni ng o Send*; S%Edgggﬁi %%ﬁ%%@% bvg#_t{?trt KS Bn r?é%%%%%g‘ﬁgr“‘e‘;s wi t hin
the frane bylbatidd bR thé #Pamd ey i0vial nkhddp DhEéPfaceyy that .
wll be operated on. It wll P o o

The appropriate addresses are provided to memory interface '

14 from the CPU 9. The destination data is held in latch 78
and then combined, by a Boolean ope:ation specified by CPU c)
9, with one of the three sources of data supplied by font
register 20, pattern registef 27 or source register 24 as
will be described below in more detail. The combination'df
a source and déstination data-yield;.a-new destination data
which is channeled through destinatipn data output latch 74
" and written to a location within the frame buffer memory
specified by an addrgss-supplied by CPU 9 to memory

interface 14.

In one mode ot operation, the present invention
combines font sourcé data (supplied.by fént register 20)
with frame buffer déstination data (sﬁppiied byfiétch 78).
When a display of font data is requested by'é'user, CPU 9
issues a command which causes font regiétgr 20 to output its
font data. This data is then sélectqd by hultiplexcr 36, as
controlled by CPU 9, ahd,selected again bj ﬁﬂltiplexot 32
and inputted into barrel shifter 35. - '

5



*therefore be appreciated that barrel shifter 36 is used for alignnment so

t hat :when font data is witten into the frame buffer nenory, the font data
mnll alignin the correct menory | ocation as determ ned by the address sent
*thereto by CPU 9. The shifted over data supplied by barrel shifter 36 is
channeled into a set of eight bit |latches 46, 48, 50, 52, 54, 56, 58 and 60
throuqh MJXes 45, 47, 49, 51, 53, 57, 59 and 61 respectlvely This set of

| at ches™st ore one plxel worth of data which will be witten into the frame
buffer (8 pixels uateiplefors Jhand a2cselectctbe sourass sifyidats bptbe

| at ches so that each latch 46, 48, 50, 52, 54, 58 and 60 can store eight
bits of datainput thebatvel shiftem 36 @st bﬂFHﬁEB gont FegiREEToR 0 884
described below with reference_t of e| Is The

3 f
ei ght pi xel s REtRRROFRALFERT \# T Pﬁ]’é"‘ﬁa&%"m’ eac$y‘%<?cess S| nce in the
1 o SO g et

corresponds t I spl ay) nay e updated in one nenory

access. The y98i Bapgeti FhifPex ds mvesnthengbntnddta nfrdre mudtiipiexory
access are sent to barrel shifter 36 and are distributed to | atches- 46, 48,
50, 52, 54, %2 dvéramdpgedeherhinetamruntalof biteheo fehak yitldmes up

over, for example, a 16 pixel memory access within frame

buffer 13. For example, when a ten bit wide font is written

which begins at the thirteenth pixel memory location of
o frame buffer 13, bﬁrrel shifter 36 is instructed, by CPU 9,
to shift the'font data over thirteen places, so that the
beginning qf the font data is aligned with the thirteenth
address within the frame buffer 13 in the 16-pi#e1 portion
of frame buffér memory that will be-operated on. It will
therefore be appreciated that barrel spifter 36 is used for
alignment so that when font data is written into the frame
buffer meméry, the font data will align in the correct |
memory location as determined by the address sent thereﬁo by

CPU 9.

The shifted over data supplied.by barrel shifter 36 is.
channeled into a set of eight bit 1atches 46, 48, 50, 52,
54, 56, 58 and 60 through MUXes 45, 47, 49, 51, 53, 57, 59
and 61 respectively. This set of latches store one pixel
worth of data which will be written into the frame buffer (8
pixels total).



operation in the sane manner as the first. Font data is available in 1 bit
per pixel node (Font-1) for nonochrome or 8 bit per pixel node (Font-8) -for
“color. In Font-1 node, expand circuitry 42 replicates the 1 bit per pixel
~eight tines. Latches 46, 48, 50, 52, 54, 56, 58 and 60 supply the font
source data, eight bits at a tinme, to an input of Bool ean raster-op circuits
64 which is described belowwith reference to Figure 4. The frane bufgef
‘destination data held in destination latch 78 is coincidentally r el eased
~and channel ed t o Thespresentnpuventiaygisem alghte 8- bitclatehemese dthak - op

sel ect 62 which iis al so _described. below with reference to Fig 4 and
Bool ean- rasF@Fmb&aGFPcﬁﬁt 84, ¢ H2n ?%wﬂﬁﬁﬂasabf“&afooFaﬁ §E?€%t%%g ol ean

~operation, r 28;| d 78 with the

font source g ogngﬁ?g gﬁ%stﬂﬁfégﬁgé %%}n %&ahEGBEééELG whi ch were

coriginally Syb-madibh (88! aesetsbéd s’&owThataO%stakEnBeotsam 3 i ons
whi ch are common to graphics displays are Shown in Table 1. TABLE | NUMBE

 OPERATION  for eachDo8CRight (Plitels. The @ilgh® pixels of informatidh 1
NOR d < (-((d) I (s))) 2 ERASE . d <
((d) & -(s)wi3l be halfpRAVR| RREPHERCCESS @ince. ipsthe preferred -

embodiment, a frame buffer memory sgace of 16 pixels, (which
corresponds to 16-pixel§ of a video;éigplay) may be updated
in one memory access. The remaining eight pixels_of
information from the next memory access are sent to barrel
shifter.as and are distributed to latches 46, 48, 50, 52,
54, 56, 58 and 60 in the second half §£ the memory cycle
operation in the same manner as the first.'_Fonf data is
available in 1 bit per pixel mode (Font-1) for monochrome or
8 bit per pixel mode (Fqnt;s) for color. In Font-l mode,
exﬁand circuitry 42 :eplicates_the 1 bit per pixel eight
times. Latches 46, 48, 50, 52, 54, 56, 58 and 60 supply the
font source data, eight bits at a time, to an input of |
Booleén raster-op circuit 64 which is described below with
reference to Figure 4. The frame buffer destination data
held in destinatioh latch 78 is céihcidentally released and

channeled to a second input of Boolean raster-op 64.

Plane raster-op select 62 which is also described below
with reference to Figure 4 and Boolean~raster-op circuit 64 then

-ombine, by way of a selected Boolean operation, the frame bufféf



4

4 . ERASED REVERSED d <- ((-(d) & (s)) 5 | NVERT

d <- (-d)) 6 XOR d <- ((d) [err] (s)) 7 NAND
d < (-(d) &(s)) 8 AND ' d <- ((d) & (s)) 9

EQUI VALENT d <- (d) [err](s)) 10 _ NOP d <- (d)
11 .-  PAINT | NVERTED d < (d) | -(s)) 12 DRAW

d<(3,%%) 13 PAI NT REVERSED d <- (- (d) | (s)) 14 PAI NT

d <- - one's
Gy S9! Rl hieson aasBheon daten, 18, sty thp, EoRh S05G e Bch

source data Thg 4%,208,d85L | 521 |9, %as%resﬁoﬂﬁléﬁ%@:}’e F&ﬂéﬁr{aﬁ&&er op

sel ect 62 and Bool ean rast ér- op 64’ in the Toll'ow ng fashi on. pr Ovi des
to pl ane rastafppldes bycifoid iegisﬂéﬁm ofrheopbsBible VBOollsdm dpdrations
Each group of four bits encodes one of 16 possi bl e Bool ean operati ons.

Pl ane rast er Wiplclelaget coampB beographiced displiays syeGspwn in Table 1.

TABLE I
NUMBER  OPERATION DESCRIPTION
o CLEAR | a <~ (0)
N 1 NOR | d <= (~((d) | (8)))
z' | ERASE a <= ((d) & ~(s))
3 DRAW INVERTED d <= (~(s))
4 ERASED REVERSED d <= ((~(d) & (s))
5 | | INVERT ~d <= (~d))
6 iqn d <= ((d) ~ (s))
| 1 . NAND a <= (~(d) & (8))
U - .
: 8 AND d <= ((d) & (8))
9 EQUIQALENT A <= (d) A ~(8))
10 NOP | d <= (a)
11 p#:ur INVERTED 4 <~ (d) | ~(s))



“foreground color (FGC) and background col or (BGC) status signals for each
of eight planes. The FGC and BGC signals represent, respectively, the - ~’
- foreground and background col ors of the inage being rendered on the video
- display. It wi |l be appreciated that higher bit resolutions and nore

than two colors nmay be used. Since for each plane there are four possi bl;e"' :

conbi nations of the FGC and BGC signals at the input of plane raster-opd
‘sel ect 62, one of the four groups of four ‘bits are selectéed as determ Ted
by the FGC 3%d BGC siQRM s. The sel ect &Y $0uUB)bit group which.identifies
the desired Bool ean operation is outputted to Bool ean raster-op 64 which

t hen conbl t he soy. pnat i ( \ t he Bool ean
- operation speC| fied bycﬁﬁ'lgne rasFer-opqge ec (}@ Vﬁli'ﬁg?}esult of the
conbi nation of the font source data and the frame buffer destination data
DO, O D7, 7 ipgsuppl i echaxwT atch 74 for autput{d)g |t ejgfromto nmenory
' |nterface 14 of Figure 1. Menory interface 14 then wites the new .
destination data into frane buffer 13 at a nenDry | ocation specified by an
address supHied by 3 CPU 9. In this @&hil®) the present invention
i npl enents the unique feature of using background and foreground col or

“information.to deterrg'&q tlégmggghgﬁg operation for conbi ni ng the source and

desti nati onw%%ﬁ%

| = OR

A = EXCLUSIVE OR

& = “D

d = destihation data
s = source data

The source and destination data afe combined by plane
raster-op select 62 and Boolean raster—bp 64 in the |
following fashion. CPU 9 provides to plane raster-op select
62 fouf groﬁps'of four bits via data line 65. .Each group of -
four bits encodes one of.ls possible Boolean opérations.
Plane raster-op select 62 is provided with, also by CPU 9,
foreground color (FGC) and background color (BGC) status
signals for each of eight planes. The FGC and BGC signals
represent, respectively, the foreground.and.background

colors of the image being rendered on the video dis: iy. It |



The above conbining of data is performed one plane at a time in the frane
buffer nmenory since, in the preferred enbodi nent of the invention, the
frame buffer menory is 10 di vided into eight planes, each plane
representing the pixels on a video display as shown in Figure 3. Referring
again_to Figure 2, for line drawing, pattern register 27 is used. Pattern
regisﬁgg.Z? is supplied with pattern source data by CPU 9. The pattern

registefxls, in the preferred enbodinept, a 16 by 1 bit nmatrix of binary
val ues and i sWilhpre &P%%%%‘F%&HFESEQW’E @%@%ﬁ&ﬁssaﬁ‘éc‘?‘%’% 16 bi t
row as a desi S C 6.,.0i wwll ultimtely, when displayed,

repeat | ogica %na%s%lgﬁg;%taﬁr ggs{ég%&“ ne of a video display, beginning

with every 16th pixel thereof. Miltiplexor 28, as controlled by CPU 9,

selects the 16 bi tsiide HorOleaeht ptane dthérd raye Frurcpossthiater 27, in -
eight bit increments. Miltiplexor 30, which is also controlled by CPU 9,
t:hen sel ects comkingtidris dfhthenEGC and BERsignals atothel inpute et 32,
which, in turn, selects the eight bit parcel_aof information anﬁgghannels

f
the sane to bRIARE ZaftexsioP3Felggt, 68, PRS (@F the TRHENIEAPRE\PREPH tern

I nformation, | | V. EQQ C | [ .t t | b at a
bits over a p#gﬁgf%érémsﬁeel nueébé% gét [ %‘Q%d‘;fﬂ& ?‘;&g gﬁﬁ ﬁééngié%éi’

' The selected four bit group which identifies the desired
Boolean operation is outputted to Boolean raster-op 64 which
then combines the source and destination data by way of the

.. Boolean operation specified by plane raster-op select 62.

The result of thé combination of the font source data
and the framé buffer destination data Do,ofD7,7'is supplied
to latch 74 for 6utputting therefrom to memory interface 14
of Figure 1. Memory.interface 14 then writes the new
destination data into frame buffer 13 at a memory location

specified by an addreés supplied by the CPU 9.

In this fashion, the present invention impleﬁents the
unique feature of using background and foreground color
information to determine the Boolean operation for'combining

the source and destination data.

The above comb;ning of data is performed one plane at a
time in the frame buffer memory since, in the preferred

embodiment of the invention, the frame buffer memory is

10



eight bit increnent of pattern data to the |atches 46, 48, 50, 52, 54, 56,
58 and 60. The eight bit increnent of pattern data is replicated eight

“tinmes by expand circuitry 42, such that the information is duplicated for
_each latch 46-60, such that each latch has 8 bits of pattern data. The

informati on contained in | atches 46, 48, 50, 52, 54, 56, 58 and 60 aremgiiﬁﬁ--

suppl i ed, under CPU control, to Boolean raster-op circuit 64, which &
~‘conbi nes the source information supplied by pattern register 27 with 7
desti nat i onddwideduinte celight dulatriest ieachr pjanecrepesgnting dhea Bool ean
operation specified by CPU 9 as hriefly described, above and as will be
descri bed i Ri¥eLsi PnR| Vifer (isriay &% shoynrig Figwre 3 result of the

conbi nati on of the pattern source data and the frame buffer destination

data i's suppliedplpeLRlfll déhii'ed Filiicel 9. PUET £LAQTRERA IR Dadedls f aCe

14 of Figure 1. nmory 1 ace 14 t'hen ites the new tlon.data'

into frame pegisted327tis wsway Y Battdirnotregiisteti 27 1y suppliddesdtauppl i ed
by the CPU 9. Another operation supported by the data path circuitry 12 of
Fi gure 2 ispbtbekni sogrce rédats &y QFRL9F) . The pattermseegistersdw,cdndata i's

data which is stored in_the frane buffer. Accordingly, source block
‘regi ster 24the prafeered LRRARIMENy: & 25:bY116 Fd?g#Fiitﬂquﬁn§rﬂbupled to

the frame byf{glsldng {8 AGPLSRPYROSY Rhablaltup e chtPY WRaddla

selects a 16 bit row as a desired source. The 16 bit row

will ultimately, whép displayed, repeat logicéliy across.an_ ;;
entire scan line.of a video displ&y,'beginning'with every
16th pixel thereof. Multiplexor 28, as controlled by CPU 9,

. selects the 16 bit paréel of pattern data_frép pattefn

régister 27, iﬂ eight bit incremeﬁts. Multiplexor'éo, which

is also controlled by CPU 9, then selects an eight bit

increment and channels it to mﬁ;fiplexor 32, which, in turn,

selects the eight bit parcel of information and channels the

same to barrel shifter 36.

Bﬁrrel shifﬁer 36, when supplying péttefn infotmation; o -

is passive and acts as a pipeline without shitting the data

Sit§ over a predetermined number of bits_and supplies an |

éight bit increment of pattern data to the latches 46, 48,

50, 52, 54, 56, 58 and 60. The eight bit increment of

pattern data is replicated eight times by expand circuitry

42, such that the information is duplicated for each latch

46-60, such that each latch has 8 bits of pattern data.

11
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is read fromthe frame buffer 13 and channeled to source bl ock register 24
which, in turn, outputs frame buffer source data to multiplexor 26 under
CPU 9 control. Miltiplexor 26 outputs the frame buffer source data, in

ei ght pixel increnents, to barrel shifter 34. Barrel shifters 34 and 36
align_the source frane buffer data with 12 the destination frame buffer
data sypplied fromdestination latch 78 as controlled by the CPU 9. The

| at ches*™6, 48, 50, 52, 54, 56, 58 and 60 latch and and then rel ease the
frane buffer data The Hofiarartiss: epntpined InJatehesadber 480p5%4 T4l enent s

sour e and debbt iit1 oF and, ¥, e  SFppLied A o8 shPfzel fe Combi nea
data to destipabjguh AadterdbdpPCitbhlt "gs, Wi o 'BmbinBECthaChoddee L0 frane

buffer 13. In Figure 4 there'is shown a functional block di agram of

pl ane-r ast er - dpeormetior Zuppd iBdobgapatteie rreistierc 27t with destsimatiom
Figure 3, frame buffer nenory 13 is divided into eight planes. Each pl ane
contai ns, in data)suppkies byndestinapion| register 78dby warypefiya Bogkean

CLIPU LY of Epgiiech Wideh bd S3ohed 75 1A Ry BebBtiida BN,
-operations by,2agih SHQL IdukA1bed’ iR 8e€Lf below with reference to
Figure 4. The result of the combination of the pattern
source data and the frame buffer destinatioh'data is:
_\/ | supplied to latch 74 for outputting therefrom to memory
interface 14 of Figure 1. Memory interface 14 then writgs
the new destination data into frame buffer 13 at a memory

location specified by an address supplied by the CPU 9.

Another operﬁtion suppofted by theldata path circuitry
12 of Figure 2 is block image transfers  (BLIT). In this
case, the source data is data which is stored in the frame
buffer. Accordingly, source block register 24 is coupled to
memory- interface 14, which in turn, is coupled to the frame
buffer 13. .An add:essed block of frame buffer source data
is read from the frame buffer 13 and channeled to source
block register 24 which, in turn, outputs frame buffer
source data to multiplexor 26 underICPU 9 control.
Multiplexor 26 outputs the frame buffer source dﬁta, in
eight pixei increménts, to barrel shifter 34. Barrel

shifters 34 and 36 align the source frame buffer data with

12



Tabl e 1 shows the sixteen Bool ean operation and their 4 bit codes. As noted
above, this information is supplied by the CPU on line 65 of Figure 2.

Pl ane raster-op select 62 is further conprised of eight 4:1 multiplexors,
one for each of eight planes, only two of which, 88 and 92, are shown in
Figure 4 A description of the operation of nmultiplexor 88 of Figure 4.

w Il convey an understanding of the operation of 13 t he ot her sevenhgf
mul ti pl exors of plane raster-op select 62, each of which operates in the
sane mannertheéViddstinationSgrasel buffeniate suppliedr froyi destin&bioB?2, 84
and 86 as determ ned by the conbinati on of foreground and background bits
presented itk 7%%#&“568”&50?% e RRY %yl eg-'&a aatchag 461 c%8ed four

Chero aro ciman v 8¢ PRy BRACED Rt and o BBel Rerapdl &gl > "

i nfor mat i ong et ﬁm&phhfe&t £d Bbo1dan | FESterlyys 64f,0r pB8EHafUb44BbR 0T Of

pl ane-raster-op there are eight corresponding nultiplexors

I ncl uded widghiea BaplementssacBoobedr operatbenupecifdedpbynthé, crineg e are
eight nultiplexors 94 and for plane 7, there are eight multiplexors 98.  The

sel ect ed f e deindine &her cvauedbuﬁfe:emume 1angd deghdinptinnsdatamsory such

that 64 bits of source data
described above ang provides the combined data to

destinationlatch 74 for writing, via memory'ihterface 14, to

frame buffer 13.

C!

In Figure 4 there is shown a functional block diagram
of plane~-raster-op select 62 and_Booléanfrastér-op circhit
64. As shown in Figure 3, framé'bﬁffer memory 13 is divided
-into_eighf planes. Each plane contgins, in the XY |
direétion, each pixel of the video display. The circuitry
of Figure 4 writés_td each plgne in'the-following fashion.
Registers 80, 82, 84 and 86 each identify one of'sixteen'
possible Boolean operations b& eadh.storing a four bit code.
Table 1 shows the sixteen Boolean:pperation and their 4 bit
codes. As noted above, this informafibn is supplied by the Qj
CPU on line 65 of Figure 2. Plane raster-op seléct 62 is '
‘further comprised of eight 4:1 multiplexors, one for each of
eight planes, only two of which, 88 and 92, are shown in
Figure 4. A description of the operation of multipléxbr 88
of Figure 4 will coﬂvey an undefstanding of the operation of

13



64 bits of destination data are operated on by the 64 multipl exors of

Bool ean raster-op 64 using a Bool ean operation selected by plane raster-op

sel ect 62. Specifically, and referring to MJXes 94, the four bits out put
rom MJX 88 represent the results froma truth table for the sel ected

Bool ean operation. For exanple, referring to Table 1, if the Bool ean

oper afjan is | NVERT, the nunber of the operation is 5 which represents a

bit patthern of 14 0101. The truth_tabl e for | NVERT be represent ed
as fol l ows: SBEREEher Seygmi4ilameaGiPlenans) af RkAIer THSSRTRRY BRjeSE

1 ' 10
1 62, each 8fc§hich operates 69 the same manner. 1 Wi ch resul t

of ‘course is the same as the nunber of the Bool ean operation. Thus, if the

DO o i nput to MUXMQ1l€ipLedorrgs ! HelSOte bhaubfithd four degiieterBVER] is
actually a don't care), the 01 0 1 input from MJX 88 causes MJX 0,0 to
output a 0. BR,t B#sandnderas detexminednhywbhe cenmbinatiion ofy foraground nput s

t.o MJXes 94 as data, and by utilizing what are ordinarjily data inputs as
control, a f288 Bagkgeeund \hits iﬂ?@?ﬁ‘gﬁflvgnt%ﬁrﬁ%ﬁlé’%rbéﬁeipm‘ﬁ?nﬁf Bool ean
' . multiplexor 88. The selected four bits output from

multiplexor 88 correspond to plané 0 of Figure 4. Since,
there are eight pixels of information which must be
generated, this information must be duplicatéd eight times.
Thus, for each multiplexor of plane-rastér-op select 62,
there are eight correspondin§ multipléxors included within
Boolean raster-op 64. For example, for plane 0, there are
eight multiplexors 94 and for plane 7;'there are eight

multiplexors 98.

The selected four bits are provided for each of the
eight planes of memory such thét 64 bits of source data and
64 bits of destination data are operated on by the 64
_ multipiexbrs of Boolean raster-op 64 usiﬁg a Boolean
Y, operation selected by plane rastér—op select 62.
Specifically, and referring to MUXes 94, the four bits
output from.MUx 88 represent the results from a truth table
for the selected Boolean operation. For example, referring
to Table 1, if the Boolean operation is INVERT, the number
of the operation is 5 which represents a bit paﬁtern of

14



raster operations is created. This conbination of source and destination
. data is channeled to destination data output latch 74, which will, in tutn,
" release the new destination data for witing to a location in the frame

buffer nmenory determ ned by an address provided by the CPU 9. It wll also_g~’

be appreciated that the above-described invention may be enbodied in oL&@f’f'
specific forns wi thout departing fromthe spirit or scope thereof. Th

foregoi ng 15 description, therefore, should be viewed as i|lustrative
and not resaX0kds i Ehe mtbcﬁpblef £on cINVERT Mayh hecrepresenteRidsin t he
followng clainms. 16 -17- CLAIMS 1. In an apparatus including -a

central - prd@@%@“ﬁb unit for generating control signals including background
-color control signals and foreground col or control S|gnals ~an appar at us

for performng 55&&5@“ ras&&&zi&i&i_ﬂons QF data for

© O = W
o ¥ O -

which result of course is the séﬁe as thé number of the -
Boolean opér#tion._ Thus, if the Dp,0 input to MUX 0,0 is'1
and the Sg,0 inpﬁt is 0 (which for INVERT is actually a
don't care), the 0 1 0 1 input from MUX 88 causes MUX 0,0 to
output a 0. In this manner, by utilizing what are
ordinarily control inputs to MUXes 94 as data, and by.
utilizing what are ordinarily data inputs as contrbl, a fast
and relatively inexpenéive'ﬁechniqua'féf performing Boolean

raster operations is created.

_ This combination of source and destination data is
channeled.to.destination data output latch 74, which will, )
in turn, release the new destination data for writing to a

location in the frame buffer memory determined by an address

provided by the CPU 9.

It will also be appreciated that the above-described
invention may be embodied in other specific forms without
departing from the spirit or scope thereof. The foregoing

15



§torage in a frame buffer nmenory for a plurality of planes, said source
data being selected fromone of a font register, a pattern register and a
source bl ock register, said destination data being selected fromsaid frane
buffer, said apparatus for perform ng Boolean raster operations
conprissing: a) source data select means coupleable to said font register,
patterksregi ster and source block register, for selecting source dat a;
b) pl ané” Boolgan_r.a erat on sele an | eab

central pr oc?@??ﬂ‘g%&ﬁﬂft e?% x4 e’&“ﬁf&ng B%f)%‘g?a% ?sas{l‘é'rus%%g FAY oﬁn?o be
perforned. f om&a%sehéamef)l w@IAéabeofofphﬁaeinvéwgoﬁ Pk rdg0'see’ eupERCOl OF
and background col or control signals generated by said central processing
unit; c) Bodncghe followingpelaimsan circuit neans coupled to said plane
Bool ean operation sel ect nmeans and coupl eable to said source data sel ect
means and said frane buffer, for performng the sel ected Bool ean raster
operation for each of said plurality of planes on said source data and said
destination data for storage in said frane buffer nmenory. 111111 11111
11111 111111 * C L M S *
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- 18 = 2. The apparatus defined by G aim1 wherein said plane Bool ean:
raster operation select neans conprises: a) a plurality of registers ’
coupl eabl eto said central processing unit for storing predeterm ned Bool ean
raster operations generated by said central processing unit; b) a plurality .

of multiplexors corresponding to said plurd?ty of planes for selecti ng._, Lor-

each of said planes a Boolean raster operation stored in one of said
plurality of registers, each of said multjnpl rs having a correspondi ﬁ{
f oreground col or control signal and a ba%d col or control signal
generated by said ce?tra roce55| n uni t and S{ng said nultiplexor to
sel ect said Bool ean tastet™opdhti 3 speri NG acorf¥EAYi ng

one of said preeessing ﬂhétappar alensratﬁnmdsdnytrﬁlaismghaIErmmtmiﬁb'

Bool ean rastggciprs (o] u S ?&pé e p f
mul tipl exors c%rr%fﬁﬁ?\dl :%;? gglnm:iuri 18¢ %'@ang*s”’@?ﬁ“a‘a co}\%lﬂts to
t

each of sai FPFali 81M A% eR P?rﬂé"ﬁ‘ﬁg f-ﬁE RRY E2Fming: Boakrant i on
sel ect ed by resster| aperEdalcren bastedsuﬁeer eand)nd&eltdeuhﬁiwsdathe £6¥t 1 ol

Idgggf flai |Oo?1 daflpéé%alil gxag];)fpﬁagr*g us |nc Udl nig'j‘ogycz‘%?!l:a urcggggéiﬁand ?I ?or

generating dkanes., segid souyrceddagabisdnpuadlected mmmnel ofl]d

111111 font register, a pattern register and a source block
register, said-destination data being selected from said
frame buffer, said apparatus for performing Boolean
raster operations comprising: : : \j

a) source data select means coupleable to said
font register, pattern register and source block
register, for éelecting source data;

b) pléne Boolean raster operation'select means
cOupleable to said central processing unit, for
selecting a Boolean raster operation to be performed for
.each of said plurality of planes using said foreground
color and background color control signals generated by -
said central processing unit;

c) Boolean raster operation circuit means
coupléd to said plane Boolean.operation select means and .
coupleable to said source data select means and said )
frame buffer, for performing the selected Boolean raster " 2
operation for each of said plurality of planes on said |
source data and said destination data for storage in
said frame buffer memory.

(T



‘-f19 - control signals and foreground color control signals, an apparatus
for perform ng Bool ean raster operations on source and destination data for
,Storage in a frane buffer nenory for a plurality of planes, said source
‘data being selected fromone of a font regi,gter, a pattern register and
a source block register, said destinafi& data being selected fromsaid

compr Poing: 8) " sodvoe N SeparSkplAARLAE P NS v UpkERA0RREY Pldpe,

conprising: a) source a neans cou e to sai

pattern regi shes1euit rediteic dpedtkibilbélfét medns Vowpiriig@ssour ce data; b)
pl ane Bool ean raster operation select neans coupl eable to said central

processing unit fa@&) sel gdurad ityBof| registexrs couplenbleton saddboeptrabr ned.
for each of said plurality of planes, using said foreground col or and

background dRFFesti® it fognareringgeredeiprajped; Boglean: rapteF ocessing
uni b wherel n ol ey Fe-aeda’ BY' EA1QPELRMAL iGREE (IRAARLC] udes: 1)
0 b a

a plurality regi'sters couplea o sard cen processing’ unit for
storing predetermByed Buuradity’ agt fhlt HPRédrd Borr@aponaiag €y safad

central processing unit; ii) a plurality of multiplexors corresponding to
- plurality of planes for selecting for each of said planes a
Boolean raster operation stored in one of said plurality of
registers, each of said multiplexors hévinq a éorrespondiﬂg
foreground color control signal and a background color
L/ ' control signal generated by said central processing unit and
- used by said multiplexor. to select said Boolean raster

operation to be performed for a corresponding one of said

planes.

3. The apparatus.defined by Claim 1 wherein said
Boolean raster operation circuit méanQ comprises a plurality
of multipléxors corresponding to said plurality of planes,
the data 1ﬁputs to each of saild plurality of multiplexors
being'the Boolean raster operation selected by said plane
L boolean raster operation select meané, tﬁe control inputs to
. said'plural;ty of multipléxors being said source data and
said destination dhta.

4.Inan apparatus including a central processing unit

for generating control signals including background color

* c L M S *



said plurality of planes for selecting for each of sai d pl anes a Bool ean

raster operation stored in one of said plurality of  registers,

each of said multiplexors having a correspondi ng .

f oreground col or cont rol signal and a background color control
si gnal gener at ed by sai d Central . 20 processing unit and usegsby " -

said nultiplexor to select said Bool ean raster operation to be- perfornqg;o
for a correspondi ng one of said planes; a) Bool ean raster operation cifcuit
means coupl ed to sai d pl ane Bool ean operatlon sel ect means, - said source
~data sel ect means and coupl eabl e to sai d~f A& buffer for perforn1ng t he

sel ected BO(&omErdiBSéiagnSDGFahaOI!o‘regrﬁﬁﬁh %1%&" ity iddgrd1d) anes on
sai d sour.ce data q@ﬁ 531 est nat i,on g; aﬂ? ' stor%gg in sagq frame buffer
wher ei n sai FHSHT R KerPEh Pﬁ?#ﬂﬁ TR onPPPERSIONS PR ity

of multipl exéouresr ragsboddistynat ion d qata alfm'y stophgeesintha deétame nput s -
to each of Saifkdl Undoy of offt'd | Bha¥an1Lhe! of gﬁermo' °8Rip2Udirce

operation selected hy said ane ean r rati'on se neans, t he
~ control inpfata obedng pF&F&PFF? of TRMI tPRE K sabefﬁgtsaFG‘Js%thEe dta and
sai d desti ngadttrerint xedisteretdnd fr smired NiBXbIOO AL St06E 2T gwid at i ons

destination data being selected from said frame buffer,
said apparetus for performing Boolean raster operations
comprising: | | | . , : |

a) source data select means coupleable to said
font register,'-pattern' register ' and eource block
register, for selecting source data; | '

b) plane:Boolean rester.operation select_means
coupleable to said central processing unit for selecting
a Boolean raster operation to be performed for each of
said plurality of planes using said foreground color and
background color control signéls‘ generated by said
céntral processing unit wherein said plane Boolean
raster operatlon select means includes:

i) a plurality of registers coupleable to said
central processing unit for storing predetermined’
Boolean 'raster operations -qenereted _by_ said central
processing unit; .;J

ii) a plurality of multiplexors corresponding to
said plurality of planes for selecting for each of said
planes a Boolean raster operation stored in one of said

plurality of registers, . each of said
multiplexors having a corresponding foreground
color  control signal and a background color
control ‘signal generated by said nentral
—_—_—
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H

‘on source and destination data for storage in a frame buffer nmenory for a
plurality of planes in a workstation including a central processing unit
for generating control signals including background color control signals
and foreground color control signals, said source data being selected from
one of a font register, a pattern register and a source block register,
saidfﬁg%tination data being selected.fgom said franme buffer, said nmethod
conprising the steps of: a) selecting source data fromone of said font
regi ster, sapxpgrasing unddi andr used by skiduwwidiplexerr tgi setect pgaid

sel ecting a Bool ean raster operation to be perfor for each of sgjd
T ural i Uy orBOPLARIL RABYRF SRRTeELPRGED P RAKASE RN, 165 R FOERRER ORI Ry

control sig é;égﬂgyfg agxsgaid central processing unit: c) perform ng
t he sel ected Boolean raster operation for each of said plurality of planes

on said source daj)a Bodleandrdssérneperdtity cirduit aeags toupbed ts ane
buffer. 6. The nethod defined by Caim5 wherei-n said pl ane Bool ean raster

operation setaddt ipdgns &godenpr Poesatien aelectomeans, | Apid: sayree data

br odet or i nALEGLMERTE 0 CPUpTe: FoRedchiens  BiFERY Lox, Cenionming the

processing Wijected Boolean raster operation for each of said plurality
of Planes on said source data and said destination data for

_ storage in said frame buffer wherein said Boolean raster
LQ operation circuit means comprises a plurality ﬁf '

multiplexors correspondlng to said plurality of planes, the
data inputs to each of said plurality of multiplexors being
the Boolean raster operation selected by said plane Boolean
raster-operation select means, the control inputs to said
plurality of multiplexors being said sourde data and said
destination data.

5. A method for performing Boolean raster operations
on source and destination data for storage in a frame buffer
(4 . memory for a plurality of planes in a_worgstation including
| a centrél ptocessing unit for géner;ting;éontrol signals
including background color control signals and foreground
color control éignals, said source data being selected from
one of ;'font register, a pattern rééiste: and a source
blbck register, said destination data being selected from
said frame buffer, said method'compriqing the steps of:

(A



~b) selecting for each of said planes a Bool ean raster operation stored in
one of said plurality of registers, using a correspondi ng foreground col or

. control signal and a background col or control signal generated by said
central processing unit to select said Bool ean raster operation to be Lo

- perforned for a correspondi ng one of said planes. 7. The nethod defineg=hy
Claim5 wherein said Bool ean raster operation performng step conpriseawfhe

step of 21 111 2111112121311 111121111111111111 - 222 . tting into a
ol urality of ndlii BRLEGFLRE SOUH fntey TEonane BELPRId BBAE  p'anes, “the
Bool ean r r er gLk gQn Y| I r operation
sel ecti ng%g'g,tg?ﬁegé%ﬁt?%ﬁﬁ%ﬁ{%ﬁéﬁa?gapﬁg}igﬁ%Pﬁ l?r?}?‘i'?lgpl exors being
"said sourgg;QgEar@nd said destination data. 8. In an apparatus includinga
central procCessing unit for generating control signals including background-
col or control ®j)gnselieabingoca cBpalewxh calstercoperatiengballs® an apparatus
: for perform ng Bool ean raster operations _on source and destinatjon data for

storage i pextormed Sorfeacheed said Plurality pfyPbanes Neing £AiQ source
data being selected fromone_aqf font ryegister ttern register and a
source bl efgé'&PQfleF?ggﬁi ﬁ%&?%ﬁ%’ﬁ‘%&g °5eFﬁﬁ€§8fe%’f¥ba]h omsaid frame
buffer, supsicanbiedl by 2518°5EA0N0 YrociRRingPalse h reference to the
acconpanyi®ng draw ngs. '
c) performing.the'selected'Boolean]raster'operation
for each of said plurality of planes on said source data and

said destination data for storage in said frame buffer.

6. The method defined by Claim 5 wherein said plane
Boolean raster operation selectihg step cqmprises'the-steps 
of: _ |

a) inputting'to a plurality of registers édupled to
‘said centréi processing unit a predetermined Boolean raster
opeiations generated by said central processing unit;

b) selecting for each of said planes a Boolean raster
operatidn'étdréd in one of said plurality bf registers,
using a corresponding foregrbund color confrol signal and a
backéround coior’contrbl signallqeﬁefatéd by said central
processing unit to select said Boolean raster operation to

be performed=for a corresponding one of said planes.
7. The method defined by Claim 5 wherein said Eoolean
raster operétioh performinq step comprises the step of
21
—_—
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"9. A nethod for perform ng Bool ean raster operations on source and
desti'nation data for storage in a franme buffer nenory for a plurality of
splanes in aworkstation including a central processing unit for generating
control signals including background col or control signals and foreground
col or..control signals, said source dat% being selected fromone of a font
_regfayér, a pattern register and a source bl ock register, said destination

data bei NO1ABLEELRS {A0dn PrhaidFy BY! nBLe1SIORAN (ddbrekpdhalfgeLabel o e
described. 1111111° 111111 f1111 11111 1111 C L M S *

' said plurality of planes, the Boolean raster operation

selected by said plane Boolean raster operation selecting

step, the control inputs to said plurality of multiplexors

being said source data and said destination data.

8. In napparatus includinga central processing unit for generating
control signals including background color control signals and foreground -
color control signals, an apparétus for performing Boolean raster

{;) operations on source and destination data for storage in a frame buffer
memory for a plurality of planes, said source data being selected from
one of a font register, a pattern.register and a source block regiéter,
éaiddestination data being selected from said frame buffer, substantially

as hereinbefore described with reference to the accompanying drawings.

9; A method for performing Booleaﬁ raéter'operations on source and

destination data for storage in a frame buffer memory for a plurality of

~ planes in aworkstation including a centrai processing unit for genefating

control signals including background color control signals and foreground
(U ~ color control signals, said source data being selected from one of a font
register, a pattern register and a soufce block register, said destination
data being selected from said frame buffer, substantially as hereinbefore

described. |
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